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Abstract

Otter trawling has been the prevalent method of ground fishing in Atlantic Canada.

Despite lhis, little is known about associated impacts to benlhic habitat and communities.

This thesis examines the impacts of otter trawling on bivalves living in sand. a bonom lype

occUlTing widely over the Grand Banks. Bivalves an: dominant members of sandy bonoms

on continental shelves and an: good indicators ofphysical distUrbance. Two broad categories

of impacts to benthos from mobile fishing gear are direct harvest and incidental damage.

Bivalves have low susceptibility to capture by groundfish otter trawls; trawl capture

efficiency is on the order of 10·'. In order to investigate incidental impacts, a three-year otter

trawling experiment was conducted on a fine 10 medium sand bottom on the northeastern

Grand Bank. Each year a total of 12 trawl passes were made along the centre line of two 13

km by 200 m experimental corridors. Sampling was conducted inside experimental and

adjacent reference corridors with a O.S m1 hydraulic grab. No significant effects of trawling

were detected on bivalve populations in any year. Shallow burrowing species showed no

significant changes in density or biomass and reauitment ofjuveniles 5 3 mm was apparent

inside trawled corridors. The size structure ofpopulations from trawled and reference areas

were similar. Mean (± sd) pc:rccnt major shell damage immediately after trawling was low,

ranging from 2.8 ± 6.1% to I3.S ± 9.4%. Trawl doors are the most destructive gear

component ofoner trawls. A physical trawl door model was towed through an artificial sand

testbed, constructed to resemble an offshore seabed. Although bivalves within the scour path

were displaced, levels of damage were low (c. S%), similar to levels of damage from the

combined effects of all gear components recorded in the field experiment. The anomaly of

displacement, accompanied by few instances ofdamage. is explained by sediment mechanics

:ISSOCiated with scouring and size and life position ofinfaunal bivalves. Compamllo natural.



sediment-mediated disturbances, otter trawling can be manipulated over a wide range of

frequencies. Individual and population-level adaptive traits probably confer considerable

stability to sandy bottom bivalve populations exposed to typical patterns of trawling activity

on the Grand Banks.
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Chapter I

Background and Study Approach

1.1 Inlroduclion

"And hesides this, the great and long iron of the Wondyrchoun presses 50 haed on the

ground when fishing that it destroys the living slime and the plants growing on the

bottom under the water, and also the spat of oysters, mussel, and of other fi,h, by

which the large fish are accu,tomed 1.0 live and be nourished."

-excerpt from a 1366 petition put before Britain's Commons to ban the Wondyrchoun

(from the Dutch Wonderkuil meaning "marvellous fishing trawl"XCrowley, 1996)

"What we've done is destroy the curying capacity of the habitat to support those

fisheries by removing the organisms that provide shelter for little &she,.~

·ElIiott A. Norse commenting on impacts 10 habitat from trawling (in RalofT. 1996)

Mobile, bottom fishing gears are used in all seas to harvest bottom-dwelling fish,

invenebrates and algae. Variations in gear design reflect the type of fishery, habitat and

preference. The earliest mobile gears were European dredges and beam trawls; the otter

trawl is a further development of the beam trawl (Brandt. 1972).

Concerns over potential damage to marine habitat from mobile bottom fishing gears

have been expressed since the advent of these fishing practices. Subsequent to the 14th

Century petition, numerous attempts were made to suppress trawl fisheries in Europe because

they were perceived to be destructive to young fish and to seabed life in general (Salvage and



Lundbeck, 1992). In 1583, the Dutch banned shrimp trawling in Holland's estuaries while

the trawl was banned in France the following year (Crowley, 1996). Early references to

'trawl' probably refer 10 dredge and beam trawl designs. More: recently, groundfish and

shrimp otter trawlers were banned from Bristol Bay, Alaska and South Carolina coastal

waters based on perceived impacts to bottom habitat and impacts to non-target commercial

species (Van Dolah, et aI., t991; Loshbaugh, 1996). Apparently, incentives for complying

with gear restrictions were greater in earlier times as evidenced by the two fishennan in 16th

Century Britain who were executed for daring to use metal chain on their beam trawls

(Crowley, 1996).

The primary driving force behind conservation minded changes to trawl gear is gear

selectivity, aimed at reducing various fonos ofbycalch. Public awareness and concern over

impacts to benthic habitat has intensified in recent years (Manin, 1991; Anon., 1996;

Crowley, 1996; Kaiser, 1996). The 1996 Grttnpeace campaign, opposing the operations of

faclory lrawlers in Ihe Pacific Nonhwesl, was based on damage 10 habitat and excessive

bycalch attributed to this fishing technology (Berril!, 1991). Concems have been expressed

al various international fOOl regarding the clear signs of over-exploitation of fish stocks and

damage to ecosystems. In addition, awareness ofthc environmental damage associated with

currenl fishing practises is reflected in the many references to these elements in recent

international treaties and agreements (FReC, 1996). In 1991, the Food and Agriculture

Organizalion (FAO) CommittC'C on Fisheries recommended that FAO should develop the

concept of responsible fisheries and elaborate a Cock of Conduct to that end (FAO, 1995).

In support oflhis, Canada hosted an Expert Consultation on Responsible Fishing Opemions

in 1994 (Stilt, 1994). A number of general principles were subsequently adopted for

inclusion in the Coci~ of Conduct. The Code stated that responsible fishing should ensure:

that: (i) the productive character of the environment is maintained; (ii) biodiversity of the



ecosystem is not threatened; (iii) mortalities in non-target species are minimized, and (iv)

there are no undesirable environmental impacts of fisheries. Unfortunately, it has taken

fisheries crises to focus attention on the environmental impacts of mobile fishing gears.

Appraisal of fishing gear and harvesting technology in the wake ofa fishery collapse is not

unique to finfish resources. For instance, environmental assessment of AustraJian scallop

dredge technology was undertaken only after the collapse of the southeast Australian

commercial scallop fishery (Gonnan, 1997). This stock collapse was the impetus to develop

new scallop gear that would inflict minimal disturbance to the seabed, in addition to

improving selectivity and harvesting efficiency. Another example of intense bouom fishing

causing !.he collapse ofa scallop stock is the Brazilian scallop (Pecten ziczac) fishery. OUer

trawls modified with heavy tickler chains were used to harvest !.his species. The end result

of sustained unregulated harvesting was the complete collapse of the resource (PelZUto and

Bor2one, 1997). It is important to distinguish between the effects of fishing gear on the

targeted stock (i.e. depletion through harvesting) and effects associated with physical

disturbance to the seabed. Rarely has this been done,

Since 1992, Canada has been at the forefront of the debate over responsible fishing

gears and harvesting practises. Much of the background work has been conducted through

the Fisheries Resource Conservation Council (FRCC), which is an independent advisory

body to Minister of the Deparunent of Fisheries and Oceans. The Gear Technology

Subcomminee of FRCC was commissioned to report on the state of knowledge of

conservalion implications of major fishing gears used throughout Atlantic Canada. These

reports, in addition to DFO sponsored fishing industry workshops, have provided much of

the necessary technical framework for fulUre conservation strategies (Canadian Fishery

Consultants Limited, 1994; Roache etal., 1995; FRCC 1994, 1996, 1997).



1.2 Mobile bottom fisbinggean: physical asp«ts of CUNeabed intenclioll

Details of gear-seabed interaction vary considerably between the different gear types.

The following sections summarize key features of gear design for the more common types

of mobile bottom gears in use: beam trawls, shellfish dredges and otter trawls. Interactions

with the seabed by specific gear components are highlighted.

1.2.1 Dredges

Dredges are used primarily to harvest molluscs. The two basic classes of dredge are

hydraulic and ·dry' (i.e. no pumping of water). The most familiar type ofdry dredge is the

scallop dredge or rake. Basic dredge design has changed very linle over the years. In

common with most gear types however. there are many variations that reflect target species,

size of vessel and bottom type. Gonnan (1993) describes the European, North American.

Japanese and AustralianlNew Zealand scallop dredge designs.

North American offshore dredges rank amongst the largest ofdredges and can weigh

up to four tOMes when full of scallops and rocks (Gonnan, 1993). The Lunenburg (or New

Bedford) style scallop dredge is used in the offshore scallop fisheries in Atlantic Canada.

Basic components of this dredge include a rectangular steel frame fitted with a pressure plate

on top and a cutting bar along the bottom (Fig 1.1). Attached to the frame is a bag (3-4 m

in length) comprised primarily of steel rings linked togemer. The largest rings (9·10 rom

thickness. 7S rom diameter) line the bottom of the net. The net terminates in a metal

dumping bar. The dimensions of a typical offshore dredge are approximately 5 m wide by

0.3 m high. On hard bonom. dredge width does not normally exceed 4 m and the mouth may

be fitted with rock chains. Usually one. or at most two. offshore dredges are towed at a time

(F. Cahill. Fisheries and Oceans. St. John·s. NF. pers. corom.•).



Due to their heavy, unwieldy design, dry dredges cause considerable physical

disturbance to the seabed and can inflict significant incidental damage to benthos. This,

combined with the relatively low harvesting efficiency of most dry dredges (Medcof and

Caddy, 1971; Brandt, 1972; Chapman et aI., 1977; Messieh et aI., 1991; Gonnan, 1993.

1997) has led to the suggestion that such gear attributes would not be tolerated in other

fisheries (Gorman, 1993). A particularly damaging component of many models ofdredge

is a toothed metal bar that runs along the bottom leading edge of the frame. For mussel and

clam fisheries, the cutting bar or teeth dig into the sediment and excavate buried individuals.

The rigid frame of some dredges (e.g. Australian box dredge) contributes to instability and

significant digging action, particularly over uneven hard sand. Dredges that incorporate both

Ilexible and rigid gear components, such as the Lunenburg model, travel more smoothly over

the seabed. Nonelheless, physical disturbance can stHl be considerable.

Hydraulic dredges are used in Atlantic Canada to harvest Stimpson's swf clam

Maclromeri~'polynyma (Fig. 1.1). Hydraulic dredges have an entirely rigid design due to the

use of a steel cage as a collecting device. A New England style dredge has length, width and

height dimensions of approximately 2 m, 1.5 m. and 42 cm, respectively (Lambert and

Goudreau. 1996). The bottom of the cage consists of a series of metal rods spaced

approximately 2.5 cm apart. An oblique, adjustable cutting blade digs deeply into the

sediment and excavates and directs clams into the cage. The entire dredge travels over the

seabed on a pair of flat runners. Hydraulic dredges used with factory freezer trawlers in

offshore fisheries can be significantly larger.

A key component of the hydraulic dredge, lacking in the dry dredge, is a series of

high pressure water jets that are directed downwards in front of the cutting blade. This SClVes

to loosen the sediment so that infaunal clams can be collected more readily. The digging

action can result in the suspension of significant quantities of sediment (Lambert and



Goudreau. 1996). In the early 1960s. clams and cock.les were collected in a cage that was

lhen retrieved and emptied on-board the towing vessel. Although this method is still used

in some offshore clam fisheries. a recent innovation is a suction pipe (20-25 em diam.)

extending from the vessel to Ihc top of the cage. 1bc catch can then be continuously pumped

aboard the vessel without the necessity of retrieving the cage.

Hydraulic dredging has the capacity to modify benthic topography to a greater extent

than any other type of bonom fishing gear. It is not unusual for this gear to dig trenches in

the sediment to depths ranging between 6 and 15 cm deep. Trench depths of30 em have

been rC1::orded (Lambert and Goudreau. 1996). There are also variations of hydraulic

dredging in which fluidized sand and clams are sucked aboard using a hose or pipe. This

method can leave holes in the seabed up to 3.5 m wide and 60 em deep (Hall et aI .• 1990).

Since the early 19705 there has been a S1eady increase in the use ofhydraulic methods

for harvesting shellfish in intertidal and shallow subtidal areas in Europe (Hall et aI.• 1990).

OlTshore hydraulic dredging of surf clams and ocean quahogs has been a major industry

along the U.S. nonhcast coast since 1985 (Serthuk and Murawski. 1997). Harvesting of

Stimpson's surf clam has been ongoing on the Scotian Shelf for the past decade (Messieh et

aI.• 1991) and for several years on the Grand Banks and at inshore locations in Quebec.

1.2.2 Beam tnwls

The beam uawl is used extensively in Europe to harvest stuimp and flatfish (Polet

et aI.. 1994). Holland is considered the centre of the beam uawl industry in Europe and the

Dutch beam trawl design is widely used (Bates, 1993). The beam lrawl is considered to be

the simplest type of bonom uawl due to its fixed configuration. This is achieved by a

cylindrical S1eel beam (approximately 10 em in diameter) that spans the mouth oCthe trawl

(Fig. 1.2). Attached to each end of the beam are wide, flat shoes ( 0.5 m x 1 m) upon which



most of the weight of the gear is borne. The largest 'beamers' are restricted to offshore areas

and have a maximum beam length of 12 m. Vertical height of the trawl mouth is set by the

height of the shoes and is about 80 em.

Beam trawls cause considerable physical disturbance to the seabed for several

reasons. They are very heavy gear with high drag. A fully rigged 12 m beam trawl can

weigh 3.000 kg. excluding the chain mat (Pole! et aI.. 1994). Unlike otter boards, the wide

nat shoes of beam trawls are not considered 10 be the most destructive gear component.

Rather. the various chains cause mosl of the physical disturbance. Beam trawls can be

clussified as either 'open' or 'closed'. In the case of closed or slone mat gear, the mouth oftbe

trawl is protected by a mat of heavy chains that extends from the beam down [Q the footgear

(Fig. 1.2). The mat is used on rough bottom 10 prevent large boulders from entering the trawl

(Bales. 1993). The heaviest chain mats can weigh as much as seven tonnes. Possibly even

more destructive are the series of heavy chains (14-22 mm diameter), known as 'ticklers', that

arc strung between the beam shoes, and the lighter chains. Le. 'dusters', that span the trawl

mouth from points along the footrope. All the various chains are rigged so that they will dig

into the sediment and disturb flatfish which then swim upwards inlo the trawl. A 12 m beam

trowl may have as many as 12 heavy tickler chains, in addition to numerous dusters. 1be

heaviest tickler chains are used on hard, sandy bottoms. A series of new tickler chains can

lose up to 15% of their original weight through wear, after just six weeks of fishing (Polel

et aI., 1994). In soft muddy sediments, tickler chains can penetrate to depths of20 cm, but

Ihis is reduced to a few centimetres on hard sand (Kaiser, 1996). Although less common,

tickler chains have also been used with otter trawls, particularly prawn trawls (Bridger, 1970;

Pownall. 1979).

While Europe is the stronghold for large beam trawls, a smaller version is popular

in shallow lagoons and inlets along the southern Uniled States. The plumb-staff beam trawl



is used in Louisiana to harvest shrimps. This variation of the beam trawl is smaJler and

considerably lighter since it lacks shoes and tickler chains.

Similar to otter trawls. beam trawls have flexible footgear that is dragged over the

seabed. A typical assembly consists of rubber disks ranging in size from approximately 15

to 25 em (Gorman. 1992). The net of beam trawls is made of nylon or polyethylene.

1.2.3 OUer trawls

An otter trawl isa large net bag that is towed over the seabed (Fig. 1.3). Various types

of otter trawl are used 10 harvest groundfish and shrimp and some species of scallop. A

fundamental distinction of the beam trawl from the otter trawl is that the fanner has a fixed

opening. The otter trawl derives its name from the pair of otter boards (doors) that are used

to hold the net open. Otter boards are constructed of steel, wood, or polyvalent material.

Attached to their base are steel or manganese shoes. The shoes provide ballast for the otter

boards and protect the boards against wear. The alter board has undergone few changes.

relative to the net and working gear components, since its introduction to lrawl fisheries in

Ireland around 1885 (Brandt, 1972). The olter board was not an invention of the trawl

fishery, but rather it was first used in the hook and line fisheries in order to deploy gear in

currents. In order to conserve fuel and to minimize wear and damage to gear, the doors and

footgear ofalter lrawls should travel over !he seabed with minimal penetration (Mounsey and

Prado, 1997). This is in contrast to the cutting bars of dredges and !he tickler chains ofbeam

trawls, for which harvesting efficiency requires that these gear components dig into

sediments. Considerable research has been directed at detennining optimum alter board

towing conditions (i.e. contact with the seabed and orientation) and trawl configurations

(Crewe, 1964; Carrothersetal., 1969; Carrothers and Foulkes, 1972; FAD, t974; Main and

Sangster, 1979; Patterson and Watts, 1985; Anon., 19930.). Recent developments in both



footgear and otter board designs has permitted fishing over rough bouom, areas which have

been traditionally non-accessible. While this is not particularly good news for fish stocks,

it should serve to reduce physical disturbance to the seabed by otter boards. Rock hopper

trawl doors are rigged to work 7-8 m above the seabed (Madden., 1990).

Otter board dimensions vary considerably depending on the fishery and size oftraw!.

They range from the relatively small doors (2-3 m2 and 250 kg) used with prawn trawls

(Pownall. 1979) to the massive doors (c. 17 m1 and 4500 kg) used with the largest otter

trawls. Cold waler shrimp fisheries in northern regions of the western Atlantic and eastern

Pacific are prosecuted with gear similar to that used for harvesting groundfish. In contrast,

multi-rig otter trawls used in wann water prawn fisheries (e.g. Australia, Gulf of Mexico,

South America), are usually filled with lighter gear. While the size ofdoors used with prawn

lr<lwls varies. they are typically relatively light. Their basic design is rectangular, typically

of wood construction.

Based on weight and towing action, otter boards transmit the highest forces, per unit

area of seabed. of any trawl gear component. Due to towing characleristics., typically it is the

heel of an oller board that is in contact with the seabed (Main and Sangster, 1979; Gibbs et

aI., 1980: van Dolah el al., 1991; Anon. 1993b). On sandy bottoms. ouer boards create

plumes of sediment that can extend several metres above the seabed. On smooth bottom,

otter boards maintain their contact with the seabed. On rough or Wleven bottom, they

periodically leave the seabed after contacling boulders or sand waves. Main and Sangster

(1979) describe the action of various designs of ouer board over smooth and rough

topography.

The footgear of most otter trawls consist of combinations of rubber discs or steel

bobbins of varying size. number and a1igrunent (Fig. 1.3). The purpose of the footgear is to

protect the fishing line (to which the lower net panels are strung) and to ensure that the net



remains in close proximity to the seabed. Otter trawls used in warm water prawn fisheries

employ light foolgear. often consisting merely of small diameter (8 mm) wire cable. Oller

trawls used to harvest groundflSh and shrimp (Pando/us sp.) in the Newfoundland region

employ heavier foolgear. consisting of strings of individual steel bobbins or rubber discs that

can reach diameters of 60 em. Our understanding of the interaction of trawl gear

components with the seabed is very limited. Groundfish trawls equipped with rockhopper

footgear (rubber discs) have been observed to stir up clouds of sediment along the entire

footrope (West, 1987). Rockhopper footgear has gained IXlpularity in recent years by

pennitting trawling over rough bottom. It is just this attribute that has implicated rock

hopper footgear as the chief cause of habitat desttw:tion in boulder fields in the Gulf of

Maine (RaIolT, 1996).

Portions of the trawl rigging. i.e. groWld-warps (sweeps) and bridles. also make

contact with the seabed and may serve an imponant role by herding fish towards the mouth

of me trawl (Loverichand West, 1988). Cootactmade with the seabed by the various trawl

wires will depend upon rigging parameters and towing speed. There is evidence that the high

aspecl-ratio (i.e. large heightllength ratio) trawl doors used in the Bering Sea commercial

groundfisheries, results in minimal seabed contact by the ground-warps and bridle-wires

(Goudey and Loverich, 1987; West. 1987). The low aspect-ratio doors used in me Atlantic

region lJUly result in a greater degree of rigging-seabed contacL

The net itselfis generally regarded as the least destructive gear componcnL However.

it is known that the last several metres of the cod end will drag on the bottom at least some

of me time and mat area ofcontact will increase as the catch accumulates (West. 1987).
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1.3 Otter trawl tecbnology in Atlantic Canada

An overview of otter trawl technology in Atlantic Canada is given by Canadian

Fishery Consultants Limited (I994). Single-vessel. stem otter trawling is the prevalent

method of bottom trawling in Atlantic Canada. Otter trawling has dominated groundfish

landings in the Northwest Atlantic since the arrival of the distant water fleets in the 1960s

(FRee. 1997). Advantages of the otter trawl include high harvesting efficiency and

suitability on most bottom types. The following sections summarize key technical aspects

of otter trawl gear used in Atlantic Canada. The focus is on gear components thai come into

contact with me seabed dwing trawling; the net. footgear, otter boards and various ground

wires.

1.3.1 Otter boards

A variety ofoner board designs have been used in Atlantic Canada (Fig. 1.4). The

oval door is the design ofchoice for trawling over rough bottom and is used by over 800/0 of

trawlers in Atlantic Canada (Canadian Fishery Consultants Limited, 1994). Partly due to the

environment and distant nature of fishing operations. trawlers operating on the Grand Banks

have been large and powerful. with corresponding large trawls. Large trawls require large,

heavy otter boards. Very little is known about the physical impact ofotter boards in offshore

benthic habitats. Side-scan sonar surveys on the Grand Banks and Scotian Shelf have

revealed characteristic trawl door marks, in the Conn of furrows (Harrison el al.. 1991;

Jenneret aI., 1991). Overall, a small proportion « IOOA) of the total area of the sonar tracks

revealed signs of trawl marks. However, the true extent of scowing is obscured by

hydrodynamic processes thai re-distribute sediments and bioturbation, which leads to the in­

filling of furrows.

\I



1.3.2 Footgear

Traditionally,large offshore trawls have been equipped with steel bobbin footgear.

This type offootgear rolls easily over level bottoms. [n recent years, there has been a gradual

change to rockhopper footgear. primarily due to its suitability for fishing on rocky. uneven

terrain. Rockhopper footgear consists of rubber disks assembled under tension. This allows

the trawl to "hop' over the bottom when contact is made with obstructions. Individual disks

(up to 60 cm diam.) are connected to a chain strung through the entire assembly which

prevents rotation of individual disks. This results in a ploughing kind of disturbance in

unconsolidated sediments. Variations in footgear assembly reO~t function. For instance,

when Oounder are the target species. footgear (i.e. small robber discs) are often strung for

a distance along the ground warp, in order to stir up the fish.

1.3.3 Ground wires

Otter boards are connected to the net by the ground warp and bridles. Collectively,

these wires are referred to as lhe rigging. In Atlantic Canada, olter trawls have rigging that

is constructed of 15 to 22 mm diameter galvanized steel cable (Carrothers. 1988; McCallwn

and Walsh, 1996). While the overall length of the rigging depends on the type of trawl.

typically it is greater than 50 m. A series of three bridle wires (i.e. upper, central,lower) can

also be adjusted (let in or out) in order 10 alter the vel1ical opening of the net. This may

intluence the degree of contact bet\\'een the rigging and the seabed. Although the rigging is

known to make contact with the seabed, very Iiule is known about the extent of the

interaction and the associated physical effects.

1.3.4 Net

Several different types of nelS have been used in the Newfoundland-Labrador region.
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The Western Trawl was popular in the mid-l960s. In the 1970s, the larger stem trawlers

fishing the Grand Banks and the North Atlantic in general, favoured the Engel Hi-Lift and

Granton otter trawls (McCallum and Walsh. 1996). The various types of ouer trawl nets

differ in tenns of overall assembly (Le. shape and numbers of net panels) and size. This is

reflected by differences in h.eadline and footrope lengths, weight offootgear and size ofotter

boards. Net mesh size and type (square or diamond) have also changed through the years and

is primarily under regulatory control. Material used to make net twine has undergone a

gradual sequence of change, progressing in the order- conon, hemp. manila, nylon and

synthetic 'poly' materials. Codends are currently constructed of hard polytwine, which

minimizcs escapement of smaller fish since the meshes are not very pliable. Chafing

material is often added externally, over the codend, as protection against abrasion.

1.4 History of investigations into environmental impacts of mobile bottom

fishinggean

Scientific investigations into the environmental impacts of mobile bouom fishing

gears have been ongoing for the past 25 years although it has been most intense in recent

years (see recent reviews by Dayton et al.. 1995 and Jennings and Kaiser. 1998 and special

issue ofConservation Biology vol. 12, no. 6. 1998: Effects of mobile fishing gear on marine

benthos; also Dorsey and Pederson, 1998). The most extensive research on this issue has

been conducted in Ew-ope (see de Groot and Lindeboom, 1994 and Lindeboom and de

Groot. 1998). Numerous short-term experiments, where the level of fishing has been

controlled, have been conducted with beam trawls. scallop. and clam dredges. Relatively

few experiments have been undertaken with ouer trawls. Manipulative experiments must

be conducted in areas that are closed to fishing and that have not had a recent history of

13



fishing activity. Several dosed areas have been established in~t years in the Nonhwest

Atlantic and in neighbouring seas of the eastern Atlantic (ICES, 1996). In addition. there

have also been larger-scale investigations into impacts of mobile gear on benthic habitat

(Auster et aI.• 1996; Collie et aI.• 1997; Service and Magorrian, 1997). 11lesc represent

comparative surveys between areas with different fishing histories.

The ICES Working Group on Ecosystem Effects of Fishing Activities has convened

on a regular basis since 1988. when it was formed by cotmCil resolution (ICES. 1991-1997).

[n addition to these meetings and those of tile ICES Benthic Ecology Working Group, there

have been recent workshops devoted to the impacts of mobile bottom fishing gear on marine

benthic habitats and marine ecosystems in general (Dayton, 1995; Kaiser. 1995; RalofT.

1996; Anon.. 1997). The attendance of both the scientific and trade press at these

workshops. undefS(:Ores the increasing profile of this topic (Kaiser, 1995).

The history of investigations into impacts of mobile fishing gears on marine benthic

C1:osystems in Atlantic Canada dates to 1990 with the initiation of collaborative research

between the Maritimes and Newfoundland regions of Fisheries and Oceans Canada (DFO).

A lhrec-year otter trawling impact experiment was recently completed on the northeastern

Grand Bank (DFO experimental trawling study area). This experiment was conducted on a

level-bottom. dcnse sand seabed. In 1997. an otter trawling experiment was initiated on a

rocky bottom on Western Bank, ofT Nova Scotia. Long-tcnn objectives oflhe:se studies

include: (i) thc dcvclopment of sampling gear specific to offshore environments (Rowell et

a\.. 1997; McKeown and Gordon. 1997) and. (ii) quantitative information on impacts to

benthic habitat (Prena et aI., 1996, 1998; Gilkinson et aI., 1998; Gordon ct. aI., 1998;

Schwinghamer et aI.• 1996, 19(8).

The DFO studies have been multidisciplinary. involving collabomtion between the

Habitat Ecology Section (Bedford Institute of Oceanography [DIO)), Ocean Ecology

14
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