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Abstract
Marine mammal by-catch in 11 pelagic trawl ®sheries operated by four different countries in the northeast Atlantic was
studied. Observers accompanied commercial ®shing vessels and monitored 374 tows totalling 1771 h of towing during 377
days ®shing. Three species of marine mammal were identi®ed in by-catches (white-sided dolphin, Lagenorhynchus acutus,
common dolphin, Delphinus delphis and grey seal Halichoerus grypus) and a fourth, bottlenose dolphin Tursiops truncatus,
was probably present. Dolphins were caught in four of the 11 ®sheries and seal in one. In those ®sheries with cetacean bycatch, rates varied from 0.0606 to 0.1000 per tow and 0.0107 to 0.0137 per hour of towing and were highest in the French sea
bass ®shery and lowest in the French tuna ®shery. Grey seals were caught in the Irish Celtic Sea herring ®shery at a rate of
0.0513 per tow or 0.0396 per hour of towing. The mean SD dolphin catch rate for all ®sheries combined was 0.0480.013
per tow (one dolphin per 20.7 tows), or 0.01850.0019 per hour of towing (one dolphin per 98 h of towing) and, for all marine
mammals, 0.0590.019 (1 per 17.0 tows) or 0.01240.0121 (1 per 80.6 h of towing). 95% con®dence intervals, calculated on
untransformed data, for all ®sheries combined were 0.4±1.6 dolphins per 100 h of towing.
No operational factors were correlated with by-catch rates but the haul-back procedure was identi®ed as a potentially
important factor. All dolphin by-catches occurred during the night which may be a due to an association between cetaceans
and trawlers at night. White-sided dolphins and grey seals were observed feeding around the net during towing and this
behaviour may make them more vulnerable to capture. Operational dif®culties in observing by-catch and potentially
signi®cant annual ¯uctuation in catch rates warrant further observer studies of these and other trawl ®sheries. # 1999 Elsevier
Science B.V. All rights reserved.
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The incidental capture of marine mammals by
commercial ®sheries is often a controversial and
emotive, but poorly understood issue. Northridge
(1984), in a review of ®sheries interactions throughout
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the world, concluded that no species of marine mammal can be excluded from the possibility of some
con¯ict with ®shermen but the lack of adequate data
prohibits an assessment of the full extent and potential
impacts of many of these interactions.
The northeast Atlantic Ocean, especially in areas
over the continental shelf, provide some of the most
productive and intensively ®shed waters in the world
(ICES, 1997). Most records of incidental capture of
marine mammals in this area come from gill-net
®sheries (see Global Review in Perrin et al. (1994))
and are thought to be unsustainable in some locations
(Tregenza et al., 1997a). Although cetaceans have
been known to be caught in trawl ®sheries in the
northwest Atlantic for many years (Waring et al.,
1990; Fertl and Leatherwood, 1997) and a number
of mammal species have been reported in trawl ®sheries from the northeast Atlantic (Northridge, 1984,
1991; Fertl and Leatherwood, 1997), most records are
anecdotal and no attempt has been made to quantify
marine mammal by-catch in any trawl ®shery in these
areas.
Two species of dolphin, bottlenose Tursiops truncatus and common dolphin Delphinus delphis were
reported by Duguy and Hussenot (1982) as taken in
mid or deep-water trawls on the French Atlantic coast
between 1971 and 1981 and three long-®nned pilot
whales Globicephala melas in bottom or mid-water
trawls. A long-®nned pilot whale was also reported in
a demersal trawl off Cornwall, southwest England by
Northridge (1991) and a single minke whale Balaenoptera acutorostrata off northwest Ireland (Berrow
and Rogan, in press). Further reports of cetaceans in
trawl nets in the northeast Atlantic involve whitebeaked dolphin Lagenorhynchus albirostris in the
North Sea (Leatherwood and Reeves, 1983), common
dolphins in mid-water trawls in the English Channel
(Northridge, 1991) and the occasional harbour porpoise Phocoena phocoena in Swedish, Danish and
German waters (Berggren, 1994; Kinze, 1994; Kock
and Benke, 1996).
Large numbers of strandings of cetaceans have also
been reported as being possibly caused by interactions
with pelagic trawling in several areas of the northeast
Atlantic. Kuiken et al. (1994) identi®ed a mackerel
Scomber scombrus ®shery as the most likely cause of a
mass mortality of common dolphins in southwest
England in 1992/1993. The same ®shery was thought

to be responsible for similar strandings of common
and white-sided dolphin Lagenorhynchus acutus off
the south and west coasts of Ireland and a herring
Clupea harengus ®shery for harbour porpoise strandings off the southern Irish coast (Berrow and Rogan,
1997), Collet and Mison (1995) reported 600 dolphins
stranded in two days in February 1989 between
Landes and Vendee on the French Atlantic coast
and, more recently, 629 dolphins were stranded
between 13 February and 4 March 1997 on southern
Brittany and Biscay coasts (Collet, A. personal communication). Both events were thought to be a result of
®shing mortality by trawlers as many cadavers showed
signs of incidental capture. Fishery interactions were
identi®ed as the main cause of death of stranded
harbour porpoises in the UK by Baker and Martin
(1992).
As part of a study of by-catch and discarding
practices in pelagic trawl ®sheries in the northeast
Atlantic (Morizur et al., Contract EC DG XIV-C-1,
BIOECO/93/017, 1996) a wide range of trawl ®sheries
was monitored for both marine mammal by-catch and
®sh discarding. This is the ®rst speci®c study aimed at
quantifying marine mammal by-catch in pelagic trawl
®sheries by European ®shing ¯eets. Results from
some of the individual ¯eets have been reported elsewhere (Couperus, 1997; Berrow et al., 1998) but in
this paper we present all the data on the incidental
capture of marine mammals in all the ®sheries studied
and discuss some possible underlying factors leading
to this interaction.
2. Methodology
2.1. Fisheries sampled
Eleven trawl ®sheries operated by four different
countries were studied: namely French anchovy
Engraulis encrasicolus, hake Merluccius merluccius,
tuna Thunnus alalunga, black bream Spondyliosoma
cantharus and sea bass Dicentrarchus labrax ®sheries,
UK and French pilchard Sardina pilchardus ®sheries,
UK mackerel, Irish herring and French and Dutch
horse-mackerel Trachurus sp. ®sheries. Although a
wide variety of ®sheries were studied all operate
seasonally in the area from the Bay of Biscay
(438360 N, 18440 W), north to southwest Ireland and
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in the western approaches to the English Channel
(478200 N, 108120 W).
Scienti®c observers accompanied commercial ®shing vessels to observe ®shing effort and record the
incidental capture of marine mammals. Fishery scientists were employed speci®cally for this study and had
no other responsibilities beyond this remit. Dutch, UK
and Irish partners restricted monitoring to single, large
®sheries and attempted to sample a large proportion of
the ®shery while the French partners, due to the large
number of artisanal ®sheries, attempted to sample a
wide range of ®sheries but with restricted coverage
and concentrating on the Bay of Biscay and in the
western approaches to the English Channel. Monitoring of the Dutch horse-mackerel ®shery was carried
out at a time at the time of year when cetacean bycatch was thought to be highest.
2.2. Fishing effort
Observers studied as many tows as possible during
each ®shing trip. The duration, depth and location of
each tow were recorded, as well as the tonnage of ®sh
caught and the intended target species. Different ®sh
species may be targeted during the same ®shing trip,
especially by French trawlers and each tow was
allocated to a speci®c ®shery after checking the
observer's information with the species composition
of landings. Total catch from each tow was estimated
by the number of lifts per tow (in the case of vessels
which did not use a ®sh pump) or from the landings
data obtained from the ®shermen's logbook. Data
from non-pelagic tows in the French ®shery, which
occurred occasionally in the pelagic ®sheries, are not
presented.
2.3. Incidental capture of marine mammals
The unit of sampling for marine mammals was the
tow as it was hoped that all mammals caught could be
recorded, identi®ed, measured, and if possible, landed.
The body temperature of by-caught mammals was
measured by Dutch observers shortly after coming
onboard, by inserting a ¯exible probe 45 cm into the
body via the anus or with a pin thermometer stabbed in
the belly of the animal. Temperatures collected in this
way must be considered to be minimum estimates,
because the pin does not reach the middle of the body.
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Post-mortem examination of landed mammals was
carried out whenever possible and these results have
been presented elsewhere (Hartmann et al., 1994;
Addink et al., 1997; Couperus, 1997). Stomach contents of two white-sided dolphins and four common
dolphins by-caught in the Dutch horse-mackerel ®shery were analysed as part of another study (Couperus,
1997).
2.4. Marine-mammal sightings
Sightings of marine mammals at sea during the
course of ®shing was recorded for UK, Irish and
Dutch ®sheries. Continuous daily records were kept
on UK vessels of boat activity, speed, sea-state, daylight, and periods of observation. Sightings from Irish
and Dutch vessels were opportunistic though dedicated observation periods were carried out during
some Irish trips.
3. Results
3.1. Sampling effort
The number of vessels in each ®shery studied and
the estimated landings for the entire ®shery are shown
in Table 1. The principal ®shing seasons and location
of the majority of effort in each ®shery by ICES
Division are also presented but it should be remembered that ®shing is very dynamic and there can be
major changes in effort both seasonally and between
years within the same ®shery. The exact location of
some ®sheries (UK mackerel and pilchard) was not
recorded following requests by the vessels skipper.
Estimated proportion of annual effort sampled in this
study ranged between ®sheries from 28% for the UK
pilchard ®shery to 0.03% for the French anchovy
®shery, the latter due to lack of collaboration in some
French harbours (Table 2).
Fishing effort and the season when sampling was
carried out is shown in Table 2 and ®shing areas are
presented in Fig. 1. During 377 ®shing days at sea,
374 tows were sampled. Fishing effort was fairly
evenly distributed between the ¯eets with 130
(35%) tows by French vessels, 119 (32%) by Dutch
vessels and 77 (21%) and 48 (13%) by Irish and UK
vessels (Table 2). Total ®shing effort amounted to
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Table 1
Typography of sampled fisheries and estimated landings (tonnes) from data supplied by National Departments of Marine (year in which
statistics relate to in parantheses)
Fishery

No. of active
vesselsa (year)

Estimated
landings (tonnes)

Main ICES
Divisions fished

Fishing season

Dutch horse-mackerel
French hake
French tuna
French sea bass
French horse-mackerel
French anchovy
French black bream

12
120
50
70
130
130
15

(1995)
(1992)
(1992)
(1992)
(1992)
(1992)
(1992)

110 000
3310
1907
217
3235
14 500
691

(1994)
(1994)
(1994)
(1994)
(1994)
(1994)
(1994)

VIId-e, VIIh, VIIj
VIIIa±b
VIIIa±d
VIIe, VIIIb
VIIIa
VIIIa±b
VIIe

90
49
12
12

(1992)
(1994)
(1990)
(1990)

3700
20 000
4800
1330

(1994)
(1994)
(1990)
(1990)

VIIIa
VIIg
VIIe
VIIe

January±June
All yearb
August±December
January±March
January±August
June±March
April±June
October±December
April±October
October±February
October±March
October±March

French pilchard
Irish herring
UK mackerel
UK Pilchard
a
b

The same vessels participate in a number of fisheries, therefore the total fleet is not the sum of the individual fleets.
Location of fishery changes through the year.

1771 h of towing with Dutch trawlers accounting for
nearly one half (47%).
3.2. Marine mammal by-catch
Three species of marine mammals were de®nitely
by-caught during this study namely: 12 common
dolphins, ®ve white-sided dolphins, and four grey
seals (Table 3). A large dolphin, thought to be a
bottlenose dolphin was also reported as by-caught
in the French tuna ®shery. Dolphins were caught
in four ®sheries, one-half (nine dolphins) in the

Dutch horse-mackerel ®shery, four each in the
French hake and tuna ®shery and one in the French
sea bass ®shery. Of the 18 dolphins caught six were
caught as single individuals. The other incidents
involved two, three (twice) and four dolphins together.
All grey seals were caught as single individuals in
the Irish herring ®shery and no marine mammals
were observed by-caught in the UK mackerel or
pilchard ®sheries or French anchovy, black bream
or pilchard ®sheries.
All by-caught mammals were adults and both sexes
(four females and nine males) were caught (Table 3).

Table 2
Fishing effort and fishing season sampled and estimated fraction of total annual effort sampled
Fishery

Fishing
season sampled

Days
at sea

No. of
tows

No. of
sampled tows

Dutch horse-mackerel
French hake

January±March, 1994/1995
September±November, 1994
and February, April±June, 1995
August±October, 1994
January, February, April, 1995
January±March, 1995
March and June, 1995
May±June, 1995
May 1995
October±January, 1994/1995
November±March, 1993/1994
October±December, 1993

102
30

216
73

119
52

841
338

3.0
0.3

50
9
9
9
5
2
85
59
17
377

66
21
14
21
5
4
78
36
15
528

43
10
7
11
3
4
77
34
14
374

265
73
19
15
9
3
101
72
35
1771

1.6
1.6
0.4
<0.1
0.1
0.1
7.0
4.0
28.0

French tuna
French sea bass
French horse-mackerel
French anchovy
French black bream
French pilchard
Irish herring
UK mackerel
UK pilchard
TOTAL

Hours of
towing

Annual effort
sampled (%)
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Fig. 1. Map of the main areas fished during the study and location of dedicated cetacean sighting surveys, MICA and SCANS (see text).

When blubber thickness (12±22 mm) was recorded,
all were apparently healthy. One dolphin was
entangled in the forward lines of the net, while all
other animals caught were free within the lighting bag.
Body temperature of the nine cetaceans for which it
was measured ranged from 26.68C to 38.08C but
exceeded 34.08C for seven (78%) of the individuals.
All Dutch dolphin by-catches were in nets hauled at
night and all French by-catches were between 02.00
and 08.00 h.

3.3. Marine mammal catch rate
Mammal by-catch rates have been calculated for
each ®shery and are expressed as the number of
individuals per hour of towing and per tow. Catch
rates of dolphins, in ®sheries with dolphin by-catch,
ranged from 0.0606 to 0.1000 per tow and from 0.0107
to 0.0137 per hour of towing (Table 4). The catch rate
of seals in the Irish herring ®shery was 0.0513 seals
per tow or 0.0396 per hour of tow. Catch rates, for
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Table 3
Species and number of by-caught marine mammals and fishing procedure at time of capture
Fishery

Species

Number in tow

Sex

Length (m)

Dutch horse-mackerel

Common dolphin
White-sided dolphin
Common dolphin
Common dolphin
Bottlenose dolphina
Common dolphin
Grey seal
Dolphins
Seals

4
5
4
3
1
1
41
18
4

1,, 3<
1,, 4<
2,, 1<
?
?
1<
2<, 2?

1.92, 2.03, 2.00, 2.12
2.00, 2.30, 2.32, 2.63, 2.47
2.03, 1.97, 1.80
?
?
1.80
1.70±1.90

French hake
French tuna
French sea bass
Irish herring
Total
a

Probably this species.

®sheries where a by-catch was recorded, were highest
for the French sea bass ®shery and lowest for the
French tuna ®shery. The mean SD dolphin catch rate
for all ®sheries combined was 0.0480.013 per tow (1
dolphin per 20.7 tows), or 0.01850.0019 per hour of
towing (1 dolphin per 98 h of towing) and, for all marine
mammals, 0.0590.019 (1 per 17.0 tows) or 0.0124
0.0121 (1 per 80.6 h of towing). 95% con®dence
intervals, based on untransformed data, were 0.4±1.6
dolphins per 100 h of towing and a mean of 1.0.
3.4. Marine-mammal prevalence in fishing area
Two sightings were made during 1214 h of observation (511 h in daylight, 703 h of darkness) in the UK

study but sea-state was less than 2 (above which the
ability to detect dolphins declines markedly) for only
48 h. Both sightings were of four common dolphins, at
48N 340 W and 48N 440 W, respectively, that brie¯y
approached the vessel while it was searching for ®sh at
5.2±5.5 knots. The only sighting of harbour porpoises
was a single group of four seen during the Irish study
at 518450 N, 88130 W, but grey seals were seen on six
occasions feeding near to the trawl in the same ®shery.
In the Dutch study 31 sightings were recorded by the
observer, all to the southwest of Ireland (Fig. 1). The
most frequently observed species (39%) was the pilot
whale (12 sightings; c183 individuals), followed by
common (9 sightings, c307 individuals), bottlenose (6
sightings, c158 individuals) and white-sided dolphins

Table 4
Summary of practices in studied fisheries and marine mammal catch rates (10ÿ2)
Fishery

Dutch horse-mackerel
French hake
French tuna
French sea bassa
French horsemackerela
French anchovya
French black bream
French pilchard
Irish herringa
UK mackerel
UK pilchard
Total
a

Towing
speed
(nmls hÿ1)
3.0±3.5
3.5±4.5
3.0±3.5
3.0
3.5±4.0
3.5±4.0
3.0±3.5
4.0
3.2
4.0

Mesh size
at codend (mm)

Width of
headline
(m)

Vertical
aperture
(m)

Depth of
tows/water
depth (m)

Rate
per tow
(102)

Rate per hour
of towing
(10ÿ2)

40
65±70
80±110
65±85
65
20
90±100

80±120
100±200
140±160
133±195
133±195
102
119±134
114
20±30
64
64

30±60
25±60
38±40
40±60
40±45
25±30
15±18
20±27
15±20
11±24
11±24

100/400
45/130
50/1000±4000
10/50
60/100
80/200
20/30
20/40
30/50
36
55
Dolphins
Overall

7.56
7.69
6.06
10.00
0.00
0.00
0.00
0.00
5.13
0.00
0.00
4.81
5.88

1.07
1.18
1.51
1.37
0.00
0.00
0.00
0.00
3.96
0.00
0.00
1.02
1.24

40
40

Mainly pair trawlers, zero by-catch means none observed during sampled trips and does not imply there is no by-catch in fishery.
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(3 sightings, c452 individuals). White-sided dolphins
were seen twice following the vessel. One pod of
seven pilot whales were observed for 30 min at the
cod-end when the catch was being pumped on board.
A mixed group of 12 bottlenose dolphins and 25 pilot
whales were observed for a few minutes about 400 m
behind the vessel during shooting of the net. On two
other occasions pilot whales were seen swimming
towards the stern of the vessel during shooting and
hauling.
4. Discussion
This is the ®rst attempt to quantify marine mammal
by-catch by pelagic trawl ®sheries in the northeast
Atlantic. The study was compromised in France and
Ireland by some ®shing ¯eets and ports not wishing to
co-operate. There is no legislation to enforce cooperation with observer studies in any of the countries
involved and some of the original ®sheries and seasons
intended for monitoring had to be omitted.
The incidental capture of a marine mammal in a
trawl ®shery is a rare event. Only 18 individuals were
caught in 11 of the 374 trawls sampled, totalling
1771 h of towing. However, given the size of the
European ¯eet and the amount of ®shing effort the
total numbers of marine mammals may be biologically
signi®cant. It is not possible to control the wide variety
of factors that may in¯uence incidental capture and so
researchers must attempt to record a wide range of
parameters including ®shing gear, the method of ®shing and the prevailing conditions at the time of capture
in an attempt to identify correlations in the data and
understand how and why these animals are caught.
The number of marine mammal by-catches reported
here is too low to identify the factors which may lead
to entrapment of mammals in northeast Atlantic trawl
®sheries but the data presented do make an important
contribution to present knowledge of these interactions in European waters.
Fish pumps were used extensively in some ®sheries
which compromised the ability of the observer to
record all marine mammal by-catches. Dutch ®sheries
usually (98%) emptied the cod-end inboard after
pumping the majority of the catch into holds but
the UK mackerel and pilchard trawl ®sheries studied
emptied the cod-end out-board and thus any by-caught
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marine mammal may have gone unobserved. No
vessels which used ®sh pumps in the Irish herring
®shery were monitored. If buoyant a cadaver may be
observed on the water surface near to the vessel but not
when discarded at night or if it surfaces some distance
away. Most cetaceans are neutrally buoyant when
caught in gill-nets (Tregenza et al., 1997a) and probably go unnoticed. Where by-catch was not recorded
in a ®shery this does not imply that it never occurs,
only that it did not occur or was not seen during
monitored trips and it is thought that some marine
mammal by-catch occurs in all the ®sheries studied.
Thus by-catch estimates reported here must be treated
as minimum.
4.1. Biological factors influencing by-catch
In the Dutch horse-mackerel and Irish herring ®shery the species by-caught (grey seals and white-sided
dolphins) were also observed feeding on the target ®sh
species around the nets. Of those by-caught animals
landed for post-mortem examination, fresh or partially
digested mackerel were found in 44 out of 46 whitesided dolphins (Couperus, 1997) and fresh herring in
both grey seals examined (Berrow et al., 1998). Couperus (1997) also reported the remains of horse-mackerel, the target species of the ®shery, in the stomachs of
by-caught common and bottlenose dolphins but these
were absent from stomachs of white-sided dolphins.
Clearly the relationship between the ®sh shoals targeted by pelagic trawlers and incidental capture varies
with both cetaceans and ®sh species present but bycatches of white-sided and common dolphins started
to occur in the Dutch horse-mackerel ®shery only
when mackerel began to appear in the catches (Couperus, 1997). By-caught individuals may not be feeding on the same target species of the ®shery but an
associated non-target species or may be attracted to
discards made available by ®shing activity.
In the Dutch ®shery white-sided dolphins were
observed for more than 30 min swimming in the
vessels wake probably scavenging for ®sh (Leopold
and Couperus, 1995) making them vulnerable to
entanglement during hauling. The feeding association
between cetaceans and trawl nets was reviewed by
Fertl and Leatherwood (1997). At least 15±16 species
in all areas of the world feed in association with
trawlers. Trawlers may be considered a concentrated
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source of food in an otherwise patchy environment or a
source of food, e.g., deep water ®sh or cephalopod
species otherwise unavailable to small cetaceans (Fertl
and Leatherwood, 1997). There is often considerable
overlap between prey species recovered from bycaught cetaceans and the target species of the ®shery.
Couperus (1997) showed white-sided dolphins were
feeding on different prey species before associating
with the horse-mackerel ®shery. Most of the dolphin
by-catches in the present study occurred during the
night or close to dawn. Waring et al. (1990) suggested
that diurnal movements of prey species, especially
squid, may explain some of the complex pattern of
variation they reported between diurnal and nocturnal
catch rates of common dolphins and pilot whales. By
scavenging at night, white-sided dolphins may avoid
competition with gannets Sula bassana which scavenge in large numbers around pelagic trawlers. There
was no indication that common dolphins were
attracted to discards although they frequently bowrode vessels during towing. Stomach contents of bycaught individuals from this ®shery showed they were
feeding on horse-mackerel, hake and blue whiting
Micromesistius poutassou as well as mackerel prior
to capture (Couperus, 1997). Pilot whales also seem to
be attracted to the net or, more likely, to ®sh and squid
caught in the net meshes as they may also feed on
discarded ®sh (Couperus, 1993). It is not known if they
were feeding in and around the net during hauling
similar to that reported by Waring et al. (1990).
Although no pilot whales were caught during the
present study Couperus (1997) reported that 12% of
by-catches in the Dutch pelagic ®shery between 1989
and 1994, mainly off southwest Ireland, involved this
species. Albacore tuna caught in the French tuna
®shery are two large (53±90 cm, TL) to be the prey
of dolphins caught in that ®shery and it is more likely
that dolphins were feeding on a similar prey species to
the tuna as cephalopods accounted for 52% of prey
items in the stomachs of common dolphins caught in
this ®shery (Morizur, Unpublished data.)
The prevalence of mammals in the area of the
®shery clearly must, at some level, be a determinant
of by-catch rates. The Irish study was the only one to
record the presence and capture of seals in the area of
the ®shery. Dolphin sightings were made on three of
the four trips accompanied during the Dutch study.
The only trip which predominantly caught horse-

mackerel had no dolphin sightings and no dolphin
by-catch. Interestingly although common dolphins
were the most frequently observed dolphin species,
white-sided, which were only the third most frequently sighted, predominated in the by-catches. This
also suggests that the association of white-sided dolphins with this ®shery is different from that of other
dolphin species, with white-sided much more likely to
obtain food from the trawlers than other species which
will increase the likelihood of their being caught.
Dolphin sightings in an area around 100 km to the
west of the study area during the winters, 1992 and
1993 were much higher (Tregenza et al., 1997b) and
certainly strandings data (Kuiken et al., 1994) indicate
that in some years dolphins do enter the area where the
UK mackerel and pilchard ®sheries off southwest
England operate, however this may be sporadic and
thus marine mammal by-catch may also show large
inter-annual ¯uctuations. A large increase in the
number of dolphins caught in the Dutch pelagic trawl
®sheries was reported in 1994, a result of increased
reporting but it was also thought to be a high year for
by-catches (Couperus, 1997).
4.2. Operational factors influencing by-catch
Although the number of individuals caught is small
the pattern of by-catch can usefully be compared to
published data from the northwest Atlantic (Waring
et al., 1990). Between 1977 and 1988 the US government
recorded 538 marine mammal by-catches by foreign
vessels ®shing off the northwest US coast. Waring
et al. (1990) identi®ed a number of factors which may
be important in marine mammal capture, including
biological factors such as the target species of the
®shery, prevalence of marine mammals in the ®shing
area and time of day to operational considerations
including, tow duration, level of tow in water column,
size of net opening, haul-back speed and gear design.
No relationship was found between tow duration
and marine mammal by-catch. The Dutch body temperatures recorded in by-caught dolphins were close to
that for a living animal (378C) suggesting that they had
only recently died and had been captured during or
close to hauling. However dolphins, due to their thick,
insulating, blubber layer, may maintain a high body
temperature many hours after death (Couperus,
Unpublished data). Despite these precautions some
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aspect of the haul-back process, perhaps entrapment
by net closure, may cause by-catch. This is an area
worthy of further investigation as it is part of the
®shing procedure that can potentially be modi®ed. A
companion study (De Haan et al., 1997) is attempting
to record the behaviour of dolphins around ®shing nets
during trawling using acoustic and other methods.
In ®sheries on the continental shelf the vertical trawl
opening may occupy more than half of the water
column (e.g. French hake, sea bass, horse-mackerel,
and black bream, Irish herring and UK mackerel and
pilchard ®sheries, see Table 4). There are no indications from the present study that level of tow was a
signi®cant factor in marine mammal by-catch but it
would be dif®cult to distinguish between the depth
where by-catch occurred from the depth of the target
shoal without doing experimental ®shing at a depth
inconsistent with catching ®sh. However, it might
prove possible to identify large differences in by-catch
rates if they were related to the close vicinity of the sea
surface or sea bed. Similarly, though the number of bycaught individuals were too few to assess the in¯uence
of the size of the net opening, individuals were caught
in net openings ranging from 15 by 20 m (grey seals in
the Irish herring ®shery) to 150 by 50 m (common
dolphin in the French sea bass ®shery).
At present no feasible action has been identi®ed
which would enable pelagic trawl ®sheries to avoid
cetacean by-catches. All dolphin by-catch occurred at
night but con®ning trawling to daylight hours is
impossible to enforce and not yet of established
bene®t. Other possibilities include transmission of
sounds to frighten dolphins away; large mesh nets
across the net mouth to discourage cetacean entry; and
cod-end escape devices, but all these are often of
limited success (Fertl and Leatherwood, 1997) and
no trials have been carried out on their effectiveness in
the northeast Atlantic. All of these might affect ®sh
catches and would not be readily accepted by the
®shing industry.
4.3. Biological significance of marine mammal bycatches
No by-catch was reported in the UK mackerel and
pilchard ®sheries but under-recording is strongly suspected due to the nature of ®shing practice. Berrow
et al. (1998) considered it unlikely that by-catch of
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grey seals in the Celtic Sea herring ®shery would
cause any decline in the Irish grey seal population.
By-catch rates have not been strati®ed for season or
location due to the low number of incidents and for
®ve ®sheries the estimated proportion of the ®shery
sampled was less than 1%. Although catch rates per
hour of towing were similar across the ®sheries studied the con®dence intervals for individual ®sheries
are wide. For ®sheries where no by-catch was recorded
in this study even though it probably exists catch rates
would have to be applied from a different ®shery. Any
extrapolation to all pelagic ®sheries would involve
unacceptable assumptions and application of these
minimum catch rates to such large ®sheries and could
produce inaccurate and very misleading results.
The marine mammal populations subject to mortality by these ®sheries are also subject to by-catch in
other ®sheries and other ¯eets in the same ®sheries
other than those studied. Common and bottlenose
dolphins are caught in the tuna drift net ®shery
(Goujon, 1993; Antoine et al., 1997) and in smaller
numbers in set gill nets in the Celtic Sea (Tregenza et
al., 1997a, b). White-sided dolphins are believed to be
caught by Irish trawlers ®shing for mackerel off the
west coast of Ireland (Berrow and Rogan, 1997) and
this by-catch may be quite high as there have been
uncon®rmed reports of up to 50 dolphins in a single
tow. Clearly the extent of marine mammal mortality
on the populations reported here is only a fraction of
that attributable to ®shing. Stock assessment of these
species is still very limited and stock boundaries are
not known for any cetacean species affected. Abundance estimates have been made for some areas,
namely the MICA survey which covered an area of
the tuna drift net ®shery in 1993 (Goujon, 1993) and
the Celtic Shelf in 1994 (Hammond et al., 1995)
(Fig. 1). Common dolphin abundance was estimated
at 61 888 (95%CI, 35 461±108 010) by Goujon (1993)
and 75 449 (95% CI, 22 900±248 900) on the Celtic
Shelf by Hammond et al. (1995). They also estimated
an abundance of 833 Lagenorhynchus dolphins
(white-sided and white-beaked dolphins) in the Celtic
Sea during the survey. Both these surveys were conducted during the summer and may not necessarily
re¯ect cetacean abundance during the winter.
The International Whaling Commission (IWC)
(Anon, 1996) have recently agreed that, following
the precautionary principal, by-catch should in no
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case exceed one half of the maximum growth rate of a
population. Woodley and Read (1991) estimated that
the maximum rate of increase of otherwise unstressed
populations of small cetaceans was around 4% but the
IWC have adopted a ®gure of 1% of estimated abundance above which has expressed concern over the
sustainability of anthropogenic removals (Anon,
1996). Obviously the reported by-catch in this study
does not come near to this level of removal but further
observer studies will have to be carried out before
catch rates can be con®dently extrapolated to whole
¯eets and ®sheries and before the potential impact of
incidental capture in pelagic and other trawl ®sheries
fully assessed. Considering the highly variable catch
rate between ®sheries, this will take many years, and
monitoring should be incorporated into ®sheries management programmes so that this information is collected in a systematic and consistent manner.
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