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Abstract 

Traps (or pots) are one of the oldest and most widespread scientific survey gears for fish and decapod crustaceans around the world. 
Here, I review and synthesize the extensive scientific literature describing the various benefits and drawbacks of using traps as a survey 
gear in scientific studies. The widespread use of traps in fish and decapod surveys is due to several characteristics like their low cost, 
flexible design, ease of use, ability to fish unattended, and being amenable to pairing with other gears. However, there are a number of 
significant drawbacks of using traps, including highly variable catches due to environmental fluctuations or behavioral interactions or 
lost traps that continue catching and killing animals, that must be considered and accounted for when initiating trap surveys. This study 
highlights the types of habitats and species most and least suited for monitoring by traps, and emphasizes the importance of matching 

the goals and objectives of a trap survey with the correct trap design, mouth entrance, bait type, soak time, and pairing of gears. Pilot 
studies are also recommended before surveys are initiated to quantify the selectivity patterns of traps and identify the various factors 
that may influence trap catch. 

Keywords: trap; pot; index of abundance; relative abundance; bycatch; habitat; entanglement; ghost trap; derelict trap; mesh size; soak time; biodiversity 
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Introduction 

For thousands of years, humans have used various types of 
traps to catch fish. The oldest traps were weirs made out of 
stones, reeds, or wood that captured fish moving with the cur- 
rent or tide or while they migrated up or down rivers (Bathgate 
1949 , Kroeber and Barrett 1960 , Byram 2002 , Hale 2005 ,
Connaway 2007 , Jeffery 2013 , Stewart 2018 ). Remnants of 
stone or wood weirs are still visible in places like Japan, Tai- 
wan, Madagascar, the British Isles, the coasts of North Amer- 
ica, or islands in the South Pacific, some of which have been 

dated to > 5000 years old (Petersen et al. 1994 , Gabriel et al.
2005 , Connaway 2007 ) and others that continue to be used 

today ( Fig. 1 ; Jeffery 2013 ). For instance, the Phoenicians de- 
veloped a method to trap giant bluefin tuna ( Thunnus thyn- 
nus ) during their annual migration in the Mediterranean Sea 
(the “mattanza”) a few thousand years ago, a tradition that 
still periodically occurs today in southern Italy (Gabriel et al.
2005 , Di Natale 2018 ). 

A great variety of traps are still used today by artisanal,
commercial, and, in some instances, recreational fishers to har- 
vest fish, decapod crustaceans (i.e. crabs, lobsters, shrimp, and 

crayfish), mollusks, and gastropods ( Fig. 2 ). Fish weirs and 

pound nets are temporary or semi-permanent structures typi- 
cally consisting of a series of leads and funnels and open to 

the air above, while fyke nets are similar to fish weirs but 
are shaped like cylinders and are typically deployed entirely 
underwater and made mostly of netting (Gabriel et al. 2005 ,
Collins et al. 2015 ). Throw or enclosure traps are typically 
thrown or dropped into the water column and surround a 
fixed and known area of surface water (Kushlan 1981 , Jor- 
dan et al. 1997 ). The last main category is a trap or pot, which 

typically refers to relatively small, enclosed, three-dimensional 
Published by Oxford University Press on behalf of International Council for the E
employee(s) and is in the public domain in the US. 
etal, wood, or mesh containers of various shapes and sizes
hat have a small entrance funnel, making entry easy and es-
ape difficult. These traps or pots are often (but not always)
aited and attached to a surface buoy via a rope for retrieval.
raps can be set individually or attached together along a
ainline rope in a series called a trawl, fleet, long-line, or rig

Stevens 2021 ). 
In addition to their prominence in harvest fisheries, traps 

re also one of the oldest scientific survey gears for fish and
ecapod crustaceans around the world (Jackson and Harvey 
997 ). The reputation of traps as an effective, simple, and ver-
atile sampling gear increased after the seminal publications 
f Munro et al. (1971) , Munro (1974) , and Miller (1990) .
lthough traps are now most often used in rocky or reef
abitats where it is difficult or impossible to use trawls, nets,
r visual census due to seafloor rugosity or depth (Newman
nd Williams 1995 ), they can and have been used in myriad
quatic habitats (Vadziutsina and Riera 2020 ). For instance,
raps have been used to survey aquatic organisms in New
ealand lakes (Hayes 1989 ), Alaskan rivers (Bryant 2000 ),

stuarine saltmarshes (Sheaves 1992 , Kneib and Craig 2001 ),
eef habitats in tropical, subtropical, and temperate oceans 
Munro et al. 1971 , Munro 1974 , Ferry and Kohler 1987 ,
ecksiek et al. 1991 , Evans and Evans 1996 , Langlois et al.
015 , Bacheler and Smart 2016 , Miller et al. 2023 ), and the
eep sea (Clausen and Fujioka 1988 , Priede et al. 1994 , Jones
t al. 2003 ). 

This review details the benefits and drawbacks of using 
raps as a biological sampling gear for scientific surveys, up-
ating the comprehensive review by Miller (1990) and ex- 
anding it to include fish in addition to decapod crustaceans.
his review is focused on individual, portable fish traps that
xploration of the Sea 2023. This work is written by (a) US Government 

https://orcid.org/0000-0003-1955-6044
mailto:nate.bacheler@noaa.gov
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Figure 1 Stone-walled fish weir in Maap Municipality, Yap, Federated States of Micronesia, built sometime before Spanish contact in 1528 but is actively 
maintained and continues to be used to catch a variety of fishes today (photo credit: William Jeffery, College of Liberal Arts and Social Sciences, 
University of Guam). 
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re deployed on the seafloor, commonly baited, and hauled af-
er a specified soak time ( Fig. 3 ). The widespread use of traps
n fish and decapod surveys is due to a number of convenient
haracteristics like their low cost, ease of use, and ability to
sh unattended (Miller and Hunte 1987 , Gomes et al. 2014 ,
acheler et al. 2017 , Miller et al. 2023 ). But there are also
ome significant drawbacks of using traps as a survey gear,
ncluding highly variable catches due to environmental fluctu-
tions or behavioral interactions among species, that compli-
ate or preclude using traps to make inferences about abun-
ance or diversity ( Table 1 ; Addison and Bell 1997 , Stoner
004 , Bacheler et al. 2017 ). After reviewing the various ben-
fits and drawbacks of traps as a sampling gear, I provide a
oadmap that outlines the types of habitats and species most
nd least suited for population monitoring by traps. I con-
lude by emphasizing the importance of matching the goals
nd objectives of a trap survey with the correct trap design,
outh entrance, bait type, soak time, and pairing of gears. I

lso strongly recommend conducting pilot studies before sur-
eys are initiated to quantify the selectivity patterns of traps
nd identify the various environmental, habitat, and behav-
oral factors that may influence trap catch. 

enefits of using traps as a survey gear 

ost 

urveys using fish traps are relatively inexpensive compared
o other commonly used sampling gears such as trawls, nets,
ideo cameras, or SCUBA divers ( Table 1 ; Miller and Hunte
987 , Miller 1990 , Ganias et al. 2021 ). This is especially true
f small minnow traps ( ∼$10 US each) or several varieties of
omemade fish traps used in many artisanal fisheries, which
an often be deployed from small boats or from shore (Garri-
on et al. 1998 , Agar et al. 2008 , Chen et al. 2012 , Gomes et
l. 2014 , Vadziutsina and Riera 2020 ). The price can be much
igher , however , for large traps like those used for crabs that
re made from materials like tar-treated knotted nylon mesh
r plastic-coated galvanized wire ( ∼$1500 US each), which
re heavily weighted so they can be deployed in deep water
Zhou and Shirley 1997 ). Traps are also durable and generally
equire fewer repairs than trawls, gillnets, seines, and longlines
 Table 1 ). Costs are also dependent upon the number of traps
eeded in a survey . Generally , surveys that use shorter soak
urations require fewer traps because they can be redeployed
epeatedly throughout the day, while surveys deploying traps
or longer soak durations require more traps to achieve com-
arable sample sizes. But the purchasing of traps is not the
nly cost incurred by trap surveys; ancillary trap gear (e.g.
ines, floats), bait, and the costs of deployment and retrieval
e.g. ship time, labor, fuel) also must be included in the overall
ost. Generally, fishing with passive gears like traps has both
ewer direct costs and fewer environmental costs than active
ears like trawling (Suuronen et al. 2012 ). 

lexible design 

raps are one of the most versatile sampling gears for aquatic
rganisms and habitats owing to their enormous diversity in
ize, shape, color, mesh size, material, and bait (Miller 1990 ,
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Figure 2 Four examples of traps used by artisanal or commercial fishers to harvest aquatic organisms (a) wood and net traps covered in coconut leaves 
on the bow of an artisanal fishing boat used to catch squid in Rayong Province, Thailand (photo credit: Charuay Sukhsangchan, Kasetsart University). (b) 
Commercial Dungeness crab ( Metacarcinus magister ) pot from Puget Sound, Washington, USA (photo credit: Natural Resources Consultants, Inc.). (c) 
Commercial European lobster ( Homarus gammarus ) and brown crab ( Cancer pagurus ) traps in Inisheer, Aran Islands, Ireland (photo credit: Nathan M. 
Bacheler). (d) Artisanal wire fish traps that are used to target deep-water snapper (i.e. lutjanid) species, taken in the municipality of Cabo Rojo, Puerto 
Rico (photo credit: Juan Agar). 
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Mahon and Hunte 2001 , Carreira and Gonçalves 2009 ).
Traps can be small and made with fine mesh or plexiglass to 

sample larval, juvenile, or small fishes (Fisher and Bellwood 

2002 , Merilä et al. 2013 ) or shrimp (Struhsaker and Aasted 

1974 ), or they can be very large in size with large mesh to tar- 
get large fishes or crabs (Zhou and Shirley 1997 ). In general,
the choice of trap design will strongly influence the species and 

size ranges caught (Laarman and Ryckman 1982 , Clausen and 

Fujioka 1985 , Miller 1990 ). For instance, snow crab ( Chio- 
noecetes opilio ) traps that included a vertical panel reduced 

the catch of soft-shelled and smaller female crabs that fishers 
wanted to avoid while maintaining the same catch rate of com- 
mercially valuable crabs (Hébert et al. 2001 ), similar to blue 
crab ( Callinectes sapidus ) traps with cull rings in North Car- 
olina (Rudershausen and Turano 2009 ). Larger traps also tend 

to have higher catches, all else being equal, which may be due 
to their higher visibility or reduced saturation effects (Wolf 
and Chislett 1974 , Miller 1990 ), but larger traps are more 
difficult to deploy than smaller traps (Ferry and Kohler 1987 ) 
and, as described above, more expensive. Some traps can be 
highly selective and take advantage of specific behaviors of tar- 
get species, like Gittings traps that selectively capture invasive 
lionfish ( Pterois volitans or P. miles ) by providing structural 
habitat that they strongly prefer (Gittings et al. 2017 , Harris 
et al. 2020 , 2023 ). Mesh size, bait type and amount, and the 
ize, number, and orientation of mouth openings also strongly 
nfluences trap catch (Luckhurst and Ward 1987 , Bohnsack 

t al. 1989 , Karnofsky and Price 1989 , Miller 1990 , Sheaves
995 , Mahon and Hunte 2001 ). 

bility to sample di ver se aquatic habitats 

nlike many other sampling gears, traps can be used to sam-
le fish or decapods across a wide variety of habitats and en-
ironmental conditions. Traps are one of the rare sampling 
ears that can be deployed in diverse aquatic habitats like
treams (Reebs et al. 1995 ), wetlands (Langston and Kent
997 ), tidal estuaries (Sheaves 1992 , Kneib and Craig 2001 ),
eefs (Bacheler et al. 2022a , Miller et al. 2023 ), kelp forests
Shester and Micheli 2011 ), and the deep sea (King 1987 ,
riede et al. 1994 , Jones et al. 2003 ). Traps are particularly
seful for sampling highly rugose habitats like rocky or coral
eef habitats that cannot be sampled efficiently with trawls
High and Ellis 1973 , Wolff et al. 1999 ). Traps can also effec-
ively sample in turbid waters where video is not particularly
ffective (Bacheler et al. 2014 , Plumlee et al. 2020 ). Perhaps
he only habitats where traps may be difficult to deploy is in
quatic environments with strong currents like fast-flowing 
ivers, estuaries with strong tides, or strong ocean currents; 
eavy weights and multiple mouth openings may allow traps 
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Figure 3 Three examples of traps used by scientists to survey fish or decapod crustaceans. (a) Annual snow crab ( Chionoecetes opilio ) survey using 
baited traps to estimate relative abundance and monitor animal health in Notre Dame Bay, Newfoundland, Canada, aboard the Canadian Coast Guard 
Ship Vladyk o v (photo credit: Darrell Mullo wne y). (b) Mesh-enclosed w ooden pots used to surv e y w estern rock lobster ( Panulirus cy gnus ) populations in 
Western Australia (photo credit: Ash Miller). (c) Chevron or arrowhead traps used to monitor reef-associated fish species by the Southeast Reef Fish 
Surv e y along the southeast United States Atlantic coast (photo credit: NOAA). 

Table 1. Qualitative comparison of various survey attributes for six common sampling gears. 

Trap Trawl Longline Gillnet Divers Video 

Cost Medium High Medium Low High Medium 

Durability High Low Low Low High Medium 

Size selectivity High Medium High Medium Low Low 

Species selectivity High Low High Medium Low Low 

Bycatch Low High High Medium None None 
Habitat damage Low High Medium Medium Low Low 
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o sample effectively in these habitats even when water current
s strong (Karnofsky and Price 1989 ). 

bility to sample unattended 

ost sampling gears like trawls and hook-and-line require
eople to actively fish gears, but traps are advantageous be-
ause they catch fish or decapods passively without the need
or fishers to be present (Miller 1990 , Vadziutsina and Ri-
ra 2020 ). No attendance means that traps can be deployed
n larger quantities simultaneously than actively fished gears,
hich is possible in many situations given their relatively low

ost (Beliaeff et al. 1992 ). 

rap selectivity 

o gear samples the available sizes and species of aquatic
rganisms perfectly (Willis et al. 2000 , Parker et al. 2016 ,
acheler et al. 2017 ). Selectivity of a fishing gear is the frac-
ion of various age or size classes a gear retains compared
o what is available (Mahon and Hunte 2001 ). Traps have
een described as non-selective (Stevenson 1978 , Beliaeff et
l. 1992 ), suggesting that they capture most or all variety of
vailable species and size, but can also be quite species- and
ize-selective (Murphy and Jenkins 2010 , Harvey et al. 2012 ,
acheler et al. 2017 , Kalogirou et al. 2019 , Christiansen et al.
020 , 2022 ). 
These contrasting perspectives likely stem from the differ-

nt objectives of the specific fishery, project, or survey. From
 commercial or artisanal fisheries perspective, it is generally
esirable for traps to only catch legal sizes of allowable species
ith no bycatch, but a wider array of non-target and sub-legal

arget species are often caught in trap fisheries, giving the im-
ression that they are relatively unselective (Stevenson 1978 ,
eliaeff et al. 1992 , Mahon and Hunte 2001 , Rudershausen
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et al. 2008 ). When traps are used in multi-species surveys,
however, they often detect fewer total species and from a nar- 
rower size range than many other gears such as underwater 
visual census, video, or trawls, so they appear relatively selec- 
tive (Harvey et al. 2012 , Bacheler et al. 2017 , 2022, Finucci et 
al. 2019 ). 

Most research indicates that baited traps select for ben- 
thically oriented predatory and scavenger species of fish or 
decapods, while poorly sampling other functional groups of 
aquatic organisms like detritivores, planktivores, or herbi- 
vores (Murphy and Jenkins 2010 , Harvey et al. 2012 , Bacheler 
et al. 2017 , Vadziutsina and Riera 2020 ). Many fishery- 
targeted and managed species are predators or scavengers, so 

traps tend to be suited well to sampling species with man- 
agement importance. For instance, Bacheler and Smart (2016) 
used long-term trap catches to infer changes in reef fish com- 
munity structure over time along the southeast United States 
Atlantic coast, but noted that their results only pertained to 

the species effectively sampled by traps and not the entire fish 

community. Sometimes a highly selective trap is desirable in 

a scientific survey, like those using traps to selectively catch 

invasive species like lionfish (Harris et al. 2020 , 2023 ). 

Captures animals alive 

For some sampling gears, including trawls, gill nets, or long- 
lines, a significant portion of the catch can die from the sam- 
pling process due to physical injuries or the side effects of 
immobilization (Poisson et al. 2010 , Tsagarakis et al. 2018 ).
In contrast, the survival of fish and decapods caught in traps 
is generally much higher because animals can move freely in 

the trap and only rarely suffer physical injuries or predation 

(Miller 1990 ). Thus, traps are particularly useful for capturing 
fish for tagging (Bacheler et al. 2018 , Lees et al. 2018 , Runde 
et al. 2019 , 2021 ), genetic studies (Miller et al. 2015 ), or in 

protected areas (Sedberry et al. 1998 , Pickens et al. 2021 ) 
where the goal is to maximize animal survival after release.
The biggest sources of mortality for fish caught in traps are 
predation in traps before retrieval (e.g. Fjälling 2005 ) or baro- 
trauma effects during retrieval (Bohnsack et al. 1989 ), which 

can in some cases be mitigated by changes in trap design (Lun- 
neryd et al. 2003 , Hemmingsson et al. 2008 ) or avoidance of 
sampling in deep water. 

Species identification 

Many aquatic organisms are difficult to identify to the species 
level. Identification of fish to the species level is particularly 
challenging for visual, video, or acoustic surveys where fish 

can be detected in various ways but not captured (Horne 
2000 , Able et al. 2014 , Bacheler et al. 2022a ). Even using 
morphological characteristics like gill raker or dorsal fin ray 
counts for captured fish may be insufficient to identify some 
challenging taxa like juvenile Seriola (Galbraith et al. 2022 ) 
or Pacific rockfishes (Pearse et al. 2007 ) to the species level. In 

cases where identification to the species level is needed, genetic 
analyses may be required, which is often only possible when 

fish can be captured by sampling gears like traps (Bacheler et 
al. 2022a ). 

Obtaining biological samples 

By capturing fish directly, traps allow for biological samples 
to be extracted from individual fish, which is not typically 
possible from visual, video, or acoustic surveys (Miller 1990 ).
arious biological samples taken from fish during surveys can 

e important inputs for stock assessments (Hilborn and Wal-
ers 1992 , Walters and Martell 2004 ). Lengths and weights
re commonly collected from captured animals in surveys. So 

oo are otoliths or scales for aging, which are important for
stimating recruitment and selectivity in age-structured stock 

ssessments (Hilborn and Walters 1992 , Campana 1999 ). Re-
roductive samples can be extracted from fish to estimate size
r age at maturity, the timing and length of the spawning sea-
on, and fecundity (Jakobsen et al. 2016 ). Fin clips may be
aken from fish caught in traps for genetic analyses to es-
imate, for instance, absolute abundance (Bravington et al.
016 ) or ages of fish (Weber et al. 2022 ). Diet samples can
e taken from fish to understand key predator–prey and com-
etitive interactions in ecosystem models (Fowler 1999 , Han- 
on and Chouinard 2002 ). Numerous other biological sam- 
les and health assessments can be taken from fish captured
uring trap surveys. 

stimation of relative abundance 

here are many examples where trap catches have been used
o infer relative abundance of fish and decapod species around
he world. Miller and Hunte (1987) showed that squirrelfish 

 Holocentrus adscensionis ) catches in unbaited traps were 
trongly correlated with estimates of local density from divers 
n reefs in Bardabos, although the total number of trap de-
loyments was quite low ( N = 19). Trap catches and diver
ounts were strongly correlated for both American lobsters 
 Homarus americanus ) and Atlantic rock crabs ( Cancer irro-
atus ), suggesting both tracked patterns of local abundance 
Miller 1989 ). Catches from a multi-species fish trap survey
long the southeast United States Atlantic coast have also
een used to estimate relative abundance for some species over
pace and time (e.g. Bacheler and Ballenger 2016 , 2018 ). 

Other studies have shown that trap catch can asymptote not
ue to space limitation or intraspecific interactions, but be- 
ause an equilibrium is reached between entry and exit rates
t a catch level that reflects local abundance (Bacheler et al.
013a , Shertzer et al. 2016 ). Bacheler et al. (2017) showed that
he ability of chevron traps to estimate relative abundance of
eef fishes was highly variable across species, being very use-
ul for some species (e.g. black sea bass, Centropristis striata )
ut not others (e.g. gray snapper, Lutjanus griseus ). Note that
t is difficult or impossible to compare trap catches to actual
bundance in most situations (similar to most other passive
ampling gears), so inferences are often made by comparing 
rap catches to estimates from other sampling gears, which is
ot ideal. Many have therefore questioned the utility of traps
o provide reliable relative abundance data for numerous en- 
ironmental or behavioral reasons that are described below 

Fogarty and Addison 1997 , Jackson and Harvey 1997 , Rozas
nd Minello 1997 ). 

stimating density or absolute abundance 

urveys that can provide estimates of absolute abundance are 
uch more useful to stock assessments than those providing 

elative abundance (Maunder and Piner 2015 ). But to esti-
ate absolute abundance using traps, the area over which the
ait (or trap itself) attracts fish to the trap (i.e. effective fish-

ng area) must be estimated (Miller and Hunte 1987 , Miller
990 , Bacheler et al. 2022b ). The actual effective fishing area
s the area around a baited trap in which all animals have a
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00% probability of capture (Miller 1975 ), but almost cer-
ainly a decreasing fraction of animals would be caught at
ncreasing distances from the trap (Miller 1990 , Bacheler et
l. 2018 , 2022b ). Thus, the effective fishing area can be dif-
cult to estimate because it is a theoretical concept and not
he actual area from which animals captured in the trap were
rawn from, which is a larger area (Bell et al. 2001 , Watson et
l. 2009 ). It is also unlikely the effective fishing area of a baited
rap is circular given water current and bait plume dynamics
Winger and Walsh 2011 , Bacheler et al. 2022b ). 

To my knowledge, four approaches have been used to esti-
ate the effective fishing area of baited traps. The first ap-
roach has been to combine an understanding of the sen-
ory and movement biology of the study species with a model
f bait plume dynamics to estimate the effective fishing area
Sainte-Marie and Hargrave 1987 , Priede et al. 1994 ). The
econd and most common approach uses underwater visual
ensus, bottom photography, trawling, or tag-recapture to es-
imate animal densities with which trap catches can be com-
ared in order to estimate the effective fishing area of traps
Morgan 1974 , Miller 1975 , Brêthes et al. 1985 , Miller and
unte 1987 , Himmelman 1988 , McQuinn et al. 1988 , Reck-

iek et al. 1991 , Acosta et al. 1994 , Smith and Tremblay 2003 ).
he third approach estimates a circular effective fishing area
y deploying baited traps at different spacing along a line;
s the distance declines between traps, the overlap in effective
shing areas increases and catches decline (Eggers et al. 1982 ).
ach of these first three approaches has very strong assump-

ions that generally limit their usefulness. 
The last approach is to quantify the fine-scale movement

ehavior of fish or decapods around bait. Some have used
aboratory or mesocosm experiments to quantify behavior
Zhou and Shirley 1997 , Watson et al. 2009 ), while others
ave used tracking studies in natural settings (Løkkeborg and
ernö 1999 , Bacheler et al. 2018 , 2022b, Lees et al. 2018 ).
ltimately, these tracking approaches quantify the area from
hich captured animals were drawn, which, as noted above, is
ot synonymous with the effective fishing area (Miller 1975 ,
990 , Bacheler et al. 2022b ). So while it is theoretically possi-
le to quantify the effective fishing area of baited gears to esti-
ate actual abundance or density from baited traps, in prac-

ice, there are few reliable examples where this has been ac-
omplished successfully. Thus, estimating absolute abundance
r densities of targeted species from traps is theoretically pos-
ible but elusive in practice. 

uantifying biodi ver sity 

ome studies have used trap catches of fish or decapods to
ake inferences about patterns in species richness or biodi-

ersity. McLeod and Costello et al. (2017) reviewed the use
f light traps to sample marine biodiversity and concluded
hat they could fill an important gap in quantifying biologi-
al diversity, assuming environmental effects and variability
n trap design is accounted for. Bacheler and Smart (2016)
sed catches from a long-term, multi-species, baited trap sur-
ey to show that non-fishery-targeted species declined more
han fishery-targeted species. However, the authors noted that,
ince baited traps generally capture predators and scavengers,
heir results mostly apply to that segment of the fish commu-
ity and not the entire fish community. Olsen et al. (2021) used
aited fish traps and gillnets to elucidate patterns of species
ichness along Sudan’s Red Sea coast and showed that species
ichness from traps was highest in places where fishing pres-
ure was lowest. Most studies using traps to infer biodiversity
uggest caution when interpreting results because traps only
ample a portion of the total available species in an area, often
issing many functional groups (Yonekura et al. 2004 , Har-

ey et al. 2012 , Bacheler et al. 2017 , 2022a , Bosch et al. 2017 ,
ostello et al. 2017 ), similar to most other sampling gears. 

menable to pairing with other gears 

t is generally understood that most gears do not sample the
ntire fish or decapods community in perfect proportion to
heir abundance across a landscape or detect all species that
re present (Willis et al . 2000 , Parker et al. 2016 , Bacheler et
l. 2017 ). A common approach to try to overcome this limita-
ion is to combine traps with other sampling gears to sample
he fish or decapod communities more comprehensively (e.g.
ackson and Harvey 1997 ). This can involve deploying each
ear separately throughout the study area (Jackson and Har-
ey 1997 , Wells et al. 2008 , Harvey et al. 2012 , Haynes et
l. 2013 ) or physically pairing sampling gears (Bacheler et al.
017 , Bacheler and Shertzer 2020 ). The most common pairing
f sampling gears is traps and video ( Fig. 4 ; Harvey et al. 2012 ,
anglois et al. 2015 , Christiansen et al. 2020 , 2022 , Bacheler
t al. 2022a , Zhang et al. 2023 ), but underwater visual census
as also been paired with traps (Bacheler et al. 2017 ). In all
f these examples, data from paired gears have been analyzed
eparately to make inferences about the selectivity patterns,
etection probability, and relative fishing power of each gear
nd overall relative abundance and biodiversity of fishes. 

There are also examples where data from paired gears have
een combined into a single analysis that provided much bet-
er information than either gear alone. Haynes et al. (2013)
sed occupancy models to estimate gear- and species-specific
etection probabilities for several fish species in boreal lakes in
laska, USA. Coggins et al. (2014) used an occupancy model
uilt on paired baited trap and video samples to quantify
he ways in which environmental conditions influenced red
napper ( Lutjanus campechanus ) detection probabilities from
raps and video. More recently, Gwinn et al. (2019) devel-
ped a Bayesian state-space model that combined baited trap
atches and video counts to estimate a single integrated in-
ex of abundance for vermilion snapper ( Rhomboplites au-
orubens ) that accounted for variation in catchability for both
ampling gears. A key for paired gear surveys is that gears
re independent, so that catches from one gear do not influ-
nce catches or counts from other gears (Bacheler et al. 2017 ).
herefore, pairing traps with sampling gears like video or en-
ironmental DNA will likely be more fruitful than pairing
hem with other extractive gears. 

r a wbac ks of traps as a survey gear 

elatively few species captured 

raps are fairly inefficient at sampling fish and decapod com-
unities (Karnofsky and Price 1989 , Jury et al. 2001 , Watson

t al. 2009 , Bacheler et al. 2017 ). Like longlines and hook-
nd-line, baited traps preferentially capture animals that are
ttracted to bait, while poorly sampling functional groups like
erbivores or detritivores ( Table 1 ; Murphy and Jenkins 2010 ,
acheler et al. 2017 ). Indeed, traps generally capture only a
mall portion ( < 40%) of the fish community documented by
ther gears like underwater visual census, video, or trawling,
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Figure 4 Traps are amenable to being paired with other sampling gears, such as underwater video cameras as shown here from the Southeast Reef 
Fish Surv e y (see B acheler et al. 2022a f or more details) (photo credit: Da vid Hok e). 
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leading to dramatically underestimated species richness or di- 
versity of a region (Harvey et al. 2012 , Bacheler et al. 2013a ,
Parker et al. 2016 , Bacheler et al. 2017 ). The underestimation 

of species richness by trap surveys is nearly universal and has 
een observed across different habitat types, depths, and geo- 
raphic regions (Jackson and Harvey 1997 , Jones et al. 2003 ,
adziutsina and Riera 2020 ). There are numerous and com-
lex reasons for traps being an inefficient sampling gear for
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quatic communities, including various predator–prey inter-
ctions in and around traps, other behavioral interactions be-
ween individuals, differences in bait attraction among species,
ifferences in movement rates among species, habitat inter-
ctions, variable trap saturation effects, and fluctuations in
nvironmental conditions that influence the sensory abilities,
ovements, and feeding motivation of target species (High

nd Beardsley 1970 , Munro 1974 , Morrissy 1975 , Bennett
nd Brown 1979 , Parrish 1982 , Karnofsky and Price 1989 ,
obichaud et al. 2000 , Jury et al. 2001, Mahon and Hunte
001 , Bacheler and Shertzer 2020 ). In some cases, strongly
elective traps are advantageous to catch and remove invasive
pecies with low rates of bycatch (Hein et al. 2007 , Harris et
l. 2020 , 2023 ). 

ize selection 

ike most sampling gears, traps do not typically catch target
rganisms of the same size distribution as they are found in
he environment, but instead selectively capture certain sizes
f organisms more efficiently than others. The size-selection
f traps has received much attention in the literature, includ-
ng two thorough reviews by Dalzell (1996) and Mahon and
unte (2001) . In the simplest sense, the mesh size of the trap

ontrols the smallest organisms retained by the trap (i.e. as-
ending limb of the selection curve), while the mouth opening
hape or size or trap volume will determine the largest indi-
iduals that can enter it (Luckhurst and Ward 1987 , Bohn-
ack et al. 1989 , Winger and Walsh 2011 ). Selectivity of traps
s typically either assumed to be flat-topped, where selectivity
ncreases with fish size to a maximum of 1.0 and remains there
or all larger fish, or dome-shaped, where selectivity declines
or the largest fish that are less likely to enter a trap (Ma-
on and Hunte 2001 , Rudershausen et al. 2008 , Mitchell et
l. 2014 , Langlois et al. 2015 , Christiansen et al. 2020 , 2022 ).
nowing the selectivity pattern of traps is important when an

ndex of abundance is included in a stock assessment, since it
ndicates the portion of the population to which the index ap-
lies. Estimating the descending limb of the selectivity curve of
raps can be particularly challenging because bigger fish are of-
en somewhat rare (Mitchell et al. 2014 , Langlois et al. 2015 ,
hristiansen et al. 2020 , 2022 ). 
But the effects of mesh size on the sizes of organisms caught

n traps are more complicated than simply determining the as-
ending limb of the selection curve (Mahon and Hunte 2001 ).
or instance, traps with a smaller mesh size almost univer-
ally tend to catch more fish of both small and large sizes
Ward 1988 , Luckhurst and Ward 1987 , Bohnsack et al. 1989 ,

oran and Jenke 1990 ). One hypothesis for this observation
s that fish are more attracted to small mesh traps (out of cu-
iosity, for food, or refuge; Randall 1963 , Stone et al. 1979 ) be-
ause they appear more solid and have more wire per unit area
han larger mesh traps (Samples and Sproul 1985 , Bohnsack et
l. 1989 ). Others have not found evidence for the visual image
ypothesis, instead suggesting that the reduced fishing power
f larger mesh traps is due to larger fish squeezing through the
arger mesh (Hartsuijker 1982 , Robichaud and Hunte 1997 ,
obichaud et al. 1999 ). 
Other behaviors in and around traps can influence the sizes

f organisms caught by traps (Miller 1979 , Addison 1995 ,
rusher and Hoenig 2001 ). For instance, large southern rock

obsters ( Jasus edwardsii ) often prevent smaller lobsters from
ntering traps (Frusher and Hoenig 2001 , Frusher et al. 2003 ).
herefore, declines in abundance of large lobsters may result
n increased trap catches of small lobsters, which would incor-
ectly appear as increased lobster recruitment when in fact the
atchability of small lobsters increased rather than their abun-
ance (Frusher et al. 2003 ). Large crabs, lobsters, and crayfish
lso commonly exclude smaller individuals from traps (Miller
990 , Jury et al. 2001 , Ogle and Kret 2008 ), suggesting the po-
ential for widespread trap selection pressures among decapod
rustaceans due to territorial behaviors. Obviously, behavior
s an important component to the size-selection of aquatic or-
anisms from passive sampling gears like traps (Luckhurst and
ard 1987 ). 

ighly variable catches 

rap catches are often assumed to be proportional to rela-
ive abundance, but a large body of research has shown that a
ide range of complex environmental, habitat, and behavioral

actors can uncouple trap catches and local abundance (High
nd Ellis 1973 , Addison and Bell 1997 , Jackson and Harvey
997 ). For instance, High and Ellis (1973) showed that there
as no single reason why fish entered traps—some did it out
f hunger, others out of curiosity, others reacted to the cap-
ure of fellow species, and some entered as predators to eat
sh already captured. Jackson and Harvey (1997) used five
ifferent sampling gears in several Canadian lakes to show
hat both positive and negative interactions occurred between
sh in and around sampling gears; not even the rank order
f species’ abundances was consistent among gears. Below I
eview in detail a number of reasons why trap catches can be
ighly variable. 

ffects of environmental conditions 
n his comprehensive review, Stoner (2004) described how
atches from baited fishing gears were strongly influenced
y the feeding motivation, activity patterns, sensory abilities,
nd locomotor capabilities of the target species, all of which
ere tied to water temperature. In fact, Stoner (2004) noted

hat water temperature is the environmental factor that most
trongly influences the metabolism of fishes. Aquatic organ-
sms will generally increase feeding, swim speeds, and growth
p to some threshold temperature, but then these processes
ill decrease or abate above that threshold (Brett 1979 , Hay-
ard and Arnold 1996 ). Numerous researchers have shown

hat the detectability or catchability of fish and decapods is in-
uenced by water temperature, with most showing a positive
elationship between trap catchability and water temperature
Stott 1970 , Morrissy 1975 , Miller 1990 , Bacheler et al. 2014 ,
acheler and Shertzer 2020 ). For instance, the trap catchabil-

ty for most reef-associated fish species was strongly and posi-
ively related to water temperature, but the catchability of two
emaining colder-water species were unaffected or negatively
elated to water temperature (Bacheler and Shertzer 2020 ).

ost studies have noted that variation in water temperature
ust be accounted for in order to produce accurate indices
f abundance in trap surveys; unfortunately, water tempera-
ure often influences the local abundance and catchability of
quatic organisms, and it is often difficult to disentangle these
ffects in practice. 

Numerous other environmental conditions can potentially
nfluence the trap catch of aquatic organisms. Water current
an influence catchability in traps by affecting: (i) the bait
lume and thus the effective fishing area of the gear (Eggers et
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al. 1982 , Engås and Løkkeborg 1994 ), (ii) the ability of fishes 
and decapods to move and feed (Fernö et al. 1986 , Bacheler et 
al. 2019 , 2021 ), or (iii) the orientation of the trap mouth open- 
ing relative to water movement, with mouth openings facing 
down-current typically catching the most animals (Karnofsky 
and Price 1989 , Miller 1990 , Kneib and Craig 2001 , Bacheler 
et al. 2014 ). Other environmental factors that can influence 
the trap catchability of fishes and decapods include light levels,
water clarity, time of day, seasonality, or lunar phases (Sutcliffe 
1956 , Chittleborough 1970 , Munro et al. 1971 , King 1987 ,
Miller 1990 , Dalzell and Aini 1992 , Varghese et al. 2017 ). 

Effects of habitat 
The habitat in which traps are deployed also influences their 
likelihood of capture, so assuming catch is proportional to lo- 
cal abundance across habitat types is tenuous (Robichaud et 
al. 2000 ). A nearly universal finding is that traps deployed in 

rugose habitats have lower catchability for nearly all species 
than traps deployed in adjacent flat, unstructured habitats 
(High and Ellis 1973 , Parrish 1982 , Hixon and Beets 1989 ,
Acosta et al. 1994 , Wolff et al. 1999 , Geraldi et al. 2009 ,
Bacheler et al. 2014 , Bacheler and Shertzer 2020 ). The most 
likely explanation is that traps are perceived as attractive habi- 
tat when placed in simple, unstructured habitats, but their at- 
tractiveness wanes in high-relief, structured habitats (Wolff 
et al. 1999 , Robichaud et al. 2000 , Sturdivant and Clark 

2011 , Bacheler and Shertzer 2020 ). Other explanations in- 
clude the potentially higher movement rates of organisms in 

unstructured habitats that cause traps to be more easily found 

(Geraldi et al. 2009 , Topping and Szedlmayer 2011 ) or baited 

traps that produce larger and more persistent bait plumes in 

unstructured habitats (Tremblay and Smith 2001 ). It is im- 
portant to account for the variable catchabilities of aquatic 
organisms in traps across habitat types (Bacheler and Shertzer 
2020 ). 

Effects of animal personality 
There can be enormous variability in the behavioral responses 
of organisms to baited traps that are typically considered dif- 
ferences in behavioral types or personalities because they can- 
not be explained by size, age, sex, or any external features 
(Watson et al. 2009 , Michelangeli et al. 2016 ). Almost every 
study examining individual variability in bait responses has 
documented behavioral differences among similar-looking in- 
dividuals (Jernakoff and Phillips 1988 , Karnofsky and Price 
1989 , Skajaa et al. 1998 , Watson et al. 2009 , Bacheler et al.
2022b ). For instance, in a mesocosm experiment, three Ameri- 
can lobster individuals were responsible for a large percentage 
of all approaches toward bait but only a single capture, while 
40% of the large lobsters in the tank were never caught de- 
spite being offered 20 different baited traps (Karnofsky and 

Price 1989 ). It was unclear if these lobsters were permanently 
untrappable (Karnofsky and Price 1989 ), which would have 
enormous implications for trap surveys that attempt to esti- 
mate relative abundance (Watson et al. 2009 ). It is not always 
inevitable, however, that behavioral differences among indi- 
viduals will lead to a trapping bias (Michelangeli et al. 2016 ).
It should be noted that behavioral variability complicates the 
sampling process for all sampling gears, not just baited traps.

Predator–prey interactions 
For trap surveys that target fish communities composed of 
potential predators and prey, interactions in and around the 
rap can influence trap catches and confound indices of abun-
ance for any particular species. There are three types of
redator–prey interactions that can influence trap catch. First,
he capture of prey species in a trap first can attract and lead
o the capture of predators that otherwise would not enter
raps (High and Ellis 1973 , Munro 1974 , Luckhurst and Ward
987 , Mahon and Hunte 2001 , Renchen et al. 2012 ). For in-
tance, divers noted that groupers and nurse sharks ( Gingly-
ostoma cirratum ) were strongly attracted to traps after prey

pecies were caught and especially when prey frantically tried 

o escape (High and Ellis 1973 ). This phenomenon is not uni-
ersal, however (Richards et al. 1982 , Mahon and Drayton
990 , Robichaud et al. 2000 ). For instance, Robichaud et al.
2000) did not detect an influence of prey catches on predator
atchability during trap sampling in heavily exploited Barba- 
ian waters, but the authors suggested that prey effects on
redators may be more pronounced in systems with lower 
shing pressure. Second, the capture of a predator in a trap
an deter prey from entering a trap (High and Beardsley 1970 ,
hittleborough 1974 , Anders et al. 2017 ), which was ob-

erved by Robichaud et al. (2000) , although the authors noted
hat the effects were fairly small. And third, predators can di-
ectly consume prey that have been caught in a trap (Ritchie
972 , Wada et al. 1991 , Bagdonas et al. 2012 ). For instance,
eal predation of salmon caught in set traps in the northern
altic Sea was estimated at 61% (Fjälling 2005 ), although
ear modifications were able to reduce predation rates (Lun- 
eryd et al. 2003 , Hemmingsson et al. 2008 ). Predator–prey
nteractions can also substantially influence catch rates for 
ost other sampling gears, including hook-and-line, longlines,

illnets, trawls, and video. 

 eeding moti vation 

aited traps, longlines, baited video, and hook-and-line gears 
rimarily catch fish and decapods via attraction to the odor
f bait, so the ability of traps to catch organisms in large
art depends on their feeding motivation (Munro et al. 1971 ,
iller 1990 ). But the feeding motivation of aquatic organ-

sms is rarely constant, instead varying across diel, seasonal,
nd lunar periods (Chittleborough 1970 , Miller 1990 , New-
an and Williams 1995 ). Miller (1990) listed a large number
f decapod crustaceans that displayed diel variation in activ- 
ty, with most peaking around dawn and dusk. Newman and

illiams (1995) found that 90% of all lutjanid fishes caught
n a trap survey were captured at night, although some other
shes rest at night and can only be caught during the day (High
nd Ellis 1973 , Bacheler et al. 2019 ). The feeding motivation
f crabs and lobsters is also strongly affected by molting cy-
le (Chittleborough 1970 , Ennis 1978 , Miller 1990 ). Gener-
lly, the catchability of crustaceans in baited traps declines as
olting approaches, is close to zero for several days around

he molt when feeding ceases, and then increases quickly once
he new shell is hard enough for feeding to resume (Chittle-
orough 1970 , Miller 1990 ). There can even be differences in
eeding motivation and catchability between the sexes (Tem- 
leman and Tibbo 1945 , Branford 1979 , Miller 1990 ). 

ompetition 

here are two categories of competition that can decouple 
he relationship between trap catch and local abundance. The 
rst type is exploitative competition, where some individu- 
ls or species consume the bait rapidly or efficiently in the
rap, thereby reducing the effectiveness or catchability of the 
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aited trap for subsequent individuals (Miller 1990 ). One ex-
mple of intraspecific exploitative competition is when larger
ndividuals of one species outcompete smaller individuals for
ood (Hart 1993 ), such as large Pacific halibut ( Hippoglos-
us stenolepis ) winning nearly all direct interactions with
maller halibut over bait (Stoner and Ottmar 2004 ). An ex-
mple of interspecific exploitative competition was provided
y Løkkeborg et al. (1989) , who found that more haddock
 Melanogrammus aeglefinus ) responded to baits but Atlantic
od ( Gadus morhua ) were much more aggressive and thus
ere hooked more often. The presence of competitors is not
lways negative in terms of catch because feeding motivation
an sometimes increase in the presence of competitors (Shard-
ow 1993 , Stoner 2004 , Stoner and Ottmar 2004 ). 

The second type of competition that can influence trap
atches is interference competition, whereby some individu-
ls or species actively prevent access to bait by others. Ago-
istic interactions between conspecifics in and around traps
ave been shown to strongly influence the entry and catch
ates of various organisms like American lobsters (Jury et al.
001 , Watson et al. 2009 ), southern rock lobsters (Frusher
nd Hoenig 2001 , Frusher et al. 2003 ), red rock crabs ( Can-
er productus ; Miller 1978 ), rusty crayfish ( Orconectes rusti-
us ; Ogle and Kret 2008 ), and fish like grouper and parrotfish
High and Ellis 1973 ). Most of these interactions are terri-
orial in nature, where larger individuals or more dominant
pecies protect and defend the bait or trap from others, pre-
enting others from entering (Frusher and Hoenig 2001 , Jury
t al. 2001, Watson et al. 2009 ). Strong territoriality results in
rap catches that tend to be fairly even despite organisms often
eing patchily distributed, suggesting that catch rates cannot
e used to index abundance (Addison and Bell 1997 ). Inter-
pecific agonistic interactions can also occur in and around
aited traps, like between Atlantic cod and snow crab (Winger
nd Walsh 2011 ). 

onspecific attraction 

n some cases, individuals of a species may be attracted into
 trap if other individuals of the same species have already
een caught (Lyons and Kennedy 1982 , Miller 1990 , Renchen
t al. 2012 , Bacheler et al. 2013b ). Conspecific attraction
an result in very different species dominating the catches of
raps set in identical environments (Munro et al. 1971 , Luck-
urst and Ward 1987 ). For instance, Munro et al. (1971) and
igh and Ellis (1973) noted that when white grunt ( Haemu-

on plumierii ) were already present in a trap, the subsequent
atch rates of white grunt were much higher than for empty
raps, consistent with Stenotomus spp. catches in a trap survey
Bacheler et al. 2013b ). Fishes of the same species sometimes
wim together on either side of the trap mesh until the fish out-
ide the trap are inadvertently led through the trap entrance
Munro et al. 1971 , High and Ellis 1973 , Renchen et al. 2012 ).
here can also be sex-specific attraction; for instance, traps
aited with live male blue crabs caught significantly more pre-
olt female blue crabs than traps using other baits (Bishop et

l. 1984 ). These studies suggest conspecific attraction can be
 major factor affecting species composition and catch in fish
raps (Luckhurst and Ward 1987 ). 

r ap satur ation 

or various reasons, a trap does not continue catching organ-
sms at the same rate over time. Instead, trap catch asymptotes
ecause its present catch reduces its potential for additional
atch (Beverton and Holt 1957 , Miller 1990 ). In Munro’s
1974) seminal work on trap saturation, he presented a sim-
le theoretical model based on observations where the daily
ntry rate was constant, escapement was a fixed proportion
f the number of fishes captured in the trap, and the catch
eached an asymptote at a level where entries were eventually
ffset by escapement. Subsequent work has built upon these
deas for other various other species (Miller 1978 , 1979 , Ad-
ison and Bell 1997 , Fogarty and Addison 1997 ). Saturation
s also important for other sampling gears such as longlines,
ook-and-line, gillnets, and trawls. 
A number of studies have examined the accumulation of

atches in traps over time without emptying traps or ob-
erving trap catches with video or underwater visual census,
howing that saturation occurs in the time frame of hours to
ays (Munro 1974 , Morrissy 1975 , Miller 1979 , Powles and
arans 1980 , Kennelly 1989 , Robertson 1989 , Dalzell and
ini 1992 , Cole et al. 2004 , Bacheler et al. 2013a , Cullen and
tevens 2017 ). Traps can saturate for many reasons, includ-
ng a lack of remaining physical space in the trap, behavioral
nteractions in and around the trap, and an equilibrium being
eached between entries and exits at a catch level that may
e proportional to local abundance (Munro 1974 , Bacheler et
l. 2013a , Shertzer et al. 2016 ). Other characteristics of traps
uch as the volume of traps, the type and amount of bait, bait
onsumption rate, size and shape of entrance, and the pres-
nce or absence of escape panels will also influence the catch
evel at which traps saturate (Munro 1974 , Miller 1978 , 1990 ,
alzell and Aini 1992 ). 

ycatch 

rganisms that are incidentally captured by traps and some-
imes discarded are considered bycatch. While traps tend to
ave much lower bycatch rates than other sampling gears like
rawls, longlines, or gill nets ( Table 1 ; Alverson et al. 1994 ,
hester and Micheli 2011 , Moffett et al. 2012 , Uhlmann and
roadhurst 2015 ), bycatch from traps can be highly variable

Renchen et al. 2024 ). One reason bycatch rates from traps
re variable is that the definition of bycatch varies depend-
ng on culture, socioeconomics, and intensity of exploitation
Hawkins et al. 2007 ). For instance, in some regions, almost
othing is discarded from traps (Ferry and Kohler 1987 , Sary
995 ), while in others where catches and sizes are strictly regu-
ated, bycatch can account for > 50% of the catch (Sutherland
nd Harper 1983 , Taylor and McMichael 1983 , NMFS 1995 ).
he survival of fish bycatch from traps is dependent upon the
epth of capture (i.e. barotrauma), stress from hauling and
andling at the surface, water temperature, and predation in
raps before they are hauled (Bohnsack et al. 1989 ). 

In trap surveys, bycatch of fish or crustacean species tends
o be a lesser concern than various trap-based fisheries, since
hese species can provide useful scientific information to in-
orm stock assessments. For instance, juvenile fish or crus-
aceans can comprise a significant proportion of trap catches
n some fisheries, which could lead to growth overfishing if
shing effort is high (Robichaud et al. 1999 , Hawkins et al.
007 ), but the catch of juveniles in trap surveys can pro-
ide useful information on recruitment. A bigger concern in
rap surveys is the incidental capture and death of non-target
pecies of conservation concern. For instance, diamondback
errapins ( Malaclemys terrapin ) are regularly caught in blue
rab traps along the East Coast of the United States (Dorcas et
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al. 2007 ). Sea otters ( Enhydra lutris ) can be caught in various 
trap fisheries on the West Coast of the United States (Hatfield 

et al. 2011 ). It is also possible that marine mammals like en- 
dangered Australian sea lion ( Neophoca cinerea ) pups (Gales 
et al. 1994 ) or Kuril seals (Wada et al. 1991 ) can get stuck 

in traps while engaging in depredation, although traps gener- 
ally have low rates of bycatch of sea turtles, marine mammals,
pinnipeds, and seabirds (Uhlmann and Broadhurst 2015 , Cal- 
ado et al. 2021 ) compared to other gears such as longlines or 
gillnets. Gear modifications and bycatch reduction devices can 

reduce bycatch rates in most of these situations (Roosenburg 
and Green 2000 , Rook et al. 2010 , Mackay and Goldsworthy 
2017 ). 

Entanglements with species of conservation 

concern 

A related type of trap bycatch is when species of conserva- 
tion concern become entangled in lines connecting traps to 

surface buoys (see review by Stevens 2021 ). These organisms 
tend to be long-lived and have a low reproductive capacity, so 

deaths from entanglements can be one of the biggest threats 
to their sustainability (Read 2008 , Myers et al. 2019 ). Entan- 
glement in trap gears can result in rapid deaths of animals via 
drowning or long-term suffering and eventual death via im- 
paired feeding, increased energetic demands, emaciation, or 
infections (Noke and Odell 2002 , Moore and van der Hoop 

2012 , Harris et al. 2023 ). For instance, in Southeast Alaska,
52%–78% of humpback whales showed signs of entangle- 
ment scars from fishing gears, mostly crab and shrimp pots 
(Neilson et al. 2009 ). Along the East Coast of North America,
∼12%–25% of endangered North Atlantic right whales ( Eu- 
balaena glacialis ) and humpback whales ( Megaptera novaean- 
gliae ) are entangled each year (Knowlton et al. 2012 , Robbins 
2012 ). Entanglement rates in trap gears have increased for 
North Atlantic right whales in recent years, and now 83% of 
the population shows scarring from fishing gears (Knowlton 

et al. 2012 ). Given that there are now < 350 individual North 

Atlantic right whales remaining, some recommend dramatic 
changes to trap gears (Knowlton et al. 2022 ). But it is not just 
whales that can become entangled in trap lines; there are ex- 
amples of sea turtles, common bottlenose dolphins ( Tursiops 
truncatus ), and sharks becoming entangled in, and dying from,
trap gears (Noke and Odell 2002 , Harris et al. 2023 ). 

There are two broad approaches to reduce entanglement 
of marine mammals in trap or pot gear (How et al. 2015 ,
Hamilton and Baker 2019 , Moore 2019 , Stevens 2021 ). The 
first is to reduce the overlap between marine mammals and 

trap gear by reducing the amount of trap gear in the water 
or using time and area closures (How et al. 2015 , Stevens 
2021 ), which may be possible in some places but not others 
(How et al. 2015 , Stevens 2021 ). The second approach is to 

physically modify trap gears to reduce entanglements (Lav- 
erick et al. 2017 ). Weak links in the buoy line or reduced- 
strength ropes that can break away if contacted by marine 
mammals may reduce entanglements (Knowlton et al. 2015 ,
Laverick et al. 2017 , Hamilton and Baker 2019 ). However,
weak links and reduced-strength lines cannot be used in all 
locations (e.g. deep water) and have not been shown to re- 
duce entanglements in some locations (Moore 2019 ). Another 
modification of traps that could reduce entanglements is us- 
ing “ropeless” traps, where ropes and buoys are contained in 

a separate trap chamber and are only released after a pre- 
etermined amount of time or on demand from an acoustic
ignal (How et al. 2015 , Myers et al. 2019 ). Ropeless traps
ould substantially reduce marine mammal entanglements by 

emoving ropes from the water except during retrieval, but 
elease mechanisms can be unreliable and expensive, which 

as inhibited their implementation (Myers et al. 2019 , Stevens
021 ). 

abitat damage 

t is well known that active sampling gears such as trawls, bot-
om seines, and dredges can have significant physical impacts 
n benthic habitats (Watling and Norse 1998 ). Many fewer
tudies have examined the ways in which benthic habitats 
ay be influenced by trap or pot deployments (reviewed by

tevens 2021 ), perhaps because traps are generally perceived 

o have less impact on benthic habitats (Eno et al. 2001 , Kopp
t al. 2020 ). Traps are often set in benthic habitats that contain
 variety of sensitive epifauna hard and soft corals, sponges,
elp, and crinoids, so potential damage from trapping is im-
ortant to evaluate (Sutherland and Jones 1983 , Schweitzer et
l. 2018 , Stevens 2021 ). 

There are three main ways that traps can damage bot-
om habitats. First, traps can directly crush benthic organ- 
sms when coming to rest on the seafloor (Schweitzer et al.
018 ). Benthic epifauna are often but not always able to tol-
rate the weight of traps or pots by bending or supporting
he trap weight, resulting in minimal damage (Sutherland and 

ones 1983 , Eno et al. 2001 , Marshak et al. 2008 , Shester and
icheli 2011 , Grabowski et al. 2014 , Schweitzer et al. 2018 ).

he total footprint of most traps is also very small, further
inimizing damage compared to other gears like trawls with 

arge tow footprints (Sheridan et al. 2005 , Kopp et al. 2020 ).
econd, traps can move on the bottom due to storms, during
rap retrieval, or after becoming lost by fishers (Sutherland 

nd Jones 1983 , Lewis et al. 2009 , Uhrin et al. 2014 ), which
esults in a much larger trap footprint that can cause more
ignificant epibenthic damage (Schweitzer et al. 2018 ). Third,
raps can sometimes be connected to one another via ground
ines, and these lines can drag along the bottom and damage
enthic epifauna (Stone and Shotwell 2007 , Schweitzer et al.
018 ). So although traps are generally regarded as a sampling
ear that has a low impact on benthic epifauna, this can only
e realized when traps are deployed independently, no traps 
re lost, sensitive habitats can be avoided, and traps can be re-
rieved vertically without dragging (Eno et al. 2001 , Marshak
t al. 2008 , Shester and Micheli 2011 , Kopp et al. 2020 ). 

host traps 

 potentially large drawback of trap-based fisheries or sur- 
eys is when fish traps are lost or abandoned but continue to
atch and kill aquatic organisms, a process known as ghost
shing by derelict traps (see reviews by Matsuoka et al. 2005
nd Stevens 2021 ). Traps can be intentionally discarded or
nintentionally lost due to storms, theft, vandalism, legal is-
ues, or entanglement with boat propellers, marine mammals,
r bottom structure (Sutherland and Jones 1983 , Renchen et
l. 2014 , Yildiz and Karakulak 2016 , Vadziutsina and Riera
020 , Humborstad et al. 2021 ). The number of traps lost
ach year is generally unknown and difficult to estimate but is
hought to be large (Arthur et al. 2014 ). For instance, Guillory
t al. (2001) estimated that ∼250 000 derelict blue crab traps



12 Bacheler 

a  

l
 

i  

o  

n  

fi  

a  

w  

t  

c  

a  

t  

t  

f  

g  

i  

c  

A  

t  

b  

t  

o  

(  

T  

e  

t  

t  

e  

t

T

T  

n  

1  

S  

p  

a  

u  

g  

t  

w  

1  

v  

t  

t  

T  

s  

v  

i

T

T  

o  

c  

d  

i  

s  

s  

m  

f  

o  

1  

(  

l  

t  

S  

t  

o
 

s  

c  

(  

o  

(  

f  

m  

i  

e  

m  

a  

i  

d  

(  

t  

2  

o  

h  

(  

t  

2  

w  

s  

W

M

M  

t  

a  

o  

t  

e  

B  

c  

1  

h  

h  

s  

1  

r  

s  

c  

t  

t

B

T  

d  

s  

s  

t  

1  

i  

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/81/1/1/7502967 by N
O

AA C
entral Library user on 13 February 2024
re lost in the Gulf of Mexico each year, while ∼100 000 are
ost annually in the Chesapeake Bay (Havens et al. 2008 ). 

The number of organisms captured and dying in ghost traps
s also difficult to calculate. To estimate the total number
f deaths due to ghost traps, estimates are required for the
umber of traps lost, the length of time traps continue to
sh, and the rate of entry and exit (Miller 1990 , Uhlmann
nd Broadhurst 2015 ). Using experimental ghost traps that
ere frequently monitored by divers, for instance, it was es-

imated that ∼4%–7% of the reported catch of Dungeness
rabs ( Metacarcinus magister ) died in ghost traps each year
long the west coast of North America (Breen 1987 , An-
onelis et al. 2011 ). Butler and Matthews (2015) estimated
hat 637 622 Caribbean spiny lobsters ( Panulirus argus ) die
rom ghost traps annually in the Florida Keys. The number of
host traps in the snow crab fishery in the Gulf of St. Lawrence
s unknown, but each ghost trap was estimated to kill 84 snow
rabs each year (Hébert et al. 2001 ). In the Gulf of Mexico,
rthur et al. (2020) showed that removing 10% of derelict

raps would result in 691 000 kg of fish and crabs that would
e prevented from dying. Ghost fishing by traps is ubiqui-
ous and an important issue anywhere there are trap fisheries
r surveys, including Portugal (Erzini et al. 2008 ), Australia
Newman et al. 2011 ), Oman (Al-Masroori et al. 2004 , 2009 ),
hailand (Sukhsangchan et al. 2020 ), and South Korea (Kim
t al. 2014 ). The best remedies for preventing ghost fishing by
raps are reducing gear loss rates, finding and removing lost
raps, and using traps that include biodegradable or galvanic
scape panels (Smolowitz 1978 , Matsuoka et al. 2005 ; An-
onelis et al. 2011 , Renchen et al. 2014 , Arthur et al. 2020 ). 

r ap surv e y consider ations 

raps can be both affordable and robust, allowing a large
umber of trap deployments (Stevenson 1978 , Beliaeff et al.
992 ) across a wide range of habitat types (Munro et al. 1971 ,
heaves 1992 ). But it is clear that trap surveys can be im-
roved when scientists understand the full breadth of benefits
nd drawbacks of using traps to survey fish and decapod pop-
lations, as detailed above. For instance, like most sampling
ears, traps cannot survey all species and sizes in proportion to
heir abundance in the environment, and attempting to do so
ill usually result in not sampling anything very well (Miller
990 ). Instead, trap surveys should be designed wisely to sur-
ey specific species and sizes that are amenable to capture in
raps, and pilot studies are necessary to understand the selec-
ivity and catchability of traps before surveys commence (e.g.
uffley et al. 2018 ). Given the wide availability of trap sizes,
hapes, mouth entrances, mesh sizes, and soak times, I next re-
iew a number of technical decisions that must be made when
nitiating a trap survey. 

rap design 

he catch of organisms is influenced by myriad characteristics
f the traps themselves, including their size, shape, mesh size,
olor, and mouth openings (Munro 1974 , Sheaves 1995 , Arch-
ale et al. 2006 , Tuffley et al. 2018 , Harris et al. 2023 ). For

nstance, larger traps tend to catch more fish or decapods than
maller traps (Munro 1974 , Wolf and Chislett 1974 , Steven-
on and Stuart-Sharkey 1980 ), perhaps because large traps are
ore visible (Luckhurst and Ward 1987 ), it is more difficult

or fish to escape from larger traps (Wolf and Chislett 1974 ),
r more animals can physically fit into larger traps (Munro
974 ). Catches of organisms can also be affected by trap color
Tran et al. 2020 ) or the shape of traps. For instance, simi-
arly sized S- and Z-traps caught more fish than arrowhead
raps (Munro 1974 , Wolf and Chislett 1974 , Stevenson and
tuart-Sharkey 1980 ), perhaps because S- and Z-traps have
wo mouth openings compared to the single mouth opening
f arrowhead traps. 
Trap mouth openings are a critical consideration for trap

urveys. The ideal trap mouth would allow animals easy ac-
ess into the trap but simultaneously prevent their escape
Miller 1990 ). However, the reality is that there are plenty
f examples of animals approaching but not entering traps
Karnofsky and Price 1989 ) and animals exiting regularly
rom traps (Munro 1974 , Bacheler et al. 2013a ). The best
outh opening size is a tradeoff between a larger mouth open-

ng for ease of entry and a smaller mouth opening to deter
xits. The number of openings can also vary. Traps with two
outh openings provide two pathways to enter traps while

lso increasing the likelihood that one opening will be fac-
ng down-current, allowing organisms to enter traps from the
ownstream position more easily when there is water current
Miller 1990 ). The downside of multiple mouth openings is
hat exit rates from traps tend to be higher (Kneib and Craig
001 , Tran et al. 2020 ). The shape and location of mouth
penings also influence trap catch. For instance, traps with
orseneck funnels retained fish better than straight funnels
Luckhurst and Ward 1987 , Sheaves 1995 ) and funnel en-
rances outperformed slit entrances for crabs (Archdale et al.
006 ). Moreover, mouth openings mounted low on exterior
alls had over three times the number of attempted entries of

now crabs compared to those mounted higher (Winger and
alsh 2007 ). 

esh size 

esh size strongly influences the sizes and species caught in
rap surveys, so care must be taken to select the appropri-
te mesh size in trap surveys. For instance, if information
n recruitment is desired, using a smaller mesh size that cap-
ures juveniles of various species should be chosen (Bohnsack
t al. 1989 , Mahon and Hunte 2001 , Tuffley et al. 2018 ).
ut a smaller mesh size also tends to catch more larger fish
ompared to large-mesh traps (Ward 1988 , Moran and Jenke
990 , Stewart and Ferrell 2003 , Hanamseth et al. 2022 ), per-
aps because small-mesh traps are more visible to fish (Luck-
urst and Ward 1987 ) or fish caught by traps can escape by
queezing through large-mesh traps (Robichaud and Hunte
997 , Robichaud et al. 1999 ). Small-mesh traps also tend to
etain more small-bodied species than large-mesh traps (Bohn-
ack et al. 1989 , Mahon and Hunte 2001 ). Large-mesh traps
ould be used if larger fish are targeted and smaller fish are
o be avoided, but in general, the benefits of using small-mesh
raps in trap surveys outweigh the downsides. 

ait 

he baiting of traps is also an important consideration when
esigning a trap survey (Karnofsky and Price 1989 ). Some
pecies can be caught well by unbaited traps (High and Beard-
ley 1970 , Munro 1974 ), especially those species that are at-
racted to traps as habitat (Parrish 1982 , Hixon and Beets
989 , Robichaud et al. 2000 ). But bait is commonly used to
ncrease the attractiveness of traps for most species of man-
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agement importance (Karnofsky and Price 1989 , Bacheler et 
al. 2018 ). Surveys should also be consistent with the type of 
bait used in traps, because bait type often (Wolf and Chislett 
1974 , Karnofsky and Price 1989 ) but not always (High and 

Ellis 1973 ) influences trap catch. For surveys of decapods, it 
should be noted that using dead decapods as bait greatly re- 
duce catches of conspecifics and should be avoided (Miller 
1990 ). When longer soak times are targeted, bait can be kept 
in a container with holes in it to help the bait last longer 
(Sheaves 1995 ). 

Soak time 

Soak time is one of the most important factors determining 
the effectiveness of fish or decapod traps, potentially affecting 
both the numbers and sizes of animals caught (Munro 1974 ,
Smith and Jamieson 1989 , Whitelaw et al. 1991 , Sheaves 
1995 , Kneib and Craig 2001 ). The influence of soak time on 

catch-per-unit-effort has been studied for many decades, be- 
ginning with Van Oosten’s (1935) observation that various 
pound, fyke, and trap nets soaked for 2–5 days in the Great 
Lakes only caught 16%–63% more fish on average than traps 
soaked for 1 day. The decreasing catch per day with increas- 
ing trap soak time is a universal phenomenon, being con- 
firmed for numerous species and trap designs since that time 
(e.g. Munro et al. 1971 , Munro 1974 , Somerton and Mer- 
ritt 1986 , Miller 1990 , Dalzell and Aini 1992 , Newman et al.
2011 , Bacheler et al. 2013a , Cullen and Stevens 2017 , Har- 
ris et al. 2023 ). The common approach of simply standardiz- 
ing trap catch by dividing it by the soak time (e.g. trap catch 

per hour) when catches saturate would be a serious mistake 
because catch-per-unit-effort would be lower for traps with 

longer soak times compared to traps with shorter soak times 
(Miller 1990 , Bacheler et al. 2013b ). 

Instead, a number of alternative approaches have been de- 
veloped to standardize or account for variability in soak time.
Some early models described the relationship between catch 

and soak time as a power function (Austin 1977 , Miller 1983 ),
but these models are only applicable to short soak times 
before catches asymptote (Zhou and Shirley 1997 ). A sec- 
ond class of models describing the relationship between catch 

and soak times is asymptotic models (Sinoda and Kobayasi 
1969 , Munro 1974 , Miller 1983 ), which are useful for most 
situations except where the catch might eventually decline 
over time. Other models are more flexible and can account 
for situations where catch eventually declines, such as when 

soak times are very long (Somerton and Merritt 1986 , Smith 

and Jamieson 1989 , Zhou and Shirley 1997 , Bacheler et al.
2013b ). In general, shorter soak times (i.e. minutes or hours) 
are preferable in trap surveys to reduce the influence of satura- 
tion, obtain greater catches across a wide range of traps, and 

allow scientists to deploy more traps, increasing sample sizes 
(Munro 1974 , Whitelaw et al. 1991 , Sheaves 1995 , Cole et 
al. 2004 , Bacheler et al. 2013b ). But unless soak times can be 
perfectly controlled in trap surveys, analysts should use one 
of the many approaches available for standardizing catches 
across variable soak times. 

Pairing traps with other gears 

Given that no gear perfectly samples aquatic communities, the 
pairing of different sampling gears is becoming more common 

in surveys. Jackson and Harvey (1997) sampled 43 Canadian 

lakes with five different sampling gears to show that many 
sh species were missed by individual gears, so only through
 combination of gears could the fish community be sam-
led comprehensively. All sampling gears are size- and species- 
elective, so combining sampling gears helps provide a clear 
icture of fish communities and relative abundance of sin- 
le species (Willis et al. 2000 , Wells et al. 2008 , Tuffley et al.
018 ). In some cases, paired gears can be complementary, each
aving different strengths and weaknesses that, together, allow 

or a robust survey of organisms (Diaz et al. 2003 , Bacheler et
l. 2017 ). Bacheler et al. ( 2022a ) recommended pairing traps
ith underwater video to increase the detection of important 

pecies, measure important habitat covariates, or estimate and 

ccount for the imperfect detection of either gear (Coggins 
t al. 2014 , Gwinn et al. 2019 ), but other gear combinations
ould also be informative. Even simple pilot studies where 
ideo is temporarily included with traps can help researchers 
nderstand how traps function and operate (e.g. He 1993 ,
ury et al. 2001 , Winger and Walsh 2007 , 2011 , Watson et
l. 2009 ). Another potentially fruitful pairing is to combine
raps and various types of environmental sensors such as tem-
erature sensors, current probes, or devices to measure water
larity. The advantages of pairing gears in order to better un-
erstand how each gear samples often far outweighs the costs
f adding a second gear. 

har act eristics of an ideal trap survey 

espite the numerous pitfalls described above, there are par- 
icular situations where traps can likely sample some target 
pecies and sizes in proportion to their abundance with very
ew negative environmental ramifications (Miller 1990 ). In 

erms of habitats, traps are most effective in rugose, rocky,
nd reef substrates (often referred to as “untrawlable habi- 
at”) where many traditional sampling gears like trawls, long- 
ines, and gillnets cannot effectively sample (Hixon and Beets 
989 , Acosta et al. 1994 , Newman and Williams 1995 ). Given
ariable catchabilities in traps among habitat types, however,
t is suggested that only rocky, reef habitats are targeted un-
ess variable catchabilities among different habitat types can 

e accounted for (e.g. via pairing traps with video; Bacheler
nd Shertzer 2020 ). 

Baited traps are also amenable to the targeting of most
mall or medium sized predatory or scavenging species, which 

re often but not always the species with the highest manage-
ent importance (Murphy and Jenkins 2010 , Bacheler et al.
017 ). Shorter soak times (i.e. < 3 h) are generally preferable
o longer soak times, which also allow for much larger sample
izes due to the ability of traps to be deployed multiple times
er day (Munro 1974 , Whitelaw et al. 1991 , Sheaves 1995 ,
ole et al. 2004 ). Fish are also generally better target species

or trap surveys than decapods because, as described above,
ecapods tend to have stronger behavioral interactions among 
ndividuals (Miller 1990 , Jury et al. 2001 , Watson et al. 2009 ).
educing the number of lost traps, using escape panels with
iodegradable or galvanic releases, setting traps individually 
ithout ground lines, hauling traps vertically, and not setting 

raps in areas or times with the potential for marine mam-
al interactions will minimize most of the potential negative 
utcomes of trapping (Vadziutsina and Riera 2020 , Stevens 
021 ). 
Despite the best efforts at planning and designing a trap-

ing survey, it is critically important to account for environ-
ental and soak time variability, habitat effects, and species 
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nteractions in and around the trap in order for trap catch to
ccurately track local abundance (Miller 1990 , Maunder and
unt 2004, Kimura and Somerton 2006 , Bacheler et al. 2013b ,
arriott et al. 2014 ). After a thorough examination of the

rapping literature, it is clear that using trap catches to approx-
mate local abundance should always be avoided unless stan-
ardization occurs. Typically, generalized linear models, gen-
ralized additive models, zero-inflated models, or other related
tatistical approaches are used to standardize trap catches
Kimura 1988 , Maunder and Punt 2004 , Bacheler and Bal-
enger 2018 ). Trap catch has been standardized by a variety of
mportant variables such as soak time, depth, water tempera-
ure, habitat type, current direction, and tide stage (Kneib and
raig 2001, Kimura and Somerton 2006 , Bacheler and Bal-

enger 2016 , 2018 ). 
But some of these parameters are easier to collect than oth-

rs. For instance, bottom water temperature can be measured
sing a conductivity −temperature–depth cast on a large re-
earch vessel or via a temperature sensor attached to traps on
mall vessels, depth can be measured with an on-board sonar,
nd video cameras attached to traps can be used to estimate
icrohabitat around the trap, current direction, or tide stage

Sheaves 1995 , Bacheler et al. 2018 ). But to standardize for
pecies interactions in and around traps, divers (Munro 1974 )
r inward- or outward-pointing video cameras attached to
raps (Bacheler et al. 2013a , Glasgow 2017 ) may be required.
f trap catches are to be used to index abundance, standard-
zing for as many relevant factors as possible is critically im-
ortant yet may still be insufficient (Miller 1989 , Kneib and
raig 2001 ). 
The best approach to determine which variables influence

rap catch and thus need to be collected and incorporated
nto standardization is through the use of pilot studies (Miller
990 ). Pilot studies should be used to determine which envi-
onmental and habitat variables should be collected, but pilot
tudies can also be used to estimate selectivity patterns and de-
ermine the optimal trap design, mouth entrance, soak time,
nd bait choices for the particular species, habitats, and areas
f interest (Miller 1990 , Sheaves 1995 ). Pilot studies can also
e used to understand the behavior of target species in and
round traps, a key component of any survey using passive
ampling gears (Fogarty and Addison 1997 ). 

onclusion 

raps are widely used as fishing gears in various artisanal and
ommercial fisheries and as scientific sampling gears in numer-
us places around the world (Vadziutsina and Riera 2020 ).
yriad characteristics make them a desirable sampling gear,

ncluding their low cost, flexible design, and ability to sam-
le effectively in a variety of habitats (Miller 1990 , Tuffley
t al. 2018 ). The choice of bait and trap design usually re-
ults in relatively low bycatch rates and non-target animals
an often be returned to the water alive. But numerous stud-
es have noted a plethora of drawbacks to trap surveys (similar
o many other passive sampling gears), including the fact that
atches may not accurately relate to fish and decapod abun-
ance for a variety of complex reasons and several ways that
raps may cause environmental and ecological damage. Miller
1990) provided a comprehensive review of many of the ben-
fits and drawbacks of using traps to survey decapods, and
ere I have updated his review to include numerous studies
ublished since 1990 and broaden the review to include all
quatic organisms that may be surveyed using traps. 

In summary, traps (like any other sampling gear) do not
ample the available sizes and species perfectly, so care must
e taken to match the goals and objectives of a particular trap
urvey with a suitable trap shape and size, bait type, soak time,
nd mouth entrance. Miller (1990) recommended making a
large effort” to quantify the selectivity of trap gears before
urveys begin by using pilot studies, and I suggest going a step
urther to determine as many potential environmental, habi-
at, and behavioral influences as possible that may affect trap
atch, so that surveys can understand, quantify, and standard-
ze for these variables. Only when the major variables influ-
ncing trap catch are accounted for can we reasonably expect
rap catch to provide unbiased information about local abun-
ance. 
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økkeborg S , Bjordal Å, Fernö A. Response of cod ( Gadus morhua )
and haddock ( Melanogrammus aeglefinus ) to baited hooks in the
natural environment. Can J Fish Aquat Sci 1989; 46 :1478–83. https:
// doi.org/ 10.1139/ f89-189 

økkeborg S , Fernö A. Diel activity pattern and food search behaviour
in cod, Gadus morhua . Environ Biol Fishes 1999; 54 :345–53. https:
// doi.org/ 10.1023/ A:1007504712163 

uckhurst B , Ward B. Behavioral dynamics of coral reef fishes in Antil-
lean fish traps at Bermuda. Proc Gulf Caribb Fish Inst 1987; 38 :528–
46.

unneryd SG , Fjälling A, Westerberg H. A large-mesh salmon trap:
a way of mitigating seal impact on a coastal fishery. ICES J
Mar Sci 2003; 60 :1194–9. https:// doi.org/ 10.1016/ S1054-3139(03
)00145-0 

yons WG , Kennedy FS. Effects of harvest techniques on sublegal spiny
lobsters and on subsequent fishery yield. Proc Gulf Caribb Fish Inst
1982; 33 :290–300.

ackay AI , Goldsworthy SD. Experimental field trials to test if alterna-
tive sea lion excluder devices (SLEDs) adequately prevent Australian
sea lions from entering rock lobster pots. Report to the Fisheries
Research and Development Corporation, FRDC Project No. 2016-
055 , 2017. https:// www.frdc.com.au/ sites/ default/ files/products/ 20
16- 055- DLD.pdf

ahon R , Drayton N. Trap fishery management in Barbados: the fish-
erman’s perspective. Caribb Mar Stud 1990; 1 :94–100.

ahon R , Hunte W. Trap mesh selectivity and the management of
reef fishes. Fish Fish 2001; 2 :356–75. https:// doi.org/ 10.1046/ j.1467
-2960.2001.00054.x 

arriott RJ , O’Neill MF, Newman SJ et al. Abundance indices for
long-lived tropical snappers: estimating standardized catch rates
from spatially and temporally coarse logbook data. ICES J Mar Sci
2014; 71 :618–27. https:// doi.org/ 10.1093/ icesjms/ fst167 

arshak AR , Hill RL, Sheridan P et al. In-situ observations of An-
tillean trap contents in southwest Puerto Rico: relating catch to
habitat and damage potential. Proc Gulf Caribb Fish Inst 2008; 60 :
447–53.

atsuoka T , Nakashima T, Nagasawa N. A review of ghost
fishing: scientific approaches to evaluations and solutions. Fish
Sci 2005; 71 :691–702. https:// doi.org/ 10.1111/ j.1444-2906.2005.0
1019.x 

aunder MN , Piner KR. Contemporary fisheries stock assessment:
many issues still remain. ICES J Mar Sci 2015; 72 :7–18. https://do
i.org/ 10.1093/ icesjms/ fsu015 

aunder MN , Punt AE. Standardizing catch and effort data: a review
of recent approaches. Fish Res 2004; 70 :141–59. https:// doi.org/ 10
.1016/j.fishres.2004.08.002 .

cLeod LE , Costello MJ. Light traps for sampling marine biodiversity.
Helgol Mar Res 2017; 71 :2. https:// doi.org/ 10.1186/ s10152- 017- 0
483-1 

cQuinn IH , Gendron L, Himmelman JH. Area of attraction and
effective area fished by a whelk ( Buccinum undatum ) trap under
variable conditions. Can J Fish Aquat Sci 1988; 45 :2054–60. https:
// doi.org/ 10.1139/ f88-239 

erilä J , Lakka HK, Eloranta A. Large differences in catch per unit ef-
fort between two minnow trap models. BMC Res Notes 2013; 6 :151.
https:// doi.org/ 10.1186/ 1756- 0500- 6- 151 

ichelangeli M , Wong BBM, Chapple DG. It’s a trap: sampling
bias due to animal personality is not always inevitable. Behav Ecol
2016; 27 :62–7. https:// doi.org/ 10.1093/ beheco/arv123 

iller A , de Lestang S, How J et al. Fine-scale variability in
catch and growth rates of western rock lobsters ( Panulirus cygnus )
show heterogeneous life-history parameters. Mar Freshwater Res
2023; 74 :335–46. https:// doi.org/ 10.1071/ MF22084 

iller LM , Ward MC, Schultz DW. Using genetic markers as individual
tags: a case study of a mark-recapture estimate of adult muskellunge
population size. North Am J Fish Manage 2015; 35 :210–5. https:
// doi.org/ 10.1080/ 02755947.2014.996688 

iller RJ , Hunte W. Effective area fished by Antillean fish traps. Bull
Mar Sci 1987; 40 :484–93.

https://doi.org/10.1071/MF01096
https://doi.org/10.1016/j.fishres.2018.11.006
https://doi.org/10.1139/f89-207
https://doi.org/10.3354/meps055141
https://doi.org/10.1016/j.marpol.2014.01.006
https://doi.org/10.1080/10641260600621761
https://doi.org/10.1577/1548-8675(1988)008%3c0175:ARAIWL%3e2.3.CO;2
https://doi.org/10.2307/1353179
https://doi.org/10.1111/csp2.12736
https://doi.org/10.3354/meps09923
https://doi.org/10.1111/cobi.12590
https://doi.org/10.1371/journal.pone.0237819
https://doi.org/10.1577/1548-8659(1981)110%3c557:SCOEFT%3e2.0.CO;2
https://doi.org/10.1577/1548-8659(1982)2%3c33:RSSOTN%3e2.0.CO;2
https://doi.org/10.1016/j.fishres.2014.06.008
https://doi.org/10.1080/02705060.1997.9663515
https://doi.org/10.1186/s40317-018-0152-4
https://doi.org/10.1080/00288330909510000
https://doi.org/10.1139/f89-189
https://doi.org/10.1023/A:1007504712163
https://doi.org/10.1016/S1054-3139(03)00145-0
https://www.frdc.com.au/sites/default/files/products/2016-055-DLD.pdf
https://doi.org/10.1046/j.1467-2960.2001.00054.x
https://doi.org/10.1093/icesjms/fst167
https://doi.org/10.1111/j.1444-2906.2005.01019.x
https://doi.org/10.1093/icesjms/fsu015
https://doi.org/10.1016/j.fishres.2004.08.002
https://doi.org/10.1186/s10152-017-0483-1
https://doi.org/10.1139/f88-239
https://doi.org/10.1186/1756-0500-6-151
https://doi.org/10.1093/beheco/arv123
https://doi.org/10.1071/MF22084
https://doi.org/10.1080/02755947.2014.996688


Benefits and drawbacks of traps 19 

 

 

 

N  

 

N  

 

 

O  

 

 

O  

 

P  

 

P  

P  

P  

 

P  

 

P  

 

 

P  

 

P  

P  

 

R  

R  

R  

 

R  

 

R  

 

R  

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/81/1/1/7502967 by N
O

AA C
entral Library user on 13 February 2024
Miller RJ . Catchability of American lobsters ( Homarus americanus ) 
and rock crabs ( Cancer irroratus ) by traps. Can J Fish Aquat Sci 
1989; 46 :1652–7. https:// doi.org/ 10.1139/ f89-210 

Miller RJ . Density of the commercial spider crab, Chionoecetes opilio ,
and calibration of the effective area fished per trap using bottom 

photography. J Fish Res Board Can 1975; 32 :761–8. https://doi.org/ 
10.1139/f75-099 

Miller RJ . Effectiveness of crab and lobster traps. Can J Fish Aquat Sci 
1990; 47 :1228–51. https:// doi.org/ 10.1139/ f90-143 

Miller RJ . Entry of Cancer productus to baited traps. J Cons Int Explor 
Mer 1978; 38 :220–5. https:// doi.org/ 10.1093/ icesjms/ 38.2.220 

Miller RJ . How many traps should a crab fisherman fish? North Am J 
Fish Manage 1983; 3 :1–8. https:// doi.org/ 10.1577/ 1548-8659(1983 
)3%3c1:HMTSAC%3e2.0.CO;2 

Miller RJ . Saturation of crab traps: reduced entry and escapement. ICES 
J Mar Sci 1979; 38 :338–45. https:// doi.org/ 10.1093/ icesjms/ 38.3.3 
38 

Mitchell WA , Kellison GT, Bacheler NM et al. Depth-related distribu- 
tion of postjuvenile red snapper in southeastern U.S. Atlantic Ocean 
waters: ontogenic patterns and implications for management. Mar 
Coast Fish 2014; 6 :142–55. https:// doi.org/ 10.1080/ 19425120.201 
4.920743 

Moffett C , Chen Y, Hunter M. Preliminary study of trap bycatch 
in the Gulf of Maine’s northern shrimp fishery. North Am J Fish 
Manage 2012; 32 :704–15. https:// doi.org/ 10.1080/ 02755947.2012. 
688929 

Moore MJ , van der Hoop JM. The painful side of trap and fixed 
net fisheries: chronic entanglement of large whales. J Marine Biol 
2012; 2012 :230653. https:// doi.org/ 10.1155/ 2012/230653 

Moore MJ . How we can all stop killing whales: a proposal to avoid 
whale entanglement in fishing gear. ICES J Mar Sci 2019; 76 :781–6.
https:// doi.org/ 10.1093/ icesjms/ fsy194 

Moran M , Jenke J. Effects of fish trap mesh size on species and size 
selectivity in the Australian north west shelf trap fishery. Fishbyte 
1990; 8 :8–13.

Morgan GR . Aspects of the population dynamics of the western rock 
lobster , P anulirus cygnus George. II. Seasonal changes in the catch- 
ability coefficient. Aust J Mar Freshw Res 1974; 25 :249–59. https: 
// doi.org/ 10.1071/ MF9740249 

Morrissy NM . The influence of sampling intensity on the catchability of 
marron Cherax tenuimanus (Smith) (Decapoda: parastacidae). Aust 
J Mar Freshw Res 1975; 26 :47–53. https:// doi.org/ 10.1071/ MF9750 
047 

Munro JL , Reeson PH, Gaut VC. Dynamic factors affecting the per- 
formance of the Antillean fish trap. Proc Gulf Caribb Fish Inst 
1971; 23 :184–94.

Munro JL . The mode of operation of Antillean fish traps and the rela- 
tionships between ingress, escapement, catch and soak. J Cons Int 
Explor Mer 1974; 35 :337–50. https:// doi.org/ 10.1093/ icesjms/ 35.3 
.337 

Murphy HM , Jenkins GP. Observational methods used in marine 
spatial monitoring of fishes and associated habitats: a review.
Mar Freshwater Res 2010; 61 :236–52. https:// doi.org/ 10.1071/ MF 
09068 

Myers HJ , Moore MJ, Baumgartner MF et al. Ropeless fishing to pre- 
vent large whale entanglements: ropeless consortium report. Mar 
Policy 2019; 107 :103587. https:// doi.org/ 10.1016/ j.marpol.2019.10 
3587 

Neilson JI , Straley JM, Gabriele CM et al. Non-lethal entanglement of 
humpback whales ( Megaptera novaeangliae ) in fishing gear in north- 
ern Southeast Alaska. J Biogeogr 2009; 36 :452–64. https://doi.org/ 
10.1111/j.1365-2699.2007.01820.x 

Newman SJ , Skepper CL, Mitsopoulos GAE et al. Assessment of the 
potential impacts of trap usage and ghost fishing on the northern 
demersal scalefish fishery. Rev Fish Sci 2011; 19 :74–84. https://doi. 
org/ 10.1080/ 10641262.2010.543961 

Newman SJ , Williams DM. Mesh size selection and diel variability in 
catch of fish traps on the central Great Barrier Reef, Australia: a 
preliminary investigation. Fish Res 1995; 23 :237–53. https://doi.or 
g/ 10.1016/ 0165- 7836(94)00353- X 

MFS (National Marine Fisheries Service) . Characterization of the reef
fish fishery of the eastern U.S. Gulf of Mexico. NMFS Memo, Report
prepared for the GMFMC , 1995.

oke WD , Odell DK. Interactions between the Indian River Lagoon
blue crab fishery and the bottlenose dolphin, Tursiops truncatus .
Mar Mammal Sci , 2002; 18 :819–32. https:// doi.org/ 10.1111/ j.1748
-7692.2002.tb01075.x 

gle DH , Kret L. Experimental evidence that captured rusty crayfish
( Orconectes rusticus ) exclude uncaptured rusty crayfish from enter-
ing traps. J Freshw Ecol 2008; 23 :123–9. https:// doi.org/ 10.1080/ 02
705060.2008.9664563 

lsen E , Axelsen BE, Moland E et al. Distribution and diversity of fish
species along the Sudanese Red Sea coast based on three combined
trap and gillnet surveys. Fish Res 2021; 242 :106032. https://doi.org/ 
10.1016/j.fishres.2021.106032 

arker D , Winker H, Bernard ATF et al. Insights from baited video
sampling of temperate reef fishes: how biased are angling surveys?
Fish Res 2016; 179 :191–201. https:// doi.org/ 10.1016/ j.fishres.2016. 
02.025 

arrish JD . Fishes at a Puerto Rican coral reef: distribution, behavior,
and response to passive fishing gear. Caribb J Sci 1982; 18 :9–18.

earse DE , Wooninck L, Dean CA et al. Identification of northeastern
Pacific rockfish using multilocus nuclear DNA genotypes. Trans Am 

Fish Soc 2007; 136 :272–80. https:// doi.org/ 10.1577/ T06-051.1 
etersen JB , Robinson BS, Belknap DF et al. An archaic and woodland

period fish weir complex in central Maine. Archaeol East N Am
1994; 22 :197–222.

ickens C , Smart T, Reichert M et al. No effect of marine protected
areas on managed reef fish species in the southeastern United States
Atlantic Ocean. Reg Stud Mar Sci 2021; 44 :101711. https://doi.org/ 
10.1016/j.rsma.2021.101711 

lumlee JD , Dance KM, Dance MA et al. Fish assemblages associ-
ated with artificial reefs assessed using multiple gear types in the
northwest Gulf of Mexico. Bull Mar Sci 2020; 96 :655–77. https:
// doi.org/ 10.5343/ bms.2019.0091 

oisson F , Gaertner JC, Taquet M et al. Effects of lunar cycle and
fishing operations on longline-caught pelagic fish: fishing perfor- 
mance, capture time, and survival of fish. Fish Bull 2010; 108 :
268–81.

owles H , Barans CA. Groundfish monitoring sponge-coral areas off
the southeastern United States. Mar Fish Rev 1980; 42 :21–35.

riede I , Bagley P, Smith A et al. Scavenging deep demersal fishes of
the Porcupine Seabight, north-east Atlantic: observations by baited 
camera, trap and trawl. J Mar Biol Assoc UK 1994; 74 :481–98. http
s:// doi.org/ 10.1017/ S0025315400047615 

andall JE . An analysis of the fish populations of artificial and natural
reefs in the Virgin Islands. Caribb J Sci 1963; 3 :31–47.

ead AJ . The looming crisis: interactions between marine mammals and
fisheries. J Mammal 2008; 89 :541–8. https:// doi.org/ 10.1644/ 07-M 

AMM- S- 315R1.1 
ecksiek CW , Appeldoorn RS, Turingan RG. Studies of fish traps as

stock assessment devices on a shallow reef in south-western Puerto
Rico. Fish Res 1991; 10 :177–97. https:// doi.org/ 10.1016/ 0165-783 
6(91)90074-P 

eebs SG , Boudreau L, Hardie P et al. Diel activity patterns of
lake chubs and other fishes in a temperate stream. Can J Zool
1995; 73 :1221–7. https:// doi.org/ 10.1139/ z95-146 

enchen GF , Butler CB, Hutchinson E et al. Escape gaps in wire lobster
traps reduce bycatch of coral reef fish while maintaining catch of
harvestable lobsters in Florida’s Caribbean spiny lobster ( Panulirus 
argus ), fishery. Fish Res 2024; 270 :106904. https:// doi.org/ 10.1016/ 
j.fishres.2023.106904 

enchen GF , Pittman SJ, Brandt ME. Investigating the behavioural
responses of trapped fishes using underwater video surveillance. J 
Fish Biol 2012; 81 :1611–25. https:// doi.org/ 10.1111/ j.1095-8649. 
2012.03418.x 

https://doi.org/10.1139/f89-210
https://doi.org/10.1139/f75-099
https://doi.org/10.1139/f90-143
https://doi.org/10.1093/icesjms/38.2.220
https://doi.org/10.1577/1548-8659(1983)3%3c1:HMTSAC%3e2.0.CO;2
https://doi.org/10.1093/icesjms/38.3.338
https://doi.org/10.1080/19425120.2014.920743
https://doi.org/10.1080/02755947.2012.688929
https://doi.org/10.1155/2012/230653
https://doi.org/10.1093/icesjms/fsy194
https://doi.org/10.1071/MF9740249
https://doi.org/10.1071/MF9750047
https://doi.org/10.1093/icesjms/35.3.337
https://doi.org/10.1071/MF09068
https://doi.org/10.1016/j.marpol.2019.103587
https://doi.org/10.1111/j.1365-2699.2007.01820.x
https://doi.org/10.1080/10641262.2010.543961
https://doi.org/10.1016/0165-7836(94)00353-X
https://doi.org/10.1111/j.1748-7692.2002.tb01075.x
https://doi.org/10.1080/02705060.2008.9664563
https://doi.org/10.1016/j.fishres.2021.106032
https://doi.org/10.1016/j.fishres.2016.02.025
https://doi.org/10.1577/T06-051.1
https://doi.org/10.1016/j.rsma.2021.101711
https://doi.org/10.5343/bms.2019.0091
https://doi.org/10.1017/S0025315400047615
https://doi.org/10.1644/07-MAMM-S-315R1.1
https://doi.org/10.1016/0165-7836(91)90074-P
https://doi.org/10.1139/z95-146
https://doi.org/10.1016/j.fishres.2023.106904
https://doi.org/10.1111/j.1095-8649.2012.03418.x


20 Bacheler 

R  

 

R  

 

R  

 

R  

 

 

R  

 

 

R  

R  

 

R  

 

R  

 

 

R  

 

 

R  

 

 

R  

 

R  

 

 

R  

 

 

R  

 

S  

 

S  

S  

 

S  

 

 

S  

 

 

S  

 

S  

 

S  

 

 

S  

S  

 

 

S  

 

S  

 

 

S  

 

 

S  

 

 

S  

 

 

S  

S  

 

 

 

S  

 

 

S  

 

S  

 

S  

S  

 

S  

 

S  

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/81/1/1/7502967 by N
O

AA C
entral Library user on 13 February 2024
enchen GF , Pittman SJ, Clark R et al. Impact of derelict fish
traps in Caribbean waters: an experimental approach. Bull Mar Sci
2014; 90 :551–63. https:// doi.org/ 10.5343/ bms.2012.1103 

ichards RA , Cobb JS, Fogarty MJ. Effects of behavioral interactions
on the catchability of American lobster ( Homarus americanus ) and
two species of Cancer crabs. Fish Bull 1982; 81 :51–60.

itchie LD . Octopus predation on pot-caught rock lobster, Hokianga
Area, NZ. Fisheries Technical Report 81 . New Zealand Marine De-
partment, 1970.

obbins J . Scar-based inference into Gulf of Maine Humpback Whale
Entanglement: 2010. Technical report . National Marine Fisheries
Service: Woods Hole, MA, 2012, https://repository.library.noaa.go
v/ view/noaa/ 27122 

obertson WD . Factors affecting catches of the crab Scylla ser-
rata (Forskål) (Decapoda: portunidae) in baited traps: soak time,
time of day and accessibility of the bait. Estuar Coast Shelf Sci
1989; 29 :161–70. https:// doi.org/ 10.1016/ 0272- 7714(89)90005- X 

obichaud D , Hunte W, Chapman MR. Factors affecting the catcha-
bility of reef fishes in Antillean fish traps. Bull Mar Sci 2000; 67 :831–
44.

obichaud D , Hunte W, Oxenford HA. Effects of increased mesh
size on catch and fishing power of coral reef fish traps. Fish Res
1999; 39 :275–94. https:// doi.org/ 10.1016/ S0165- 7836(98)00198- 2 

obichaud D , Hunte W. What factors explain reduced fishing power
with increased mesh size of Antillean fish traps? Proc Gulf Caribb
Fish Inst 1997; 49 :273–9.

ook MA , Lipcius RN, Bronner BM et al. Bycatch reduction de-
vice conserves diamondback terrapin without affecting catch of blue
crab. Mar Ecol Prog Ser 2010; 409 :171–9. https:// doi.org/ 10.3354/
meps08489 

oosenburg WM , Green JP. Impact of a bycatch reduction device
on diamondback terrapin and blue crab capture in crab pots.
Ecol Appl 2000; 10 :882–9. https:// doi.org/ 10.1890/ 1051-0761(20
00)010%5b0882:IOABRD%5d2.0.CO;2 

ozas LP , Minello TJ. Estimating densities of small fishes and deca-
pod crustaceans in shallow estuarine habitats: a review of sampling
design with focus on gear selection. Estuaries 1997; 20 :199–213.
https:// doi.org/ 10.2307/ 1352731 

udershausen PJ , Baker MS, Buckel JA. Catch rates and selectivity
among three trap types in the U.S. South Atlantic black sea bass
commercial trap fishery. North Am J Fish Manage 2008; 28 :1099–
107. https:// doi.org/ 10.1577/ M07-159.1 

udershausen PJ , Turano MJ. The effect of cull rings on catch rates
of blue crabs Callinectes sapidus in the North Carolina trap fishery.
North Am J Fish Manage 2009; 29 :1152–64. https:// doi.org/ 10.157
7/M08-228.1 

unde BJ , Bacheler NM, Shertzer KW et al. Discard mortality of red
snapper released with descender devices in the U.S. South Atlantic.
Mar Coast Fish 2021; 13 :489–506. https:// doi.org/ 10.1002/ mcf2.1
0175 

unde BJ , Rudershausen PJ, Sauls B et al. Low discard survival of gray
triggerfish in the southeastern US hook-and-line fishery. Fish Res
2019; 219 :105313. https:// doi.org/ 10.1016/ j.fishres.2019.105313 

ainte-Marie B , Hargrave BT. Estimation of scavenger abundance and
distance of attraction to bait. Mar Biol 1987; 94 :431–43. https://do
i.org/ 10.1007/ BF00428250 

amples KC , Sproul JT. Fish aggregation devices and open-access com-
mercial fisheries: a theoretical inquiry. Bull Mar Sci 1985; 37 :305–
17.

ary Z . Responses of an over-exploited Caribbean trap fishery to the
introduction of a larger mesh size in Discovery Bay, Jamaica. MS
thesis . University of the West Indies, 1995.

chweitzer CC , Lipcius RN, Stevens BG. Impacts of a multi-trap line
on benthic habitat containing emergent epifauna within the Mid-
Atlantic Bight. ICES J Mar Sci 2018; 75 :2202–12. https:// doi.org/ 10
.1093/ icesjms/ fsy109 

edberry G , McGovern J, Barans C. A comparison of fish population
in Gray’s Reef National Marine Sanctuary to similar habitats off the
southeastern U.S.: implications for reef fish and sanctuary manage-
ment. Proc Gulf Caribb Fish Inst 1998; 50 :452–81.

hardlow TF . Components analysis of a density-dependent catchability
coefficient in a salmon hook and line fishery. Can J Fish Aquat Sci
1993; 50 :513–20. https:// doi.org/ 10.1139/ f93-060 

heaves MJ . Effect of design modifications and soak time variations on
Antillean-Z fish trap performance in a tropical estuary. Bull Mar Sci
1995; 56 :475–89.

heaves MJ . Patterns of distribution and abundance of fishes in different
habitats of a mangrove-lined tropical estuary, as determined by fish
trapping. Aust J Mar Freshw Res 1992; 43 :1461–79. https://doi.org/
10.1071/MF9921461 

heridan P , Hill R, Matthews G et al. Does trap fishing impact coral reef
ecosystems? An update. Proc Gulf Caribb Fish Inst 2005; 56 :511–9.

hertzer KW , Bacheler NM, Coggins LG et al. Relating trap capture
to abundance: a hierarchical state-space model applied to black sea
bass ( Centropristis striata ). ICES J Mar Sci 2016; 73 :512–9. https:
// doi.org/ 10.1093/ icesjms/ fsv197 

hester GG , Micheli F. Conservation challenges for small-scale fish-
eries: bycatch and habitat impacts of traps and gillnets. Biol Conserv
2011; 144 :1673–81. https:// doi.org/ 10.1016/ j.biocon.2011.02.023 

inoda M , Kobayasi T. Studies on the fishery of zuwai crab in the Japan
Sea—V1. Efficiency of toyoma kao (a kind of crab trap) in capturing
benizuwai crab. Bull Jpn Soc Sci Fish 1969; 35 :948–56. https://doi.
org/ 10.2331/ suisan.35.948 

kajaa K , Ferno A, Lokkeborg S et al. Basic movement pattern and
chemo-oriented search towards baited pots in the edible crab ( Can-
cer pagurus L.). Hydrobiologia 1998; 371/372 :143–53. https://doi.
org/ 10.1023/ A:1017047806464 

mith BD , Jamieson GS. A model for standardizing Dungeness crab
( Cancer magister ) catch rates among traps with experienced dif-
ferent soak times. Can J Fish Aquat Sci 1989; 46 :1600–8. https:
// doi.org/ 10.1139/ f89-204 

mith SJ , Tremblay MJ. Fishery-independent trap surveys
of lobsters ( Homarus americanus ): design considerations.
Fish Res 2003; 62 :65–75. https:// doi.org/ 10.1016/ S0165-7836
(02)00251-5 

molowitz RJ . Lobster, Homarus americanus , trap design and ghost
fishing. Mar Fish Rev 1978; 40 :59–67.

omerton DA , Merritt MF. Method of adjusting crab catch per pot
for differences in soak time and its application to Alaskan tan-
ner crab ( Chionoecetes bairdi ) catches. North Am J Fish Man-
age 1986; 6 :586–91. https:// doi.org/ 10.1577/ 1548-8659(1986)6%3
c586:MOACCP%3e2.0.CO;2 

tevens BG . The ups and downs of traps: environmental impacts, en-
tanglement, mitigation, and the future of trap fishing for crustaceans
and fish. ICES J Mar Sci 2021; 78 :584–96. https:// doi.org/ 10.1093/
icesjms/fsaa135 

tevenson DK , Stuart-Sharkey P. Performance of wire fish traps on
the western coast of Puerto Rico. Proc Gulf Caribb Fish Inst
1980; 32 :173–93.

tevenson DK . Management of a tropical fish pot fishery for max-
imum sustainable yield. Proc Gulf Caribb Fish Inst 1978; 30 :
95–115.

tewart H . Indian Fishing: Early Methods on the Northwest Coast .
Seattle, Washington: University of Washington Press, 2018.

tewart J , Ferrell DJ. Mesh selectivity in the New South Wales demersal
trap fishery. Fish Res 2003; 59 :379–92. https:// doi.org/ 10.1016/ S0
165- 7836(02)00024- 3 

tone RB , Pratt HL, Parker RO et al. A comparison of fish populations
on an artificial and natural reef in the Florida Keys. Mar Fish Rev
1979; 34 :33–5.

tone RP , Shotwell SK. State of deep coral ecosystems in the Alaska
Region: gulf of Alaska, Bering Sea and the Aleutian Islands. In: SE
Lumsden, TF Hourigan, AW Bruckner, G Dorr (eds), The State
of Deep Coral Ecosystems of the United States , Silver Spring, MD:
NO AA Technical Memorandum CRCP-3, NO AA, 2007, 65–108,
365pp.

https://doi.org/10.5343/bms.2012.1103
https://repository.library.noaa.gov/view/noaa/27122
https://doi.org/10.1016/0272-7714(89)90005-X
https://doi.org/10.1016/S0165-7836(98)00198-2
https://doi.org/10.3354/meps08489
https://doi.org/10.1890/1051-0761(2000)010%5b0882:IOABRD%5d2.0.CO;2
https://doi.org/10.2307/1352731
https://doi.org/10.1577/M07-159.1
https://doi.org/10.1577/M08-228.1
https://doi.org/10.1002/mcf2.10175
https://doi.org/10.1016/j.fishres.2019.105313
https://doi.org/10.1007/BF00428250
https://doi.org/10.1093/icesjms/fsy109
https://doi.org/10.1139/f93-060
https://doi.org/10.1071/MF9921461
https://doi.org/10.1093/icesjms/fsv197
https://doi.org/10.1016/j.biocon.2011.02.023
https://doi.org/10.2331/suisan.35.948
https://doi.org/10.1023/A:1017047806464
https://doi.org/10.1139/f89-204
https://doi.org/10.1016/S0165-7836(02)00251-5
https://doi.org/10.1577/1548-8659(1986)6%3c586:MOACCP%3e2.0.CO;2
https://doi.org/10.1093/icesjms/fsaa135
https://doi.org/10.1016/S0165-7836(02)00024-3


Benefits and drawbacks of traps 21 

 

 

 

 

V  

V  

 

W  

 

 

W  

W  

 

W  

 

W  

 

 

W  

 

W  

 

W  

 

W  

 

 

W  

 

 

W  

W  

 

W  

 

Y  

 

Y  

Z  

 

Z  

 

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/81/1/1/7502967 by N
O

AA C
entral Library user on 13 February 2024
Stoner AW , Ottmar ML. Fish density and size alter Pacific halibut 
feeding: laboratory investigation of responses to bait and impli- 
cations for stock assessment. J Fish Biol 2004; 64 :1712–24. https: 
// doi.org/ 10.1111/ j.0022-1112.2004.00434.x 

Stoner AW . Effects of environmental variables on fish feeding ecology: 
implications for the performance of baited fishing gear and stock 
assessment. J Fish Biol 2004; 65 :1445–71. https:// doi.org/ 10.1111/ j. 
0022-1112.2004.00593.x 

Stott B . Some factors affecting the catching power of unbaited fish traps.
J Fish Biol 1970; 2 :15–22. https:// doi.org/ 10.1111/ j.1095-8649.19 
70.tb03251.x 

Struhsaker P , Aasted DC. Deepwater shrimp trapping in the Hawaiian 
Islands. Mar Fish Rev 1974; 36 :24–30.

Sturdivant SK , Clark KL. An evaluation of the effects of blue crab ( Call- 
inectes sapidus ) behavior on the efficacy of crab pots as a tool for 
estimating population abundance. Fish Bull 2011; 109 :48–55.

Sukhsangchan C , Phuynoi S, Monthum Y et al. Catch composition and 
estimated economic impacts of ghost-fishing squid traps near Suan 
Son Beach, Rayong province, Thailand. ScienceAsia 2020; 46 :87–92.
https:// doi.org/ 10.2306/ scienceasia1513-1874.2020.014 

Sutcliffe WH . Effects of light intensity on the activity of the Bermuda 
spiny lobster , P anulirus argus . Ecology 1956; 37 :200–1. https://doi. 
org/ 10.2307/ 1929686 

Sutherland DL , Harper DE. The wire fish trap fishery of Dade and 
Broward counties. Florida Marine Research Publication no. 40 ,
1983.

Sutherland DL , Jones RS. Results of a survey of the south Florida fish- 
trap fishing grounds using a manned submersible. Northeast Gulf 
Sci 1983; 6 :179–83. https:// doi.org/ 10.18785/negs.0602.13 

Suuronen P , Chopin F, Glass C et al. Low impact and fuel efficient 
fishing—looking beyond the horizon. Fish Res 2012; 119–120 :135–
46. https:// doi.org/ 10.1016/ j.fishres.2011.12.009 

Taylor RG , McMichael RH. The wire fish-trap fishery in Monroe and 
Collier counties. Florida Marine Research Publication no. 39 , 1983.

Templeman W , Tibbo SN. Lobster investigation in Newfoundland 
1938–1941. Newfoundland Department of Natural Resources Re- 
search Bulletin Number 16 . 98p, 1945.

Topping DT , Szedlmayer ST. Home range and movement patterns of 
red snapper ( Lutjanus campechanus ) on artificial reefs. Fish Res 
2011; 112 :77–84. https:// doi.org/ 10.1016/ j.fishres.2011.08.013 

Tran PD , Nguyen LT, To PV et al. Effects of the trap entrance designs 
on the catch efficiency of swimming crab Charybdis feriata fishery.
Fish Res 2020; 232 :105730. https:// doi.org/ 10.1016/ j.fishres.2020. 
105730 

Tremblay JM , Smith SJ. Lobster ( Homarus americanus ) catchability in 
different habitats in late spring and early fall. Mar Freshwater Res 
2001; 52 :1321–1331. https:// doi.org/ 10.1071/ MF01171 

Tsagarakis K , Nikolioudakis N, Papandroulakis N et al. Prelimi- 
nary assessment of discards survival in a multi-species Mediter- 
ranean bottom trawl fishery. J Appl Ic hthy ol 2018; 34 :842–9. https: 
// doi.org/ 10.1111/ jai.13691 

Tuffley EJ , de Lestang S, How J et al. Methodological comparison 
for sampling populations of a commercially important rock lobster 
species. Bull Mar Sci 2018; 94 :1035–54. https:// doi.org/ 10.5343/ bm 

s.2017.1102 
Uhlmann SS , Broadhurst MK. Mitigating unaccounted fishing mortal- 

ity from gillnets and traps. Fish Fisheries 2015; 16 :183–229. https: 
// doi.org/ 10.1111/ faf.12049 

Uhrin AV , Matthews TR, Lewis C. Lobster trap debris in the Florida 
Keys National Marine Sanctuary: distribution, abundance, density, 
and patterns of accumulation. Mar Coast Fish 2014; 6 :20–32. https: 
// doi.org/ 10.1080/ 19425120.2013.852638 

Vadziutsina M , Riera R. Review of fish trap fisheries from tropical and 
subtropical reefs: main features, threats and management solutions. 
Fish Res 2020; 223 :105432. https:// doi.org/ 10.1016/ j.fishres.2019. 
105432 
Published by Oxford University Press on behalf of International Council for the Exploration of the Sea

the US. 
an Oosten J . Logically justified deductions concerning the Great
Lakes fisheries exploded by scientific research. Trans Am Fish 
Soc 1935; 65 :71–5. https:// doi.org/ 10.1577/ 1548-8659(1935)65% 

5b71:LJDCTG%5d2.0.CO;2 
arghese M , Ranjith L, Joshi KK. Diversity of reef fishes in trap fishery

at Keelakarai, Gulf of Mannar, south-east coast of India. Indian J
Fish 2017; 64 :23–30. https:// doi.org/ 10.21077/ijf.2017.64.1.53263 
-04 

ada K , Hayama SI, Nakaoka T et al. Interactions between Kuril seals
and salmon trap net fishery in the coastal waters of southeastern
Hokkaido. Mar Mammal Sci 1991; 7 :75–84. https:// doi.org/ 10.111
1/j.1748-7692.1991.tb00552.x 

alters CJ , Martell SJD. Fisheries Ecology and Management . Prince-
ton, New Jersey: Princeton University Press, 2004.

ard J . Mesh size selection in Antillean arrowhead fish traps. In: S Ven-
ema, J Moller-Christensen, D Pauly (eds), Contributions to Tropical 
Fisheries Biology . Rome: Food and Agricultural Organization of the
United Nations, 1988, 455–67.

atling L , Norse EA. Disturbance of the seabed by mobile fishing gear:
a comparison to forest clearcutting. Conserv Biol 1998; 12 :1180–97.
https:// doi.org/ 10.1046/ j.1523-1739.1998.0120061180.x 

atson WH , Golet W, Scopel D et al. Use of ultrasonic teleme-
try to determine the area of bait influence and trapping area
of American lobster, Homarus americanus , traps. NZ J Mar
Freshwater Res 2009; 43 :411–8. https:// doi.org/ 10.1080/ 00288330 
909510010 

eber DN , Fields AT, Patterson WF et al. Novel epigenetic age esti-
mation in wild-caught Gulf of Mexico reef fishes. Can J Fish Aquat
Sci 2022; 79 :1–5. https:// doi.org/ 10.1139/ cjfas- 2021- 0240 

ells RJD , Boswell KM, Cowan JH et al. Size selectivity of sampling
gears targeting red snapper in the northern Gulf of Mexico. Fish Res
2008; 89 :294–9. https:// doi.org/ 10.1016/ j.fishres.2007.10.010 

hitelaw AW , Sainsbury KJ, Dews GJ et al. Catching characteristics of
four fish-trap types on the North West shelf of Australia. Aust J Mar
Freshw Res 1991; 42 :369–82. https:// doi.org/ 10.1071/ MF9910369 

illis TJ , Millar RB, Babcock RC. Detection of spatial variability in
relative density of fishes: comparison of visual census, angling, and
baited underwater video. Mar Ecol Prog Ser 2000; 198 :249–60. ht
tps:// doi.org/ 10.3354/ meps198249 

inger PD , Walsh PJ. Selectivity , efficiency , and underwater obser-
vations of modified trap designs for the snow crab ( Chionoe-
cetes opilio ) fishery in Newfoundland and Labrador. Fish Res
2011; 109 :107–13. https:// doi.org/ 10.1016/ j.fishres.2011.01.025 

inger PD , Walsh PJ. The feasibility of escape mechanisms in conical
snow crab traps. ICES J Mar Sci 2007; 64 :1587–91. https://doi.org/ 
10.1093/ icesjms/ fsm125 

olf RS , Chislett GR. Trap fishing explorations for snapper and
related species in Caribbean and adjacent waters. Mar Fish Rev
1974; 36 :49–61.

olff N , Grober-Dunsmore R, Rogers CS et al. Management implica-
tions of fish trap effectiveness in adjacent coral reef and gorgonian
habitats. Environ Biol Fishes 1999; 55 :81–90. https:// doi.org/ 10.102 
3/A:1007430407540 

ildiz T , Karakulak FS. Types and extent of fishing gear losses and their
causes in the artisanal fisheries of Istanbul, Turkey. J Appl Ic hthy ol
2016; 32 :432–8. https:// doi.org/ 10.1111/ jai.13046 

onekura R , Kita M, Yuma M. Species diversity in native fish commu-
nity in Japan: comparison between non-invaded and invaded ponds 
by exotic fish. Ic hthy ol Res 2004; 51 :176–9.

hang J , Shi X, He P et al. Effectiveness of escape vent shape in crab
pots for releasing swimming crab Portunus trituberculatus in the 
East China Sea. Aquacult Fish 2023; 8 :332–40. https:// doi.org/ 10.1
016/j.aaf.2021.12.007 

hou S , Shirley TC. Performance of two red king crab pot designs. Can
J Fish Aquat Sci 1997; 54 :1858–64. https:// doi.org/ 10.1139/ f97-094
Handling Editor: Finbarr O’Neill 

 2023. This work is written by (a) US Government employee(s) and is in the public domain in 

https://doi.org/10.1111/j.0022-1112.2004.00434.x
https://doi.org/10.1111/j.0022-1112.2004.00593.x
https://doi.org/10.1111/j.1095-8649.1970.tb03251.x
https://doi.org/10.2306/scienceasia1513-1874.2020.014
https://doi.org/10.2307/1929686
https://doi.org/10.18785/negs.0602.13
https://doi.org/10.1016/j.fishres.2011.12.009
https://doi.org/10.1016/j.fishres.2011.08.013
https://doi.org/10.1016/j.fishres.2020.105730
https://doi.org/10.1071/MF01171
https://doi.org/10.1111/jai.13691
https://doi.org/10.5343/bms.2017.1102
https://doi.org/10.1111/faf.12049
https://doi.org/10.1080/19425120.2013.852638
https://doi.org/10.1016/j.fishres.2019.105432
https://doi.org/10.1577/1548-8659(1935)65%5b71:LJDCTG%5d2.0.CO;2
https://doi.org/10.21077/ijf.2017.64.1.53263-04
https://doi.org/10.1111/j.1748-7692.1991.tb00552.x
https://doi.org/10.1046/j.1523-1739.1998.0120061180.x
https://doi.org/10.1080/00288330909510010
https://doi.org/10.1139/cjfas-2021-0240
https://doi.org/10.1016/j.fishres.2007.10.010
https://doi.org/10.1071/MF9910369
https://doi.org/10.3354/meps198249
https://doi.org/10.1016/j.fishres.2011.01.025
https://doi.org/10.1093/icesjms/fsm125
https://doi.org/10.1023/A:1007430407540
https://doi.org/10.1111/jai.13046
https://doi.org/10.1016/j.aaf.2021.12.007
https://doi.org/10.1139/f97-094

	Introduction
	Benefits of using traps as a survey gear
	Drawbacks of traps as a survey gear
	Trap survey considerations
	Characteristics of an ideal trap survey
	Conclusion
	Acknowledgments
	Data availability
	References

