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Public debate and policy decisions 

regarding m anagem ent of natural 

resources should be guided by good science. 

Too often, they are not. In some cases, the 

problem  is a lack of data. In others, it is the 

tendency to sacrifice the dictates of good sci­

ence to the exigencies of politics. In many 

instances, however, the problem  is n o t the 

absence of scientific inform ation or an 

unwillingness to pay attention to it. Rather, 

it is tha t the available scientific data is fre­

quently unintelligible to decision makers as 

well as those who shape public opinion.

T he goal of this series of publications 

is to bridge the gap tha t so often exists 

between scientists w orking to illum inate the 

causes and consequences of specific environ­

m ental problems, and those individuals who 

are faced w ith m aking decisions about how 

to address these problems. Each of the series’ 

reports is designed to accomplish two objec­

tives: first, to com m unicate the 

results of sound scientific research 

on problems tha t are or will soon be at the 

forefront of environm ental decision m aking 

and debate; and second, to do so in a way 

tha t is readily comprehensible to policymak­

ers, resource managers, the media and the 

public.

T he in ten t of the series is no t to simplify 

the scientific endeavor. Rather, it is to make 

the fruits of tha t endeavor m ore accessible to 

those people and institutions charged with 

m aking decisions th a t will affect the future 

health and, in some cases, very survival of 

those natural systems upon which hum an 

society depends.
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EX ECU TIV E SUMMARY

How We Fish Matters

W ith global reports of declining fisheries catch­

es, and w ith the disintegration of m any local 

fishing com m unities here in the U nited States, 

there is m uch debate about how best to  m an­

age our fisheries. Traditionally, fisheries have 

been m anaged on a “num bers” basis, species- 

by-species. In w hat is referred to as “single­

species m anagem ent,” the focus is on how 

many fish can be removed before we cause 

deleterious effects to future stocks. W hat is all 

too often lost in this assessment is the im pact 

of how we fish— w hat gear we use, how it is 

deployed, and its consequences for the health 

and sustainability of our m arine species and 

ecosystems.

W hile specific problems, such as the col­

lapse of New  England groundfish fisheries, are 

widely covered by the media, the ongoing 

harm  to non-target species and damage to 

m arine ecosystems caused by fishing is largely 

overlooked. Currently, almost one-quarter of 

global fisheries catches are discarded at sea, 

dead or dying, each year. Scientists estimate 

tha t 2.3 billion pounds of sea life were discard­

ed in 2000 in the U nited States alone. In addi­

tion, m any uncom m on, threatened, or endan­

gered species, such as sharks, sea turtles, 

seabirds, and m arine m ammals, are killed in 

fishing operations. There is growing concern 

tha t fishing gears tha t contact the seafloor 

damage the very habitats tha t m arine life 

depend on for their survival.

These collateral impacts of fishing gears—  

w hether the incidental take of an endangered

seabird or the destruction of a deep-sea coral 

reef— alter m arine food webs and damage habi­

tats, reducing the ability of m arine ecosystems 

to sustain fisheries.

Fishers, scientists, and managers acknowl­

edge tha t these problems exist, bu t the com ­

plexity of assessing ecological impacts associat­

ed w ith different gears— how we fish— has 

long been a stum bling block to the serious 

consideration of gear impacts in fisheries m an­

agem ent decisions.

Severity Ranking o f Collateral Impacts
By synthesizing existing inform ation and using 

expert knowledge, Shifting Gears docum ents 

and ranks the collateral impacts of various fish­

ing gear classes. This ranking will help fishers, 

conservationists, scientists, managers, and poli­

cymakers in addressing the urgent need to 

reduce the impacts of fishing.

Although previous studies docum ent the 

impacts associated w ith specific fishing gears, 

Shifting Gears is the first to integrate inform a­

tion  on bycatch and habitat damage for all 

m ajor commercial fishing gears, gauge the 

severity of these collateral impacts, and com ­

pare and rank the overall ecological damage of 

these gears.

W hile there has been clear docum entation 

of collateral impacts in some fisheries, until 

now  no scientific m ethod has addressed w hat 

types of impacts are considered m ost harmful.

It is difficult for any one sector of science or 

society to determ ine the answers to such ques­

tions as which is m ore ecologically damaging, a 

gear tha t kills endangered sea turtles or one 

th a t destroys a portion  of a deep-sea coral for­

est. Social science m ethods can help us answer 

such questions by integrating the knowledge-

• A t  least forty  seabird 

species, including alba­

trosses a n d  petrels in 

Alaska, are killed  by 

pelagic longlines, ivith  

mortality rates high 

enough to cause popula­

tion declines in a t least 

h a l f  o f  these species. 

Streamer line usage is 

reducing this number.

y i y w w w w w w w i .



able viewpoints and values of fisheries and 

m arine professionals to fill gaps in current 

ecological assessments. These answers, in 

tu rn , provide enhanced understanding of col­

lateral impacts, which is needed for ecosys­

tem -based m anagem ent. Ecosystem-based 

m anagem ent focuses on m aintaining the 

health and viability of the ecosystems on 

which fish depend for their survival, rather 

than  simply calculating, species-by-species, 

the num ber of fish tha t can be removed.

The innovative “damage schedule” 

approach used in this study combines existing 

inform ation w ith the knowledgeable ju d g ­

m ents of those involved in fisheries issues to 

produce a ranking of the impacts of com m er­

cial fishing gears. Using data compiled from  

over 170 sources, an expert panel of fishers, 

managers, and scientists reviewed impacts of 

ten commercial fishing gears widely used in 

the U nited States. The results of this work­

shop were summarized and incorporated into 

an anonym ous survey tha t was distributed to 

fishery m anagem ent council m embers 

(including fishers), scientists who served on 

the N ational Research C ouncil’s O cean 

Studies Board or its study panels, and fishery 

specialists of conservation organizations.

These professionals were asked to consider 

the suite of collateral impacts of various gear 

classes in paired comparisons, each tim e 

choosing which set of impacts they consid­

ered to be ecologically m ost severe.

C ontrary to general expectations, the 

results of this survey show remarkable con­

sensus am ong the different groups: there was 

consistent agreement about which fishing 

gears are the m ost and least dam aging to 

m arine resources. The respondents rated the

ecological impacts from  bottom  trawls, bo t­

tom  gillnets, dredges, and m idw ater (drift) 

gillnets relatively “h igh ,” impacts from  long- 

lines, pots and traps relatively “m oderate,” 

and the impacts from  hook and line, purse 

seines, and m idw ater trawls relatively “low.”

In addition, these m arine professionals con­

sistently judged  habitat impacts to be of 

greater ecological im portance than  bycatch 

impacts.

Toward Ecosystem -based M anagem ent

Taking gear impacts into account is an 

im portan t first step in the move toward 

ecosystem-based m anagem ent. Shifting effort 

from  the gears deemed to have high impacts 

to those w ith low impacts is one way to 

improve fisheries m anagem ent. O ther m eth ­

ods for m itigating gear impacts include clos­

ing areas to certain types of fishing and devel­

oping new, less harm ful fishing technologies 

or gear deploym ent practices. This report can 

serve as the basis for future policies to reduce 

the im pact of fisheries on m arine life and 

their habitats.

The tim e has come for fishery managers 

and conservation organizations to add fishing 

selectively, avoiding habitat damage, and pro­

tecting m arine biodiversity as im portan t com ­

ponents in m aintaining ocean ecosystems and 

healthy fisheries. The results of this report 

dem onstrate tha t people w ith diverse interests 

and experiences agree on the relative severity 

of ecological damage caused by different fish­

ing gears. This consensus ranking dem on­

strates tha t com m on ground exists for better 

m anagem ent of the collateral impacts of fish­

ing gears.
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Changing Perspectives

H um anity’s collective view of the ocean, 
our understanding of hum an influence 

on it, and the way we value m arine life have 
changed dramatically over the past century. In 
the late n ineteenth  century, the sea seemed so 
bountiful th a t em inent British biologist 
Thom as Huxley (1883) declared, “I believe 
t h a t . . .a ll the great sea-fisheries are inex­
haustible. . .no th ing  we can do seriously affects 
the num ber of fish.” But at the close of the 
tw entieth century, scientists had provided 
unm istakable evidence tha t the sea is in trouble 
(Norse 1993; B utm an and C arlton 1995). The 
health of estuaries, coastal waters, and oceans 
has become an increasing global concern, and it 
is now  clear tha t the largest threat to the sea’s 
biological diversity and productivity is fishing 
(Jackson et al. 2001; Pauly et al. 2002; D ayton 
et al. 2002).

H um ans have hunted m arine animals for a 
very long time, bu t the sea’s opacity m ade fish­
ing very inefficient. O u r earlier, lim ited tech­
nology allowed m any fish to  escape and others 
to rem ain undiscovered. But tw entieth-century 
innovations— larger boats, steel hulls, and pow­
erful engines; improved fishing gears; and 
weather forecasting, navigation, and fish-find­
ing technologies— have “m ade the seas trans­
parent” (Koslow et al. 2000; Roberts 2002). 
These innovations, coupled w ith an inex­
haustible dem and for seafood, place almost all 
m arine populations and habitats at risk.

Usually, the collapse of fisheries is a ttrib ­
uted to overfishing, the taking of m ore individ­
uals than  the rem aining population can replace. 
Fishery managers traditionally have paid less 
attention  to the incidental, or collateral, 
impacts of fishing on nontarget species (those 
n o t actively sought by fishers) and on the habi­
ta t of both target and nontarget species. These

AAAAAAA/

collateral impacts, which are the focus of this 
report (see Box 1 for definitions of these 
terms), receive less attention for several reasons: 
few nonfishers observe fishing operations; very 
few people, including fishers and fishery m an­
agers, ever visit the seafloor; and as hum an 
beings we tend to underestim ate the adverse 
environm ental effects of our actions, in part 
because of the short history of our individual 
experiences (i.e., shifting baselines; Pauly 1995,
D ayton et al. 1998). This lack of awareness has 
greatly slowed actions to curtail bycatch and 
habitat damage caused by fishing.

Box i Definitions
Collateral impact:

Unintentional or incidental d a m a g e  to  s ea  life o r  seaf loor  
h ab ita t  c a used  by fishing activit ies d irec ted  to w ard  o th e r  

ty p e s  of sea  life. Collateral im pact includes bycatch  and 

h ab ita t  d a m a g e .

Bycatch:
The incidental catching and  d iscarding of spec ies  alive, 
injured, or d e a d ,  while fishing. Three c lasses of bycatch 

are  as follows:

1. Economic bycatch— sp ec ies  d isca rd ed  b e c a u se  th ey  

are  of little o r  no econ om ic  value (e.g., in p o o r  condi­
tion or nonm arketab le);

2. Regulatory bycatch— m ark e tab le  spec ies  d iscarded  

b e c a u se  of m a n a g e m e n t  regula tions (e.g., size limits, 
allocations, seasons);

3. Collateral m ortality— sp ec ies  killed in e n co u n te rs  with 
fishing g e a rs  t h a t  a re  no t b ro u g h t  on b oa rd  th e  vessel.

H abitat dam age:

D am ag e  to  living seaf loor  s t ruc tu res  (e.g., corals, 

sp o n g e s ,  sea g rasses)  as well as a ltera t ion  to  th e  
geo log ic  s t ru c tu res  (e.g., bou lders ,  cobb les ,  gravel, sand ,  
mud) th a t  se rve  as nursery  a reas ,  refuges, and  hom es  

for  fishes and  o rgan ism s living on or n ea r  th e  seafloor.

1
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There have been efforts to address the col­
lateral impacts of fishing, bu t they have been 
insufficient to deal w ith the m agnitude of 
these problems. Examples include the effort, 
led by the U nited States in the 1980s, to ban 
H igh Seas drift nets over a certain length—  
because of high m ortality to m arine mammals, 
seabirds, and sea turtles— and restrictions on 
dynam ite fishing and cyanide fishing on coral 
reefs in areas of the Indo-W est Pacific. These

2

Box 2  The Magnuson-Stevens Fishery
Conservation and Management Act

P assed  in 1976, th e  

M a g n u so n -S tev en s Fishery 

C onserv a tio n  an d  M a n a g e m e n t 

A ct (FCMA) e s ta b lish e d  con tro l 

o f  U.S. fishing re so u rces  o u t  to  

200 nau tical m iles from  th e  

U.S. coas tlin e . T he s ta te d  p u r ­

p o se s  o f  th is law include d e v e l­

o p in g  an d  conserv in g  fishery 

re so u rces  in U.S. w a te rs , b u t  it 

a lso  w as d e s ig n e d  to  

A m ericanize th e s e  re so u rces  by 

rem oving  fo re ign  fishing fleets. 

In ad d itio n , th e  A ct e s tab lish ed  

reg ional fishery m a n a g e m e n t 

councils to  adv ise  th e  N ational 

M arine F isheries Service 

reg a rd in g  fishery reg u la tio n s 

w ithin e ig h t  sp ec ified  fishery 

m a n a g e m e n t reg ions.

In 1996, in re sp o n se  to  

find ings th a t  h ad  a ccu m u la ted  

ov er tw o  d e c a d e s , th e  FCMA 

w as su bstan tia lly  rev ised  by th e  

S u sta in ab le  F isheries A ct. The 

a m e n d e d  law req u ired  th e  

reg ional fishery m a n a g e m e n t 

councils an d  NMFS to  im prove 

th e  sustainab ility  o f  fisheries by 

s to p p in g  overfish ing , " reb u ild ­

ing" stocks, red u c in g  bycatch , 

an d  identifying a n d  p ro te c tin g  

e s sen tia l fish h ab ita t.

Each o f  th e  e ig h t  reg ional 

fishery m a n a g e m e n t councils 

has se v en  to  tw en ty -o n e  vo ting  

m e m b e rs  re p re se n tin g  a c o m ­

bin a tio n  o f  s ta te  an d  tribal 

m a n a g e m e n t officials, th e  

reg ional d irec to r  o f  NMFS, an d  

individuals w h o  a re  k n o w le d g e ­

a b le  o f  fishery reso u rces , no m i­

n a te d  by s ta te  g o v e rn o rs  an d  

a p p o in te d  by th e  se c re ta ry  o f  

th e  U.S. D e p a r tm e n t o f  

C o m m erce . The m ain function  

o f  th e  councils is to  p re p a re  

fishery m a n a g e m e n t p lan s an d  

s u b s e q u e n t a m e n d m e n ts  to  b e  

su b m itte d  to  th e  S ecre ta ry  o f 

C o m m erce  fo r app ro v a l an d  

im p lem en ta tio n . T h ese  fishery 

m a n a g e m e n t p lans m u st tak e  

in to  co n s id e ra tio n  social, e c o ­

nom ic, bio logical, an d  env iron ­

m en ta l fac to rs  a s so c ia te d  w ith 

fisheries, w hile m inimizing 

by ca tch  to  th e  e x te n t  p rac tica ­

b le  an d  d e s ig n a tin g  essen tia l 

fish h a b ita t  an d  m e th o d s  to  

re d u c e  d a m a g e  to  it. Thus, 

th e s e  co n serv a tio n  m a n d a te s  

o f  th e  FCMA pro v id e  th e  fo u n ­

d a tio n  for th e  im p lem en ta tio n  

o f  e c o sy s te m -b a se d  m a n a g e ­

m ent.

m ethods are banned no t because they can 
result in overfishing bu t because of the collat­
eral impacts they cause. Restricting these 
m ethods was undoubtedly easier for Americans 
because the restrictions had no substantial 
effect on U.S. fisheries. However, U.S. fisheries 
cause significant bycatch and habitat damage 
tha t need to be addressed comprehensively. 
This report details the results of a study that 
asked, “W hich classes of commercial fishing 
gear used in the U nited States produce the 
m ost severe collateral impacts?”

This question m ust be answered because 
the U nited States faces m ajor challenges in 
m anaging its fisheries. Federal fishery m anage­
m ent derives from  the M agnuson-Stevens 
Fishery Conservation and M anagem ent Act 
(FCMA) (Box 2). The 2002 report of the 
N ational M arine Fisheries Service (NM FS), 
N ational Ocean and Atmospheric 
Adm inistration, U.S. D epartm ent of 
Commerce, on the status of U.S. fish stocks 
revealed th a t 93 of 304 fully assessed stocks 
either were overfished or were experiencing 
overfishing (another 655, or 68 percent, of 
U .S.-m anaged stocks were n o t assessed). News 
stories about overfishing have become routine 
across the country, including the well-publi­
cized troubles of New  England groundfish 
(e.g., Atlantic cod, haddock, yellowtail floun­
der) and West Coast rockfishes (e.g., bocaccio, 
canary rockfish, yelloweye rockfish). The col­
lapse of fish populations represents a serious 
social and economic, as well as ecological, 
problem  for coastal com m unities. At the same 
time, the U nited States is witnessing popula­
tion  declines in many sea turtle, m arine m am ­
mal, and seabird species tha t we do no t harm  
deliberately. These parallel declines are very 
likely linked to the ways we fish.

A growing num ber of scientists (e.g., 
D ayton et al. 1995; Pitcher and Pauly 1998; 
Pitcher et al. 1999; N R C  1999; D ayton et al. 
2002) recom m ends refocusing attention  from



S H IF T IN G  GEARS

single-species m anagem ent (which evaluates 
fish stocks one by one) to the protection and 
rebuilding of ecosystems, including species and 
their habitats. Considering the bigger picture 
and m anaging fisheries w ith a broader range of 
considerations is called ecosystem-based m an­
agement.

Ecosystem-based m anagem ent is needed 
because the way people th ink  about fish, and 
the tools used to “m anage” them , no longer 
adequately reflect w hat m arine scientists know 
about fish. The prevailing m anagem ent para­
digm  focuses on avoiding overfishing by ask­
ing, “H ow  m any tons of a stock can be fished 
w ithout dim inishing future catch?” This 
approach deals w ith fish populations one by 
one, as if each fish population and fishery 
existed in isolation. But scientists have known 
the flaws inherent in this approach for decades 
(Larkin 1977; May et al. 1979). Fishing gears 
are seldom selective. It affects a wide range of

species— those targeted, their young, and other 
commercial and noncom m ercial species— as 
well as the geologic and biological com ponents 
of seafloor habitats (Figure 1). Altering food 
webs by removing predators, prey, competitors, 
and alternative hosts of parasites, or affecting 
habitats by removing structure-form ing species 
on the seafloor, can result in unintended 
changes in populations and m arine ecosystems 
(Estes et al. 1998; Pauly et al. 1998; Tegner 
and D ayton 2000). Fishery m anagem ent p rin­
cipally based on stock assessment cannot possi­
bly predict these cascading effects. And fish­
eries cannot be m anaged sustainably unless 
fishery m anagem ent deals successfully w ith the 
collateral impacts of fishing gears.

Ecosystem-based m anagem ent is both fas­
cinating and challenging for several reasons.
For one, ecosystem-based m anagem ent involves 
m any m ore considerations than  single-species 
m anagem ent. Moreover, our knowledge is no t

Figure 1

Ecological Impacts 
of Fishing

Fishing reduces the abun­

dance o f  target a n d  non­

target fish  populations. 

Other non-target species 

can be injured, or killed  as 

bycatch. The physical 

im pact o f  fish ing  gear on 

the seafloor harms habitats 

fo r  im portant commercial 

species a n d  other marine  

life. Together these impacts 

can lead to habita t dam ­

age, reduced biodiversity, 

changes in fo o d  ivebs, a n d

Adapted from Pauly et al 1998, 
and D ayton et al 2002.
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• Bycatch o f  sharks a n d  

fin fish , species th a t asso­

ciate ivith the targeted 

fish  schools, occurs 

throughout U.S. ivaters.

complete: scientists have n o t yet identified and 
described all the species and processes that 
drive m arine ecosystem dynamics. A nother 
challenge is tha t “nature is variable, uncertain, 
unpredictable, and capricious” (Pimm 2001). 
In other words, it gives managers moving tar­
gets. But the complexity and variability of 
m arine ecosystems is no excuse for failing to 
make the transition from  single-species m an­
agem ent to ecosystem-based m anagem ent. The 
continuing collapse of so m any fisheries and 
the ongoing problems of bycatch and habitat 
damage, which affect m arine ecosystems more 
broadly, illustrate tha t single-species m anage­
m ent has no t worked.

Ecosystem-based m anagem ent aims to sus­
ta in— and, where needed, restore— fisheries 
and ecosystems, bu t it has yet to be im ple­
m ented to any m eaningful degree in the 
U nited States. An essential first step is for us to

understand the way different classes of fishing 
gears affect species tha t are no t their intended 
targets, as well as the gears’ effects on the com ­
position, structure, and functioning of marine 
ecosystems. Therefore, how we fish m ust be a 
central consideration in marine ecosystem-based 
management.

A key stum bling block in assessing these 
collateral impacts has been an absence of ways 
to compare classes of fishing gears. It is no t 
inherently difficult to assess fisheries in terms 
of tons or dollars. But ecological assessments 
are m ore challenging. For instance, what 
would a thoughtful fishery m anager consider 
m ore harmful: a gear class tha t kills large n u m ­
bers of juvenile fishes before they are m ar­
ketable, one tha t kills m any uncom m on 
seabirds, one tha t lays flat whole forests of 
coral, or one tha t disturbs large areas of nurs­
ery habitat for young fishes? Such comparisons
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are crucial because different gears target the 
same species in the same places, and fishery 
managers need inform ation and tools to 
address their comparative ecological effects. 
M any studies have summarized aspects of 
bycatch or habitat alteration (Alverson 
1998; Auster and Langton 1999; H aii 1999; 
Johnson 2002; N R C  2002), bu t this report 
uniquely considers these collateral impacts 
together in evaluating the overall ecological 
effects of different classes of commercial 
fishing gears.

Ideally, managers base their decisions on 
the best available inform ation, taking into 
account underlying assumptions and accept­
able levels of uncertainty. In fishery m anage­
m ent, uncertainty regarding gear-specific 
habitat damage and bycatch can be high, if 
data are available at all, which makes deci­
sion m aking difficult. As desirable as it is to 
m aintain and expand data acquisition efforts 
and scientific understanding, we need 
means of interpreting and using existing 
inform ation. This is especially true where 
knowledge exists bu t has no t been form al­
ized or standardized in the scientific litera­
ture.

Bycatch and habitat damage reduce the 
value of m arine ecosystems through direct 
economic losses to fisheries, and harm  
ecosystem integrity. The extent of these loss­
es can be determ ined in different ways: by 
quantification of lost m onetary value due to 
changes in productivity or removal of 
species w ith m onetary value, or by no n m o n ­
etary measures of social well-being related to 
the resource (e.g., enjoym ent of the act of 
fishing). Because we are still in our scientific 
infancy in determ ining the effects of fishing 
on ecosystems (Haii 1999) and it is exceed­
ingly difficult— if n o t impossible— to place 
a m onetary value on m arine ecosystems, this 
report uses a nonm onetary valuation 
approach, the “damage schedule,” to assess

the consequences of fishing in terms of 
bycatch and habitat damage.

Similar m ethods have been applied to 
environm ental issues such as siting of po ten­
tially noxious facilities (O paluch et al.
1993); com parison of the value of private 
goods (e.g., concert tickets, clothing, travel 
certificates) w ith tha t of public goods (park­
ing capacity, wildlife refuges, clean air) 
(Peterson and Brown 1998); and assessment 
of the health of the eastern Bering Sea 
ecosystem (Chuenpagdee and Vasconcellos 
2000). This report employs the damage 
schedule to incorporate individuals’ scienti­
fic knowledge and subjective judgm ents 
regarding habitat damage and bycatch asso­
ciated w ith different classes of fishing gears. 
This m ethod  is a simple and straightforward 
way to rank the adverse ecological effects of 
gears used in U.S. commercial fisheries, 
providing a m anagem ent tool for decision 
makers and others interested in m arine 
ecosystem-based m anagem ent.

Application of the damage schedule in 
this report involved three steps. First, we 
reviewed the literature and com piled infor­
m ation for commercial fisheries, fishing 
gears, and their impacts on bycatch and 
habitats. Next, we conducted a workshop of 
fishers, fisheries specialists, scientists, and 
managers, who used this inform ation to rate 
the level of bycatch and habitat damage for 
each fishing gear. We then  used the gear rat­
ings from  this expert workshop to design a 
questionnaire tha t we used to survey a broad 
range of m arine professionals to elicit their 
judgm ents about the relative severity of 
bycatch and habitat damage caused by those 
classes of fishing gears. The results of the 
survey provide a ranking of the different 
impacts of the fishing gears on bycatch and 
habitat, and serve as the basis for the m an­
agem ent im plications and policy recom m en­
dations found at the end of this report.

• Despite regulations, old  

nets a n d  cod ends are 

dum ped  a t sea, entan­

gling m arine mam m als 

a n d  damaging sensitive 

seafloor organisms.

/ w w w w w w w w t .
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Bycatch
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• Bycatch o f  fishes a n d  

invertebrates can out­

weigh target species 

(shrimp) by five, ten, or 

twenty or more times.

Every year, fisheries in the U nited States discard 
vast num bers of invertebrates, fish, sea turtles, 
sea birds, and m arine m ammals th a t were 
caught unintentionally (Alverson 1998). Using 
Alverson’s estimate tha t roughly 25 percent of 
catch is discarded, D ayton and colleagues 
(2002) estimated tha t in 2000, U.S. fisheries 
discarded 2.3 billion pounds (1.05 m illion m et­
ric tons) of sea life. In some fisheries, such as 
the G ulf of Mexico shrim p fishery, it is estim at­

ed tha t there is nearly 10 lbs. of bycatch for 
every pound of shrim p landed (Alverson et al. 

1994; Nance and Scott-D enton 1997).
O ne of the m ost vexing issues is the scarcity 

of valid bycatch estimates. M any estimates are 
based on fishers’ logbooks, bu t it is doubtful 

tha t they always report bycatch accurately.
M ore often, bycatch is estim ated from  reports 

by onboard observers. U nfortunately observer

coverage, n o t including fisheries w ith very large 
vessels, is lim ited (e.g., less than  1 percent 
observer coverage in the case of the G ulf of 
Mexico shrim p fishery). The low rate of observ­
er coverage means tha t the only way to get over­
all bycatch estimates is to extrapolate from  small 
samples to an entire fleet. These estimates also 
assume tha t fishers fish the same way whether 
or no t observers are on board and tha t species 
are uniform ly distributed— neither of which is 
necessarily valid.

Bycatch occurs because fishing gear does 
n o t discrim inate between the target species and 
those that live in close association with it. M any 
factors influence the severity of bycatch, includ­
ing the species’ pattern of distribution (e.g., 
patchiness or concentration in one area, season­
ality), predictability of behavior, and associa­
tions w ith other species, as well as the degree to 
which fishers can control deploym ent of the 
gear (Haii 1996). W ith  the possible exception of
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harpooning, spearfishing, and hand-picking, 
all classes of fishing gears result in some level 
of unintended catch.

Bycatch creates problems for both fish­
ers and managers. Bycatch of species pro­
tected under the M arine M am m al Protect­
ion Act of 1972 or the Endangered Species 
Act of 1973 can cause fisheries to be closed. 
In addition, regulatory bycatch— discards 
tha t occur because m anagem ent regimes 
lim it the types of fish a particular fisher can 
land— leads to discarding of marketable 
species. For example, current regulations in 
Alaska prohibit fishers n o t licensed to fish 
for Pacific halibut, salmon, herring, or cer­
tain crab species from  retaining these 
species. W hen a fishery exceeds its bycatch 
lim it for one of these species, it is closed for 
the season (Pereyra 1996; Trumble 1996). In 
1994, the bycatch m ortality of Pacific hal­
ibut in Alaska equaled 19 percent of the total 
allowable catch and 29 percent of com m er­
cial landings (Trumble 1996). Because of 
regulatory bycatch closures, the overall 1995 
groundfish catch reached only about two- 
thirds of the total allowable catch. Excessive 
halibut bycatch also required fishers to forgo 
approximately 17,600 tons (16,000 metric 
tons) of other flatfishes (e.g., sole) catch in 
1994 (Stone and Bublitz 1996).

It is clear tha t bycatch significantly 
impacts individual species. In the U nited 
States in 2001, the federal governm ent pro­
posed listing the sm alltooth sawfish as 
endangered under the Endangered Species 
Act solely because of bycatch m ortality 
(Federal Register 2001). O ther species 
imperiled as a result of bycatch include the 
barndoor skate in the N orth  Atlantic Ocean 
and the leatherback sea turtle  in the Pacific. 
Impacts to m any other species, especially 
non-target species, are no t known, and even 
m ore problem atic is the assessment of the 
ecosystem-wide consequences of bycatch.

Habitat Damage
Perhaps m ore significant bu t even less 
understood than bycatch is the adverse effect 
of commercial fishing gears on benthic 
(seafloor) habitats. The seafloor is, quite liter­
ally, a largely uncharted frontier for science, 
yet it is crucial to the biological productivity 
of the ocean. Only in recent years has science 
begun to com prehend the im portance of the 
seafloor as fish habitat and the ecological 
implications of its disturbance by humans.

Fishing gears tha t contact the seafloor 
disturbs geologic and biological structures. 
These gears plane off structures on soft 
areas of the ocean bottom , displace boulders, 
and harm  bottom -dw elling organisms by 
crushing them , burying them , or exposing 
them  to predators. The habitat damage 
caused by a particular gear depends on its 
foo tprin t— that is, w hether the gear is towed 
across the bo ttom  and causes linear d istur­
bances or contacts the bottom  only at 
restricted points. Type of habitat, duration 
of contact, and type, w idth, weight, and 
num ber of units employed all determ ine the 
extent of adverse effects. The benthic ani­
mals m ost sensitive to  fishing gears are those 
tha t are erect and fragile, long-lived and 
slow-growing, or living in waters where 
severe natural disturbances are less com m on, 
particularly below a depth of 350 feet (100 
m eters).

Efforts to understand the role of the 
seafloor are com plicated by the fact that 
m any places were substantially altered before 
scientific study began (Watling and Norse 
1998; T hrush et al. 2001). The lack of a his­
torical baseline makes it m uch m ore difficult 
to determine the significance of what we see 
today. To paraphrase D ayton and colleagues 
(1998), no m atter how well one understands 
present populations, any current program will 
fail to discern the ghosts of missing animals.

AAAAAAAA/

• Bottom  trawls cause 

damage to seafloor 

habitats including  

scarring o f  sandy- 

bottom seafloors.
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Physical and 
Biological 
Habitat Impacts

The photo on this page 

tholus the seafloor, undis­

turbed, rich ivith lifle. On 

the next page is a photo  

oflthe same location afier 

a dredge has lefi its floot-

W hat scientists do know is tha t seafloor 
com m unities support an extraordinary diversi­
ty of life and m uch of the sea’s productivity. O f 
the m ore than  235,000 animal species know n 
to live in the ocean, m ore than  98 percent are 
found in or on the ocean floor (T hurm an and 
B urton 2001). M any m ajor m arine species 
groups are exclusively or almost exclusively 
benthic as adults. These include sponges, 
corals, annelid worms, clams, oysters, sea slugs, 
shrimps, lobsters, crabs, sea stars, rockfishes, and 
other perch-like fishes. N o t surprisingly, the 
im portance of the seafloor is reflected in statis­
tics for commercial landings in the U nited 
States. In the year 2000, of 380 m arine fish­
eries listed in N M F S ’ fishery landings database 
(on the In ternet at http://w w w .st.nm fs.gov/),

283 species (worth $2,800 million) lived pri­
marily in association w ith the seafloor, whereas 
only 85 species (worth $630 million) lived pri­
marily in the water colum n. Twelve other 
species (worth $189 million) moved between 
the two habitats.

A nother factor tha t can amplify habitat 
damage, bycatch, or both is the loss of fishing 
gear, which can lead to ghost-fishing. This 
occurs when lost gear continues to disturb the 
seafloor or catch organisms even though fishers 
are no longer able to  recover the catch.
Because lost pelagic and m idw ater gear gradu­
ally gets heavier from  encrusting organisms 
and dying animals, it eventually sinks, and 
can damage the seafloor. Lost gear adds to the 
collateral impacts caused when it was in use.

http://www.st.nmfs.gov/
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Fishing in the United States
This report categorizes fishing gear according to 
ten classes com m only used in commercial cap­
ture fisheries in the U nited States. The ten gear 
classes considered are: dredges, bottom  gillnets, 
m idwater and drift gillnets, hook and line, bot­
tom  longlines, pelagic longlines, pots and traps, 
purse seine, bottom  trawls, and m idwater trawls. 
The report does no t address the different types 
of handfishing (harpooning, spearfishing, and 
diver collecting),1 nor does it include an assess­
m ent of the country’s substantial recreational 
fisheries, although the latter also adversely affect 
m arine populations and ecosystems (Dayton et 
al. 2002). N either did we consider destructive 
fishing m ethods no t used in the U nited States, 
such as chemical or dynam ite fishing, nor inter­
national fisheries such as the Eastern Tropical

1 T h is gear class was initially included in  our study, b u t removed from  the list o f gears 
evaluated due to  insufficient in form ation on  im pacts associated w ith  their use, and 
because suspected im pacts are considered negligible.

AAAAAAAA

Pacific tuna fishery. The ten classes of fishing 
gear addressed in this report are used in differing 
degrees in all eight fishery m anagem ent council 
(FMC) regions, and the same gear may target 
different species in different regions (Figure 2).

In general, fishing gears can be broadly clas­
sified according to w hether they target species 
associated w ith the seafloor (benthic) or those 
living in the water colum n (pelagic). Different 
fishing gears are used to target different species 
across diverse habitats. Each FM C  has regional 
differences in habitats and species which dictate 
in part how gears are m odified and used, 
although many aspects of an individual gear’s 
usage are com m on to all target species and habi­
tats. Following on page 12 is a description of the 
ten m ajor gear classifications used in this study 
(Figure 3).
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gure 2  Landings by Gear Class in 2001 by 
Fishery Management Council Region

Regional breakdow n o f com - pie chart shows percentage

mercial fish landings in thou- landings by w e igh t, to tal

sand m etric tons (MT) and dollar value for gear class in

value (millions o f dollars). millions, and highest value

For each FM C region, th e species for each gear class.

N orth  Pacific -  1 ,5 3 0  M T  ($666 )

7% Gillnets -  m idw ater 
($110; sockeye salmon)

9%  O ther
($175; Pacific halibut)

63%  Trawls -  m idw ater 
($237; walleye pollock)

16%  Purse seines 
($102; pink salmon)

5% Trawls -  bo ttom
($43; Pacific cod)

Pacific -  38 9  M T  ($312)

17%  O ther 
($149; albacoretu

20%  Trawls -  m idw ater
($10; whiting)

11 % Trawls -  bottom
($42; ocean shrimp)

4% Pots and trap s 
($79; Dungenes crab)

48%  Purse seine 
($32; market squid)

W estern  Pacific -  9 M T  ($40)

1%  O ther
($0.5; caridean shrimp)

3%  Purse seines 
($1; big-eye scad 'akule')

63%  Longlines -  pelagic
($27; big-eye tuna)

1 % Gillnets -  bo ttom
($0.3; big-eye scad 'akule')

■ 32%  Hook and line 
($12; yellowfin tu n a 'ahi')
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Gulf of Mexico -  730 MT ($804)

7%  O ther

South A tlan tic  -  85  M T  ($167)

5%  H ook an d  line 
($17; king and cero mackerel)

23%  O th er /  23%  Pots and trap s
($42; quahog clams) J  ($46; blue crab)

D ata from  the fish landing statistics of NM FS, and augm ented as needed for clarity, w ith state infor­
m ation. T he PA CFIN  database for the Pacific FM C. T he Akfin database for Alaska. D ata for W estern 

Pacific FM C  is available for Hawaii only, from  H aw aii D ivision of Aquatic Resources statistics. N o 
data is available for the Caribbean FM C.

Trawls -  bottom 
shrimp)

73S£ Purse se ine 
¡¥ 3 4  Gulf menhaden)

* Q uahog clams caught using a gear n o t assessed in  this report.

N e w  England -  28 6  M T  ($639)

19%  Other —
($130; quahog cl

7%  D redges 
01 09; sea scallops)

1 5%  P o ts  an d  t r a p  
($244; American lobster)

Trawls -  midwJ**? 
Atlantic herring)

33%  Trawls -  bottom
($147; goosefish)

M id-A tlan tic  -  3 7 9  M T  ($348)

14%  D redges 
($125; sea scallops)

12%  O ther
JO; quahog clams)

6%  Trawls -  bottom
($41; sea scallops)

% P o ts  an d  tra p s  
($75; blue crabs)

60%  Purse seines 
($27; Atlantic menhaden)

{$153; red qrcup®-)

3% Trawls -  midwatür '■ 4%  z'ù ts  and traps
($62; shrimp) V  \ (WÍT blue crab)

20%  Trawls -  bottom  
($59; shrimp) __

29%  Purse seines 
($2; Atlantic menhaden)

11
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Figure 3  Descriptions o f Fishing Gears
SW W W W W W W W W W W W W W W W W W W W W l

Dredges

(Including Scallop  D re d g e s  an d  

Hydraulic Clam  D redges)

D re d g e s  a re  u se d  to  ca tch  b e n th ­

ic sp e c ie s  such as clam s, scallops, 

oy ste rs , b lu e  crabs, se a  urchins, 

se a  cu cu m b ers, an d  goose fish . 

They a re  to w e d  b eh in d  a vessel, 

so m e tim e s  in pairs. D re d g e s  are  

d e f in e d  by th e  w id th  o f  th e  

fram e. M o st d r e d g e s  a re  th irte e n  

o r  f ifteen  fe e t  (app rox im ate ly  four 

to  four an d  o n e -h a lf  m eters) w ide  

an d  can  w eigh  as m uch a s  2 ,400 

p o u n d s , o r 1 ,000 kilogram s. The 

d r e d g e  m o st com m only  u se d  in 

th e  U nited  S ta te s  is th e  N ew  

B edford  sty le d re d g e , w hich c o n ­

sists o f  a large m eta l fram e w ith  a 

m eta l b a g  to  ho ld  th e  co llec ted  

o rgan ism s. The fram e an d  cu ttin g  

b a r  ride  a lo n g  th e  su rface  o f  th e  

seafloor, occasionally  d ig g in g  into 

th e  b o tto m , w hile th e  b a g  d ra g s  

a lo n g  b eh in d , in c o n ta c t w ith 

th e  seafloor. The fro n t o f  th e  

fram e is o u tf itte d  w ith  a tickler 

chain, w hich tr ig g e rs  o rg an ism s 

such  as sca llops to  p ro p e l from  

th e  se a flo o r so  th ey  a re  m ore 

easily c a p tu re d . Rock chains are  

u se d  o n  rocky a re a s  o f  seaflo o r 

to  p re v e n t la rge  b o u ld e rs  from  

e n te r in g  th e  b ag .

Gillnets

A  g illnet is a curtain-like panel 

o f ne ttin g  th a t is suspended  

vertically in th e  w a te r  by floats 

along th e  to p  o f th e  net and 

w eig h ted  along th e  bo tto m  

(lead line). Because th e  m ono­

filam ent line used to  m ake the  

net is transparent, organisms 

are unable to  see th e  net, and 

th ey swim into it and becom e  

entangled , o ften  by th e ir gili 

cover (operculum ). Two main 

types o f gillnets are in use: 

b o tto m  gillnets and m idw ater  

gillnets.

B ottom  Gillnets

(Including A n ch o red  or 

S e t Gillnets)

B o ttom  g illne ts a re  u se d  to  ca tch  

b en th ic  sp e c ie s  such  a s  sharks, 

g o o se fish , c o d , pollock, an d  

flounder. T h ese  n e ts  a re  e ith e r  

w e ig h te d  a n d /o r  a n c h o re d  to  

m ain tain  c o n ta c t w ith  th e  s e a ­

floor. An individual g illne t can  

b e  350 fe e t  (100 m eters) long. 

O ften , te n  to  tw en ty  n e ts  are  

tied  to g e th e r  in a line.

M id w ate r Gillnets

(Including Drift Nets)

M idw ater g illne ts a re  m o s t c o m ­

m only u se d  to  ca tch  p e lag ic  

(w ater-colum n) fish sp e c ie s  such 

as sharks, herring , m ackerel, 

sa lm on , a n d  sw ordfish. M idw ater 

g illne ts a re  m ark ed  a t  th e  en d s  

w ith buoys, b u t  th e  n e ts  a re  n o t 

a n c h o re d  to  th e  seafloor. 

M idw ater g illne ts can  b e  as m uch 

as 1 ,200 fe e t  (360 m ete rs) long 

an d  1 2 -5 0  f e e t  (3 .5 -13  m eters) 

d e e p . M any n e t  p an e ls  can  b e  

tied  to g e th e r .

H ook and Line

(Including Trolling, B and it Rigs, 

H andlines, an d  Jigg ing ) 

H ook-and-line fishing is u se d  to  

ca tch  b o th  p e lag ic  sp e c ie s, such 

as sa lm on , tunas , an d  sw ordfish, 

an d  b en th ic  sp e c ie s , such  as 

sablefish , sn a p p e rs , g ro u p e rs , 

halibut, rockfishes, an d  co d . In 

hook-and-line  fishing, individual 

lines w ith  b a ite d  h o oks o r  lures 

a re  d e p lo y e d  from  a vessel, m uch 

as m o s t rec rea tio n a l fishing is 

d o n e . H ook sizes, sinkers, an d  

th e  w e ig h t an d  co m p o s itio n  o f  

lines vary, d e p e n d in g  o n  ta rg e t  

sp e c ie s  a n d  rig. In m o st hook-

and-line  fisheries, m ono filam en t 

o r  s te e l line is u sed . H ook-and- 

line fishing includes th e  u se  o f 

rod  an d  reel o r p o w er-a ss is ted  

reel (b an d it rig), hand line  fishing 

(no reel used), trolling, a n d j ig  

fishing, in w hich severa l hoo k s a re  

d e p lo y e d  from  th e  b a se  line in a 

c a sc a d e . J ig g in g  is a lso  u se d  to  

ca tch  schoo ling  o rg an ism s such 

a s  flying squ id .

Longlines

A  longline consists o f a long 

stationary line (usually con­

structed from  th ick m onofila­

m ent or steel) to  which shorter 

lines w ith  ba ited  hooks (as many 

as 1 2 ,0 0 0  per line) are attached. 

They are typically le ft in place 

fo r periods ranging from  several 

hours to  a couple o f days. 

C onfiguration o f th e  lines, 

including th e  ad dition o f floats  

o r w eights, can be ta ilored  to  

d iffe ren t ta rg e t species and 

habitats.

12
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Purse Seines

Purse se in es  a re  primarily u se d  to  

ca tch  schoo ling  p e lag ic  sp e c ie s  

such  as squ id , sa lm on, m e n ­

h a d e n , sa rd ine , an d  herring . This 

g e a r  o p e ra te s  w ith tw o  b o a ts  p e r  

n e t. The m ain b o a t  rem ains s ta ­

tionary  w hile a m uch sm aller b o a t  

encirc les th e  fish w ith a long n e t  

th a t  has floa ts on  to p . O n ce  th e  

n e t  is in p lace , th e  p u rse  line is 

p u lled  to  c lo se  th e  b o tto m  o f th e  

n e t  an d  c a p tu re  th e  fish, w hich 

a re  th e n  h au led  a b o a rd  

th e  larger vessel.

Trawls

Trawls are a class o f m obile  fish­

ing gear in which a large, bag ­

like ne t is to w ed  behind a ves­

sel. The cone-shaped net is w id e  

a t th e  m outh and narrows to  

create a "cod en d ."  The ne t is 

held open by a solid beam , or 

by th e  force o f w a te r pressure 

against th e  doors, o ften  m ade  

o f w o od  or steel, th a t m ove  

upright through th e  w ater. Each 

do or can w eigh  m any thousands  

o f pounds (as much as 6 ,0 00  

kilogram s). The ne t is attached  

to  th e  doors by a w e ig h ted

brid le  th a t connects to  a fo o t 

rope on th e  bo tto m  and a 

buoyed head rope to  hold the  

net m outh open. In a beam  

traw l, a w o oden  or m etal beam , 

ra th er than doors, holds the  

m outh o f th e  net open. Use o f 

beam  traw ls is m inim al in the  

U nited States.

B ottom  Trawls

(Including O tte r  Trawls, Shrim p 

Trawls, an d  B eam  Trawls)

B o tto m  traw ls a re  u se d  th ro u g h ­

o u t  m o st o f  th e  U nited  S ta te s  to  

c a tc h  b en th ic  sp e c ie s  such  as 

sh rim p, so le , co d , flounder, an d  

rockfishes. M o st b o tto m  traw ls 

a re  variations o f  th e  o t te r  trawl. 

Typically, d o o rs  a re  d e s ig n e d  to  

c o m e  in to  c o n ta c t w ith  th e  

seafloor; how ever, n ew er d es ig n s  

skid acro ss th e  se a flo o r w ith less 

c o n ta c t. T he g round line , w hich 

k e e p s  th e  n e t  in c lo se  c o n ta c t 

w ith  th e  seafloor, can  b e  a 

w e ig h te d  chain  o r  cab le , so m e ­

tim es m odified  w ith large, heavy 

d iscs an d  rollers d e s ig n e d  to  ride 

o v e r o b stru c tio n s  an d  k e e p  th e  

n e t  belly from  sn a g g in g  an d  te a r ­

ing on  th e  seafloor.

The sp re a d  o f  traw l n e ts  can  b e  

as m uch as 200 f e e t  (55 m eters) 

w id e  a n d  40 f e e t  (12 m eters) 

high. Trawls a re  u se d  from  sh a l­

low d e p th s  o f  50 f e e t  (15 m eters) 

inshore to  e x tre m e  d e p th s  o f  

6 ,000  f e e t  (2 km) o n  th e  c o n ti­

nen ta l slope .

M id w ate r Trawls

M idw ater traw ls a re  u se d  m ostly  

to  c a tc h  p e lag ic  an d  b e n th o -  

p e lag ic  schoo ling  sp e c ie s , such 

as pollock, hake , herring  

an d  A tlantic m ackerel.

The m o s t co m m o n  m id w ater 

traw ls a re  sim ilar to  b o tto m  traw ls 

b u t  w ith  ligh ter rigg ing , an d  larg ­

e r  n e t  m ou ths, up  to  330 fe e t  

(100 m eters). D esp ite  th e ir  nam e, 

m id w ater traw ls can  b e  used  

c lo se  to  th e  b o tto m  an d  c o n ta c t 

th e  seafloor.

B ottom  Longlines

B ottom  longlines a re  u se d  to  

ca tch  b en th ic  sp e c ie s  such  a s  co d  

(Pacific an d  Atlantic), rockfishes, 

Pacific halibut, sablefish , an d  

g ro u p e rs . W eigh ts a re  a d d e d  to  

th e  lines to  allow  th e m  to  re s t on  

o r  slightly ab o v e  th e  seafloor. The 

lines a re  m arked  w ith b u oys on  

th e  se a  surface.

Pelagic Longlines

Pelag ic  long lines a re  u se d  to  

ca tch  large p e lag ic  sp e c ie s  such 

as tu n a s  an d  sw ordfish. T hey are  

free -floa ting , su p p o r te d  by large 

floats, an d  can  b e  m any m iles 

long. They can  b e  s e t  a t  d e p th s  

as g r e a t  as 1 ,200 f e e t  (360 

m eters).

Pots and Traps

P ots an d  tra p s  a re  u se d  to  ca tch  

w helks, praw ns, c rab s, lobster, 

an d  fishes such as Pacific co d  an d  

A tlantic b lack  se a  bass. F ram es 

a re  com m only  m a d e  from  w o o d , 

alum inum , s te e l, o r v inyl-covered 

w ire an d  w ra p p e d  w ith nylon 

m esh  o r  tw ine. B aited  p o ts  are  

left in p lace  for u p  to  severa l 

d ays. M any p o ts  can b e  c o n n e c t­

e d  by a co m m o n  line (e.g ., tro t 

line o r  s e t  line), an d  th ey  can  

b e  s e t  o n  th e  floor a t  a variety  

o f  d e p th s , from  very shallow  

to  h u n d re d s  o f  m ete rs .
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Assessing Bycatch and Habitat Dam age

S LÆ Æ Æ Æ Æ Æ Æ Æ

T he assessment of bycatch and habitat damage 
involved three steps.

Step 1: Literature Review 
and Data Compilation

T he first step in this project was to review the 

literature docum enting the ecological effects of 
the ten specified classes of fishing gear. The lit­

erature review focused on the largest fisheries, 
by landings and values, based on fishery statis­

tics kept by N M FS. We reviewed over 170 
docum ents for relevant bycatch and habitat 
inform ation. O ur review of the literature ind i­
cated tha t scientific knowledge of adverse 
effects vary considerably am ong gear classes. 
For example, bottom  trawls and dredges are 
relatively well studied in com parison with 
other gears.

We compiled the bycatch and habitat 
im pact inform ation for the m ajor fisheries

where these gears operate. The data were then 
standardized for reporting units— for instance, 
using tonnage or the num ber of individuals. 
This com pilation was provided to the expert 
workshop participants (see Box 3 for an exam­
ple) and is summarized in Table 1.

Step 2: Expert Workshop—  
Rating of Fishing Gear Impacts

At a one-day workshop held in Seattle, 
W ashington, on M arch 23, 2002, we convened 
a group of th irteen  fishery experts to rate 
bycatch and habitat damage for each of the 
ten classes of fishing gear. These experts were 
selected because of their familiarity w ith differ­
ent fishing gear classes and their knowledge of 
bycatch and habitat damage caused by these 
gears. They also represent a range of scientific 
disciplines, technical expertise, and geographic 
regions. The participants included two natural

Box 3 Bycatch in the California Drift Gillnet Fishery for Swordfish

The d rift g illn e t fishery for sw ordfish  an d  

sharks, using m esh  n e ts  w ith  a s tre tc h e d  

d ia m e te r  g r e a te r  th an  fo u rte e n  inches, 

has ex is te d  o ff th e  W est C o a st o f  th e  

U nited  S ta te s  since 1977. Annually since 

1980, w ith  th e  ex c e p tio n  o f  a few  years, 

e ith e r  th e  California D e p a r tm e n t o f  Fish 

an d  G am e  o r NM FS has f ie ld ed  an 

o b se rv e r  p ro g ram  to  reco rd  th e  fishery 's 

ca tch , bycatch , an d  a d v e rse  e ffec ts  on  

p ro te c te d  sp e c ie s . D ata availab le  a t  th e  

tim e  o f  th e  e x p e r t  review  d e sc rib e d  in this 

re p o r t  inc luded  o b se rv e d  b y ca tch  from

1990 to  1998 (R asm ussen a n d  H olts 2001; 

s e e  p ie  chart) an d  e s tim a te d  m orta lity  o f  

m arine  m am m als, se ab ird s , an d  se a  tu rtle s  

(Julian an d  B eeson  1998). O b se rv e r co v e r­

a g e  in th is fishery ra n g e s  from  a b o u t  13 

to  18 p e rc e n t, an d  in form ation  reg ard in g  

b ycatch  o f  n o n ta rg e t  fish is co lle c te d  in 

te rm s o f  n u m b er o f  individuals ra th e r  th an  

w eig h t. E stim ated  annual m orta lity  o f 

m arine  m am m als from  1992 to  1994 w as 

492.5; o b se rv e d  m orta lities  w ere  m arine 

m am m als -  219, se a  tu rtle s  -1 9 , an d  

s e a b ird s  - 6  (Julian an d  B eeson  1998).

Discarded
invertebrates

8%

Target
1 1 % Retained

(n o n ta rg e t)

23%

Discarded sharks 
42%

Discarded finfish 
1 6 %

BY INDIVIDUALS: SUM 101 ,639

1990-1998 (14% Observer Coverage)
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Species O bserved in Bycatch:

Marine Mammals • com m on dolphin  • northern  e le p h a n t seal • Dali's po rp o ise  • northern  right w hale dolphin  • Risso's dolphin • short-finned 

p ilo t w hale • Pacific w hite-sided dolphin  • Finfish • b lue marlin • black marlin • sailfish • bay  pipefish • blacksm ith • bu lle t m ackerel • California 

barracuda • California needlefish  • com m on m ola • ja c k  m ackerel • louvar • m obula • northern  anchovy • oarfish • op ah  • Pacific b on ito  • Pacific 

hake • Pacific herring • Pacific m ackerel • Pacific p o m fre t • Pacific sard ine • rem ora • w hite se ab ass  • yellowtail • Sharks and Rays • Pacific angel 

shark • prickly shark • salm on shark • six-gill shark • seven-gill shark • sm ooth  ham m erh ead  shark • soupfin shark • spiny dogfish shark • b a t  ray 

• big ska te  • m anta  • Pacific electric ray • pelag ic  stingray • round stingray • basking shark • w hite shark • m egam ou th  shark • Seabirds and 

Sea Turtles • lea th erb ack  sea  tu rtles  • lo g g e rh ead  sea  tu rtles • u n reco rded  seab ird  species
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Table l .  Overview o f Bycatch and Habitat Damage by Gear Class
Note: See Appendix 1 for referenced literature.

1 D r ed g es

H ab ita t D am age

D red g in g  re d u c e s  h a b ita t com plexity , 

lead ing  to  lo n g -te rm  e ffe c ts  including 

d e c re a s e d  sp e c ie s  richness an d  b iom ass 

an d  in c reased  p re se n c e  o f  w e e d y  sp ec ies . 

D red g in g  d a m a g e s  o rgan ism s, re d u c e s  

b io m ass an d  sm o th e rs  su b m e rg e d  aq u a tic  

v e g e ta tio n  (SAV) an d  a lg ae . O n san d , 

m ud, an d  silt b o tto m s, d re d g in g  sm o o th s  

b ed fo rm s , re su s p e n d s  se d im e n ts  reducing  

th e  n u m b er o f  sp e c ie s  living th e re  as a 

re su lt o f  burial o r  sm o th e rin g , an d  red u ces  

n u tr ie n ts  an d  m icrobial activity. D redg ing  

o f  gravel, h a rd -b o tto m , an d  living h ab ita ts  

re d u c e s  sp e c ie s  living in th e  in te rstices o f  

th e  g ravel a n d  rocks, sp e c ie s  a t ta c h e d  to  

th e  seafloor, an d  h a b ita t com plexity . O n 

o y ste r  ree fs  d re d g in g  re d u c e s  re e f  h e ig h t 

an d  d e c re a s e s  o y ste r  re sis tan ce  to  low- 

oxygen . D redg ing  a lso  d a m a g e s  shellfish 

found  in an d  o n  to p  o f  so f t b o tto m s.

Bycatch

D re d g e s  ca tch  o r d a m a g e  o rg an ism s n o t 

ta rg e te d , especia lly  sp o n g e s , bivalves, 

aq u a tic  v e g e ta tio n , an d  b o tto m  fishes. 

T h ese  o rg an ism s o f te n  a re  u p ro o te d  from  

th e  se a flo o r a n d  th e n  c ru sh ed  by th e  

w e ig h t o f  th e  b ag  an d  a re  unlikely to  su r­

vive if c a p tu re d  an d  d isc a rd ed . Bag ring 

size can  b e  re g u la te d  to  re d u c e  th e  nu m ­

b e r  o f  u n w an ted  o rg an ism s re ta in e d  in th e  

b ag .

Ghost-Fishing

N o e ffec ts  a re  e x p e c te d , g iven  th a t  

d re d g in g  g e a r  is rarely lost, an d  if it is, it 

s to p s  fishing.

Exam ples o f Threats

• D red g in g  fo r se a  sca llops an d  clam s in 

N ew  E ngland c au ses  sign ifican t b ycatch  

o f  sm all c rab s  an d  o th e r  b o tto m - 

dw elling  o rgan ism s, such  as flounder.

• D re d g e s  ca tch  e n d a n g e re d  b a rn d o o r  

sk a te s  in th e  o ffsho re  A tlantic se a  sca l­

lop fishery.

• D re d g e s  c au se  se v e re  h a b ita t d a m a g e , 

especia lly  in a re a s  o f  hard  b o tto m  an d  

gravel. An e x am p le  is se e n  off Sw an 

Island in N ew  E ngland, w h ere  th e  c o v e r­

a g e  o f  living o rg an ism s a t ta c h e d  to  th e  

se aflo o r has b e e n  g rea tly  red u ced .

2 Gillnets -  B ottom  (Anchored or Set)

H ab ita t D am age

In s tro n g  o c e a n  cu rre n ts  o r w h en  bein g  

h au led  o u t o f  th e  w ater, b o tto m  gillnets 

m ay b e c o m e  ta n g le d  an d  sn a g g e d  on  

rocks an d  living o rgan ism s, such  as corals 

an d  aq u a tic  p lan ts, b reak ing  or u p ro o tin g  

s tru c tu re s  an d  o rgan ism s. D am ag e  is h ig h ­

e r  w ith m echan ica l hauling  gear.

Bycatch

G illnets a re  a n o n se lec tiv e  ty p e  o f  gear, 

o f te n  ca tch in g  a w id e  ra n g e  o f  n o n ta rg e t  

sp e c ie s . By ex te n d in g  vertically in to  th e  

w a te r  co lum n, b o tto m  g illnets cau se  

b y ca tch  o f  m arine  m am m als, se ab ird s , sea 

tu rtles , sharks, a n d  finfishes. O ccasionally, 

b en th ic  sp e c ie s  such  as c ra b s  b e c o m e  

e n ta n g le d . In s ta te s  w h ere  g illne ts are  

legal, reg u la tio n s limit so ak  tim es an d  n e t 

m esh  size to  re d u c e  b y catch  o f  n o n ta rg e t  

an d  ju v en ile  ta rg e t  sp ec ies .

Ghost-Fishing

G illnets o f te n  a re  in tentionally  p laced  n ea r  

sh ipw recks to  ta k e  a d v a n ta g e  o f th e  fishes ' 

a ttra c tio n  to  th e s e  s tru c tu res, resu lting  in 

th e  w recks b eco m in g  c o v e red  w ith n e ts  

w hich co n tin u e  to  ca tch  fish th a t  c a n n o t b e  

reco v e red . The ra te  o f  co n tin u o u s  fishing 

by lo st g illne ts (ghost-fishing) d e p e n d s  on  

m a in te n a n c e  o f  a vertical profile, visibility 

to  fish (o lder n e ts  b e c o m e  m o re  visible as 

a resu lt o f  e n c ru s ta tio n  by a lg ae , etc .), an d  

a b u n d a n c e  o f f is h  in th e  a rea  w h ere  th e  

g illn e t is lost. Lost n e ts  can  b e c o m e  ta n ­

g le d  on  se aflo o r s tru c tu res  such  a s  coral 

h e a d s  an d  rocky o u tc ro p p in g s , d am ag in g  

th e  se aflo o r an d  en tan g lin g  o rgan ism s.

Exam ples o f Threats

• In N ew  E ngland, g illne ts c a u se  b ycatch  

o f  h a rb o r p o rp o ises , b o ttle n o se  an d  

w h ite -s id ed  do lph ins, p ilo t w hales, h a r­

b o r seals, g ray  sea ls, an d  h a rp  seals.

• Shark b y catch  o ccu rs in g illne ts th ro u g h ­

o u t U.S. w ate rs .

• T h o u san d s o f  se ab ird s , such as co m m o n  

m urres, as well as h a rb o r p o rp o ises , se a  

o tte rs , an d  o th e r  m arine  m am m als, a re  

c a u g h t in h a lib u t fisheries off California.

• E n d a n g e re d  a n d  th re a te n e d  se a  tu rtles , 

such  as g re e n , lo g g e rh e a d , an d  K em p's 

ridley tu rtles , com m only  a re  c a u g h t in 

so u th e rn  g illne t fisheries, such  a s  th e  

M id-A tlantic FMC m onkfish fishery.

• In th e  so u th e a s te rn  an d  w e s te rn  Pacific 

O c e a n  an d  th e  C a rib b ean  Sea, b o tto m  

g illne ts m ay sn a g  o n  corals an d  sp o n g e s , 

causing  th e m  to  break.

15



S H IF T IN G  GEARS

3 Gillnets -  M idwater and Drift

H ab ita t D am age

B ecause  m id w ater g illne ts rarely co m e  into 

c o n ta c t  w ith th e  seafloor, th e ir  e ffec ts  on  

h a b ita t a re  minimal.

Bycatch

G illnets a re  a n o n se lec tiv e  ty p e  o f  gear, 

o f te n  ca tch in g  a w id e  ra n g e  o f  n o n ta rg e t 

sp e c ie s . By m ain tain ing  a vertical profile in 

th e  w a te r  co lum n, d rift g illne ts cau se  

by ca tch  o f  m arine  m am m als, se ab ird s , sea  

tu rtles , sharks, an d  finfishes. In s ta te s  w h ere  

gili n e ts  a re  legal, reg u la tio n s limit so ak  

tim es an d  n e t  m esh  size to  re d u c e  b ycatch  

o f  n o n ta rg e t  an d  ju v en ile  ta rg e t  sp ec ies .

4 H ook and Line

H ab ita t D am age

H ooks a re  o f te n  s u s p e n d e d  in th e  w a te r  

co lum n an d  usually d o  n o t  to u c h  th e  

seafloor. If th ey  a re  s e t  on  o r n ea r th e  

seafloor, d a m a g e  can  o ccu r from  e n ta n g le ­

m en t, b re a k a g e , o r m inor d e g ra d a tio n  o f  

se aflo o r o rg an ism s such  as in v e rte b ra te s  

(corals, sp o n g e s , o r g o rgon ians), an d  lines 

an d  sinkers m ay c au se  ab rasio n s .

Ghost-Fishing

The ra te  o f  co n tin u o u s fishing by lost gill­

n e ts  (ghost-fishing) d e p e n d s  o n  m a in te ­

n an ce  o f  a vertical profile, visibility to  fish 

(o lder n e ts  b e c o m e  m o re  visible as a resu lt 

o f  en c ru sta tio n  by a lg ae , etc.), an d  a b u n ­

d a n c e  o f  fish in th e  a rea  w h ere  th e  gili n e t  is 

lost. Lost n e ts  can  b e c o m e  ta n g le d  on  

se aflo o r s tru c tu re s  such  a s  coral h e a d s  an d  

rocky o u tc ro p p in g s  d a m a g in g  th e  seaflo o r 

a n d  en tan g lin g  o rgan ism s.

Exam ples o f Threats

• In Alaska an d  P u g e t S ound , W ash ing ton , 

m arb led  m u rre le ts  an d  com m o n  

m urres a re  e n ta n g le d  an d  killed in sa lm on  

fisheries.

Bycatch

Bycatch o f  finfish an d  sharks o ccu rs w hen  

e ith e r  u n d e rs ized  individuals o r n o n ta rg e t  

sp e c ie s  a re  c a u g h t an d  d isc a rd e d . As indi­

vidual lines a re  re triev ed , u n w an ted  ca tch  

can  b e  quickly re tu rn e d  to  th e  w ater, 

increasing  c h an ce s  o f  survival; how ever, 

d a m a g e  from  hooking  an d  hand ling  and  

s tre ss  c a u se d  by c a p tu re  d e c re a s e  ch an ce s  

o f  survival.

High b ycatch  o f  sharks in m id w ater an d  

drift g illne ts o ccu rs in sw ordfish  fisheries. 

T h re a te n e d  an d  e n d a n g e re d  se a  tu rtles , 

such as g re e n , olive ridley, and  

lea th e rb ack  tu rtles , a re  c a u g h t in fisheries 

a lo n g  th e  c o a s t o f  California an d  in th e  

S ou th  A tlantic FMC reg ion .

M arine m am m als a re  freq u en tly  ta k e n  as 

b ycatch  in m id w ate r an d  d rift g illnets, 

including ap p ro x im ate ly  2 ,000  h a rb o r p o r ­

p o ises ta k e n  in N ew  E ngland a n d  Mid- 

A tlantic FMC fisheries.

B ycatch o f  ju v e n ile  sw ordfish  an d  o th e r  

billfishes o ccu rs in A tlantic tu n a  an d  shark  

fisheries.

Ghost-Fishing

Lost lines m ay a ffe c t h a b ita t by en tan g lin g  

an d  d a m a g in g  s tru c tu res. Lines m ay also  

e n ta n g le  an d  kill a variety  o f  m arine  life.

Exam ples o f Threats

• Lost g e a r  can  b e c o m e  ta n g le d  on  

se aflo o r s tru c tu re s  such as coral h e a d s  

an d  rocky o u tc ro p p in g s , d a m a g in g  th e  

se aflo o r an d  en ta n g lin g  o rgan ism s.

5 Longlines -  B ottom

H ab ita t D am age

D am ag e  to  h a b ita t c a u se d  by b o tto m  

long lines is lim ited b e c a u s e  th e  g e a r  is 

sm all in w e ig h t an d  area . H ow ever, hauling 

th e  lines from  th e  b o tto m  m ay cau se  th e  

hoo k s to  sn a g , an d  th e  lines m ay cau se  

a b ras io n s  o r  e n ta n g le  rocks, coral, o r 

s tru c tu ra l o rg an ism s such  as sp o n g e s  or 

g o rg o n ian s . W hen  lines a re  h au led  m ech ­

anically, th is d a m a g e  is m agnified .

Bycatch

B ycatch o f  se a b ird s  is a sign ifican t c o n s e ­

q u e n c e  o f  b o tto m  longline fisheries. 

D ep lo y m en t o f  long lines a ttra c ts  seab ird s ,

w hich d ive for th e  b a ite d  hoo k s as th e  

lines a re  re le a se d  from  th e  vessel.

S eab ird s m ay in g es t th e s e  b a ite d  hooks 

a n d  su b se q u e n tly  d row n. Sharks an d  

m arine  m am m als a re  a lso  c a u g h t w h en  

th ey  m istake  th e  b a it  for prey. W hen  

h o oks a re  h au led  in individually, n o n ta rg e t  

ca tch  m ay b e  re lease d , b u t  d a m a g e  d u e  

to  hooks, hand ling , an d  s tress  o f  c a p tu re  

d e c re a s e s  survival. M echanical hauling  and  

line-strippe rs p re v e n t live re lease .

Ghost-Fishing

U nknow n b y ca tch  im pact; lost g e a r  c o n tin ­

u es to  fish until b a it is lost. Lost g e a r  m ay

e n ta n g le  b en th ic  sp e c ie s  such  as corals 

an d  g o rg o n ian s , resu lting  in d a m a g e  o r 

d e a th .

Exam ples o f Threats

• B ycatch o f  se a b ird s  in A laska g roundfish  

longline fisheries re su lted  in th o u sa n d s  

to  te n s  o f  th o u sa n d s  o f  b ird s killed p e r  

year, p rio r to  th e  in co rp o ra tio n  o f 

s tre a m e r  lines, a b ycatch  red u c tio n  

dev ice.

• B o tto m  long lines m ay d a m a g e  corals, 

such  as g o rg o n ia n  co ra ls in A laska, w h en  

hooks sn a g  d u rin g  hauling.
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6 Longlines -  Pelagic

H ab ita t D am age

B ecause  p e lag ic  long lines rarely co m e  into 

c o n ta c t  w ith th e  seafloor, th e ir  e ffe c t on  

h a b ita ts  is minimal.

Bycatch

Bycatch o f  se ab ird s , se a  tu rtles , sharks, 

a n d  billfishes is a s ign ifican t c o n se q u e n c e  

o f  p e lag ic  longline fisheries. D ep lo y m en t 

o f  long lines a ttra c ts  se ab ird s , w hich  d ive 

fo r th e  b a ite d  hoo k s as th e  lines a re  

re le a se d  from  th e  vessel. S eab ird s may 

in g e s t th e s e  b a ite d  h o oks an d  su b s e ­

q u en tly  d row n. Sharks, billfishes, se a  tu r ­

tles, a n d  m arine  m am m als a re  also  c a u g h t 

w h en  th ey  m istake  th e  b a it  fo r prey. W hen  

h o oks a re  h au led  in individually, n o n ta rg e t  

c a tc h  m ay b e  re le a se d , b u t  d a m a g e  d u e  

to  hooks, hand ling , an d  s tre ss  o f  c a p tu re  

d e c re a s e s  survival. M echanical hauling  an d  

line-strippe rs p re v e n t live re lease .

Ghost-Fishing

U nknow n b y ca tch  im pact, b u t  lost g e a r  

co n tin u es  to  fish until b a it  is lost. Lost g e a r  

m ay e n ta n g le  b en th ic  sp e c ie s  such as 

co ra ls an d  g o rg o n ian s , resu lting  in d a m ­

a g e  o r  d e a th .

Exam ples o f Threats

• Blue, w h ite tip , a n d  th re sh e r  sharks, an d  

o th e r  d e e p -o c e a n  sp e c ie s  o fte n  are  

c a u g h t on  long lines s e t  to  ca tch  tu n as 

an d  sw ordfish.

• A t lea s t forty  se ab ird  sp e c ie s , including 

a lb a tro sse s  an d  p e tre ls  in Alaska, are  

killed by p e lag ic  longlines, w ith  m ortality  

ra te s  high e n o u g h  to  c au se  p o p u la tio n  

d ec lin es  in a t  lea s t half o f  th e s e  sp ec ies . 

S tre am er line u sa g e  is red u c in g  th is 

num ber.

Critically e n d a n g e re d  le a th e rb ack s  an d  

o th e r  e n d a n g e re d  an d  th re a te n e d  sea  

tu rtle s  a re  co m m o n  b y ca tch  in p e lag ic  

longline fisheries for sw ordfish  an d  tu n as 

in b o th  th e  Pacific an d  A tlantic fisheries. 

B ycatch o f  m arine  m am m als o ccu rs in 

m o st A tlantic p e lag ic  longline fisheries, 

including th a t  for b ig -ey e  tu n a , in w hich 

m o re  th an  150 p ilo t w ha les a re  e s tim a t­

e d  to  d ie  every  year.

B ycatch o f  m arlin an d  o th e r  billfishes 

o ccu rs in A tlantic tu n a  a n d  sw ordfish  

fisheries.

Pots and Traps

H ab ita t D am age

S ettin g  an d  hauling  tra p s  o n  SAV o r living 

su b s tra te s  m ay c au se  d a m a g e  a n d  red u ce  

availab le  sh e lte r  an d  fo o d . Trotline (setline) 

t ra p s  te n d  to  cau se  m o re  d a m a g e  du ring  

hauling  th an  sing le  p o ts . P o ts  a re  n o t 

alw ays o r  necessarily  s ta tio n ary  on  th e  

seafloor, an d  b o u n c in g  o ccu rs  in th e  p re s ­

e n c e  o f  large sw ells o r s tro n g  tides. 

A lth o u g h  e a c h  tra p  has a sm all foo tp rin t, 

la rge  n u m b ers  o f  tra p s  m ay have a c o n s id ­

e ra b le  cum ulative  effec t. R eduction  in b io ­

m ass o r co v er o f  SAV an d  a lg a e  has b e e n  

d o c u m e n te d .

Bycatch

N o n ta rg e t  b o tto m -d w e llin g  sp e c ie s  m ay 

b e  a ffe c te d  w h en  th ey  a re  a t tr a c te d  to  th e  

bait. H ow ever, b e c a u se  o rg an ism s e n te rin g  

th e  tra p  a re  en c lo se d  a n d  n o t e n ta n g le d , 

th ey  can  b e  easily an d  quickly d isc a rd ed  

w h en  th e  p o t  is re triev ed . D e e p e r  dw elling 

o rg an ism s a re  m o re  likely to  d ie  w h en

b ro u g h t to  th e  su rface  d u e  to  c h a n g e s  in 

p re ssu re  th a t  can  d a m a g e  in ternal o rgans. 

M arine m am m als d o  b e c o m e  e n ta n g le d  in 

th e  m arker lines co n n ec tin g  th e  p o ts  to  

th e  buoy.

Ghost-Fishing

The e ffe c ts  o f  g host-fish ing  by lost p o ts  

a n d  tra p s  can  b e  very significant. T he level 

o f  im p ac t d e p e n d s  o n  severa l fac to rs , 

including n u m b e r  o f  lo st p o ts , ra te  o f  loss, 

d en sity  o f  p o ts  in an  area , b o tto m  h a b ita t 

a n d  location  o f  th e  lo st p o ts , c h a n g e  in 

n u m b er o f  anim als c a u g h t by g h o s t  p o ts  

ov er tim e, d e g ra d a tio n  ra te s  o f  p o ts , s e a ­

so n  o f  loss, ca tchab ility  o f  u n b a ite d  p o ts  

(as well as th e  reb a itin g  o f  p o ts  by d e a d  

a n d  dying anim als), ra te s  o f  ing ress an d  

e g re ss  by o rgan ism s, a n d  m orta lity  o f  an i­

m als in lo st p o ts . M ortality  in p o ts  

d e p e n d s  o n  a d v e rse  env iro n m en ta l co n d i­

tio n s (e.g ., low oxygen), p red a tio n , injury

f  ■ '-U fe_|
I  ■

by o th e r  an im als in th e  p o t, sta rv a tio n , an d  

d ise ase . D elayed  m orta lity  m ay a lso  occur 

a f te r  e s c a p e  from  po ts .

Exam ples o f Threats

• Shellfishes an d  c ra b s  m ay b e  c a u g h t in 

lost gear.

• Buoy lines o f  lo b ste r  p o ts  in N ew  

England  e n ta n g le  m arine  m am m als, such 

a s  th e  critically e n d a n g e re d  A tlantic righ t 

w hale.

• In th e  C a rib b ean , p o ts  an d  tra p s  a re  se t  

o n  living o rg an ism s o r  s u b s tra te s  40 p e r ­

c e n t  o f  th e  tim e  an d  m ay crush  o r  d a m ­

a g e  th e s e  o rgan ism s.
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8 Purse S e in es

H ab ita t D am age

Purse se in es  u se d  fo r sa lm on in Alaska c o n ­

ta c t  th e  se aflo o r an d  m ay harm  su b m e rg e d  

a q u a tic  v e g e ta tio n . In th e  G ulf o f  M exico 

m e n h a d e n  fishery, th e re  is f re q u e n t seaflo o r 

co n tac t, resu lting  in s e d im e n t re su sp en sio n  

th a t  m ay bury  certa in  in v e rteb ra te s . T h ese  

im pacts a re  largely unknow n. Effects on  

o th e r  h a b ita ts  a re  e x p e c te d  to  b e  minimal.

9 Trawls -  B ottom

H ab ita t D am age

Trawling re d u c e s  h a b ita t  com plexity , sp e c ie s  

richness an d  b iom ass, a n d  increases th e  

p re se n c e  o f  w e e d y  sp e c ie s  by a ltering  th e  

sp e c ie s  co m p o s itio n  (e.g ., long-lived an d  

frag ile  sp e c ie s  a re  less likely to  w ith stan d  

traw ling). It re d u c e s  th e  b io m ass o f  SAV 

th ro u g h  loss o f  rh izom es an d  sm o th erin g , 

re d u c e s  co v e ra g e  o f  o rg an ism s a t ta c h e d  to  

th e  seafloor, sm o o th s  b ed fo rm s , an d  c o m ­

p re sse s  se d im e n ts  in sa n d  an d  m ud hab ita ts . 

B o ttom  traw ling  a lso  re su sp e n d s  se d im e n t 

(turbidity), low ers th e  nu tritive quality  o f  

se d im e n t, a n d  re d u c e s  prim ary an d  m icro­

bial p ro d u c tio n . Turbidity im p e d e s  th e  n o r­

mal function ing  o f  b en th ic  o rg an ism s ' f e e d ­

ing an d  resp ira to ry  s tru c tu res , resu lting  in 

hypoxia o r anoxia. Turbidity m ay also  

increase  prim ary an d  m icrobial p ro d u c tio n  in 

ce rta in  s itua tions. O n h a rd -b o tto m  an d  living 

h ab ita ts , traw ling  re d u c e s  th e  size a n d /o r  

d en sity  o f  in v e r te b ra te s  such  as sp o n g e s  and  

coral co lon ies. Trawling d isp lac es  b o u ld e rs  

an d  d a m a g e s  se a flo o r s tru c tu res, reducing  

fe e d in g  an d  sh e lte rin g  sites  for m arine  life.

Bycatch

Bycatch o f  sharks an d  finfishes, sp e c ie s  th a t  

a s so c ia te  w ith  th e  ta rg e te d  fish schools, 

o ccu rs th ro u g h o u t U.S. w aters.

Ghost-Fishing

N o e ffe c ts  a re  e x p e c te d , g iven  th a t  th is ty p e  

o f  g e a r  is very rarely lost.

Exam ples o f Threats

• Shark b y ca tch  in th e  G ulf o f  M exico m e n ­

h a d e n  fishery is eq u a l to  o n e -th ird  o f  th e  

t a rg e t  ca tc h  fo r sharks in th is region.

Bycatch

B ycatch varies seasonally , tem porally , an d  by 

ta rg e t  sp e c ie s . B o ttom  traw ls ca tch  n o n ta r ­

g e t  sp e c ie s , including fishes, m arine  m am ­

m als, tu rtles , se ab ird s , an d  in v e rteb ra te s , as 

th e  n e t  sw e e p s  acro ss th e  o c e a n  floor. 

B ecause  such large q u an titie s  o f  o c e a n  life 

a re  b ro u g h t o n  b o a rd  a t  o n ce , th e  u n w an ted  

o rg an ism s a re  o ften  re tu rn e d  to  th e  o cean  

d e a d , having failed  to  reco v er from  bein g  

c ru sh ed  in th e  n e t, o r  u n ab le  to  recover 

from  b e in g  o u t  o f  th e  w a te r  for th e  len g th  

o f  tim e  it to o k  to  so r t  th e  ca tch .

Ghost-Fishing

D esp ite  regu la tions, o ld  n e ts  an d  co d  e n d s  

a re  d u m p e d  a t  sea . Lost traw l g e a r  has low 

ghost-fish ing  p o ten tia l un less th e  n e t  is su s ­

p e n d e d  by floats. B uoyant traw l w e b  m asses 

a t tr a c t  p e lag ic  fishes a n d  in v e rteb ra te s , 

w hich  in tu rn  a t tr a c t  an d  e n ta n g le  sea  tu rtles  

an d  seals.

Exam ples o f Threats

• B o ttom  traw ls co n tin u e  to  d row n  se a  tu r ­

tles, especia lly  lea th e rb ack s  an d  a d u lt lo g ­

g e rh e a d s , in th e  G ulf o f  M exico an d  S outh  

A tlantic FMC reg io n  shrim p traw l fisheries, 

d e s p ite  reg u la tio n s requ iring  th e  u se  o f 

tu rtle  ex c lu d e r d ev ices (TEDs).

• Shrim p traw ls ca tch  su b s tan tia l n u m b ers  o f  

shark  p u p s  an d  ju v e n ile s  in shallow  w ate rs .

• For every  p o u n d  o f sh rim p c a u g h t in th e  

Gulf o f  M exico  traw ls, as m uch as 10 

p o u n d s  o f fishes an d  in v e rte b ra te s  are  

d isc a rd ed , o f te n  d e a d  o r  dying.

• G roundfish  b o tto m  traw ls in N ew  E ngland 

ca tch  sign ifican t n u m b ers  o f  e n d a n g e re d  

b a rn d o o r  ska tes.

• B o ttom  traw ls c au se  d a m a g e  to  b o tto m  

h a b ita ts  an d  have  long-lasting  e ffec ts  on 

th e  o rg an ism s g row ing  o n  gravel h ab ita ts  

in N ew  E ngland an d  in a re a s  w ith  d e e p -  

se a  co ra ls an d  sp o n g e s  in th e  no rth  

Pacific.

io Trawls -  M idwater

H ab ita t D am age

This g e a r  is n o t co n fig u red  to  co m e  into 

c o n ta c t  w ith th e  b o tto m . S eaflo o r c o n ta c t 

th a t  d o e s  o ccu r is poorly  s tu d ied .

Bycatch

B ecause  m id w ate r traw ls ta rg e t  very large 

sch o o ls  o f  fish, b y ca tch  p e rc e n ta g e  is low, 

h o w ev er th e  n u m b e r  o f  individuals in th e  

b y ca tch  is high.

Ghost-Fishing

D esp ite  regu la tions, o ld  n e ts  an d  c o d  en d s  

a re  d u m p e d  a t  sea . Lost traw l g e a r  has low 

g host-fish ing  p o te n tia l un less th e  n e t  is su s ­

p e n d e d  by floats. B uoyant traw l w e b  m asses 

a t t r a c t  p e lag ic  fishes an d  in v erteb ra tes , 

w hich in tu rn  a t tr a c t  an d  e n ta n g le  se a  tu rtle s  

a n d  seals.

Exam ples o f Threats

• H ab ita t d a m a g e  o ccu rs  w h en  traw ls c o n ­

ta c t  th e  seafloor, as in th e  Bering Sea 

pollock  fishery.

• B ecause  o f  its e n o rm o u s  scale , th e  Bering 

S ea  pollock  fishery has th e  la rg es t to ta l 

b y ca tch  o f  any fishery, a lth o u g h  th e  o v e r­

all ra te  relative to  ta rg e te d  ca tc h  is small.
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scientists, one social scientist, five fishers, four 
governm ent officials, and one fishery specialist 
from  a conservation organization (see 
Appendix 2 for details).

W orkshop participants reviewed and cate­
gorized habitat impacts into two types: (1) 
effects on non-living physical structures (e.g., 
boulders, cobbles, gravel, m ud, or sand 
seafloor), and (2) effects on seafloor organisms 
(e.g., kelp, seagrasses, sponges, sea anemones, 
corals, etc.), and bycatch into five additional 
groups: (1) shellfish and crabs, (2) finfish, (3) 
sharks, (4) m arine mammals, and (5) seabirds 
and sea turtles. Next, the workshop participants 
rated the effects of each gear class, relative to 
that of the others, for each bycatch group and 
habitat type. They did this based on the results 
of the literature review provided to them  in 
advance of the workshop, their expert judgm ent, 
and discussions with other experts at the work­
shop. The consensus ratings of bycatch and 
habitat impacts resulting from the workshop are 
displayed in Box 4, and were used to develop 
the impact scenarios in step 3.

Step 3: Survey Ranking o f Bycatch 
and Habitat Damage

In this step we designed a questionnaire and 
surveyed individuals representative of the broad 
spectrum  of fishing and fishery m anagem ent to 
elicit their judgm ents concerning the severity 
of bycatch and habitat impacts. The question­
naire design followed the established m ethod 
of paired comparisons, detailed in Box 5. (See 
also Chuenpagdee et al. 2001b).

For the questionnaire we used a set of 
im pact scenarios resulting from the expert work­
shop participants’ ratings of bycatch and habitat 
impacts for the ten fishing gears (Box 4).
Because of the similarity of their impacts, we 
used one scenario to represent impacts from 
midwater trawl, purse seine, and hook and line.

We iteratively pre-tested and revised the 
draft questionnaire to improve com prehension,

ease of com pletion, and clarity of instructions. 
As seen in Box 5, two im pact scenarios were 
presented at a tim e and individuals were asked 
to select the scenario they considered to  be 
m ore ecologically severe. N ote tha t each im pact 
scenario was presented w ithout reference to the 
gear causing adverse effects, to reduce biased 
judgm ents. This is similar to the use of b lind­
folds in food tests, in which respondents are 
asked to  indicate which beverage they prefer 
w ithout knowing the brand names.

The survey package included the question­
naire, an in troductory letter stating the purpose 
of the survey and emphasizing the confidential­
ity and anonym ity of the respondents’ answers, 
instructions for completing the questionnaire, 
clear definitions of how specific terminology was 
used in the study, and a set of demographic 
questions regarding respondents’ gender, age, 
education, occupation, and the like. In addition, 
respondents were asked to indicate whether 
habitat damage or bycatch were more influential 
in their decisions.

We identified three groups of potential 
survey respondents: (1) voting members of the 
eight regional fishery m anagem ent councils,
(2) scientists and experts who served on the 
National Research Council’s Ocean Studies 
Board, or its study panels and (3) fishery special­
ists of marine-related conservation organizations. 
The first group represented those with responsi­
bility and expertise in marine fishery manage­
m ent and those with experience in either com ­
mercial or recreational fishing. The second 
group represented those whose m ain role it is to 
provide scientific advice to policy makers on 
marine-related issues. The third group represent­
ed marine scientists and fishery specialists from 
environmental organizations. For each of these 
three groups we compiled a list of potential 
respondents and then randomly selected ques­
tionnaire recipients.

• Threatened a n d  endan­

gered sea turtles, such as 

green, olive ridley, a n d  

leatherback turtles, are 

caught in fisheries along 

the coast ofiCalifornia, 

a n d  in the South  

A tlan tic  a n d  Gulfiofi 

M exico F M C  regions.

S W W W W W W W T Æ
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D re d g e s G illn e ts  -  B o tto m G illn e ts  -  M id w a te r

Im pacts on:
L O W  H IG H

PH Y SIC A L I I I I I
ST R U C T U R E  I I I I I

SE A F L O O R
O R G A N IS M S

SH ELLFISH  
&  C R A B S

FIN FISH

SH A RK S

M A R IN E
M A M M A L S

SE A BIRD S 
&  TURTLES

Im pacts on:
L O W  H IG H

PH Y SIC A L
ST R U C TU R E

S E A F L O O R
O R G A N IS M S

SH ELLFISH  
& C R A B S

FIN FISH

SH A RK S

M A R IN E
M A M M A LS

SE A BIRD S 
& TURTLES

Im pacts on:
L O W  H IG H

PH Y SIC A L
ST R U C T U R E

SE A F L O O R
O R G A N IS M S

SH E L L FISH  
& C R A B S

FIN FIS H

SH A RK S

M A R IN E
M A M M A L S

SE A BIRD S 
& TU RTLES

Long lines -  B o tto mB o x  4

I m p a c t s  o n :

Impact Rating
PH Y SIC A L

of Ten Fishing ST R U C TU R E

S E A F L O O R

Gear Classes
O R G A N IS M S

SH E L L FISH  
& C R A B S

as Agreed by
FIN FIS H

Thirteen Expert SH A RK S

Workshop M A R IN E
M A M M A L S

Participants SE A BIRD S 
& TURTLES

I m p a c t s  o n :

L O W  H IG H

PH Y SIC A L
ST R U C T U R E

S E A F L O O R
O R G A N IS M S

SH E L L FISH  
& C R A B S

FIN FIS H

SH A RK S

M A R IN E
M A M M A L S

SE A BIRD S 
& TURTLES

Longlines -  P elag ic Pots an d  trap s Purse seines

I m p a c t s  o n :

L O W  H IG H

PH Y SIC A L
ST R U C TU R E

S E A F L O O R
O R G A N IS M S

SH ELLFISH  
& C R A B S

FIN FISH

SH A RK S

M A R IN E
M A M M A L S

SE A BIRD S 
& TURTLES

I m p a c t s  o n :

L O W  H IG H

PH Y SIC A L
ST R U C T U R E

SE A F L O O R
O R G A N IS M S

SH E L L FISH  
& C R A B S

FIN FIS H

SH A RK S

M A R IN E
M A M M A L S

SE A BIRD S 
& TURTLES

I m p a c t s  o n :

L O W  H IG H

PH Y SIC A L
ST R U C T U R E

S E A F L O O R
O R G A N IS M S

SH ELLFISH  
& C R A B S

FIN FISH

SH A RK S

M A R IN E
M A M M A L S

SE A BIRD S 
& TURTLES

Traw ls -  B o tto m Traw ls -  M id w a te r

I m p a c t s  o n :

L O W  H IG H

PH Y SIC A L  I I I I I
ST R U C T U R E  I_______I_______ I_______ I_____ I_______

S E A F L O O R
O R G A N IS M S

SH ELLFISH  
& C R A B S

FIN FISH

SH A RK S

M A R IN E
M A M M A L S

SE A BIRD S 
& TU RTLES

I m p a c t s  o n :

L O W  H IG H

PH Y SIC A L  I I I I I
ST R U C T U R E  I_______I_______ I_______I_____ I________

S E A F L O O R
O R G A N IS M S

SH E L L FISH  
& C R A B S

FIN FIS H

SH A RK S

M A R IN E
M A M M A L S

SE A BIRD S 
& TURTLES

20



S H IF T IN G  GEARS

Box 5 Paired Comparison Method

T he m e th o d  o f pa ired  co m p ar­

isons often  is u sed  to  elicit su b ­

jective ju d g m e n ts  w hen several 

com plex  o b jec ts  o r a ttrib u tes  are 

be in g  co m p ared , as in ta s te  te s t­

ing o r personnel evaluation 

(David 1988). The p resen ta tio n  of 

choices as binary o p tions (two 

choices a t a tim e) n o t only simpli­

fies decision  m aking for resp o n ­

d e n ts  b u t also  follow s th e  natural 

th o u g h t p ro cess  p e o p le  use to  

m ake decis ions on a daily basis 

(O paluch e t  al. 1993).

T he basic  m odel for th e  

paired  com parison  m eth o d  

involves all poss ib le  pair com bi­

nations fo r th e  ob jec ts. For exam ­

p le , in th e  case  of th re e  ob jec ts,

X, y, and  z, th e re  are  th re e  possi­

b le  pa ired  com parisons: (x, y), (x, 

z), and  (y, z). W hen pairs are  p re ­

se n te d  to  a sam ple  of resp o n ­

d en ts , it is a ssum ed  th a t each 

o b jec t has th e  sam e possibility of 

be ing  se lec ted  b e c a u se  all are 

pa ired  an equal n u m b er of tim es 

(in th is exam ple , tw o tim es). The 

paired  com parison  m eth o d  

results in an interval ranking, 

which is m ore inform ative th an  an 

ordinal ranking (ob ta ined  from 

d irec t ranking of th e  objects), as 

th e  d is tan ce  b e tw een  each  o b jec t 

is m eaningful. A pplications of th e  

paired  com parison  m e th o d  to  

m arine environm ental issues are 

d iscussed  in C h u e n p a g d e e  and 

co lleag u es (2001a, b) (dam age  to  

coastal resources in Thailand) and

in C h u e n p a g d e e  and  co lleagues 

(2002) (im portance of m arine 

resources in Mexico).

A pplication  of th e  paired  

com parison  m e th o d  in this study 

resu lted  in a one-d im ensional 

scaling, in which all a ttrib u tes  

p re se n te d  (e.g ., bycatch  or hab i­

ta t  d am ag e ) w ere equally  w eigh t­

ed  and  only th e  final cho ice  m a t­

te re d  (w hether im pact scenario  A 

w as m ore or less severe  than  

im pact scenario  B).

An exam ple  of a pair of 

im pacts p re se n te d  in th e  q u e s ­

tionnaire  is show n below .

An example o f paired comparison from the questionnaire:

Im p ac ts  on:

PHYSICAL
STRUCTURE

SEAFLOOR
ORGANISMS

SHELLFISH 
& CRABS

FINFISH

SHARKS

MARINE
MAMMALS

SEABIRDS 
& TURTLES

LOW HIGH
Im pac ts  on:

LOW HIGH
PHYSICAL
STRUCTURE

SEAFLOOR
ORGANISMS

SHELLFISH 
& CRABS

FINFISH

SHARKS

MARINE
MAMMALS

SEABIRDS 
& TURTLES

In your opinion, 

which of these sets 

of impacts, A or B, 

do you consider 

ECO LO G ICA LLY  

M O R E  SEVERE?

(please circle A or B)
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• A  factor tha t can 

amplify habita t dam - 

age, bycatch, or both is 

the loss o f  fish in g  gear, 

ivhich can lead to 

ghost-fishing.

/ w w w w w w w w t .

Results o f Paired Comparison Survey
A total of 70 respondents, including 24 each 
from the fishery m anagem ent council and conser­

vation organization groups, and 22 from the 
Ocean Studies Board group, completed and 

returned the survey, for an overall response rate of 
53 percent. Twenty-nine percent of the respon­

dents were female. The majority of respondents 
(about 60 percent) were between the ages of th ir­

ty-five and fifty-four, and 65 percent of all 
respondents had postgraduate degrees. Forty per­

cent of respondents identified themselves as biolo­
gists or scientists, 17 percent as managers, 16 per­

cent as university professors, 13 percent as fishers 
or workers in fisheries-related businesses, 7 per­
cent as consultants or attorneys, and the other 7 
percent as other occupations. More than half of 
the respondents (58 percent) indicated that they 
had experience onboard a commercial fishing ves­
sel. Except for the Caribbean and N orth  Pacific 
Fishery M anagem ent Council regions, the distri­
bution of respondents, based on their geographic 
area of specialization and responsibility, was fairly 
even (Table 2). We classified 36 percent of 
respondents as “n a t io n a l th a t  is, their expertise 
and knowledge were no t specific to a particular 
region.

Analysis of the paired comparison responses 
provided an aggregated score of relative severity 

for the gear impact scenarios, normalized to a 
scale of 0 -100 , with 100 being m ost severe. Table 

3 shows these scores by respondent group, along 
with the ranking assigned to these scores (1-8, 

with 1 the m ost severe impact and 8 the least 
severe). Statistical analysis showed no significant 

difference among the three groups of respondents, 
suggesting strong agreement in the ranking of 

impact scenarios among the fishery managers 
(including fishers), scientists, and program staff of 

conservation organizations (Table 4). This finding 
allowed aggregation of responses from all respon­

dents, resulting in severity ranking (damage 
schedule) of ecological impacts for the fishing 

gears considered in this study (Figure 4). The 
ranking shown in Figure 4 is a powerful tool for

comparing disparate elements because it is famil­
iar, simple, and straightforward (Gormley and 
Weiner 1999).

Survey results showed that respondents con­
sidered ecological impacts caused by bottom  gears 
more severe than those caused by pelagic gears, 
suggesting that habitat damage weighed heavily in 
their decisions. This result is consistent with 
respondents’ answers to the survey question ask­
ing whether bycatch or habitat damage was more 
influential in their decisions. Fifty-three percent 
of respondents indicated that habitat damage was 
the m ost im portant criterion, 37 percent stated 
that they used both criteria equally, and only 10 
percent considered bycatch m ost im portant.

Until now, there has been no thorough com ­
parative study of bycatch and habitat damage 
caused by major commercial fishing gears that 
would allow managers to make consistent and 
rational decisions to reduce adverse effects of fish­
ing operations. The surprisingly strong consensus 
in im pact ranking among those who responded 
provides a scientifically sound foundation for for­
m ulating potentially agreeable policies and can 
com plem ent other fishery m anagem ent tools.

This study also demonstrates the usefulness 
of the damage schedule approach in assimilating 
large am ounts of data of disparate types into a 
simplified, standardized form that allows for com ­
parison. The knowledge of the fishing com m uni­
ty, scientific expertise, individual judgm ent, and 
conservation concerns were successfully integrated 
in this study, the outcome of which should serve 
to inform  decision makers of the relative severity 
of damage caused by commercial fishing gears.

As dem onstrated in this study, the significant 
level of agreement among the three groups sug­
gests that well-informed people hold similar views 
concerning the adverse effects of fishing on 
ecosystems (Box 6). N o less striking is the fact 
that respondents were generally more concerned 
with habitat damage than with bycatch. This 
finding has a strong policy implication for marine 
ecosystem management, as discussed later in this 
report.
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Table 2. N um ber of Respondents by O ccupation and Geographic Area o f Specialization

R egion
Fisheries
re la ted

Fisheries
m an ag ers P rofessor

B iologist/
Scientist

C o n su ltan t/
A tto rn ey O th e r Total

N ew  E ngland 1 1 _ 1 1 1 5

M id-A tlantic 1 3 _ 1 1 _ 6

S ou th  A tlan tic 2 2 _ 1 1 1 7

C a rib b ean 1 _ _ 1 _ _ 2

G ulf o f M exico 1 _ _ 3 _ 1 5

W este rn  Pacific 3 1 _ 2 2 _ 8

Pacific _ 5 _ 4 _ _ 9

N orth  Pacific _ _ 2 1 _ _ 3

N ational - - 9 14 - 2 25

TOTAL 9 12 11 28 5 5 70

%  TOTAL 13 17 16 4 0 7 7 1 0 0

N o te :  The region designated "national" includes respondents whose expertise and knowledge are not specific to  a particular region.

Table 3  Relative Im pact Scores and Corresponding Rankings Based on Three Respondent Groups

GEAR CLASS

Fishery M anagem en t 
Council

SCORE RANK

NRC -  O cean  S tud ies 

SCORE RANK

C onservation
O rgan izations

SCORE RANK

D red g es 63  3 69  3 68  3

G illnets -  b o tto m 74 2 72  2 72  2

G illnets -  m id w a te r 55 4 66  4 67 4

Longlines -  b o tto m 36 6 29 7 24 7

Longlines -  p e lag ic 29 7 41 5 36 5

P o ts  an d  tr a p s 42  5 37 6 36 5

Trawls -  b o tto m 90 1 89 1 95 1

Trawls -  m id w ater 6 8 6 8 2 8

N o. o f r e s p o n d e n ts 24 22 24

N o te :  Rank 1 was assigned to  the  highest normalized score and rank 8 to  the  lowest score. One impact scenario was used to 
represent midwater trawls, purse seines, and hook and line gear classes.

Table 4  Kendall’s Tau Rank Correlation Coefficients

Fishery M a n a g e m e n t Council

NRC -  O cean  S tu d ies

C o n serv a tio n  O rg an iza tio n s

A v erag e  coeffic ien t

C onservation
O rgan izations

1.000

Fishery M anagem en t 
Council

0 .817

0 .873

0 .887

1.000

NRC -  O cean  S tud ies

0.971

1.000

N o te :  All correlations are significant a t alpha level 0.01.

• In  N ew  England, g ill­

nets cause bycatch o f  

harbor porpoises, bot- 

tlenose a n d  ivhite-sided 

dolphins, p ilo t ivhales, 

harbor seals, gray seals, 

a n d  harp seals.

S W W W W W W W T Æ
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Figure 4

Severity Ranking 
(Damage Schedule) 
o f Ecological Impacts 
for All Fishing Gears, 
Based on All 
Respondents

B o x  6

Important Results 
o f This Study

■  E xperts strongly  ag reed  

a b o u t th e  levels of 

bycatch  and  h ab ita t 

d a m a g e  cau sed  by th e  

various fishing m ethods.

■  Survey re sp o n d en ts , 

including fishers, m an­

ag ers , scientists, and 

conservation ists, s tro n g ­

ly ag reed  on th e  relative 

severity  of d a m a g e  

cau sed  by given fishing 

g e a r  classes, b a se d  on 

im pact scenarios involv­

ing bycatch  and  h ab ita t 

d am ag e .

■  Survey re sp o n d en ts  

co nsidered  h ab ita t 

d a m a g e  to  b e  of 

g re a te r  ecological 

im portance  than  

bycatch  .

Relative severity o f fishing gear classes

Trawls — bottom  (91)

Gillnets — bottom  (73)

Dredges (67)

Gillnets — midwater (63)

Pots and traps (38) 

Longlines — pelagic (36) 

Longlines — bottom  (30)

Trawls — midwater (4)
[Purse seines; Hook and line]

Note: 0 = least severe and 100 = most severe. Numbers in paren­
theses are impact scores, aggregated across all respondents. 
Impact score for m id water trawls also represents that for purse 
seines and hook and line.
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Formulating Policies Using the Severity Ranking 
of Collateral Impacts

A J U U U U U U U

To help fishery managers formulate policies to 
reduce bycatch and habitat damage, we have 
sorted the fishing gear classes that are the subject 
of this report into three categories according to 
their impact scores: high-impact, m edium - 
impact, and low-impact (Figure 5). Gears in the 
high-im pact category include bottom  trawls, 
gillnets (midwater and bottom ), and dredges. 
Gears categorized as m edium -im pact include 
longlines (pelagic and bottom ), and pots and 
traps. In this ranking exercise, hook and line, 
purse seines, and midwater trawls fell into the 
low-impact category. This result has a straight­
forward message— high-im pact gears need 
immediate m anagem ent attention; m edium - 
im pact gears also should be reviewed carefully, 
bu t with less urgency; and low-impact gears

m erit somewhat lower priority.
Characterization of fishing gear classes and 

ranking of the bycatch and habitat damage they 
cause is a useful m anagem ent tool, provided the 
rankings reflect fishery-specific practices. Box 7 
illustrates an example of how fishery-specific 
inform ation of ecological impacts can be evalu­
ated using the severity ranking. O f course, 
measures of collateral impacts from various fish­
ing gears may vary, no t only with the kind of 
gear, but the scale of its use. Even a gear type 
that has relatively low bycatch or habitat impact 
per ton  of target catch— such as midwater 
trawls— will have a very large cumulative impact 
on ecosystems, if fishing effort is very large, such 
as with the Bering Sea pollock fishery.

The severity ranking can be used as a pre­

5 Experts Impact Rating, Survey Severity Ranking, and Policy Implications

GEAR CLASS

HABITAT IMPACTS

Physical Biological
Shellfish 
& crabs Finfish

BYCATCH

Sharks
M arine

m am m als
Sea birds 
& tu rt le s

MANAGEMENT CATEGORY
’Policy responses)

Trawls -  bottom 5 5 3 5 2 2 2 I
Gillnets -  bottom 3 2 i 4 3 4 3

Dredges 5 5 4 2 1 1 ■
Gillnets -  m idw ater 1 1 1 4 4 5 Ml

Pots and traps 3 2 4 2 h i 3 Ml
Longlines -  pelagic 1 1 1 3 4 3 Ml
Longlines -  bottom 2 2 1 4 3 1 2

Trawls -  m idw ater 1 1 1 3 2 2 2

Purse seines 1 1 1 2 2 3 2

Hook and line 1 1 1 2 3 1 2

KEY: |5  VERY HIGH IMPACT 4 HIGH IMPACT 3 MEDIUM IMPACT 2 LOW IMPACT |1 VERY LOW IMPACT
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cautionary tool in marine ecosystem manage­
m ent, particularly when there is considerable 
uncertainty about how some gear classes affect 
habitats and species. O n  the basis of this scale, 
rigorous policies, including prohibition of cer­
tain  gears in some areas, should be applied 
where collateral impacts are considered high. 
For some gear classes, the rankings are suffi­
ciently clear tha t managers should proceed 
w ithout delay w ith measures to reduce their 
adverse effects. It is im portan t to rem em ber 
tha t fishing involves killing fish, so use of all 
classes of fishing gears— even those classified 
as low-im pact— require certain precautionary 
measures and judicious restraint. For example, 
m ost observers would agree tha t harpoons are 
associated w ith negligible bycatch and habitat 
damage, bu t history clearly docum ents their 
efficiency at killing whales. The Atlantic gray 
whale is now  extinct and others are near 
extinction.

Policy Recommendations
W ith this scientifically sound com parison of 
fishing gears ranked by their associated bycatch 
and habitat damage, fishery managers, policy 
makers, and fishers can move on to the next 
step: m inim izing and elim inating the impacts 
of fishing gears. Five possible policy options 
should be considered for ecosystem-based 
m anagem ent, based on the rankings of bycatch 
and habitat damage:
1. “Shifting gears,” or substituting less ecolog­

ically damaging gears for the m ore dam ag­
ing gear types;

2. C hanging fishing practices using appropri­
ate incentives;

3. Prom oting innovations in fishing gear and 
technology;

4. Establishing area-based restrictions; and
5. Supporting future studies, including assess­

m ent of social and economic effects of poli­
cy actions on fishing com m unities.

Box 7 Application o f the Severity Ranking to Three Hypothetical Fisheries

T h e  se v e rity  ra n k in g  d e v e lo p e d  in th e  

S h i f t i n g  G e a r s  r e p o r t  is a  u se fu l m a n a g e ­

m e n t  to o l  fo r  a s s ig n in g  sp e c ific  f ish e r ie s  

to  h ig h , m e d iu m  o r  low  c o lla te ra l im p a c t 

c a te g o r ie s .  F o r an y  fish e ry  fo r  w h ich  e c o ­

log ica l im p a c ts  c a n  b e  a s s e s s e d ,  th e  re la ­

tiv e  se v e rity  o f  th e s e  im p a c ts  c a n  b e  

c o m p a r e d  a g a in s t  th e  se v e rity  ra n k in g s  in 

F ig u re  5. H e re  w e  d e m o n s tr a te  th is  p o in t  

by u s in g  in fo rm a tio n  o n  fish in g  g e a r  

im p a c ts  a n a ly z e d  in th is  r e p o r t  a n d

H ypothetical fishery

In te r tid a l clam  d re d g e s  

M id w a te r  traw ls  

Troll (o r h o o k  an d  line)

26

C o m p a r in g  th e s e  im p a c t  lev e ls  w ith  

th o s e  in F ig u re  5 s u g g e s t s  t h a t  th e  

a p p r o p r ia te  c a te g o r ie s  fo r  th e s e  g e a r s

a p p ly in g  it to  th r e e  h y p o th e tic a l  fish e rie s .

A n in te r tid a l c lam  d r e d g e  fishery  

m ig h t h a v e  very  h ig h  im p a c ts  o n  physica l 

h a b i ta t ,  w ith  low  b y c a tc h  o f  in v e r te b ra te s  

a n d  fish es , a n d  n o  o th e r  b y c a tc h  (C ollie 

e t  al. 2 000 ; P e te r s o n  e t  al. 1987). A 

h y p o th e tic a l  m id w a te r  traw l fish e ry  m ig h t 

c a u s e  s ig n if ic a n t s e a f lo o r  d is tu rb a n c e  

(L overich  2 0 0 1 ), a n d  m ay  re su lt  in 

b y c a tc h  o f  s p e c ie s  in c lu d in g  fin fishes, 

sh a rk s , c o m m e rc ia lly  im p o r ta n t  b e n th ic

HABITAT IMPACTS

Physical Biological
Shellfish 
& crabs Finfish

c ra b s  a n d  o c c a s io n a l m a rin e  m a m m a ls  

(A M C C  2000). Finally a  h y p o th e tic a l  tro ll 

(h o o k  a n d  line) fish e ry  m ig h t h a v e  low  

finfish a n d  sh a rk  b y c a tc h , b u t  n o  o th e r  

b y c a tc h  o r  h a b i ta t  d a m a g e  (A. C o a n , 

N M FS p e rs . co m m .).

G iv en  th is  in fo rm a tio n , t h e  a p p r o p r ia te  

level o f  im p a c ts  fo r  e a c h  fish e ry  w o u ld  

lo o k  like:

BYCATCH

Sharks
M arine

m am m als
Sea birds 
& tu rtles

2 2
1 1

a re  h ig h - im p a c t  fo r  h y p o th e tic a l  in te r ­

t id a l c la m m in g , m e d iu m -im p a c t  fo r 

t h e  h y p o th e tic a l  m id w a te r  tra w lin g  a n d

low  im p a c t  fo r  t h e  h y p o th e tic a l  tro ll 

fishery.
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Shifting Gears
Shifting gears is a solution tha t can be accom ­
plished either by switching to fishing gears tha t 

cause fewer collateral impacts or by elim inating 
the use of gears th a t cannot m eet reasonable 

ecological perform ance standards. Shifting gears 
is n o t a trivial task. It requires extensive com ­

m itm ent from  fishery m anagem ent councils as 
well as consultation and cooperation w ith the 

fishing com m unity and public. O ne im portant 
step would be for managers and the industry to 

establish a gear accreditation system based on 
the severity of the gear’s adverse effects. Such a 

system could be used to lim it high-im pact gear 
to certain habitats or areas least sensitive to eco­
logical damage. These efforts will undoubtedly 
have social, economic, and political dimensions. 
In some cases, the adverse effects of certain 
classes of gears are so great com pared w ith those 
of others tha t the course of action should be 
obvious (Box 8). In other cases, shifting gears 
m ight require financial assistance for fishers.

O ther means of shifting gears include reassign­
m ent of fishing quotas or catch allocations, 
incentive programs, and the creation of fishery- 
specific perform ance standards.

Changing Fishing Practices
Fishing practices are complex, and they change 
in response to dynam ic biological, economic, 
and social pressures, so it is n o t always easy for 
managers to track the latest m ethods. This 
understanding is im portant, however, because 
in some cases managers and fishers can signifi­
cantly reduce collateral impacts by m odifying 
existing practices. Fishers call on their experi­
ence and knowledge in m aking choices that 
influence their gear’s interaction w ith the envi­
ronm ent. These decisions, including configura­
tion  of the gear and where and when it is 
deployed, can result in markedly different levels 
of bycatch or habitat damage. Such behavioral 
changes have resulted in welcome decreases in 
bycatch in a num ber of fisheries. O ne of the

Æ Æ Æ Æ Æ Æ Æ Æ Æ

Box 8 Shifting Gears: From Trawls to Traps in the Spot Prawn Fishery

In F e b ru a ry  2 0 0 3 , th e  C a lifo rn ia  S ta te  

Fish a n d  G a m e  C o m m is s io n  u n a n im o u s ly  

v o te d  to  e n d  th e  s p o t  p ra w n  traw l fishery. 

A r e c e n t  s tu d y  o f  th e  s p o t  p ra w n  fishery  

in C a lifo rn ia  re v e a le d  d r a m a tic  d if fe r­

e n c e s  in b y c a tc h  b e tw e e n  tw o  ty p e s  o f  

g e a r : b o t to m  tra w ls  a n d  t r a p s  (Reilly a n d  

G e ib e l 2002). C a lifo rn ia  h a d  fa iled  to  

re s tr ic t  th e  s iz e  o f  b o t to m  traw l g e a r  in 

th e  s p o t  p ra w n  traw l fish e ry  d e s p i te  h ig h  

ro ck fish  b y c a tc h . D a ta  c o l le c te d  by 

o b s e rv e r s  s h o w  t h a t  in n o r th e rn  

C a lifo rn ia , th e  w e ig h t  ra t io  o f  to ta l  b o t ­

to m  traw l b y c a tc h , in c lu d in g  in v e r te ­

b r a te s ,  to  s p o t  p ra w n  c a tc h  w as  8 .8  to

1 .0 , w h e re a s  in t h e  t r a p  fish e ry  it w a s  1 .0  

t o  1 .0 , a  n ea rly  n in e fo ld  d if fe re n c e . In 

s o u th e rn  C a lifo rn ia , th e  w e ig h t  ra tio  o f  

to ta l  traw l b y c a tc h , in c lu d in g  in v e r te ­

b r a te s ,  to  s p o t  p ra w n  c a tc h  w as  2 0 .6  to

1 .0 , a n d  th a t  o f  t h e  t r a p  f ish ery  w a s  2 .0  

t o  1 .0 .

O f  p a r tic u la r  im p o r ta n c e  in th is  re g io n  

is th e  d if fe re n t  g e a r s ' b y c a tc h  o f  rockfish- 

e s , w h o s e  p o p u la t io n s  h a v e  b e e n  s e v e re ­

ly r e d u c e d  by c o m m e rc ia l f ish in g  a n d  

sp o r tf ish in g . N M FS h a s  d e te r m in e d  th a t  

s e v e n  ro ck fish  s p e c ie s  in C a lifo rn ia  w a te r s  

a re  o v e r f is h e d  a n d  in n e e d  o f  re b u ild in g . 

B y ca tch  s ta tis t ic s  fo r  n o r th e rn  C a lifo rn ia  

in th e  s a m e  r e p o r t  s h o w  th a t  th e  w e ig h t  

ra t io  o f  rock fish  b y c a tc h  to  s p o t  p ra w n  

c a tc h  w a s  2.1 t o  1 .0  in th e  traw l f ish ery  

a n d  0 .0 4  t o  1 .0 0  in t h e  t r a p  fishery , a  

f ifty -tw o -fo ld  d if fe re n c e . In s o u th e rn  

C a lifo rn ia , th e  s a m e  ra t io s  w e re  1 .5  t o  1 .0  

fo r  tra w ls  a n d  0 .0 7  to  1 .0 0  fo r  t r a p s ,  a  

tw e n ty -o n e -fo ld  d if fe re n c e .

T his in d ic a te s  t h a t  by  sh if tin g  from  

b o t to m  traw l to  t r a p  g e a r  in th e  s p o t

p ra w n  fishery , f ish e rs  c a n  r e d u c e  rockfish  

b y c a tc h  by  a n  o r d e r  o f  m a g n i tu d e  o r  

m o re . To re b u ild  rock fish  s to c k s , p ro h ib it­

ing th e  d i r e c te d  ta k e  o f  rock fish  is e s s e n ­

tial b u t  n o t  su ff ic ien t. R ockfish  re c o v e ry  

e f fo r ts  m u s t  a lso  a d d r e s s  t h e  ro c k fish ’s 

m o rta lity  a s  b y c a tc h , a n d  th e  h o m o g e ­

n iz a tio n  o f  its c o m p le x  h a b i ta t  by traw ls. 

T h e  N a tio n a l R e se a rc h  C o u n c il (NRC 

2 002) fo u n d  th a t  lo w -m ob ility , lo n g -liv ed  

s p e c ie s  su c h  a s  ro ck fish  a re  m o re  v u ln e ra ­

b le  to  a c u te  a n d  c h ro n ic  ph y sica l d is tu r ­

b a n c e  th a n  a r e  sh o r t- liv e d  s p e c ie s , a n d  

t h a t  b o t to m  tra w ls  a l te r  th e  c o m p o s it io n  

a n d  p ro d u c tiv ity  o f  fish  c o m m u n itie s  th a t  

d e p e n d  o n  s tru c tu ra lly  c o m p le x  s e a f lo o r  

h a b i ta ts  fo r  fo o d  a n d  re fu g e . H en c e , 

r e d u c in g  th e  u s e  o f  b o t to m  tra w ls  fo r 

s p o t  p ra w n s  will a lso  r e d u c e  d a m a g e  to  

t h e  b e n th ic  h a b i ta t  o n  w h ich  ro ck fish  rely.
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• Seafloor, undisturbed  

by fishing, near Sw an’s 

Island, G u l f  o f  M aine.

best-known examples is the back-down m ethod 
currently employed by fishers in the Eastern 
Tropical Pacific yellowfin tuna purse seine fish­
ery (Haii 1996). In this case, boat captains 
developed a technique to force a portion  of the 
net below the w ater’s surface; this allows dol­
phins to escape over the top of the net while 
tuna are retained. A doption of the back-down 
m ethod, in addition to net m odifications, has 
reduced dolphin deaths in this fishery.

There are many other ways in which con­
scientious fishers can reduce bycatch and habi­
ta t damage. In some cases, skilled fishers can 
distinguish am ong species remotely using elec­
tronic fish finders and can avoid target schools 

associated w ith large num bers of species that 
would become bycatch. O r fishers can simply 

avoid areas where their experience tells them  
fishing would be likely to cause unacceptable 

damage to the seafloor.
U nfortunately, some economic and social

situations create strong disincentives for consci­

entious behavior to reduce collateral impacts. 
Therefore, onboard observer programs or other 

measures to record spatial and tem poral pat­
terns of fishing and associated bycatch and 

habitat damage (e.g., vessel m onitoring sys­
tems, gear-tracking tools, video recordings, 

landing reviews), if effectively im plem ented 
and m onitored, can lead fishers to use gears 

w ith greater care. Undoubtedly, this works best 
when the fishing industry and fishery managers 

cooperate to set perform ance standards, to 
establish incentives tha t encourage self-policing 

am ong fishers, and to certify or otherwise 
reward fishers for low bycatch or decreased 

habitat damage. Joint governm ent-fishing 
industry programs can provide welcome finan­

cial incentives for fishers to improve their per­
form ance and improve real-time com m unica­

tion  about transitory situations involving 
bycatch risk.
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Promoting Gear Innovations
To m inim ize the adverse ecological effects of 
fishing gears, fishery managers and the fishing 

industry should prom ote m odifications that 
enhance selectivity and reduce habitat damage. 

These can come from  governm ent research pro­
grams, from  fishers, or from  cooperative research 

programs between the two groups.
M odifications can range from  m inor adjust­

m ents to gear, such as changes in mesh size or 
shape, to larger m odifications, such as insertion 

of turtle  excluder devices (TEDs) into shrimp 
trawls. Use of streamer lines on longline boats 

has reduced bycatch of albatrosses and other 
seabirds (Box 9). O ther examples include the use 
of raised footrope trawls to reduce bycatch in 
small-mesh w hiting trawl fisheries in 
Massachusetts (Glass 2000) and the use of circle 
hooks instead of J-hooks in longline fisheries 
(Bolten et al. 2002) and hook-and-line fisheries. 
Circle hooks enable fishers to release sea turtles

(and other species) w ith a better chance of post­
release survival, since circle hooks do no t cause 
as m uch damage as J-hooks. Unfortunately, cir­
cle hooks alone are insufficient to address sea 
turtle  bycatch in longline fisheries. Separator 
trawls used in the Pacific cod fishery have been 
shown to reduce halibut bycatch by 40 percent 
while reducing the cod catch by only 6 percent 
(Glass 2000). Similarly, hose cages and large fish 
excluders in G ulf of Mexico m enhaden fisheries 
help prevent nontarget finfishes and sharks from  
entering the boat’s hold, although survival of 
large fish passing through the exclusion devices is 
currently less than  28 percent (Rester and 
Condrey 1999).

Incentive programs to enhance gear configu­
ration, reduce gear loss and damage from  ghost- 
fishing, and prom ote gear recycling programs 
also can result in reducing the adverse effects of 
fishing gears.
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Box 9 Gear Innovations: “Bird-scaring Lines” in Longline Fisheries

B y c atch  o f  s e a b i rd s  o c c u rs  in m an y  

lo n g lin e  fish e rie s . S e a b ird s  o f te n  g o  

a f te r  t h e  b a i t  a s  it is r e le a s e d  fro m  th e  

v e s se l, ta k in g  n o t  o n ly  th e  b a i t  b u t  a lso  

t h e  h o o k , a n d  s u b s e q u e n t ly  d ro w n in g . 

B irds c a n  a ls o  b e c o m e  e n ta n g le d  in th e  

lines, w ith  th e  s a m e  re su lt. B y ca tch  o f  

s e a b i rd s  is a  tw o fo ld  p ro b le m  fo r  f ish ­

e r s  a n d  fish e ry  m a n a g e rs :  (1) it h a s  e c o ­

lo g ica l c o n s e q u e n c e s  fo r  s e a b ird  p o p u ­

la tio n s  a n d  is, in s o m e  c a s e s , th e  m ain  

s o u rc e  o f  m o rta lity  to  e n d a n g e r e d  

s e a b i rd s  su c h  a s  th e  b la c k - fo o te d  a lb a ­

t ro s s  (G ilm an  2 0 0 1 ), a n d  (2) s e a b ird s  

f e e d in g  o n  lo n g lin e  b a it  d e c r e a s e  th e  

c a tc h  r a te  o f  t a r g e t  s p e c ie s .  T h e re fo re , 

sh a rp ly  re d u c in g  b y c a tc h  is in th e  in te r ­

e s t  o f  b o th  th e  b ird s  a n d  th e  fishers.

A t te m p ts  t o  m it ig a te  s e a b ird  

b y c a tc h  h a v e  ta k e n  th e  fo rm  o f  r e g u la ­

tio n s  t h a t  r e s t r ic te d  lo n g lin e  f ish e rs  to

c e r ta in  a r e a s  o r  a llo w e d  th e m  t o  fish 

on ly  a t  n ig h t. B o th  c a n  c a u s e  e c o n o m ic  

h a rd s h ip  by  c lo s in g  im p o r ta n t  fish ing  

a r e a s  o r  d e c r e a s in g  th e  t im e  in w h ich  

c a tc h e s  c a n  o ccu r. H o w ev er, b ird -s c a r ­

ing lines d e v e lo p e d  by  th e  J a p a n e s e  

h a v e  b e c o m e  th e  m a in s ta y  o f  e ffe c tiv e  

r e d u c t io n  in s e a b ird  b y c a tc h  (A m erican  

Bird C o n s e rv a n c y  2001).

B ird -scarin g  lines, s o m e tim e s  c a lle d  

to ri lin es o r  s t r e a m e r s ,  c a n  b e  th e  m o s t  

c o s t-e f fe c tiv e  so lu tio n  to  s e a b ird  

b y c a tc h . Tw o lo n g  m a in  lines, o f te n  

m a d e  o f  s te e l  o r  p o ly e s te r , a r e  p o s i­

t io n e d  o n  e i th e r  s id e  o f  th e  lo n g lin e  

a n d  e x te n d  a t  a n  a n g le  b e h in d  th e  

b o a t ,  w ith  f lo a ts  a t t a c h e d  to  th e  e n d s . 

A p p ro x im a te ly  tw e lv e  b r ig h tly  c o lo re d  

s t r e a m e r  lines a re  a t t a c h e d  t o  th e  m ain  

lines, a n d  th e  b r ig h t  c o lo rs  a n d  f la p ­

p in g  lin es s c a re  s e a b i rd s  aw a y  fro m  th e

b a i te d  h o o k s . T h e se  lin es h a v e  b e e n  

sh o w n  t o  r e d u c e  s e a b ird  m o rta lity  by 

a s  m u c h  a s  92 p e r c e n t  in A lask a 's  

s a b le fish  lo n g lin e  fish e ry  (A m erica n  Bird 

C o n se rv a n c y  2001), a n d  th e y  a ls o  h a v e  

sh o w n  g o o d  re su lts  in N o rw e g ia n  

g ro u n d fis h  lo n g lin e  fish e rie s . M o reo v e r, 

t a r g e t  c a tc h  in c re a s e d  by  32  p e r c e n t  in 

N o rw e g ia n  g ro u n d fis h  f ish e r ie s  a s  a  

re su lt  o f  r e te n t io n  o f  b a it  o th e rw is e  

ta k e n  by  s e a b i rd s  (L o k k eb o rg  2 001). In 

a d d i t io n  t o  b e in g  e ffe c tiv e , b ird -s c a r in g  

lines a re  in e x p e n s iv e , c o s tin g  on ly  $ 2 6 0  

p e r  pair. To e n c o u r a g e  initial u s e  o f  th e  

lines, th e  U.S. Fish a n d  W ild life  S e rv ice  

c r e a te d  a  p ro g ra m  t o  g iv e  th e  lines 

a w a y  fo r  f re e  in A laska , a t  a  c o s t  t o  th e  

a g e n c y  o f  $ 8 5 0 ,0 0 0 , in 2 0 0 0  a n d  2 001 .
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Establishing Area-Based Restrictions
Area-based restrictions such as fishing closures 
offer a clear advantage: they immediately and 

unam biguously end harm  from  destructive fish­
ing. M any states have regulations restricting or 

banning particular classes of gears, either 
th roughou t state waters or in particular places 

or fisheries, as a way of reducing collateral 
impact. In federal waters, particular gear types 

are restricted or banned in many places or, in a 
very few cases, entire regions. For example, in the 

Pacific FM C, pelagic longlining recently was 
banned, and in the N orth  Pacific FM C extensive 

areas have some sort of gear restriction in place. 
Similiarly, bottom  trawls are banned throughout 
the 1.5 million square miles (3.9 million square 
kilometers) of the W estern Pacific FM C  region 
because of their damage to seafloor habitat and

high level of bycatch. However, over 100,000 sq. 
miles (255,000 sq. kilometers, roughly an area 
the size of the state of Oregon) of the U.S. EEZ 
are trawled more than once each year (NRC 
2002 ).

To use area-based restrictions m ost effective­
ly, managers m ust judiciously determine which 
habitats are m ost in need of protection and 
which classes of fishing gears pose the greatest 
threat to benthic ecosystems. As this report 
demonstrates, bottom  trawling has by far the 
greatest collateral impacts. Thus, closing areas to 
bottom  trawls— from small areas to entire fishery 
m anagem ent council regions— would protect 
structurally complex, biologically diverse habitats 
such as coral forests, coral reefs, kelp beds, 
sponge reefs, and seagrass beds and the species 
that depend on them  (NRC 2002, Box 10).

Box io Effects o f Closed Areas on the Sea Scallop Fishery on Georges Bank.

F o llo w in g  in tro d u c tio n  o f  th e  o t t e r  

traw l in t h e  e a rly  tw e n t ie th  c en tu ry , 

o v e rfish in g  o f  c e r ta in  g ro u n d fis h e s , 

su c h  a s  c o d , v a r io u s  f la tfish es , a n d  

s k a te s ,  b e c a m e  a  m a jo r  issu e  in th e  

n o r th w e s te rn  A tla n tic  w a te r s  o f  th e  

U n ite d  S ta te s . A fte r  e m p lo y in g  t r a d i ­

t io n a l m a n a g e m e n t  fo r  m an y  y e a rs , in 

D e c e m b e r  1 9 9 4  th e  N e w  E n g la n d  

F ishery  M a n a g e m e n t  C o u n c il c lo s e d  

th r e e  a r e a s  o f  G e o r g e s  B ank, to ta l in g  

s o m e  6 ,6 0 0  s q u a re  m ile s (1 7 ,0 0 0  

s q u a re  k ilo m e te rs ) , to  a n y  ty p e  o f  g e a r  

a b le  to  c a p tu r e  g ro u n d fis h .

A lth o u g h  th e  a r e a s  w e re  c lo s e d  

p rim arily  t o  m a n a g e  d e p le t e d  g r o u n d ­

fish es , f ish in g  fo r  th e  A tla n tic  s e a  sc a l­

lo p  a ls o  w a s  b a n n e d .  F rom  th e  tim e  

th e  c lo s u re s  b e g a n  until Ju ly  1 9 9 8 , th e  

b io m a ss  o f  f ish a b le  s e a  s c a llo p s  w ith in  

t h e  c lo s e d  a r e a s  in c re a se d  f o u r te e n ­

fo ld  (M uraw ski e t  al. 2 000). F rom  1 9 9 9  

un til J a n u a ry  2 0 0 1 , a r e a s  w ith in  th e  

G e o r g e s  B ank c lo s u re  sy s te m  w e re  

o p e n e d  to  th e  sc a llo p  fishery . M any  

f ish e rs  s t a te d  t h a t  in 2 0  to  3 0  y e a r s  o f  

f ish in g , th e y  h a d  n e v e r  w itn e s se d  

c a tc h e s  o f  th is  size. To m a n a g e  fish ing  

e f fo r t  d u r in g  th e s e  s h o r t - te rm  o p e n ­

in g s, m a n a g e r s  im p le m e n te d  se v e ra l 

r e s tr ic tiv e  m e a s u re s , su c h  a s  

d e c r e a s e d  d a y s  a t  s e a , a  lim it o f  se v e n  

c re w  m e m b e r s  p e r  v e s se l, a n d  

in c re a s e d  d r e d g e  ring  a n d  m e s h  size, 

t o  c o n tro l b y c a tc h  o f  g ro u n d fish .

In a d d i t io n , c o m p a ra t iv e  b e n th ic  

su rv e y s  o f  b o th  u n d is tu rb e d  a n d  d is ­

tu r b e d  fish ing  a r e a s  t h a t  w e re  b e g u n  

in 1 9 9 4 , p r io r  to  th e  a r e a  c lo su re s , 

re v e a le d  a  n u m b e r  o f  d if fe re n c e s  in 

b e n th ic  in v e r te b ra te  c o m m u n itie s . T h e  

n u m b e r  o f  o rg a n ism s , b io m a ss , s p e c ie s

ric h n e ss , a n d  s p e c ie s  d iv e rs ity  all 

in c re a se d  in th e  u n d is tu rb e d  a r e a s  

(C ollie  e t  al. 1997). O n ly  s p e c ie s  e v e n ­

n e s s , a s  e x p e c te d ,  w a s  fo u n d  to  b e  

h ig h e r  in d is tu r b e d  a re a s . In th e  u n d is ­

tu r b e d  a re a s , c o m p le x  h a b i ta ts  fo rm e d  

by  h y d ro id s , b ry o z o a n s , a n d  w o rm  

t u b e s  p ro v id e d  p r o te c t io n  fo r  o th e r  

s p e c ie s  su c h  a s  b r itt le  s ta rs , sh r im p s , 

a n d  sm all f ish es . D is tu rb e d  a r e a s , o n  

t h e  o th e r  h a n d , w e re  d o m in a te d  by 

la rg e  m o llu sk s  a n d  s c a v e n g e r s  su c h  a s  

c r a b s  a n d  e c h in o d e rm s . C ollie  a n d  c o l­

l e a g u e s  (1997) h y p o th e s iz e d  th a t  g iv en  

five to  t e n  y e a r s  o f  n o n d is tu rb a n c e  

a n d  reco v e ry , th e  c lo s e d  a r e a s  o f  

G e o r g e s  B ank w o u ld  b e  c o m p a ra b le  

t o  th e  u n d is tu rb e d  lo c a tio n s  th e y  h a d  

s a m p le d .
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In these sensitive habitats, recovery from  a sin­
gle pass of a trawl or dredge can take years, 
decades, or even centuries. O ther areas, such as 
seamounts, have such high levels of endem ism  
(presence of species tha t occur nowhere else) 
tha t trawling m ight eradicate species before we 
know of their existence (Koslow et al. 2001). 
As we continue to explore the deep sea, we 
undoubtedly will discover m ore about the 
nature and resilience of seafloor habitats.

U nder the FCM A, fishery m anagem ent 
councils can use the designations of essential 
fish habitat (EFH) and habitat areas of partic­
ular concern (HAPC) as spatial m anagem ent 
tools, although these designations in them ­
selves do no t restrict fishing. Councils, howev­
er, have the authority to close areas to fishing. 
D esignation of H A PCs can be m ade if one or 
m ore of the following criteria are met: im por­
tan t ecological function of the habitat, sensi­
tivity of the habitat to anthropogenic (hum an- 
caused) environm ental degradation or develop­
m en t activities, and rarity of the habitat type.

Further habitat m apping will provide 
managers w ith better tools; however, the level 
of resources and the tim e tha t would be need­
ed to m ap the vast seafloor suggests tha t a wise 
precautionary approach is to restrict the more 
harm ful fishing gear classes now. Since few 
seafloor habitats appear resilient to the damage 
caused by mobile fishing gear, zoning— creat­
ing a mosaic of places where different uses or 
com binations of uses are given precedence—  
can lim it negative effects of fishing by restrict­
ing the m ost dam aging gear to the least sensi­
tive areas.

Area-based gear restrictions also are useful 
in reducing bycatch. Just as distributions of 
target species often can be predicted, so can 
those of bycatch species. This knowledge can 
be used to lim it m ortality of non-target 
species. For m any species, scientists or fishers 
already know which feeding grounds or areas 
are im portan t for such functions as m igration 
and breeding. For example, sea turtles are

found in higher abundance near know n nest­
ing beaches, so the risk of bycatch can be pre­
dicted to be higher at know n times of nesting. 
It makes sense to  take special care to protect 
waters near nesting beaches.

Knowledge of the spatial and tem poral 
distributions of com m on or sensitive bycatch 
species has been used successfully to reduce 
bycatch in Alaska. For example, the C hinook 
Salm on Savings Areas and the Red King Crab 
Savings Area are closed to trawling in the 
m onth  of August and year-round, respectively, 
to reduce excessive bycatch of chinook salmon 
in groundfish trawl fisheries and to protect the 
red king crab population (N orth Pacific 
Fishery M anagem ent Council 2002). Clearly 
managers need to carefully consider the use of 
area-based restrictions to m itigate both bycatch 
and habitat damage.

Supporting Future Studies
Policy makers and fishery managers should 
support increased funding for further studies 
of the effects of fishing gears on bycatch and 
habitat. For example, N M FS needs funding 
from  the U nited States Congress to evaluate 
the effects of fishing gears on the diverse 
seafloor habitats, including essential fish habi­
ta t as m andated by the M agnuson-Stevens 
Fishery Conservation and M anagem ent Act in 
1996. Seven years after this requirem ent was 
imposed, m ost councils have only ju s t started 
to perform  these assessments. Policy makers 
and fishery managers also should prom ote 
research to modify existing fishing gears and 
practices and to seek innovative, environm en­
tally benign alternatives to dam aging gears.

Congress should fund studies of social and 
economic effects on the industry and society 
during the transition from  harm ful fishing 
m ethods to those causing less damage to 
m arine biological diversity and fisheries, as 
well as exploration of com m unity-based 
approaches to m anagem ent for ease of im ple­
m entation  of o ther policy recom m endations.

• M arine  m am m als are 

frequently taken as 

bycatch in m idw ater 

a n d  d rift gillnets.

ywwwwwwwwk.
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Conclusion
A wealth of inform ation and several recent 

scientific reviews (Watling and Norse 1998; 

Auster and Langton 1999; D ayton et al. 2002; 

N R C  2002; Pauly et al. 2002) have clearly 

dem onstrated the harm  tha t fishing does to 

m arine ecosystems. Despite this, fishery mana- 

gagem ent in the U nited States still focuses on 

maximizing levels of single-species catch rather 

than  on protecting the intact ecosystems tha t 

support fish production. This report takes a first 

step toward addressing these problems by ranking 

the adverse effects of different classeses of fishing 

gears com m only in use in the U nited States.

The clear consensus dem onstrated in this 

study should be welcome to fishers, decision 

makers, policy advisors, and conservation advo­

cates because it provides a basis from  which to 

move forward in addressing these complicated

issues and suggests avenues for precautionary 

m anagem ent. Suggestions for im proving the 

state of m arine ecosystems include shifting 

gears— retiring and phasing ou t fishing gear 

classes tha t cause the worst damage, allocating 

catch to less damaging gears, changing behav­

iors, improving the technology, increasing 

incentives and funding efforts to lim it bycatch 

and habitat damage, establishing fishing clo­

sures, and increasing funding for governm ent 

agencies to carry ou t their conservation 

mandates.

Shifting Gears suggests n o t only moving 

toward the use of less ecologically damaging 

fishing gears, bu t also shifting our thinking 

from  single-species m anagem ent to protec­

tion, recovery, and sustainable use of entire 

ecosystems.
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/UlAAA A PPEN D IX  1
Bycatch and H abitat Damage by Gear Class, as Summarized in Table 1

FEDERAL FISHERY BYCATCH REFERENCES HABITAT GHOST-
MANAGEMENT TARGET SPECIES REFERENCES FISHING
COUNCIL REGION Fish M am m als Seabirds Turtles (Physical a n d  B iological) REFERENCES

66; 154; 7; 55;
Gulf o f Mexico sponge* 113; 125; 19; 20;
Mid-Atlantic hydraulic clam dredge* 159; 165; 6; 104;
New England, M id-Atlantic quahog , surf clam 110 101; 9; 10; 108;
South  Atlantic, Mid-Atlantic, 34; 35; 36; 75; 65;

New England
102; 33; 95; 109;

scallop 46; 122 94; 96; 119; 93;
Pacific

N orth Pacific

geoduck , Manila clam* 

scallop 11
67; 120; 126,5

South  Atlantic flounder, s ea  trout, 
croaker, m ullet 158; 18 68; 124; 167; 115; 30; 38; 42

Mid-Atlantic m ultispecies (e.g., flounder) 128; 136 62 29; 28; 166; 51;
151; 148

New England, M id-Atlantic spiny dogfish*

New England monkfish* 161

New England m ultispecies 136; 164

Pacific California halibut, angel shark 86; 57 86; 57 86

Pacific, N orth Pacific 

N orth Pacific 

W estern  Pacific

salm on*

herring*

Hawaii d e e p  ree f fish*

105; 170

South  Atlantic shark 26; 25; 27 26; 25; 164 26; 25; 27 30; 38; 42

South  Atlantic, Mid-Atlantic shad 136 58; 134; 135

South  Atlantic, Mid-Atlantic weakfish* 68; 124; 167;
115; 29; 28; 166;

South  Atlantic, Mid-Atlantic bluefish* 51; 151
Pacific California swordfish, 133; 127;

shark drift gillnet 18 86 86 86

Pacific halibut 57

Pacific W ash ing ton /P uget Sound 169; 105;
non-treaty  sockeye 170

N orth Pacific salm on 2

Gulf o f Mexico,
South  Atlantic snapper, g ro u p er j 144 144 10; 141

Gulf o f Mexico, Mid-Atlantic,
South  Atlantic, N ew  England wreckfish 145 I 145

Pacific a lbacore 32

N orth Pacific cod, rockfish 8

Pacific rockfish*

Pacific, N orth Pacific 

W estern  Pacific

salm on* 

Hawaii finfish*

Gulf o f Mexico,
South Atlantic Florida g rouper 144 144

Gulf o f Mexico,
South Atlantic shark 18 18 18

New England, Mid-Atlantic,
South Atlantic tilefish 111

New England C ape  Cod groundfish*

N orth Pacific All (e.g., rockfish, sole) 8; 106 2 98;

N ote: N um bers correspond  to  references listed afte r this tab le. Asterisks (*) indicate species with insufficient information.
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FEDERAL FISHERY BYCATCH REFERENCES HABITAT GHOST-
MANAGEMENT TARGET SPECIES REFERENCES FISHING
COUNCIL REGION Fish M am m als S eabirds Turtles (Physical a n d  B iological) REFERENCES

E ast C oast, Gulf o f M exico,
C aribbean sw ordfish an d /o r  tuna 18 39; 40 85; 78; 39; 37 40 39; 40; 85; 41; 116

G ulf o f  Mexico, M id-Atlantic,
S ou th  Atlantic, N ew  England highly m igratory  sp ec ies

W estern  Pacific

(HMS) (shark, billfish, tuna) 

Hawaii HMS

39; 18 37

(shark, billfish, tuna) 127; 18 171; 37 41

C aribbean ree f fish 144 61; 80; 3; 10; 152; 71;
71; 151; 49; 30; 77; 13;

G ulf o f  Mexico, 155 14; 129; 76
S outh  A tlantic Florida spiny lobster 103

G ulf o f  Mexico, South
Atlantic, M id-Atlantic b lue c rab 45 164 45

M id-Atlantic, New England A m erican lobster 164

Pacific D ungeness crab*

N orth Pacific m ultispecies (e.g., 
D ungeness crab , king crab) 8; 121 2 98

G ulf o f  Mexico, South
Atlantic, M id-Atlantic,
N ew  England m en h a d en 91; 107 91; 43 142; 10; 151

N ew  England herring 153 153

Pacific tuna 73 73

Pacific small pelagics*

Pacific

N orth Pacific 

N orth Pacific

squid*

salm on*

herring*

G ulf o f  Mexico shrim p 117; 18; 1; 69; 164 72; 83; 50 31; 165; 21; 22; 23; 30; 44
24; 146; 9; 10; 81;

S outh  A tlantic b lue c rab 100 82; 74; 54; 92; 149;
S outh  A tlantic shrim p 72; 83 48; 137; 138; 156;
M id-Atlantic, S ou th  Atlantic sum m er flounder* 79; 55; 7; 47; 130;

G ulf o f  Mexico, South 140; 70; 4; 79; 151;

Atlantic, M id-Atlantic, m ultispecies 90; 122 164 123; 6; 143; 132; 75;

N ew  England (e.g., flounder, shrimp) 114; 98; 89; 97; 15;
16; 112; 157; 160;

Pacific

Pacific

groundfish*

shrimp*
12; 162; 163; 159; 
87; 59; 99; 119; 147;

N orth Pacific m ultispecies 
(e.g., cod , flounder)

53 2 98 17; 131; 63; 88; 60; 
139; 84; 64; 120; 5

G ulf o f  Mexico, South
Atlantic, M id-Atlantic, squid , m ackerel, butterfish 164 119; 116 30; 44
N ew  England

M id-Atlantic mackerel*

N ew  England herring 153 153; 52

Pacific

Pacific

N orth Pacific 

N orth Pacific

hake (whiting)

rockfish*

pollock

Pacific o cean  perch*

118

53

56

37



S H IF T IN G  GEARS

1. Alverson, D. L., M. H. Freeberg, S. A. Murawski, 
and J. G. Pope. A  Global A ssessm en t o f  Fisheries 
Bycatch and  Discards. FAO Fisheries Technical Paper 
339. Rome: Food and Agriculture O rganization of 
th e  United Nations, 1994.

2. Angliss, R. P., D. P. DeMaster, and A. Lopez.
Alaska Marine M ammal S to ck  A ssessm ents , 2001.
NMFS-AFSC-124. Seattle , Wash.: U.S. D epartm ent 
of Com m erce, NOAA, NMFS, AFSC 2001.

3. A ppeldoorn, R. S., M. N em enth, J. Vasslides, and 
M. Scharer. The Effect o f  Fish Traps on Benthic 
Habitats o ff  La Parguera, Puerto Rico. M ayaguez,
PR.: C aribbean Fishery M anagem ent Council, 2000.

4. Ardizzone, G. D., P. Tucci, A. Somaschini, and A. 
Belluscio. Is bo ttom  trawling partly responsible for 
th e  regression of Posidonia oceania  m eadow s in the  
M editerranean Sea? In The Effects o f  Fishing on 
Non-Target Species and Habitats, ed ited  by M. J. 
Kaiser and S. J. d e  Groot, 37-46. Oxford: Blackwell 
Science, 2000.

5. Auster, P. J., and R. W. Langton. The effects of 
fishing on fish habitat. In Fish Habitat: Essential Fish 
H abitat and Rehabilitation, ed ited  by L. R. Benaka, 
150-187. American Fisheries Society Symposium 20. 
Bethesda, Md.: American Fisheries Society, 1999.

6. Auster, P., R. M alatesta, R. Langton, P. Valentine,
C. Donaldson, E. Langton, A. Shepard, and I. Babb. 
The impacts of m obile fishing g ea r on seafloor habi­
ta ts  in th e  Gulf of M aine (Northwest Atlantic): 
Implications for conservation of fish populations. 
Reviews in Fisheries Science  4 (1996): 185-202.

7. Bargmann, G., M. Pedersen, and R. J. Trumble. 
Final Environmental Im pact S ta te m en t for the  
C ontinued Harvest o f  Bottom fish in P uget Sou n d  by  
Commercial O tter Trawl Gears. Olympia: W ashing­
ton  D epartm ent of Fisheries, 1985.

8. Barnard, D., R. Burt, and H. M oore. Alaska 
D epartm ent o f  Fish and G am e Sum m ary o f  the  2000  
M andatory Shellfish O bserver Program D atabase for 
th e  O pen A ccess  Fisheries. Regional Information 
R eport 4K01-39. Kodiak: Alaska D epartm ent of Fish 
and Game, Division of Commercial Fisheries, 2001.

9. Barnette, M. C. G ulf o f  M exico Fishing Gear and  
Their Potential Im pacts on Essential Fish Habitat.
NMFS-SEFSC-432. St. Petersburg, Fia.: U.S. 
D epartm ent of Com m erce, NOAA, NMFS, SEFSC 
1999.

10. Barnette, M. C. A  Review o f  th e  Fishing Gear 
Utilized within th e  S o u theast Region and Their 
Potential Impacts on Essential Fish Habitat. NMFS- 
SEFSC-449. St. Petersburg, Fia.: U.S. D epartm ent of 
Com m erce, NOAA, NMFS, SEFSC 2001.

11. Barnhart, J. P., and G. Rosenkranz. Sum m ary and  
Analysis o f  O nboard O bserver C ollected  Data from  
th e  2000/2001 S ta tew ide  Commercial W eathervane  
Scallop Fishery. Kodiak: Alaska D epartm ent of Fish 
and Game, Division of Commercial Fisheries, in 
press.

12. Bradstock, M., and D. P. G ordon. Coral-like bry- 
ozoan grow ths in Tasman Bay, and their protection 
to  conserve com m ercial fish stocks. N ew  Zealand  
Journal o f  Marine and Freshwater Research  1 7
(1983): 159-163.

13. Breen, P. A. Mortality of D ungeness crabs 
caused by lost traps in the  Fraser River estuary, 
British Columbia. North Am erican Journal o f  
Fisheries M anagem ent 7 (1987): 429-435.

14. Breen, P. A. A review o f ghost fishing by traps 
and gillnets. In Proceedings o f  th e  S e cond  
International Conference on Marine Debris, ed ited  
by R. S. Shom ura and M. L. Godfrey, 571-599. 
NMFS-SWFSC-1 54. Honolulu: University o f Hawaii 
Sea G rant College Program, 1990.

15. Bridger, J. P. S o m e  Effects o f  the  Passage o f  a 
Trawl over the  Seabed. G ear and Behavior 
C om m ittee. ICES C.M. 1970: 254-259.

16. Bridger, J. P. S o m e  O bservations on the  
Penetration into th e  Sea  B ed  o f  Tickler Chains on a

38

Beam Trawl. G ear and Behavior C om m ittee. ICES
C.M. 1972: 256-260.

17. Brylinsky, M. G., J. Gibson, and D. C. G ordon Jr. 
Impacts o f flounder trawls on the  intertidal habita t 
and com m unity of th e  Minas Bay, Bay of Fundy. 
Canadian Journal o f  Fisheries and A quatic  Sciences
51 (1994): 650-661.

18. Burgess, G., University of Florida M useum of 
Natural History, Gainesville. Personal com m unica­
tion, 2002.

19. Caddy, J. F. U nderw ater observations on scallop 
(Placopecten magellanicus) behaviour and d rag  effi­
ciency. Journal o f  Fisheries Research Board o f  
Canada  25 (1968): 2123-2141.

20. Caddy, J. F. U nderw ater observations on tracks 
of d red g es  and trawls and som e effects of dredg ing  
on a scallop ground. Journal o f  Fisheries Research 
Board o f  Canada 30 (1973): 1 73-1 80.

21. Cahoon, L. B., G. R. Beretich Jr., C. J. Thomas, 
and A. M. M cDonald. Benthic microalgal production 
a tS te llw ag en  Bank, M assachusetts Bay, USA. Marine 
Ecology Progress Series  102 (1993): 179-185.

22. Cahoon, L. B., and J. Cooke. Benthic microalgal 
production in Onslow Bay, North Carolina, USA. 
Marine Ecology Progress Series  84 (1992): 185-196.

23. Cahoon, L. B., R. S. Redman, and C. R. Tronzo. 
Benthic microalgal biom ass in sedim ents of Onslow 
Bay, North Carolina. Estuarine, Coastal, and  S h e lf 
Science  31 (1990): 805-816.

24. Cahoon, L. B., and C. R. Tronzo. Q uantitative 
e stim ates of dem ersal Zooplankton abundance  in 
Onslow Bay, North Carolina, USA. Marine Ecology 
Progress Series  87 (1992): 197-200.

25. Carlson, J. The D irected Shark Gillnet Fishery: 
Right W hale Season, 2001. Panam a City, Fia.: U.S. 
D epartm ent of Com m erce, NOAA, NMFS, SEFSC 
2 0 0 1 .

26. Carlson, J. Progress R eport on the  D irected  
Shark Gillnet Fishery: R ight W hale Season, 2000. 
Panam a City, Fia.: U.S. D epartm ent of Com m erce, 
NOAA, NMFS, SEFSC 2000.

27. Carlson, J., and I. Barem ore. The D irected  
Shark Gillnet Fishery: N on-Right W hale Season, 
2000-2001. Panam a City, Fia.: U.S. D epartm ent of 
Com m erce, NOAA, NMFS, SEFSC, 2001.

28.Carr, H. A. Long term  assessm en t of a derelict 
gillnet found in th e  Gulf of Maine. In Proceedings, 
Ocean '87. Columbia, Md.: Marine Technology
Society, 1988.

29. Carr, H. A., E. A. Amaral, A. W. Hubert, and R. 
Cooper. U nderw ater survey of sim ulated lost d em er­
sal and lost commercial gili nets off New England. In 
Proceedings o f  the  W orkshop on the  Fate and  
Im pact o f  Marine Debris, 2 6 -2 9  N ovem ber  1984, 
ed ited  by R. S. Shomura and H. O. Yoshida, 438-447. 
NMFS-SWFSC-54. Honolulu: U.S. D epartm ent of 
Com m erce, NOAA, NMFS, SWFSC, 1985.

30. Carr, H. A., and J. Harris. Ghost-fishing gear: 
Have fishing practices during the  p ast few years 
reduced th e  impact? In Marine Debris: Sources, 
Impacts, and  Solutions, ed ited  by J. M. C oe and D.
B. Rogers, 141-151. New York: Springer, 1997.

31. Churchill, J. H. The effect o f commercial trawling 
on sed im ent resuspension and transport over the  
M iddle Atlantic Bight continental shelf. Continental 
S h e lf Research 9 (1989): 841-864.

32. Coan, A., National M arine Fisheries Service, 
Southw est Fisheries Science Center, La Jolla, Calif. 
Personal com m unication, 2002.

33. Coen, L. D. A  Review o f  the  Potential Im pacts o f  
Mechanical Harvesting on Subtidal and Intertidal 
Shellfish Resources. Charleston: South Carolina 
D epartm ent of Natural Resources, 1 995.

34. Collie, J. S., G. A. Escanero, L. Hunke, and P. C. 
Valentine. Scallop d redg ing  on G eorges Bank: 
Photographic evaluation o f effects on benthic epi- 
fauna. ICES C.M. 1996/Mini: 9: 1-14.

35. Collie, J. S., G. A. Escanero, and P. C. Valentine. 
Effects of bo ttom  fishing on the  benthic m egafauna 
of G eorges Bank. Marine Ecology Progress Series  35
(1997): 159-1 72.

36. Collie, J. S., G. A. Escanero, and P. C. Valentine. 
Photographic evaluation o f the  impacts of bottom  
fishing in benthic epifauna. ICES Journal o f  Marine 
Science  57 (2000): 987-1001.

37. Cooper, J., J. P. Croxall, and K. S. Rivera. Off the  
hook? Initiatives to  reduce seabird bycatch in long- 
line fisheries. In Seabird Bycatch: Trends,
Roadblocks, and  Solutions, ed ited  by E. F. Melvin 
and J. K. Parrish, 9-32. AK-SG-01-01. Fairbanks: 
University of Alaska Sea Grant College Program, 
2 0 0 1 .

38. Cooper, R. A., H. A. Carr, and A. H. Hulbert. 
M anned Subm ersib le and ROV A ssessm e n t o f  G host 
Gillnets on Jeffreys and Stellw agen Banks, G ulf o f  
Maine. G roton, Conn.: National U ndersea Research
Center, 1989.

39. Cramer, J. Large Pelagic L ogbook N ew sletter—  
1994. NMFS-SEFSC-378. Miami: U.S. D epartm ent of 
Com m erce, NOAA, NMFS, SEFSC, 1995.

40. Cramer, J. S pecies R eported  C aught in the  U.S. 
Commercial Pelagic Longline, Gillnet, and Pair Trawl 
Fisheries from 1987 to  1995. Miami: U.S. D epartm ent 
of Com m erce, NOAA, NMFS, SEFSC, 1996.

41. Crowder, L. B., Duke University Marine 
Laboratory. Personal com m unication, 2002.

42. D egange, A. R., and T. C. Newby. Mortality of 
seabirds and fish in a lost salmon driftnet. Marine 
Pollution Bulletin 11 (1980): 322-323.

43. de  Silva, J. A. The nature and ex ten t of species 
interactions with th e  U.S. Gulf m enhaden fishery. 
Ph.D. diss., Louisiana S ta te  University, D epartm ent 
of O ceanography and Coastal Sciences, 1998.

44. Donohue, M. J., R. C. Boland, C. M. Sramek, and 
G. A. Antonelis. Derelict fishing g e a r  in the  no rth ­
w estern  Hawaiian Islands: Diving surveys and debris 
removal in 1 999 confirm th rea t to  coral reef ecosys­
tem s. Marine Pollution Bulletin 42 (2001):
1301-1312.

45. Doxey, R. Industry-D ependent Baseline Data 
Collection on Finfish/Terrapin Bycatch in the  Crab 
P ot Fishery. Raleigh: North Carolina Sea Grant 
College Program and North Carolina Marine Fishery 
Commission, 2001.

46. DuPaul, W. D., J. C. Brust, and J. E. Kirkley. 
Bycatch in th e  United S tates and C anadian sea  scal­
lop fisheries. In Solving Bycatch: Considerations for 
Today and Tomorrow, ed ited  by T. Wray, 1 75-181. 
AK-SG-96-03. Fairbanks: University of Alaska Sea 
G rant College Program, 1996.

47. Eleuterius, L. Seagrass ecology along the  coasts 
of Alabama, Louisiana, and Mississippi. In 
Proceedings o f  the  Sym posium  on Subtropical- 
Tropical Seagrasses in th e  Southeastern  United
States, ed ited  by M. J. Durako, R. C. Phillips, and R. 
R. Lews III, 11-24. Publication No. 42. St.
Petersburg: Florida Marine Research Institute, 1987.

48. Engel, J., and R. Kvitek. Effects of o tte r trawling 
on a benthic com m unity in M onterey Bay National 
M arine Sanctuary. Conservation Bioloqy  12 (1998): 
1204-1214.

49. Eno, N. C., D. S. M acDonald, J. A. M. Kinnear,
C. S. Amos, C. J. Chapm an, R. A. Clark, F. S. P. D. 
Bunker, and C. Munro. Effects of crustacean traps on 
benthic fauna. ICES Journal o f  Marine Science  58 
(2 0 0 1 ): 11 - 2 0 .

50. Epperley, S. P., and W. G. Teas. 1999. Evaluation 
o f  TED O pening D imensions Relative to  Size o f  
Turtles Stranding in th e  W estern North Atlantic.
SEFSC Contribution PRD-98/99-08. Miami, Fia.: U.S. 
D epartm ent of Com m erce, NOAA, NMFS, SEFSC, 
1999.

51. Erzini, K., C. C. M onteiro, J. Ribeiro, M. N. 
Santos, M. Gaspar, P. M onteiro, and T. C. Borges.
An experim ental study of gili n e t and tram m el ne t 
"ghostfishing" off th e  Algarve (southern Portugal).



S H IF T IN G  GEARS

Marine Ecology Progress Series  158 (1997):
257-265.

52. Fertl, D., and S. Leatherwood. C etacean interac­
tion with trawls: A preliminary review. Journal o f  
N orthw est A tlantic Fisheries Science  22 (1997):
219-248.

53. Fisheries Information Services. Discards in the  
Groundfish Fisheries o f  th e  Bering Sea/Aleutian  
Islands and th e  G ulf o f  Alaska, 1989 and 1999. 
Juneau: Alaska Marine Conservation Council, 2000.

54. Flint, R. W., and J. A. Younk. Estuarine benthos: 
Long-term community structure variations, Corpus 
Christi Bay, Texas. Estuaries 6 (1983): 126-141.

55. Fonesca, M., G. W. Thayer, A. J. Chester, and C. 
Foltz. Im pact of scallop harvesting on eelgrass
(Zostera marina) m eadows: Implications for m anage­
m ent. North Am erican Journal o f  Fisheries 
M anagem ent 4 (1984): 286-293.

56. Forney, K. A., J. Barlow, M. M. Muto, J. Baker,
G. Cam eron, J. Mobley, C. Stinchcom b, and J. V. 
C arretta. U.S. Pacific Marine M ammal S tock  
A ssessm en ts , 2000. NMFS-SWFSC-300. La Jolla, 
Calif.: U.S. D epartm ent of Com m erce, NOAA,
NMFS, SWFSC, 2000.

57. Forney, K. A., S. R. Benson, and G. A.
Cam erson. Central California gillnet effort and 
bycatch of sensitive species, 1990-1998. In Seabird  
Bycatch: Trends, Roadblocks, and  Solutions, ed ited  
by E. F. Melvin and J. K. Parrish, 141-160. AK-SG- 
01-01. Fairbanks: University of Alaska Sea Grant 
College Program, 2001.

58. Forsell, D. J. M ortality o f  M igratory W aterbirds 
in Mid-Atlantic Coastal A nchored  Gillnets during 
March and April, 1998. Annapolis, Md.: U.S. Fish 
and Wildlife Service, 1999.

59. Freese, L., P. J. Auster, J. Heifetz, and B. L.
Wing. Effects of trawling on seafloor hab ita t and 
associated  invertebrate taxa in th e  Gulf of Alaska. 
Marine Ecology Progress Series  182 (1999):
119-126.

60. Friedlander, A. M., G. W. Boehlert, M. E. Field,
J. E. M ason, J. V. Gardner, and P. Dartnell. Sidescan- 
sonar m apping o f benthic trawl marks on th e  shelf 
and slope off Eureka, California. Fisheries Bulletin
97 (1999): 786-801.

61. Garrison, L. P. Vertical m igration behavior and 
larval transpo rt in brachyuran crabs. Marine Ecology 
Progress Series  1 76 (1999): 103-113.

62. G earhart, J. Sea Turtle M onitoring o f  the  2000  
Fall Flounder Gillnet Fishery o f  Southeastern  
Pamlico Sound, North Carolina. M orehead City: 
North Carolina Division of Marine Fisheries, 2001.

63. Gibbs, P. J., A. J. Collins, and L. C. Collett.
Effect of o tte r  prawn trawling on th e  m acrobenthos 
o f a sandy substratum  in a New South Wales e s tu ­
ary. Australian Journal o f  Marine and Freshwater 
Research 31 (1980): 509-516.

64. Gilkinson, K., M. Paulin, S. Hurley, and P. 
Schwinghamer. Impacts of trawl d o o r scouring on 
infaunal bivalves: Results o f a physical trawl door 
m o d el/dense  sand interaction. Journal o f  
Experimental Marine Biology and  Ecology  224
(1998): 291-312.

65. Glude, J. B., and W. S. Landers. Biological 
Effects on Hard Clams o f  Hand Raking and  Power 
Dredging. Special Science Reports of Fisheries No.
110. W ashington, DC.: U.S. Fish and Wildlife 
Service, 1 953.

66. G odcharles, M. F. A  S tu d y  o f  the  Effects o f  a 
Commercial Hydraulic Clam D redge on Benthic 
C om m unities in Estuarine Areas. Technical Series 
No. 64. St. Petersburg, Fia.: Florida D epartm ent of 
Natural Resources, 1971.

67. Godwin, W. F. Preliminary Draft: Environmental 
Im pact Analysis o f  P roposed Hydraulic Clam 
Dredging Activity  in the  N ew  River Estuary, Onslow  
County, North Carolina: Use o f  S e e d  O ysters to

S u p p le m en t O yster Production in Southern  North  
Carolina. M orehead City: North Carolina Division of 
Commercial and Sports Fisheries, 1973.

68. Gomez, E. D., A. C. Alcala, and H. T. Yap. O ther 
fishing m ethods destructive to  coral. In Human 
Im pacts on Coral Reefs: Facts and  
Recom m endations, 65-75. French Polynesia: 
A ntenne M useum, 1987.

69. Graham, G. L. Finfish bycatch in the  so u th ea s t­
ern shrimp trawl fishery. In Solving Bycatch: 
Considerations for Today and  Tomorrow, ed ited  by 
T. Wray, 115-119. AK-SG-96-03. Fairbanks:
University of Alaska Sea G rant College Program, 
1996.

70. Guillen, J. E., A. A. Ramos, L. Martinez, and J. L. 
Sanchez-Lizaso. Antitrawling reefs and th e  p ro tec ­
tion of Posidonia oceanica  (L.) delile m eadow s in 
the  w estern  M editerranean Sea: Dem and and aims. 
Bulletin o f  Marine Science  55 (1994): 645-650.

71. Guillory, V., A. McMillen-Jackson, L. Hartman, H. 
Perry, T. Floyd, T. Wagner, and G. Graham. Blue 
Crab Derelict Traps and Trap Rem oval Programs. 
Publication No. 88. O cean Springs, Miss.: Gulf 
S ta tes Marine Fisheries Commission, 2001.

72. Gulf and South Atlantic Fisheries D evelopm ent 
Foundation. A lternatives to  TED's: Final Report, 
Tampa, Fia.: Gulf and South Atlantic Fisheries 
D evelopm ent Foundation, 1998.

73. Haii, M. A., Inter-American Tropical Tuna 
Commission, La Jolla, Calif. Personal com m unica­
tion, 2002.

74. Haii, S. J. Physical disturbance and m arine b en ­
thic com m unities: Life in the  unconsolidated sed i­
m ents. O ceanography and  Marine Biology: An  
Annual Review  32 (1 994): 1 79-239.

75. Hall-Spencer, J. M., and P. G. M oore. Im pact of 
scallop dredg ing  on maerl grounds. In Effects o f  
Fishing on Non-Target Species and Habitats,ed ited 
by M. J. Kaiser and S. J. d e  Groot, 105-107.
Oxford: Blackwell Science, 2000.

76. High, W. L. Escape of D ungeness crabs from 
pots. Marine Fisheries Review  38, no. 4 (1976):
19-23.

77. High, W. L., and D. D. Worlund. Escape o f  King 
Crab, Paralithodes camtschatica, from  Derelict Pots.
NMFS SSRF-734. Seattle , Wash.: U.S. D epartm ent 
of Com m erce, National Oceanic and A tm ospheric 
Administration, National Marine Fisheries Service, 
1979.

78. Highly M igratory Species Division, National 
Marine Fisheries Service. Final Fishery M anagem ent 
Plan for A tlantic  Tunas, Swordfish, and Sharks. Silver 
Spring, Md.: U.S. D epartm ent o f Commerce,
NOAA, NMFS, Office of Sustainable Fisheries, 1999.

79. Homziak, J., M. S. Fonseca, and W. J.
Kenworthy. M acrobenthic community structure in a 
transp lan ted  eelgrass (Zostera marina) m eadow. 
Marine Ecology Progress Series  9 (1982): 211 -221.

80. Hunt, J., and T. M atthews. Impact of lobster and 
stone  crab fishery on essential fish habitat. 
Unpublished report. St. Petersburg, Fia.: Florida 
Marine Research Institute, 1999.

81. International Council for the  Exploration of the  
Sea. Effects of trawls and d red g es  on th e  seabed . 
ICES G ear and Behavior C om m ittee. ICES C.M.
1973/B:2.

82. International Council for the  Exploration of the  
Sea. R eport o f  the  S tu d y  Group on Ecosystem  
Effects o f  Fishing Activities, C openhagen, Denmark, 
7-14  April 1992. ICES C ooperative Research Report 
No. 200. C openhagen: International Council for the 
Exploration of th e  Sea, 1995.

83. Jamir, T. V. C. Revisions to  the  Estim ates o f  
Incidental Sea Turtle Capture A board  Commercial 
Shrimp Trawling Vessels. Tampa, Fia.: Gulf and 
South Atlantic Fisheries Foundation, 1999.

84. Jennings, S., and M. J. Kaiser. The effects of 
fishing on marine ecosystem s. A dvances in Marine 
Biology  34 (1998): 201-352.

85. Johnson, D. R., C. Yeung, and C. A. Brown. 
Estim ates o f  Marine M ammal and Marine Turtle 
Bycatch b y  th e  U.S. Atlantic Pelagic Longline Fleet 
in 1992-1997. NMFS-SEFSC-41 8. Miami: U.S. 
D epartm ent of Com m erce, NOAA, NMFS, SEFSC, 
1999.

86. Julian, F., and M. Beeson. Estimates o f marine 
mammal, turtle, and seabird mortality for two 
California gillnet fisheries: 1990-1995. Fishery 
Bulletin 96 (1998): 271-284.

87. Kaiser, M. J., and B. E. Spencer. Fish scavenging 
behaviour in recently traw led areas. Marine Ecology  
Progress Series  112 (1994): 41 -49.

88. Kenchington, E. L. R., J. Prena, K. D. Gilkinson,
D. C. G ordon, K. Maclsaac, C. Bourbonnais, P. J. 
Schwinghamer, T. W. Rowell, D. L. McKeown, and 
W. P. Vass. Effects of experim ental o tte r trawling on 
th e  m acrofauna of a sandy bo ttom  ecosystem  on 
th e  Grand Banks of Newfoundland. Canadian 
Journal o f  Fisheries and A quatic  Sciences  58 (2001 ): 
1043-1057.

89. Kenchington, T. J. A summary o f the  published 
evidence relating to  habita t modification by fishing 
d raggers. In The Canadian Maritimes Fishery: Let's 
Fix It! ed ited  by G. Dedrick and B. Williams, 
109-116. Shelburne, Nova Scotia: SW Nova Fixed 
G ear Association, 1 995.

90. Kennelly, S. J., S. C. Drew, and C. D. Delano- 
G agnon. Rates of retained and d iscarded catches 
from dem ersal fish trawling off th e  northeastern  
United States. Marine and Freshwater Research  48
(1997): 185-199.

91. Kirkley, J. Bycatch in th e  Virginia M enhaden  
Fishery: A  Reexamination o f  th e  Data. G loucester 
Point: Virginia Institute of Marine Science, 1995.

92. Krost, P., and H. Rumohr. Effects on the  benthos 
o f physical d istu rbance of th e  sea bed. Annex to 
Ninth R eport o f  the  B enthos Ecology Working
Group. ICES C.M. 1990/L:95: 75-77.

93. Kyte, M. A., and K. K. Chew. A  Review o f  the  
Hydraulic Elevator Shellfish Harvester and Its Known 
Effects in Relation to  the  Soft-Shell Clam, Mya are­
naria. Report No. WSG 75-2. Seattle: University of 
W ashington, Division of Marine Sciences, 1975.

94. Langan, R. The effect o f d red g e  harvesting on 
easte rn  oysters and the  associated  benthic com m u­
nity. In Effects o f  Fishing Gear on th e  Sea Floor o f  
N ew  England, ed ited  by E. M. Dorsey and J. 
Pederson, 108-110. Boston: Conservation Law 
Foundation, 1998.

95. Lenihan, H. S., and F. Micheli. Biological effects 
o f shellfish harvesting on oyster reefs: Resolving a 
fishery conflict by ecological experim entation. 
Fisheries Bulletin 98 (2000): 86-95.

96. Lenihan, H. S., and C. H. Peterson. How habitat 
deg radation  through fishery disturbance enhances 
impacts of hypoxia on oyster reefs. Ecological 
A pplications  8 (1998): 128-140.

97. Lindeboom, H. J., and S. J. de  Groot. The 
Effects o f  D ifferent Types o f  Fisheries on the  North  
and  Irish Sea Benthic Ecosystems. NIOZ Rapport
1 998-1. Texel: N etherlands Institute for Sea 
Research, 1998.

98. Livingston, P. Ecosystem s Considerations for 
2002: The Plan Teams for the  Groundfish Fisheries 
o f  the  Bering Sea, Aleutian Islands, and Gulf o f  
Alaska. Seattle, Wash.: U.S. D epartm ent of 
Com m erce, NOAA, NMFS, AFSC, 2001.

99. M cConnaughey, R. A., K. Mier, and C. B. Dew. 
An exam ination of chronic trawling effects on soft- 
bo ttom  ben thos of the  eastern  Bering Sea. ICES 
Journal o f  Marine Science  57 (2000): 1377-1388.

100. McKenna, S., and J. T. Camp. A n Examination 
o f  the  Blue Crab Fishery in th e  Pamlico River 
Estuary. W ashington, N.C.: North Carolina

39



S H IF T IN G  GEARS

D epartm ent of Environment, Health and Natural 
Resources, 1992.

101. Maier, P. P., P. H. W endt, W. A. Roumillat, G. H. 
Steele, M. V. Levisen, and R. V. Dolah. Effects o f  
Subtidal Clam Harvesting on Tidal Creeks. 
Charleston: South Carolina D epartm ent of Natural 
Resources, Marine Resource Division, 1998.

102. Manning, J. H. The Maryland S o ft Shell Clam 
Industry and Its Effects on Tidew ater Resources.
CBL Reference No. 11. Solomons: Maryland 
D epartm ent of Research and Education, 1 957.

103. M atthews, T. R., C. Cox, and D. Eaken. By- 
catch in Florida's spiny lobster trap  fishery. 
Subm itted to  Proceedings o f  the  46th G ulf and  
Caribbean Fisheries Institute, 1994. Miami:
University of Miami, in press.

104. M edcof, J. C., and J. F. Caddy. U nderw ater 
observations on the  perform ance of clam d red g es  
of th ree  types. ICES C.M. 1971 /B :10.

105. Melvin, E. F., J. K. Parrish, and L. L. C onquest. 
Novel tools to  reduce seabird bycatch in coastal 
gillnet fisheries. In Seabird Bycatch: Trends, 
Roadblocks, and  Solutions, ed ited  by E. F. Melvin 
and J. K. Parrish, 161-184. AK-SG-01-01. Fairbanks: 
University of Alaska Sea G rant College Program, 
2 0 0 1 .

106. Melvin, E. F., J. K. Parrish, K. S. Dietrich, and 
O. S. Hamel. Solutions to  Alaska's Demersal 
Longline Fisheries. Seattle: W ashington Sea Grant 
Program, 2001.

107. M enhaden Advisory Com m ittee, Gulf S tates 
Marine Fisheries Commission, M inutes from m e e t­
ing of O c tober 14, 1998. From testim ony by R. 
Condrey of Fouisiana S ta te  University. Retrieved 
from http://w w w .gsm fc.O rg/pubs/ijf/oct.1998.pdf

108. M essieh, S. N., T. W. Rowell, D. F. Peer, and P. 
J. Cranford. The effects o f trawling, d redging , and 
ocean dum ping on th e  eastern  Canadian con tinen­
tal shelf seabed . Continental S h e lf Research 11
(1991): 1237-1263.

109. Meyer, T. F., R. A. Cooper, and K. J. Pecci. The 
perform ance and environm ental effects of a 
hydraulic clam dredge . Marine Fisheries Review  43, 
no. 9 (1981): 14-22.

110. Mid-Atlantic Fishery M anagem ent Council. 
A m e n d m e n t 12 to  th e  Atlantic Surfclam and Ocean  
Q uahog Fishery M anagem ent Plan. Dover, Del.: 
Mid-Atlantic Fishery M anagem ent Council, 1998.

111. Mid-Atlantic Fishery M anagem ent Council. 
Tilefish Fishery M anagem ent Plan. Includes EIS and 
RIR. Dover, Del.: Mid-Atlantic Fishery M anagem ent 
Council, 2000.

112. M oore, D. R., and H. R. Bullis. A d eep -w ater 
coral reef in th e  Gulf of Mexico. Bulletin o f  Marine 
Science o f  th e  G ulf and Caribbean  10 (1960):
125-128.

113. M oore, K. A., and R. J. Orth. Evidence o f  
W idespread D estruction o f  S u b m erg ed  Aquatic  
Vegetation (SAV) from Clam D redging in 
C hincoteague Bay, Virginia. Report to  the  Virginia 
M arine Resources Commission. G loucester Point: 
Virginia Institute of M arine Science, 1997.

114. Moran, M. J., and P. C. S tephenson. Effects of 
o tte r  trawling on m acrobenthos and m anagem ent 
of dem ersal scalefish fisheries on th e  continental 
shelf of north-w estern Australia. ICES Journal o f  
Marine Science  57 (2000): 510-516.

115. Munro, J. F., J. D. Parrish, and F. H. Talbot. The 
biological effects o f intensive fishing upon reef fish 
com m unities. In Human Impacts on Coral Reefs: 
Facts and  Recom m endations, ed ited  by B. Salvat, 
41-49. French Polynesia: A ntenne M useum, 1987.

116. National Marine Fisheries Service. Alaska 
Groundfish Fisheries: Draft Programmatic  
Supplem enta l Environmental Im pact S ta tem ent.
A nchorage, Alaska: U.S. D epartm ent o f Com m erce, 
National Oceanic and A tm ospheric Administration, 
National Marine Fisheries Service, 2001.

117. National M arine Fisheries Service. Bycatch in 
the  Sou th ea st Shrim p Trawl Fishery: A  Data 
Sum m ary Report. Miami: U.S. D epartm ent of 
Com m erce, NOAA, NMFS, SEFSC, 1997.

118. National M arine Fisheries Service. Pacific 
W hiting Non-Tribal A t-Sea Processing Vessels 
(NMFS O bserver Data). NMFS/NWR Preliminary 
Data, 2000. Retrieved from 
http://w w w .nw r.noaa.gov/1gdfsh/gdfsh01 ,htm.

119. National Research Council. Effects o f  Trawling 
and D redging on Seafloor Habitat. W ashington,
D.C.: National Academ y Press, 2002.

120. National Research Council. Sustaining Marine 
Fisheries. W ashington, D.C.: National Academ y
Press, 1999.

121. Neufeld, G., and D. Barnard. Alaska 
D epartm ent o f  Fish and  G ame Sum m ary o f  the  
2001 M andatory Shellfish O bserver Program 
Database. Kodiak: Alaska D epartm ent of Fish and
Game. 2002.

122. New England Fishery M anagem ent Council. 
2000 S to ck  A ssessm en t and Fishery Evaluation 
(SAFE) R eport for th e  N ortheast Ska te  Complex. 
N ewburyport, Mass., New England Fishery 
M anagem ent Council.

123. North Carolina Division o f M arine Fisheries. 
Shrimp and Crab Trawling in North Carolina's 
Estuarine Waters. M orehead City: North Carolina 
D epartm ent o f Environment and Natural Resources, 
North Carolina Division of Marine Fisheries, 1999.

124. Ohm an, M. C., A. Rajasuriya, and O. Finden. 
Human disturbances on coral reefs in Sri Fanka: A 
case study. A m bio  22 (1993): 474-480.

125. Orth, R. Impacts o f  Shellfish Harvesting: 
Implications o f  M anagem ent and Policy. 2001. 
Retrieved from http://w w w .csc.noaa.gov/crs/ 
bhm /sav_cd/htm  l/clam. htm.

126. Orth, R. J., and K. A. M oore. Fetter repo rt to 
Maryland D epartm ent o f Natural Resources secre­
tary Griffin concerning d re d g e  scars in Maryland 
coastal bay SAV beds, 1997. Retrieved from
http  ://www. vims, edu /b ip /sav /d  redgescar/

127. Pacific Fishery M anagem ent Council. Draft 
Fishery M anagem ent Plan and Environmental 
Im pact S ta te m e n t for U.S. W est C oast Fisheries for 
Highly Migratory Species. Portland, Oreg.: Pacific 
Fishery M anagem ent Council, 2002.

128. Palka, D. F., and M. C. Rossman. Bycatch 
Estim ates o f  Coastal B o ttlenose Dolphin  (Tursiops 
truncatus) in the  U nited S ta tes  Mid-Atlantic Gillnet 
Fisheries for 1996-2000. NEFSC Reference 
D ocum ent 01-1 5. W oods Hole, Mass.: U.S. 
D epartm ent o f Com m erce, NOAA, NMFS, NEFSC, 
2 0 0 1 .

129. Paul, J. M., A. J. Paul, and A. Kimker. 
C om pensatory feeding  capacity of tw o brachyuran 
crabs, tanner and Dungeness, after starvation peri­
ods like those  encoun tered  in pots. Alaska Fisheries 
Research Bulletin 1 (1984): 184-187.

130. Peterson, C., H. Sum m erson, and S. Fegley. 
Ecological consequences of m echanical harvesting 
of clams. Fishery Bulletin 85 (1987): 281-298.

131. Pilskaln, C., J. Churchill, and F. Mayer. 
Resuspension of sed im en t by bo ttom  trawling in the 
Gulf of M aine and potential geochem ical conse ­
quences. Conservation Bioloqy  12 (1998):
1223-1229.

132. Prena, J., P. Schwinghamer, T. W. Rowell, D. C. 
G ordon Jr., K. D. Gilkinson, W. P. Vass, and D. F. 
McKeown. Experimental o tte r trawling on a sandy 
bo ttom  ecosystem  of th e  Grand Banks of 
Newfoundland: Analysis of trawl bycatch and effects 
on epifauna. Marine Ecology Progress Series  181
(1999): 107-124.

133. Rasmussen, R., and D. Holts. O bserved  
Swordfish Catch in th e  California Drift N e t Fishery.
Fa Jolla, Calif.: U.S. D epartm ent o f Com m erce, 
NOAA, NMFS, SWFSC, 2001.

134. Rose, T. F., Jr. Migratory Bird Bycatch in 
S u b m erg ed  vs. Floating Shad Gili Nets. Raleigh:

North Carolina Sea G rant College Program, 2000.

135. Rose, T. F., Jr. M igratory Bycatch in Sub m erg ed  
vs. Floating Shad  Gili Nets. Raleigh: North Carolina 
Sea G rant College Program, 2001.

136. Rossman, M. C., and R. F. Merrick. Harbor 
Porpoise Bycatch in the  N ortheast M ulti-species 
Sink Gillnet Fishery and  the  M id-Atlantic Coastal 
Gillnet Fishery in 1998 and  during January-M ay  
1999. NEFSC Reference D ocum ent 99-17. W oods 
Hole, Mass.: U.S. D epartm ent of Com m erce,
NOAA, NMFS, NEFSC, 1999.

137. Sainsbury, K. J., R. A. Cam pbell, R. Findholm, 
and A. W. Whitelaw. Experimental m anagem en t of 
an Australian m ultispecies fishery: Examining the  
possibility of trawl induced habita t modifications. In 
Global Trends: Fisheries M anagem ent, ed ited  by E. 
K. Pikitch, D. D. Huppert, and M. P. Sissenwine. 
Bethesda, Md.: American Fisheries Society, 1997.

138. Sainsbury, K. J., R. A. Cam pbell, and A. W. 
Whitelaw. Effects of trawling on the  marine habita t 
on th e  north w est shelf of Australia and implications 
for sustainable fisheries m anagem ent. In Sustainable  
Fisheries through Sustaining Fish Habitat, ed ited  by
D. A. Hancock, 137-145. Canberra: Australian 
G overnm ent Publishing Service, 1993.

139. Sanchez, P., M. Dem estre, M. Ramon, and M. J. 
Kaiser. The im pact of o tte r  trawling on mud com m u­
nities in th e  northw estern M editerranean. ICES 
Journal o f  Marine Science  57 (2000): 1352-1 358.

140. Sanchez-Fizaso, J. F., J. E. Gullien Nieto, and 
A. A. Ramos Espla. The regression o f Posidonia 
oceanica  m eadow s in El Cam pello (Spain). Rapp. 
Comm. Int. Mer Medit. 32 (1990): 7.

141. Schleyer, M. H., and B. J. Tomalin. D am age on 
South African coral reefs and an assessm ent of their 
sustainable diving capacity using a fisheries 
approach. Bulletin o f  Marine Science  67 (2000):
1025-1042.

142. Schoellhamer, D. H. A nthropogenic sed im ent 
resuspension m echanism s in a shallow microtidal 
estuary. Estuarine, Coastal, and  S h e lf Science  43
(1996): 533-548.

143. Schwinghamer, P., D. G ordon, T. Rowell, J. 
Prena, D. McKeown, G. Sonnichsen, and J. Y. 
Guignes. Effects of experim ental o tte r trawling on 
surficial sed im en t properties  of a sandy-bottom  
ecosystem  on th e  Grand Banks o f Newfoundland. 
Conservation Biology  12 (1998): 1215-1222.

144. Scott-D enton, E. Characterization o f  the  R ee f  
Fish Fisheries o f  the  Eastern U.S. G ulf o f  Mexico.
Galveston, Tex.: U.S. D epartm ent o f Com m erce, 
NOAA, NMFS, SWFSC, 1995.

145. Sedberry, G., South Carolina D epartm ent of 
Natural Resources. Personal com m unication, 2002.

146. Sherk, J, J. O 'Conner, and D. Neum ann. Effects 
of su spended  and d e posited  sedim ents on estu a r­
ine environm ents. In Estuarine Research, ed ited  by 
F. Corin, 541-558. New York: A cadem ic Press, 1975.

147. Smith, E. M., and F. F. Stewart. A  S tu d y  o f  
Lobster Fisheries in the  C onnecticut W aters o f  Long 
Island Sou n d  with Special Reference to  th e  Effects  
o f  Trawling on Lobsters. Hartford: Connecticut 
D epartm ent of Environmental Protection Marine 
Fisheries Program, 1985.

148. Smolowitz, R. Bottom tend ing  g e ar used in 
New England. In Effects o f  Fishing Gear on th e  Sea  
Floor o f  N ew  England, ed ited  by E. M. Dorsey and 
J. Pederson, 46-52. Boston: Conservation Faw 
Foundation, 1998.

149. Sparks-M cConkey, P., and F. Watling. Effects on 
the  ecological integrity o f a soft-bottom  habitat 
from a trawling d isturbance. Hydrobiologia  456 
(2001): 1-13.

150. Stehn, R. A., R. S. Rivera, S. Fitzgerald, and K. 
Wohl. 2001. Incidental catch of seabirds by longline 
fisheries in Alaska. In Seabird  Bycatch: Trends, 
Roadblocks, and  Solutions, ed ited  by E. F. Melvin 
and J. K. Parrish, 61-77. AK-SG-01-01. Fairbanks: 
University of Alaska Sea G rant College Program, 
2 0 0 1 .

40

http://www.gsmfc.Org/pubs/ijf/oct.1998.pdf
http://www.nwr.noaa.gov/1gdfsh/gdfsh01
http://www.csc.noaa.gov/crs/


S H IF T IN G  GEARS

151. Stephan, C. D., R. Peuser, and  M. Fonseca. 
Evaluating Fishing G ear Im pact to  Sub m erg ed  
A quatic  Vegetation an d  D eterm ining M itigation 
Strategies. PI a b ¡tat M anagem ent Series No. 5. 
W ashington, D.C.: Atlantic S ta te  M arine Fisheries 
Commission, 2000.

152. Stevens, B. G., I. Vining, S. Byersdorfer, and W. 
Donaldson. G host fishing by tan n er crab
(C hionoecetes bairdi) p o ts  off Kodiak, Alaska: Pot 
density  and catch p e r trap  as dete rm ined  from 
s ¡desean sonar and p o t recovery d a ta . Fisheries 
Bulletin 98 (1999): 389-399.

153. S tevenson, D. K., and B. Scully. Using 
O bservers to  M onitor S ta tus o f  A tlantic Herring 
Spaw ning S tocks an d  Groundfish Bycatch in th e  
G ulf o f  Maine. 96-NER-136. W est B oothbay Harbor: 
Maine D epartm ent o f Natural Resources, 1999.

154. S tevenson, J. C., and  N. M. Confer. Sum m ary  
o f  Available Information on C hesapeake Bay 
S u b m e rg e d  Vegetation. FWS/OBS-78/66. W ashing­
ton, DC.: U.S. Fish and  Wildlife Service, 1978.

155. Sutherland, D., and D. E. Harper. The Wire 
Fish-Trap Fishery o f  D ade and  Broward Counties, 
Florida: D ecem ber 19 7 9 -S ep te m b er  1980. St. 
Petersburg: Florida D epartm ent o f Natural 
Resources, 1983.

156. Tabb, D. C. R eport on  th e  Bait Shrim p Fishery 
o f  Biscayne B ay Miami, Florida. Miami: Florida S ta te  
Board o f Conservation, M arine Laboratory,
University o f Miami, 1958.

157. Tabb, D. C., and N. Kenny. A  Brief History o f  
Florida's Live Bait Shrim p Fishery with Description o f  
Fishing Gear and  M ethods. C ontribution No. 1070. 
Miami: University o f Miami, Institute o f Marine 
Sciences, 1969.

158. Thorpe, T., D. Beresoff, and K. Cannady. Gillnet 
Bycatch Potential, Discard Mortality, an d  C ondition  
o f  R ed  Drum  (Sciaenops ocellatus) in Southeastern  
North Carolina. W ilmington: North Carolina Marine 
Fisheries Commission, 2001.

159. Thrush, S. F., J. E. Hewitt, V. J. Cummings, P. K. 
Dayton, M. Cryer, S. J. Turner, G. A. Funnell, R. G. 
Budd, C. J. Milburn, and M. R. Wilkinson. 
D isturbance o f th e  m arine benth ic hab ita t by com ­
mercial fishing im pacts a t  th e  scale o f th e  fishery. 
Ecological A pplications  8 (1998): 866-879.

160. Tilmant, J. O bservations on  th e  Im pact o f  
Shrim p Roller Frame Trawls O pera ted  over Hard 
B ottom  C om munities, Biscayne Bay, Florida. Series 
No. P-553. H om estead, Fia.: National Park Service, 
Biscayne National M onum ent, 1979.

161. U.S. Environmental Protection Agency. Sea tu r­
tle  conservation; restrictions to  fishing activities. 
Federal Register  67, no. 55 (2002): 13098-13101.

162. Van Dolah, R., P. W endt, and M. Levisen. A 
study o f th e  effects o f shrim p trawling on benthic 
com m unities in tw o South Carolina sounds. Fisheries 
Research 12 (1991): 139-156.

163. Van Dolah, R., P. W endt, and N. Nicholson. 
Effects o f a research trawl on  a hard bo ttom  assem ­
b lage  o f sp o n g es  and corals. Fisheries Research 5 
(1987): 39-54.

164. Waring, G. T., J. M. Quintal, and  S. L. Swartz. 
U.S. A tlantic an d  G ulf o f  M exico Marine M ammal 
S to ck  A ssessm en t, 2000. NMFS-NE-162. W oods 
Hole, Mass.: U.S. D epartm ent o f Com m erce,
NOAA, NMFS, NEFSC, 2000.

165. Watling, L., R. H. Findlay, L. M. Mayer, and D.
F. Schick. Im pact o f a scallop d rag  on th e  sed im ent 
chemistry, m icrobiota, and faunal assem blages o f a 
shallow subtidal m arine benth ic community. Journal 
o f  Sea  Research  46 (2001): 309-324.

166. W est, T. L., W. G. A m brose Jr., and G. A.
Ski Meter. A  Review o f  th e  Effects o f  Fish Harvesting  
Practices on th e  B en thos and  By catch: Implications 
an d  R ecom m endations for N orth Carolina. Report 
No. 94-02. Raleigh, N.C.: U.S. Environmental 
Protection A gency and North Carolina D epartm ent 
o f Health, Environment and Natural Resources, 
1994.

167. Williamson, J. Gillnet fishing. In Effect o f  
Fishing Gear on  th e  Sea Floor o f  N ew  England, 
ed ite d  by E. M. Dorsey and J. Pederson, 87-89. 
Boston: Conservation Law Foundation, 1998.

168. Witherell, D., and C. Coon. 2000. Protecting 
gorgonian  corals off Alaska from fishing impacts. 
P aper p resen ted  a t First International Symposium 
on  D eep Sea Corals, July 30-A ugust 2, 2000, 
Halifax, Nova Scotia.

169. Wolf, K., J. G re tten  berger, and E. Melvin. 
Seabird bycatch in P uget Sound com m ercial salm on 
n e t fisheries: Working g e a r  report. In Solving  
Bycatch: Considerations for Today a nd  Tomorrow, 
ed ite d  by T. Wray, 311-319. AK-SG-96-03. 
Fairbanks: University o f Alaska Sea G rant College 
Program , 1996.

170. W ynne, K. M. Bird interactions with salm on 
drift gillnets in Prince William Sound, Alaska: 1990 
and  1991. In Seabird  Bycatch: Trends, Roadblocks, 
an d  Solutions, ed ited  by E. F. Melvin and  J. K. 
Parrish, 198. AK-SG-01-01. Fairbanks: University o f 
Alaska Sea G rant C ollege Program , 2001.

1 71. National M arine Fisheries Service Honolulu 
La boa tory. Hawaii Longline Summary Quarterly Report. 
Retrieved from
http://w w w .nm fs.haw aii.edu/fm pi/fm ep/.

A A A A A i  APPENDIX 2

“Shifting Gears” Expert W orkshop Participants

D o u g  D e M a s t e r
Marine mammal and fisheries biologist
A laska F isheries  S c ien ce  C en te r  
S ea ttle , W ash in g to n

D a n ie l  Pau ly  
Fisheries biologist
U niversity o f British C o lum bia  
V ancouver, British C o lum bia

J a n e  E is e m a n n
Commercial fisher, fisheries educator
Kodiak, A laska
B o tto m  long line , g illnet, traw l, p o t, p u rse  
s e in e  g e a r

J e f f  R e s t e r
Habitat program coordinator
G ulf S ta te s  M arine F isheries C om m ission  
O c ea n  Springs, M ississippi

Jim  Kirkley  
Fisheries economist
Virginia In s titu te  o f M arine S c ience  
G lo u c es te r  Poin t, Virginia

Phil S t e e l e  
Fisheries biologist
N O A A  F isheries, S o u th e a s t R egional O ffice 
St. P e te rsb u rg , Florida

Phil Kline
Ocean conservationist, commercial fisher 
(retired)
O c e a n a
W ash in g to n , D.C.
H ook-and-line , longline , p o t g e a r

W a l d o  W a k e f i e ld  
Fisheries biologist
N O A A  F isheries, N o rth w e st F isheries  S c ience  
C e n te r
N e w p o rt, O re g o n

J o h n n i e  M e r c e r  
Commercial fisher
N ew  Bern, N orth  C aro lina  
D re d g e  g e a r

D a v e  W a l la c e
Commercial fisheries consultant
C am b rid g e , M aryland 
D re d g e  g e a r

J o h n  P a p p a la r d o
Policy analyst, commercial fisher
C a p e  C od  C om m ercial H ook  F isherm en 's  
A ssocia tion
N orth  C h ath am , M assa ch u se tts  
H ook-and-line  g e a r

Les W a t l in g  
Invertebrate biologist, 
benthic oceanographer
U niversity o f M aine 
W alpo le, M aine

D an  Parker
Commercial fisher
A storia , O re g o n  
Trawl g e a r
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