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A B S T R A C T   

China’s 13th Five-Year Plan elevated the national mandate for environmental sustainability. Chinese fisheries are 
characterized by full retention of high diversity catch harvested using unselective gears, creating ecological risks. 
Therefore, China launched pilot projects in management by Total Allowable Catch (TAC) in five coastal prov
inces in 2017 and 2018 to build experience with output controls. Fujian province launched an important pilot in 
its swimming crab fishery, the first to adopt a multispecies approach. To guide Fujian and other provinces in 
multispecies management, a workshop in April 2018 shared international experience. The workshop considered 
13 case studies spanning a wide range of underlying scientific models and types of harvest controls. Multispecies 
harvest controls based on simple survey- or index-based models that aggregate trends for many species are 
typically operationally easier for managers and fishers. However, inadequate management can cause declines of 
individual species, sometimes leading to adoption of species-specific models and then species-specific harvest 
controls. This transition often incurs economic costs through scientific and management demands, and con
straints on harvest of co-occurring species. The lessons revealed by the case studies suggest multispecies TACs 
might be effective in the Fujian swimming crab fishery given the modest number of species with similar and 
productive life history traits, and the market demand for all species. Continued experimentation with different 
management approaches through pilot projects can enable China to maintain progress toward sustainable 
fisheries goals under the 14th Five-Year Plan.   
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1. Introduction 

Ecological sustainability has been increasing as a national policy 
priority in China for many years, including clear support for the United 
Nations Sustainable Development Goals (Kuhn 2016). The 13th 
Five-Year Plan established the strongest national environmental 
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imperative to date, encapsulated in China by the concept of “ecological 
civilization” (Central Committee of the Communist Party of China 
[Central Committee], 2016). This concept remains prominent in the 
14th Five-Year Plan (Xinhua News Agency 2021). Consequently, min
istries charged with oversight of environmental sectors in China issued 
policies consistent with the vision of the 13th Five-Year Plan, the out
comes of which informed the 14th Five-Year Plan. For the fisheries 
sector, the Ministry of Agriculture (MOA; now the Ministry of Agricul
ture and Rural Affairs, MARA) announced an ambitious suite of objec
tives addressing reforms in fishing capacity, total catch, stock 
assessment, monitoring, enforcement, ecosystem restoration and pro
tection, fishing rights and organizations, and management (Ministry of 
Agriculture and Rural Affairs of the PRC [MARA], 2017; Huang and He 
2019; Shu et al., 2020). Reinforcing these policy changes is the rising 
affluence in Chinese society, bringing with it increasing public demand 
for improved environmental stewardship (Costello 2017; Szuwalski 
et al., 2020). These policy and societal changes represent what is 
perhaps the most significant opportunity in China’s history to build 
sustainable fisheries that meet economic, social, and ecological goals 
(Cao et al., 2017). 

Among the objectives of Chinese fisheries policy is a target to reduce 
nationwide marine catch from more than 13,000 mt to 10,000 mt over 
the duration of the five-year plan from 2016 to 2020. Individual prov
inces were charged with lowering their marine catch by at least 23.6% to 
help achieve the national goal, and then setting limits on marine catch to 
keep within the new target (Ministry of Agriculture and Rural Affairs of 
the PRC [MARA], 2017; Huang and He 2019; Shu et al., 2020). One 
important tactic in this transition is more widespread use of output 
controls, including Total Allowable Catch (TAC), which is actually 
required by the current national fisheries law yet has not been effec
tively enforced before 2017. This direction is consistent with interna
tional experience, which shows that output controls are generally more 
effective than input or effort controls at keeping within fishing mortality 
thresholds and achieving biomass targets for managed species (Melny
chuk et al., 2012; Liu et al., 2016). However, output controls also entail 
greater costs and require additional capacity for stock assessment and 
monitoring (Walters and Parma 1996; Mangin et al., 2018). These 
burdens likely make implementation of species-specific TACs across the 
highly diverse catch of China’s fishing fleets untenable (Szuwalski et al., 
2020; Shu et al., 2020). China has issued policies to limit catch in the 
past (Shen and Heino 2014), but those policies were largely not enforced 
and unsuccessful. This was due in part to the cost and capacity issues 
associated with management by output controls, which are especially 
significant for a nation with the world’s largest fishing fleet and total 
catch. 

China adopts a unique experimental approach to public policy 
development, whereby pilot projects at the provincial and municipal 
levels build experience with new approaches in small-scale and rela
tively controlled settings (Heilmann 2008; Kuhn 2016). Effective ap
proaches identified through pilot projects can then be scaled up into new 
national policies if the conditions in the pilot project are sufficiently 
representative of other contexts to facilitate replication and expansion 
(sensu Battista et al., 2017). This approach has been used to shape policy 
reforms in commerce (Heilmann 2008), health care (You and Kobayashi 
2009), energy (Dong et al., 2015), land management (Banks et al., 
2003), agriculture (Deng et al., 2010), and other sectors. For the first 
time, pilot projects are now being used to experiment with output 
controls in China’s fisheries sector. Specifically, the new national fish
eries policy directed five coastal provinces – Liaoning, Shandong, Zhe
jiang, Fujian, and Guangdong – to initiate pilot projects in management 
by TACs in 2017, with all 11 coastal provinces to have pilots underway 
by 2020 (Ministry of Agriculture and Rural Affairs of the PRC [MARA], 
2017). These pilot projects aim to enable scientists, managers, 
enforcement officers, and the fishing industry to develop the practical 
experience needed to make the current policy for expanded use of output 
controls workable. 

Shandong and Zhejiang began their pilot projects in 2017, and 
Liaoning, Fujian, and Guangdong began their pilot projects in 2018 
(Huang and He 2019; Shu et al., 2020). Fujian province selected the 
multispecies swimming crab fishery, making it the first pilot that does 
not focus on a single species, with Guangdong subsequently selecting its 
multispecies shellfish fishery for their pilot. The Fujian and Guangdong 
pilots are significant because most fisheries in China are characterized 
by unselective gears, high species diversity, and full utilization of the 
catch (Szuwalski et al. 2017, 2020). In order to meet its ambitious new 
fisheries policy goals, China will need to develop scientific and man
agement approaches that are appropriate in this context. The multi
species pilots are important in building experience in those approaches, 
which motivated the Fisheries Research Institute of Fujian and the China 
Society of Fisheries to convene a workshop on international experiences 
in multispecies fisheries management from April 26–27, 2018 in Xia
men, Fujian province, to inform design of the Fujian swimming crab 
pilot and other fisheries management objectives in China. 

The workshop considered emerging scientific concepts, such as catch 
accounting based on energy flow, or ‘plankton shares’, and new 
ecosystem models that are not yet being used to make management 
decisions but could do so in the future (Gaichas et al., 2012, 2016; 
Szuwalski et al., 2017; DePiper et al., 2021). However, the primary focus 
of the workshop was case studies in multispecies fisheries management 
in practice from around the world that can inform new approaches in 
China (Table 1; Fig. 1). Here, we summarize the practical experiences 
and lessons learned from these case studies. We briefly review the case 
studies, synthesize those experiences to develop more general insights 
on multispecies fisheries management, evaluate prospects for multi
species management in the Fujian swimming crab fishery in particular, 
and consider how to develop strategies that most effectively manage 
multispecies fisheries generally. The international experiences 
addressed in the workshop can be informative as China begins to 
implement the 14th Five-Year Plan and new fisheries policies that 
emerge from MARA and the coastal provinces. 

2. Case studies 

A total of 13 case studies were considered in the workshop (Table 1; 
Fig. 1). Selection of case studies aimed to bring together different types 
of fisheries in different contexts using different management ap
proaches, although a practical constraint was the availability of suitable 
speakers familiar with different fisheries. Priority was given to case 
studies that use TAC management, either alone or in combination with 
effort controls. In practice, however, case studies of TAC-based man
agement in multispecies fisheries were limited, so the workshop also 
examined multispecies fisheries using primarily effort controls. Some 
case studies also used spatial management tools along with TACs and/or 
effort controls. We did not consider case studies that use Territorial Use 
Rights for Fishing (TURFs) as the primary approach. TURFs are impor
tant tools for management of multispecies fisheries, especially small- 
scale fisheries in nearshore environments and capacity-limited con
texts (Barner et al., 2015; Quynh et al., 2017), and therefore were the 
primary focus of a follow-up workshop held in Zhoushan, Zhejiang 
Province, in July 2018. 

The outcome of balancing these objectives and constraints was that 
the majority of case studies ultimately examined at the workshop were 
from temperate regions in the U.S.A., Europe, and Australia, along with 
four from tropical or sub-tropical regions in Australia and Asia (Fig. 1). 
There were more candidate case studies of multispecies management 
systems in northern temperate nations where capacity for science, 
governance, monitoring, and enforcement is generally greater. Figs. 3–7 
are taken directly from presentations at the workshop, and the associ
ated speakers along with any relevant citations are noted in each. 

Not all of the case studies were completely distinct fisheries. For 
example, the groundfish and skate fisheries in New England, U.S.A., are 
the focus of different management plans but are prosecuted concurrently 
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by many of the same vessels, and the three case studies from South
eastern Australia are ‘sub-fisheries’ under a single management plan. 
There are some differences in the approaches applied for different spe
cies within a single case study, particularly in terms of the scientific 
models used (Table 1). However, the overall combination of approaches 
used in each case study represents a unique scientific and management 
strategy that distinguishes it from the others considered. 

Notably, most of the case studies are fisheries for bony fishes or 
elasmobranchs, with the exception of the Northern Australia prawn 
fishery and Fujian swimming crab TAC pilot. All but one of the initial 
TAC pilot projects in China focus on invertebrate species, with the 
exception being a second pilot in Zhejiang focused on its anchovy fishery 
(Huang and He 2019), although a large proportion of the national 
fisheries catch is finfish (Szuwalski et al., 2017). Therefore, the appli
cability of the finfish management models examined in the workshop for 
invertebrate fisheries warrants further consideration. 

3. Synthesis 

The case studies reveal four general combinations of underlying 
scientific models and harvest controls developed using those models in 
terms of whether each is structured to consider species within the fishery 
individually or addresses multiple species together (Table 2; Fig. 2). The 
types of scientific models used in the case studies span a wide spectrum, 
including basic life history information, catch trends or survey indices, 
risk assessments, analytical age-structured stock assessments, and 
Management Strategy Evaluation (MSE) models. Although the work
shop was motivated by China’s provincial pilot projects in TAC man
agement, the case studies include a variety of harvest controls, including 
input controls, output controls, and spatial restrictions. Input controls 
and spatial restrictions can be the primary harvest controls, but also 
often complement TACs to achieve more effective overall management. 
The four combinations are as follows:  

1. Aggregate scientific models + multispecies harvest controls: Models 
consider multiple species simultaneously, with harvest controls then 
developed and implemented for the complex of species as a whole. In 
these case studies, data limitations precluded species-specific scien
tific assessments, operational issues precluded use of single-species 
harvest controls, or both. Operational constraints include the abil
ity of fishers to avoid or discriminate individual species, the capacity 
for management to monitor and enforce complex regulations, or 
common objectives for multiple species best achieved by single 
measures applied to the group of species collectively rather than for 
each individually. Scientific models are often simple catch- or 
survey-based approaches that aggregate multiple species in a single 
biomass index. Harvest controls can be multispecies TACs or multi
species effort controls, possibly with spatial measures as well. Case 

Table 1 
Approaches used in case studies considered in the international workshop on 
multispecies fishery management, including the underlying scientific models 
and primary harvest controls, with references that provide more information on 
the management program for each fishery. Case study numbers match Fig. 1 and 
Table 2. MSE = Management Strategy Evaluation; TAC = Total Allowable Catch; 
ITQ=Individual Transferable Quota; ITE=Individual Transferable Effort; 
PSA=Productivity-Susceptibility Analysis.  

Fishery Scientific models Harvest controls References 

1. New England 
groundfish 

Age-structured 
and index-based 
assessments 

Single-species 
TACs allocated 
as tradable 
quotas to permit 
holders in 
harvest 
cooperatives 

New England Fishery 
Management Council, 
2021a 

2. New England 
herring 

Age-structured 
assessment with 
consumption 
data; MSE 
examines effects 
of alternative 
harvest control 
rules on predator 
biology 

Fleet-wide TAC 
distributed 
among four 
management 
areas; fishery 
closes in a 
management 
area when 90% 
of TAC is caught 

New England Fishery 
Management Council, 
2021b 

3. New England 
skates 

Index-based 
assessment for 
each species in 
the complex 

Trip limits set to 
achieve target 
multispecies 
TAC; retention of 
overfished 
species 
prohibited 

New England Fishery 
Management Council, 
2021c 

4. North Sea 
groundfish 

Mostly age- 
structured 
assessments with 
some index- 
based 
assessments 

Single-species 
TACs allocated 
among 
neighboring 
nations, then 
sub-allocated as 
ITQs 

European Parliament 
and Council of the 
European Union, 2018 

5. North Sea 
skates & rays 

Index-based 
single-species 
assessments 
(formerly 
aggregated) 

Fleet-wide 
multispecies TAC 
with area 
closures 

ScientificTechnical 
and Economic 
Committee for 
Fisheries [STECF], 
2017 

6. Western 
Europe slope 
deep sea 
sharks 

Life history 
evaluation and 
swept-area 
biomass estimate 

Fleet-wide 
multispecies TAC 
(currently = 0) 

Council of the 
European Union, 2016 

7. Thailand 
trawl 

Fox production 
model for all 
species 
aggregated 

Total fishing 
days estimated to 
catch 80% of 
multispecies 
MSY allocated 
among vessels 

Department of 
Fisheries-Thailand, 
2015 

8. Fujian 
swimming 
crab TAC 
pilot 

Recent catch in 
pilot study area 

Fleet-wide 
multispecies TAC 
for pilot area, 
which closed 
when 95% of 
TAC is caught 

Boenish et al. (2021a) 

9. Northwest 
Australia reef 
fish 

Age-structured 
assessments for 
four indicator 
species; 12 
additional 
species checked 
by periodic 
monitoring 

ITE shares (time 
allowed to access 
designated 
management 
zones) allocated 
among vessels 

Department of 
Fisheries-Western 
Australia, 2016 

10. Northern 
Australia 
prawn 

Bio-economic 
model 

ITE shares (trawl 
headline length) 
allocated among 
vessels 

Australian Fisheries 
Management Agency 
[AFMS], 2021a 

11a. Southeast 
Australia 
shark & scale- 
fish: Most 
finfish 

Age-structured 
assessments for 
ITQ species; 
index-based 
assessments and 

TACs allocated 
as ITQs for 16 
primary target 
species with 
various input 

Australian Fisheries 
Management Agency 
[AFMS], 2021b  

Table 1 (continued ) 

Fishery Scientific models Harvest controls References 

PSA for 
secondary 
species 

controls for other 
species 

11 b. Southeast 
Australia 
shark & scale- 
fish: 
Scorpaenids 

Age structured 
assessments 

Multispecies TAC 
allocated as ITQs 

Australian Fisheries 
Management Agency 
[AFMS], 2021b 

11c. Southeast 
Australia 
shark & scale- 
fish: 
Deep water 
sharks 

Aggregate CPUE 
trends with age- 
structured and 
index-based 
assessments to 
track individual 
species 

Area closures 
aim to minimize 
fishing mortality 
with 
multispecies TAC 
allocated as ITQs 
to cap fishing 
mortality 

Australian Fisheries 
Management Agency 
[AFMS], 2021b  
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studies considered at the workshop in this category include Western 
Europe slope deep sea sharks, Thailand trawl, the Fujian swimming 
crab TAC pilot, and the deep-water sharks sub-fishery in the South
east Australia shark and scale-fish fishery.  

2. Single-species scientific models + multispecies harvest controls: 
Models focus on individual species, the outcomes of which are 
combined to implement harvest controls for one or more groups of 
species as a complex. In these case studies, scientific improvements 
and concerns for the status of individual species within the complex 
motivated scientific assessments with finer taxonomic resolution, but 
operational issues or management objectives compel use of multi
species harvest controls. Multispecies harvest controls can be TACs 
or effort controls, and might be made more restrictive to address 
concerns for the status of individual species that is now revealed by 
models at the species level. This restrictiveness can affect manage
ment and compromise full utilization of all species within the com
plex. Case studies considered at the workshop in this category 
include New England skates, North Sea skates and rays, Northern 
Australia prawn, Northwest Australia reef fish, and the scorpaenid 
sub-fishery in the Southeast Australia shark and scale-fish fishery.  

3. Single-species scientific models + single-species harvest controls: 
Models focus on individual species in the multispecies fishery, with 
harvest controls implemented for each of those species separately. In 
these cases, the scientific and management approach is similar to 
that used for a predominantly single-species fishery, but applied in 
parallel to multiple species that are caught together. Disaggregating 
species can lead to improved biological outcomes, but entails greater 
monitoring, assessment, and enforcement costs, and can introduce 
economic costs for the fishing fleet when management measures for 
depleted species hinder full utilization of healthier co-occurring 
stocks. Case studies considered at the workshop in this category 
include New England groundfish, North Sea groundfish, and the sub- 
fishery for most finfish species in the Southeast Australia shark and 
scale-fish fishery. 

Fig. 1. Case studies considered in the international workshop on multispecies fisheries management. Case study numbers match those in Tables 1 and 2.  

Table 2 
Distribution of case studies considered in the international workshop on 
multispecies fishery management in terms of whether the underlying scien
tific model(s) include one species or multiple species, and whether harvest 
control(s) apply to individual species separately or multiple species concur
rently. Case study numbers match Fig. 1 and Table 1. Note that scientific 
models that include multiple species span two very different types: simple 
data-limited models that aggregate many species into a common index (6, 7, 
8, 11c), and complex mechanistic multispecies models that consider ecolog
ical interactions (2). Recent changes in the approaches used for three case 
studies are illustrated, suggesting that there might be a common progression 
through these combinations (see Fig. 2). 
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4. Multispecies scientific models + single-species harvest controls: 
Models consider multiple species, but the resultant harvest controls 
are developed for individual species. Here, the models do not simply 
aggregate species into a single index, but explicitly account for 
ecological interactions among them (i.e., predation and competi
tion). This combination is employed in only one case study consid
ered at the workshop, the Atlantic herring fishery in New England, U. 
S.A., which is the most data-rich case study considered. Adoption of 
this approach was motivated by controversies arising from the high 
economic and ecological value of the herring fishery and the herring 
stock for other fisheries and industries in the region. These 
competing values necessitated a more thorough evaluation of 
ecological interactions, and the resultant risks and trade-offs asso
ciated with different management alternatives. 

We order the four combinations in this sequence following a general 
progression from data-limited models and harvest controls with low 
taxonomic resolution to more data-rich models and harvest controls 
targeted at individual species. At the time of the workshop, three of the 
case study fisheries were in the midst of transitions in either the 

underlying scientific models or nature of harvest controls, or had 
recently gone through such a transition (Table 2). These changes suggest 
that this sequence might represent a progression for some fisheries 
(Fig. 2), although not all fisheries will start at the same point or move 
through the sequence. Rather, a fishery can maintain any given com
bination of modeling approach and harvest controls for as long as the 
prevailing scientific, economic, biological, management, and opera
tional conditions warrant. 

The four case studies with aggregate models and multispecies har
vest controls include two very different scenarios. In the Thailand trawl 
fishery and Fujian swimming crab TAC pilot, data limitations preclude 
assessment at the species level at present, so aggregate models and 
resultant harvest controls are the only feasible options. In contrast, the 
fisheries for deep-dwelling sharks off Southeastern Australia and on the 
Western Europe slope have data, life history information, or even more 
complex models for individual species that are used for risk evaluation. 
However, the proxies for abundance used to develop harvest controls are 
aggregate CPUE trends and aggregate swept-area biomass estimates, 
respectively. In both cases, management aims to have no harvest of any 
species in the complex, and therefore harvest controls are designed for 

Fig. 2. Generalized spectrum of multispecies fishery management strategies defined by whether the underlying scientific models and harvest controls have single- 
species or multispecies focus, with common conditions associated with each strategy including the nature of available data, value of the catch, status of the stocks, 
management capacity and constraints, and industry objectives and constraints. 
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the complex as a whole to achieve this common objective. Whereas most 
of the multispecies complexes in the case studies are based on some 
combination of common habitat use (e.g., Fig. 3A) or taxonomy and 
feeding ecology (e.g., Fig. 3B), these elasmobranch fisheries for which 
management aims to have no harvest also consider stock status (e.g., 
Fig. 4). 

As the scientific foundation for a fishery grows, models for individual 
species often become more common. However, operational issues, 
including the ability of managers to implement and enforce harvest 
controls at the species level, the ability of fishers to target or differen
tiate species, or markets that do not discriminate among species, can 

mean that harvest controls are still implemented for multispecies com
plexes despite finer taxonomic resolution of the underlying science. 
Finer model resolution means the status of individual species can be 
evaluated and multispecies management measures can be made more 
stringent if warranted, but the measures might not effectively address 
the species of concern since they are not targeted at those species 
directly. For example, management of the skate complex in the North
eastern United States began in 2003 based on a finding that four of the 
seven species in the complex were overfished. Multispecies management 
has resulted in recovery of three of these species, but the thorny skate 
stock remains overfished due to an absence of targeted management. An 

Fig. 3. Possible groupings of selected marine fish 
species harvested in New England, U.S.A., for 
multispecies management based on (A) habitat use 
or (B) a combination of taxonomy and feeding 
ecology. Groupings by habitat include a pelagic 
complex (red) and demersal complex (blue). 
Groupings by taxonomy and feeding ecology 
include species that are elasmobranches (green), 
planktivores (purple), primarily invertivores (yel
low), and primarily piscivores (orange). (modified 
from workshop presentation by S. Gaichas). (For 
interpretation of the references to colour in this 
figure legend, the reader is referred to the Web 
version of this article.)   

J.P. Kritzer et al.                                                                                                                                                                                                                                



Aquaculture and Fisheries 8 (2023) 351–362

357

outcome such as this, as well as other biological and economic differ
ences among the species, can motivate disaggregating the multispecies 
complex and implementing species-specific harvest controls (Hogan 
et al., 2013). This transition is currently underway for the scorpaenid 
complex of Southeastern Australia (Table 2). 

Harvest controls for multispecies complexes among the case studies 
include both input controls and output controls, as well as spatial pro
tection for the elasmobranch complexes off Southeastern Australia, in 
the North Sea, and on the Western Europe slope. For the three case 
studies that adopt single-species harvest controls in a multispecies 
fishery, output controls are used in all, at least for the majority of spe
cies. Input controls are used to supplement some of the single-species 
TACs, and as the primary harvest controls for some of the secondary 
species in the fishery in Southeast Australia. 

When management adopts controls tailored to individual species, 
measures for one species can preclude full utilization of the TACs for 
other species, often referred to as the ‘weak stock’ or ‘choke stock’ 
problem (Dunn et al., 2013). In other words, fishers can be inhibited 
from harvesting their full allocation of some stocks because they lack 
sufficient quota allocation for other generally depleted stocks with low 
TACs that are caught at the same time. Therefore, transitioning from 
multispecies to single-species harvest controls can mean trading 
ecological risk for economic costs. However, single-species harvest 
controls can be made more permissive to alleviate economic costs, while 
multispecies harvest controls can be made more restrictive to mitigate 
ecological risk. That means decisions about risk tolerance have signifi
cant influence on the economic and ecological trade-offs associated with 
alternative management decisions (Crosson 2013; Dichmont et al., 
2016), and not solely the decision to use either single-species or multi
species harvest controls. 

Notably, in all three cases that adopt single-species models and 
single-species harvest controls, the single-species TACs are allocated 
within a rights-based management system to either individual permit 
holders or harvest cooperatives (Table 1). Rights-based management 

approaches have the potential to mitigate economic risks introduced by 
weak stock issues, if the allocation accounts for technical interactions 
and the needs of different fleets (e.g., Fig. 5). These technical in
teractions have been especially problematic in the North Sea groundfish 
fishery, where two levels of quota allocation – to individual nations by 
the European Commission and then to individual permit holders within 
each nation – introduce especially strong disparities between allocation 
and catch (International Council for the Exploration of the Sea [ICES], 
2020). Although rights-based management can provide fishers with the 
ability to more effectively navigate constraining quotas by removing 
inefficient effort controls and enabling quota transfers (Sanchirico et al., 
2006), risk-pooling (Miller and Deacon 2017), communication and co
ordinated harvest (Deacon et al., 2008), and other strategies, the initial 
allocation and total amount of available quota will still be important 
factors shaping weak stock problems. 

For some fisheries, the implications of management decisions extend 
beyond the target stocks and fishers exploiting them through trophic 
linkages. In order to more carefully evaluate impacts on different users 
affected by a fishery in these cases, new scientific approaches are 
needed. One such example among the case studies is the Atlantic herring 
fishery off New England, U.S.A., which recently adopted new modeling 
approaches that account for ecological interactions among species. The 
new multispecies scientific tools are used to select a Harvest Control 
Rule (HCR) and develop a single-species TAC that minimize adverse 
impacts across a range of uses (Deroba et al., 2019; Feeney et al., 2019). 
The other species considered in the modeling framework are, for the 
most part, not harvested in the herring fishery. Instead, these are species 
affected by the fishery as a result of their trophic interactions with 
herring. This represents an indirect or extended effect of fishing, but not 
through direct fishing mortality. This is a different concept of multi
species management than that adopted in the other case studies, and 
moves more strongly in the direction of ecosystem-based management 
(Gaichas et al., 2016). 

Species interactions are considered in the scientific approach to 

Fig. 4. Possible groupings of marine finfish species harvested in China for multispecies management based on catch trends as a proxy for stock status and dynamics. 
(modified from workshop presentation by C. Szuwalski; data from National Bureau of Statistics of China, 2017). 
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Atlantic herring management through a two-stage modeling framework 
involving both an age-structured stock assessment model that accounts 
for predation in estimates of natural mortality, and an MSE model to 
compare performance of HCRs. Therefore, this is an incredibly data-rich 
case study, an investment motivated by the very complex array of high- 

value uses connected to the herring fishery. These include the herring 
fishery itself, the lucrative lobster fishery for which herring is the pri
mary bait, and other valuable commercial fisheries, sport fisheries, and 
wildlife tourism (i.e., whale watching and birding) that are dependent 
upon predators of herring. Understanding complex interactions across 

Fig. 5. Technical interactions among managed finfish in the North Sea. Colors indicate the amount of species B that is commonly caught while targeting species A. 
These interactions should be considered when grouping species into multispecies management complexes or allocating quotas among nations and individual permit 
holders to ensure that economic impacts are mitigated to the extent possible. (from International Council for the Exploration of the Sea [ICES], 2020 and workshop 
presentation by E. Peñas). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 6. Example of a conceptual model of interactions among marine organisms and human uses for the Mid-Atlantic region, U.S.A. These interactions should be 
considered when grouping species into multispecies management complexes or allocating quotas among jurisdictions, fishing fleets, individuals permit holders, or 
other entities to ensure that adverse ecological and economic impacts are mitigated to the extent possible. (from workshop presentation by S. Gaichas, based on the 
conceptual model described by DePiper et al., 2021). 
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an ecosystem and competing human uses is critical to resolving conflicts 
and ensuring that a range of ecosystem services and socio-economic 
values can be generated in ways that are sustainable, equitable, and 
efficient (e.g., Fig. 6; also see White et al., 2012 for an illustrative 
analysis of cross-industry trade-offs). 

4. Multispecies TACs in the Fujian swimming crab fishery 

The primary aim of the international workshop was to examine ap
proaches for managing multispecies fisheries that might be applicable in 
China to meet new national policy objectives, including but not limited 
to setting multispecies TACs. The case studies considered in the work
shop spanned a range of ecological, economic, and governance contexts, 
which resulted in different management approaches being adopted 
within each fishery. Similarly, despite some shared attributes among the 
many fisheries in China, multispecies fisheries across the country exhibit 
important differences in the number of species harvested, their value, 
the number and types of gears used, the status of stocks and the 
ecosystem, the scientific and governance capacity at the local and pro
vincial scales, and other factors. Therefore, the applicability of ap
proaches used in the case studies will vary among Chinese fisheries. 
Because the workshop was particularly motivated by China’s first 
multispecies TAC pilot project in the Fujian swimming crab fishery, here 
we consider the suitability of a multispecies TAC approach for the 
fishery in light of its attributes and the lessons illuminated by the case 
studies. 

Multispecies TACs like those adopted by the Fujian swimming crab 
pilot seem to be relatively rare in fisheries management. Among the 13 
case studies considered, only three – skates in New England, skates and 
rays in the North Sea, and scorpaenids in Southeast Australia – are truly 
managed at scale by multispecies TACs. Deep-water sharks on the 
Western Europe Slope and off Southeast Australia are managed by 
multispecies TACs that are effectively zero, with spatial closures and 
effort restrictions implemented to minimize or eliminate harvest. 

Furthermore, management of the scorpaenid complex of Southeast 
Australia is transitioning to single-species harvest controls due to con
cerns that the multispecies approach is not providing sufficient protec
tion of all stocks in the complex. Three other case study fisheries that use 
multispecies harvest controls – Northern Australia reef fish, Northern 
Australia prawn, and Thailand trawl – do not use TACs but rather 
various effort controls targeted at multispecies complexes. Still, all of 
these case studies illustrate considerations that can inform management 
of the Fujian swimming crab fishery. 

The paucity of case studies in management by multispecies TACs and 
supportive technical guidance might have hindered application of this 
approach in settings where it can be effective, but this does not mean 
that the approach is not more widely applicable. The Fujian swimming 
crab pilot therefore presents another rare but informative case study. 
The pilot used a multispecies TAC for four co-occurring swimming crab 
species (Monomia haanii, Portunus trituberculatus, P. sanguinolentus, P. 
pelagicus) harvested by a study fleet of 106 fishing vessels in a defined 
pilot area (Fig. 7). These vessels use a single gear type (pots) and fish 
during an August to April season outside of China’s annual summer 
fishing moratorium. A critical question is whether Fujian will be able to 
scale up its pilot project and apply TAC management to all areas and 
gears in the swimming crab fishery? The fishery is unique among the 
case studies considered in that it does not have the high level of species 
diversity in the catch of the Northern Australia reef fish and Thailand 
trawl fisheries, and does not target long-lived and risk-prone finfish or 
elasmobranches like most of the others that employ either single-species 
or multispecies TACs. Therefore, management by multispecies TACs in 
the Fujian swimming crab fishery might be more practicable. 

The case study that might be most similar to the Fujian swimming 
crab fishery among those considered is the Northern Australia prawn 
fishery. The prawn fishery targets a modest number of species (seven 
prawn species in Northern Australia versus four crab species in Fujian) 
that are also crustaceans with similar longevity (<2 years), and inhabit 
similar soft-sediment habitats in relatively shallow waters (Dichmont 

Fig. 7. The study area for the multispecies swimming crab TAC pilot project in Fujian province (modified from workshop presentation by C. Shen).  
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et al., 2006; Lin et al., 2021). The prawn fishery is managed by a 
tradeable effort system, which is facilitated by the fishery using a single 
gear type and having effective catch reporting and monitoring. Also, the 
fishery is supported by a strong scientific foundation based on a 
bio-economic model that combines stock assessment models with profit 
estimation toward the goal of achieving Maximum Economic Yield 
(Kompas et al., 2010) supplemented by broader understanding of 
ecosystem dynamics (Dambacher et al., 2015). Swimming crabs in 
Fujian are caught by three gear types – pots, gillnets, and trawls – which 
would complicate development of a single tradable effort system. Of 
course, separate systems could be developed and implemented for fleets 
using different gears. However, tradable effort systems require esti
mating the quantitative relationship between effort and fishing mor
tality, an extra analytical step that is not required when managing by 
TACs. That added analytical demand would present a challenge for the 
fishery, which operates with limited data and without a stock assess
ment at present (although a stock assessment and bio-economic model 
are currently in development; Boenish et al., 2021a). The Fujian swim
ming crab fishery is also similar to the New England skates fishery and 
North Sea skates and rays fishery in terms of the number of species in the 
complex, biological similarity among those species, diversity of gears 
used, and data-limited assessment frameworks. Like these elasmobranch 
fisheries, a multispecies TAC approach might be workable in the Fujian 
swimming crab fishery. 

One factor that could compromise the effectiveness of management 
by a multispecies TAC is the price disparity among the species in the 
swimming crab complex. Differences in economic value among species 
in several of the multispecies fisheries considered in the workshop has 
been an important factor underlying differences in targeting, scientific 
investment, stock status, and management. The red swimming crab 
M. haanii comprises the majority of the catch in the Fujian fishery (Lin 
et al., 2021), but the blue swimming crab P. pelagicus is the most valu
able species. Prices of blue swimming crabs can reach nearly double that 
of red swimming crabs in international commodity markets (Huffman 
2018). Catch in the pilot project did not reach the TAC, there is market 
demand for all of the crabs landed, and quotas are not allocated to in
dividual vessels. Therefore, discarding has not been practiced, as is the 
case in nearly all Chinese fisheries (Szuwalski et al. 2017, 2020). 
However, if changes in the TAC or catch bring the two closer to one 
another, and especially if quotas are enforced at the level of individual 
vessels, the fleet might begin targeting blue swimming crab, which could 
impose disproportionate fishing mortality on the stock. Also, 
high-grading could become an issue, with red swimming crab and other 
species discarded to maximize the proportion of blue swimming crab 
landed under the multispecies TAC (Batsleer et al., 2015). This could 
introduce undocumented fishing mortality on the discarded species, 
especially given the limited at-sea monitoring in the fishery at present, 
which would compromise scientific assessments (Rudd and Branch 
2017). 

On the other hand, key biological factors could reduce risks intro
duced if targeting, high-grading, and discarding become factors in the 
fishery. Swimming crabs are short-lived and productive species (Lee and 
Hsu 2003; Lin et al., 2021), and therefore have higher potential to 
exploit varied ecological niches, adapt to climate change and other 
ecosystem alterations, and recover from overfishing that could result 
from differential targeting or discarding (Boenish et al., 2021b). This is 
in contrast to the life history traits of skates, rays, and scorpaenids that 
comprise the multispecies TACs in other case studies. Also, decapod 
crustaceans are fairly robust and can have high post-release survival 
rates from traps or pots (Tallack 2007; Butcher et al., 2012), similar to 
skates and rays discarded from trawls (Mandelman et al., 2013). In fact, 
an important management strategy in many crustacean fisheries is the 
required release of egg-bearing, or ‘berried’, females. This strategy, 
which has been one important contributor to the success of the American 
lobster fishery in the United States and might help buffer that fishery 
from adverse effects of climate change (Le Bris et al., 2018), relies on 

high post-release survival. In China, the nationwide summer fishing 
moratorium currently provides protection from fishing mortality for 
egg-bearing females during that period, but at least M. haanii females 
bear eggs at many times of year outside of the moratorium (Lin et al., 
2021). 

Crabs caught by gillnets and especially trawls, on the other hand, 
would likely experience lower survival rates, which would limit the 
effectiveness of management by multispecies TACs if management and 
market factors increased targeting, high-grading, and discarding from 
those gears. These factors underscore the importance of effective at-sea 
monitoring in the implementation of TAC management to ensure that all 
catch is accounted for, and also to improve scientific assessments and 
shape fishing behavior (Kritzer 2020). Furthermore, improving the sci
entific foundation for management will be most effectively accom
plished by integrated systems that combine at-sea monitoring and other 
types of fishery-dependent and fishery-independent monitoring (Boen
ish et al., 2020), and fishery scientists and managers are working to 
build those systems. Of course, sound science is a necessary but not 
sufficient requirement for effective fishery management, and systems for 
participatory decision-making, enforcement, accountability, and the 
institutional capacity to carry out these functions are also required as 
well (Barner et la. 2015; Bundy et al., 2016; Melnychuk et al., 2016; 
Mora et al., 2009). Building institutional capacity in a collaborative 
manner among different levels of government, affected industries, 
technical experts, and other stakeholders is a key objective of pilot 
projects in China (Kuhn 2016), so Fujian in already on this pathway. 

All in all, despite the challenges imposed by multiple gears, price 
disparities, science and monitoring deficiencies, and institutional ca
pacity, multispecies TACs could be workable at scale in the Fujian 
swimming crab fishery, at least for the pot sector. Facilitating this 
approach are the modest number of species with relatively similar 
biology and productive life history traits, high post-release survival 
should discarding become a factor, and broad market demand for all 
species that should reduce, although probably not eliminate, high- 
grading. Moreover, the pilot project has begun fostering the improve
ments in science, monitoring, and institutional capacity needed for 
effective implementation of a TAC management program. Other fish
eries in China with different attributes might be more suitable for 
different approaches illustrated by the case studies, such as single- 
species TACs, effort controls, spatial measures, or combinations of 
these tools. The preceding evaluation of the suitability of multispecies 
TACs for the Fujian swimming crab fishery illustrates the types of 
questions to ask and how the answers might be interpreted. Also, the 
most appropriate management strategy might change through time as 
scientific, governance, economic, and operational attributes of the 
fishery change (Fig. 2). 

5. Summary and conclusions 

The appropriate multispecies management strategy for a given 
fishery will depend upon a variety factors, including its scientific 
foundation, economic value of the catch, status of the stocks, manage
ment capacity and institutional structure, and history and operational 
attributes of the fleet (Fig. 2). Harvest controls that aggregate multiple 
species into single measures, whether TACs or other approaches (Liu 
et al., 2016), have the advantage of more modest scientific and man
agement needs than single-species approaches. These multispecies har
vest controls can be effective as long as biological factors, such as late 
maturation or slow growth, or economic factors, especially market 
value, do not introduce excessive risks of overfishing for certain species. 
High risk of overfishing can in turn incur high biological, ecological, and 
economic risks for the fishery. When those risks are high, 
species-specific harvest controls might be warranted, although these 
introduce new challenges for science, management, and fishing fleets. 
For species that are depleted, vulnerable, relatively sessile, and of 
limited economic importance to the fishing fleets, robust spatial 
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protection through well-designed marine reserves might achieve 
biomass conservation comparable to harvest controls, thereby allevi
ating some of the costs and challenges associated with weak stock 
management (Hastings et al., 2017). 

The optimal strategy in many cases is likely to include a portfolio of 
approaches tailored to the unique properties of different species and 
complexes in the fishery, and those approaches might change as the 
fishery evolves. The Southeast Australia shark and scale-fish fishery 
provides an especially good example of a portfolio of approaches applied 
in a single fishery (Table 1) and their evolution (Table 2). Rapid 
assessment tools such as Productivity-Susceptibility Analysis (PSA) can 
help evaluate risks and determine the appropriate approach for different 
species, especially in high diversity and data-limited contexts (e.g., Puga 
et al., 2018). MSE can also be a powerful tool to gauge the expected 
performance of different portfolios of management approaches and 
select the most cost-effective option (Punt et al., 2014). As China and 
other nations continue working to build fisheries management systems 
that strive to balance ecological, economic, and social objectives (Cao 
et al., 2017), meeting the challenges presented by multispecies fisheries 
will be critical in light of the implications for biodiversity conservation. 
Fortunately, international experience presents a broad and growing 
portfolio of approaches and lessons to draw upon and evolve, which can 
help China effectively shape and implement its fishery sector goals 
under the 14th Five-Year Plan. 
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