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FIGURE 6.1 Schematic of the relationship between fishing 
effort and habitat damage. Wheneffort corresponds to A, a 
changein effort will change the degree of habitat damage. 
At B, damage is at its maximum and increased effort does 
not increase damage, bur reduced effort decreases damage. 
At C, small adjustments in effort neither increase nor 
decrease habitat damage. MHD refers to maximum habitat 
damage. 

on habitat type and the amount of natural disturbance. 
If the effort level is high (Figure 6.1, C), it could be 
impractical to decrease effort to the extent that habitat 
will begin to recover. 

Effort reductions can decrease effects in sensitive 
areas if they result in a smaller area being swept by 
fishing gear. As noted in Chapter 3, the need or desire 
to increase catches has led to increases in effort and 
expansion into new, and sometimes more sensitive, 
habitats. Effort reduction could slow or arrest this 
process; decrease the incentive to develop new, more 
intrusive gear; and limit or reduce the spatial extent of 
trawling and dredging and hence their disturbance of 
seafloor habitat. As stocks recover, the fishing fleet is 
likely to concentrate in high-density areas, thus decreas­
ing the total area of seafloor disturbed by fishing. 

There are important practical, social, and economic 
considerations that must attend effort reduction strate­
gies. Reductions in effort usually result in immediate 
short-term losses of income, employment, and lifestyle 
for at least some fishery participants, even if they hold 
the promise of longer term benefits to fishermen, 
resources, and habitat. Those consequences raise ques­
tions about equity, manifested in the allocation of costs 
and benefits that society and policymakers will need to 
address. Moreover, if initial measures, such as trip 

limits, fail to conserve fish stocks, social and economic 
consequences could be exacerbated by later, more sub­
stantial effort reductions. Those could include limited­
entry programs that substantially cut the number of 
fishery participants and the aggregate fishing capacity. 
On the West Coast, years of increasingly strict effort 
controls in the face of declining groundfish fish popu­
lations were unsuccessful in matching capacity with 
the level of the resource. After the declaration of the 
West Coast groundfish disaster in February 1999, the 
Pacific Fishery Management Council's Scientific and 
Statistical Committee determined that only 27-41 per­
cent of the trawl fleet's current capacity was needed to 
catch its allocation (Pacific Fishery Management 
Council, 2000). The Council is now considering how 
to eliminate excess capacity in the fishery to reduce 
effort, with the expected benefit that less effort also 
will diminish seafloor disturbance. 

Practical, social, and economic considerations war­
rant attention not only in the context of the fishery in 
question, but also in the broader context of regional 
fisheries. Participants displaced from a trawl fishery 
might move into other fisheries, possibly causing 
further ecological, economic, and social problems. 
Ideally, decisions to reduce fishing effort, as with all 
proposed major changes in fishery management sys­
tems, should be informed by analyses of the full suite 
of short- and long-term benefits and costs. 

A case study of the Browns Bank scallop fishery 
(Box 6.3) provides an example of a technological solu­
tion to achieve effort reduction that also reduces the 
effects of fishing gear on the seafloor. The same quota 
was caught and less area of bottom was affected with 
the multibeam technology (1999) than without it 
(1998). However, there are caveats to the universality 
of this approach. First, success hinges on the imple­
mentation ofTAC that is set as a sustainable fraction of 
scallop biomass. In the absence ofTAC, fishing fleets 
could use the technology to deplete fishery resources 
more efficiently. Second, the technology successfully 
identifies the densest aggregations of scallops, but it is 
not known whether those high catch rates can be sus­
tained over the long-term. Third, such industry­
government collaborations are exemplary, but in such 
cases the resultant data could be proprietary, leading to 
policy or legal issues concerning data access by other 
potential users. Finally, scallops predominate on gravel 
rather than sand substrate, and more concern exists 
about scallop dredge effects on hard than on soft 
bottoms. It has yet to be demonstrated or quantified 
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MANAGEMENT OPTIONS 

Box 6.3 
Case Study: Fishing Effort Controls in the Browns Bank Scallop Fishery 

.The Canadian scallop dredge fishery on Browns Bank on the western Scotian Shelf northeast ofGeorges Bank provides an example 
ofatechnological approach to reducing the total amount of seafloor swept by mobile bottom-contact gear through de facto effort 
controls (Kostylev etaI., inpress; Manson and Todd, 2000). The fishery is important locally, accounting forapproximately one-third 
of the region's shellfish catch. Since the 1970s, fishing has been prosecuted on different portions of the bank, with inconsistent 
success. The stock abundance isestimated from assessment surveys, stratified largely by the distribution ofthe commercial fishing 
effort. Recently, thisfishery has been managed on the basis of an enterprise allocation system, in which each of seven companies 
receives ashare of the annual TAC (Departmentof Fisheries and Oceans Canada, 2000). 

Arecent collaboration among the Department of Fisheries and Oceans, the Geological Survey of Canada Atlantic, and the fishing 
industry is exploring the application of geosciences to the fishery. The project's objectives include documenting the relationships 
among scallops and substrate, optimizing 1ishing practices, and adopting sustainable fishery management through increased knowl­
edge. The project has entailed intensive data collection from multibeam bathymetry, high-resolution seismic reflection, sidescan 
sonar, extensive bottom sampling, video, and photographic surveys. Recently, ascallop-catch sampling program was added to the 
research. The research demonstrates that scallops are strongly associated with gravel lag deposits, which the multi beam data easily 
distinguishes from sandy bottom. There isa highly significant relationship between backscatter intensity and scallop survey catches 
that could be incorporated into improved stock assessments. 

Although the industry's prime motivation initially was to improve efficlency, other benefits have accrued, as evidenced bythe 
following tabular comparison offishery attributes from 1998, when multibeam maps were notused, and from 1999, when multibeam 
maps were applied during the fishery. 

1998 1999 
Scallop quota, kg 13,640 13,640 
Time on bottom, hr 162 43 
Distance towed, km 1176 311 
Time lost, hr 15 o 
Value of lostgear $10,000 o 
Fuel used, L 72,697 17,545 

Application of the technology resulted ina 73 percent reduction in both the duration of bottom contact time and in the area of 
habitat affected, a75percent reduction infuel use, and an elimination ofgear loss and lost fishing time. The implication isthat habitat 
disturbance can be substantially reduced if information about the relationship between the substrate type and scallop abundance is 
used to target fishing effort to the most productive scallop grounds. 

that overall ecological damage is reduced when effort 
is reduced but concentrated on gravel bottoms. The 
amount of damage caused by mobile bottom-contact 
gear depends on the frequency of repeated trawling (or 
dredging) and the recovery time of affected fauna. 
Whether it is better to spread the effort or concentrate it 
into a few, heavily affected areas is an important, but 
complex, question. Notwithstanding those qualifiers, 
the Browns Bank scallop habitat project is an excellent 
example of a collaborative and technological approach 
to meet management goals for seafloor habitats. 

CONCLUSION 

Three fishery management tools can be used to 
mitigate the effects of trawls and dredges on seafloor 
habitats, fishing effort reduction, modification of gear 
design or gear type, and area closures. Three fishery 
management tools, fishing effort reductions, modi­
fications of gear design or gear type, and establishment 
of areas closed to fishing, are used to mitigate the 
effects of mobile bottom-contact gear on seafloor 
habitats. 

Copyright © National Academy of Sciences. All rights reserved. 



Effects of Trawling and Dredging on Seafloor Habitat 
http://www.nap.edu/catalog/10323.html 

64 

Effort reduction is the cornerstone of managing the 
effects of fishing, including, but not limited to, the 
effects on habitat. However, effort reduction alone is 
insufficient to address all circumstances in which 
fishing gear disturbs bottom habitat. The success of 
fishing effort reduction depends on the resilience and 
recovery potential of the habitat. Each of the other 
management tools generally requires effort reduction 
to achieve maximum benefit. 

Gear modifications will be most useful for finfish 
species that can be caught with gear that does not rely 
on disturbing the bottom to catch the fish. This could 
include shifts to a different gear type, such as long lines 
or fish traps, but the social and economic consequences 
of such reallocation must be recognized and addressed. 
Also, the overall ecological benefits of using another, 
and often less efficient, type of gear, can be reduced if 
there is a subsequent increase in fishing effort or if there 
is significantly higher bycatch with the alternative gear. 

Closed areas are necessary to protect a range of rep­
resentative habitats. Closures are particularly useful 
for protecting areas with emergent epifauna (e.g., 
corals, bryozoans, hydroids, sponges) that are vulner-
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able to even low levels of fishing effort. As evidenced 
by the case of Georges Bank (Box 6.2), damage to 
emergent epifauna is recoverable after areas are closed. 
In general, area closures will need to be paired with 
effort reductions to offset the effects of displaced effort 
in the open fishing grounds. 

It is unlikely that anyone measure can resolve all 
seafloor habitat issues. Rather, some combination of 
options will often be most effective. The choice, utility, 
and limitations of a particular combination of the three 
measures to control fishing effects on seafloor habitats 
in a specific situation depends on the current regula­
tory setting, social and economic characteristics of the 
fishery and its participants, available habitat types, and 
the specific fishery management goals and objectives. 
Ideally, the choice of the particular mix of the three 
tools for anyone case should be informed by analyses 
of the full suite of benefits and costs over a reasonable 
period. As demonstrated by the case studies, creative 
solutions can be found to lessen the effects of fishing 
on seafloor habitats while maintaining viable, long­
term commercial fisheries. In fact, the two are inextri­
cably connected. 
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