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a b s t r a c t

Based on information from an international inventory of gears currently deployed by trawlers in five
European countries, the relationship between vessel engine power and trawl size is quantified for differ-
ent trawl types, trawling techniques and target species. Using multiplicative modelling it is estimated that
the fishing circle (or circumference) of trawls targeting shoaling species such as mackerel (Scomber scom-
brus) and herring (Clupea harengus) increases approximately 44.1 m with each 100 hp increase, whereas
the increase for trawls targeting demersal species such as Nephrops (Nephrops norvegicus) and monkfish
(Lophius piscatorius) is only approximately 9.4 m per 100 hp. Trawling technique also affects the relation-
ship between vessel horsepower and fishing circle in that trawls used for pair trawling have a significantly
(P < 0.001) lower rate of fishing circle increase with hp of a factor 0.56 of that of both twin and single
trawls. Underlying these results is the definition of four geometrically different trawl typologies and cor-
responding target species, driven by the assumption that fishing mortality for a trawl gear is governed
by its geometry and proportional to its size, as understood by existing knowledge of the interactions
between trawl gear and target species. The modelling results have implications for the reliability of kilo-
watt days as descriptor of effective effort and point to the need of including metrics relating to the size
and geometry of gear deployed in routine monitoring of fishing effort.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Fishing capacity is typically defined by a physical attribute such
as gross tonnage or engine power aggregated across vessels exhibit-
ing similar characteristics or engaged in particular fisheries (Pascoe
and Gréboval, 2003). However, the harvesting potential (fishing
power) of a vessel is also highly dependent on many other factors
including the individual skipper’s experience and knowledge; tech-
nical characteristics such as gears deployed and on-board electronic
equipment; the skippers ability to use these, and; the sea kindliness
of the vessel (e.g. Standal, 2005; Marchal et al., 2006; Eigaard, 2009).
In practice, fishing vessels are only platforms used to deploy fish-
ing gears, which ultimately catch the fish. However, the definition
of fishing capacity often assumes that vessel size is an appropriate
proxy for the size of gear deployed. This assumption is question-
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able, however, and refinement of fishing capacity and fishing effort
descriptors is receiving growing scientific (e.g. Nielsen et al., 2006;
Marchal et al., 2007; Eigaard and Munch-Petersen, 2010) and politi-
cal attention (e.g. current EU initiatives towards the use of kilowatt
days, rather than fishing days, as a descriptor of fishing effort in
European trawl fisheries).

This study investigates the relationship between vessel engine
power and vessel trawl size to help refine fishing effort and capacity
definition by considering the fishing gear deployed. Ultimately, the
overall aim is to enhance the understanding of how fishing mortal-
ity of different target species can be linked to standard measures
of effort and capacity in European trawl fisheries. Management
plans such as the Long Term Management Plan for Cod (EC Reg-
ulation 1342/2008) note that along with TAC setting, reductions in
fishing pressure are required in order to attain desired levels of fish-
ing mortality. Fishing pressure is generally expressed in terms of
the physical characteristics of the vessel. Classically, these would
be tonnage and engine power. The assumption is that there is a
direct link between fishing effort and capacity and fishing mortal-
ity and put simply a larger vessel will have a greater fishing power.
However, studies have shown a relatively weak and very variable
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relationship between effort (in terms of fishing time and physical
vessel metrics) and fishing mortality and that links between capac-
ity, effort and mortality often require the inclusion of a “skipper
or vessel effect” to explain variance (Squires and Kirkley, 1999;
Marchal et al., 2006, 2007). One key element in this is felt to be
the choice made in the size and type of the trawl towed relative
to the power of the vessel. Here, we specifically investigate this
link between vessel capacity and the size of the gear deployed.
More precisely, we define four trawl typologies with four corre-
sponding target species groups, which basically represent different
fishing strategies. These strategies involve optimization of either
swept volume or swept area with respect to species that are either
herded or not by various components of a trawl gear. The four trawl
typologies are named; herded volume (HV); non-herded volume
(NHV); herded area (HA) and non-herded area (NHA). The relation-
ship between vessel capacity (in terms of engine power) and vessel
trawl size (in terms of the fishing circle) is established across these
four typologies. Furthermore, the influence of three trawling tech-
niques (single trawling, twin trawling and pair trawling) on this
relationship is examined.

The analyses and results presented are driven by the assumption
that the species specific harvesting capacity of a trawl gear is closely
linked to both the size and the geometry of the trawl gear, and the
definition of trawl typologies is based on existing knowledge of the
interactions between various target species and trawl gears during
fishing. These interactions have been subject to some research that
has focused primarily on fish behaviour and selectivity inside the
trawl (e.g. Eigaard and Holst, 2004; Sala et al., 2008; Krag et al.,
2009; Sala and Lucchetti, 2010), but some attention has also been
given to fish behaviour at the ground gear (Engås and Godø, 1989;
Dremière et al., 1999; Ingólfsson and Jørgensen, 2006) and ahead of
the ground gear (Main and Sangster, 1981; Dickson, 1992). In this
paper, results mainly on gear/species interactions in the forward
part of the gear from the trawl doors to the mouth of the trawl
have been considered in the definition of the four trawl typologies
and corresponding target species groups.

2. Materials and methods

2.1. Interview data

The data set used is the result of an initial benchmarking exer-
cise in 2006 in the EU-FP6-Project DEGREE (Development of Fishing
Gears with Reduced Effects on the Environment). The project part-
ners used port interviews to create an inventory of gears being
deployed as well as an understanding of current rigging prac-
tices in their respective trawl fisheries. More than 350 interviews
were made but only 241 observations from five countries (Norway
[8], Ireland [85], Denmark [35], Faroe Islands [80] and Italy [33])
had sufficiently detailed information on: (i) target species, (ii)
vessel horsepower, (iii) trawling technique and (iv) trawl circum-
ference/fishing circle, to make them usable for this study. The final
inventory data cover a broad selection of pelagic and demersal trawl
fisheries in the North East Atlantic, the Mediterranean and the Baltic
Sea. Vessel sizes ranged from 150 to 7500 hp and trawls from 12 to
2070 m in circumference.

2.2. Definition of trawl typologies and corresponding target
species groups

Trawl design has evolved to exploit the specific distribution of
behaviour of the species being targeted and this has been used as
the basis for the definition of the following four trawl typologies
and corresponding target species groups. As such, the fishing power
exerted by a trawl gear is not only related to trawl size but also to

trawl geometry. Number of meshes and mesh size in the fishing cir-
cle of a trawl is typically used to describe trawl size (e.g. Rahikainen
and Kuikka, 2002; Eigaard and Munch-Petersen, 2010) but the size
of the fishing circle can be transferred differently into geometri-
cal components such as vertical or horizontal opening of the trawl
mouth. Based on personal communications with net makers and
fishermen as well as knowledge of how trawl geometry, ground
gear and mesh sizes are best matched to the behaviour and size of
target species, four conceptual trawl typologies were defined:

1) HV (herded volume) trawls are designed to catch shoaling
pelagic or semi-demersal fish that are off the bottom such as
herring (Clupea harengus), blue whiting (Micromesistius poutas-
sou) and sand eel (Ammodytes marinus). HV-trawls are generally
large trawls constructed with very big meshes (>8 m) or ropes in
the forward part of the trawl that herd fish towards the centre
of the body of the trawl constructed in much smaller mesh size
(Fig. 1a).

2) NHV (non-herded volume) trawls are designed to catch crus-
taceans such as northern shrimp (Pandalus borealis) which are
generally close to the seabed but exhibit an upward migration,
particularly at night where they form “swarms” several metres
from the seabed. All shrimp species like Pandalus borealis are
predominantly captured by a process of filtration. Therefore, the
volume swept by the small meshes (<50 mm) is what determines
the capture efficiency and NHV-trawls are typically constructed
with small meshes in their wings and body of the trawl (Fig. 1b).

3) HA (herded area) trawls are generally used to target demersal
species that are herded by doors and sweeps such as cod (Gadus
morhua) and haddock (Melanogrammus aeglefinus). These trawls
are characterised by having relatively short fishing lines and the
meshes in the fishing circle are typically designed to “balloon”
out to increase the vertical opening. HA-trawls generally have
heavy rock hopper or bobbin footropes for targeting demersal
species over rough ground although they can be constructed
with lighter rubber disc ground gears for use on cleaner grounds
of sand and mud (Fig. 1c).

4) NHA (non-herded area) trawls tend to have long ground gears
with large wingend spread and low vertical opening. They are
used to target demersal species, which are not herded by doors
and sweeps, such as Nephrops (Nephrops norvegicus) and monk-
fish (Lophius spp.)(Fig. 1d).

2.3. Assignment of observations to the four trawl typologies by
target species informed

Based on available literature (e.g. Fernö and Olsen, 1994; Bublitz,
1996; Sangster and Breen, 1989) and discussions between the
group of gear technologists involved in DEGREE on the species
specific interactions between fish/crustaceans and gear during the
capture process, each inventory observation was assigned to one of
the four trawl typologies according to the nominated target species
(Table 1).

2.4. Verification of trawl types and nominated target species

The reliability of how the inventory observations were assigned
to the four trawl typologies by the target species informed (Table 1)
was evaluated by calculating the ratio of the fishing circle to ground
gear length for each trawl and plotting these values, distinguished
by trawl typology, but in ranked order. Only 159 observations had
sufficiently detailed ground gear information to allow this exercise,
but the impression from the plot (Fig. 2), is that a categorisation
based on conceptual geometric differences is a reasonable assump-
tion for these 159 observations, and can be extrapolated to the
additional 82 observations of the data set. The HV trawls display
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Fig. 1. The four trawl types defined, (a) herded volume, (b) non-herded volume, (c) herded area, and (d) non-herded area.

a substantially higher fishing circle/ground gear ratio (3.9–10.8),
whereas the difference in ratio values between the other three
trawl types is more subtle and values slightly overlap: NHA trawls
(0.3–1.4), HA trawls (0.7–3.5), NHV trawls (3.4–3.7).

2.5. Trawling techniques

The single trawl technique, commonly used to target demersal
species, which are herded by the doors and the sweeps and bridle,
is the most widespread demersal trawling technique of the data
set (149 of the observations). In such fisheries, the door spread and

wing end spread are important parameters affecting catchability,
but also vertical opening can be important for demersal fish species
that have been shown to exhibit upward escapement behaviour
when approaching the mouth of the trawl e.g. haddock and saithe
(Pollachius virens). Single trawls are also used for shrimp and pelagic
trawling operations, where focus can be on both horizontal and
vertical opening of the trawl, depending on the fishing situation
and the target species (Sainsbury, 1996).

The main benefit from using the twin trawl technique (47 of
the observations) is the ability to increase the horizontal open-
ing at the wing ends of the trawl deployed without proportionally

Table 1
Target species and groups as assigned to the four trawl types by country.

Trawl type Target species Denmark Faroe Islands Ireland Italy Norway

Herded volume Blue Whiting 2 1
Sand eel 6 3
Herring 8
Horse Mackerel 3
Mackerel 20
Scad 1
Albacore Tuna 1

Non-herded volume Pandalus 2 4
Herded area Cod 13

Norway pout 1 2
Scabbard Fish 3
Whitefish 27 10
Whitefish-Deepwaterfish 2
MixDemersal 11
Mixdemersal-Flatfish 32 33
Monkfish-Whitefish 3
Greenland Halibut 3
Plaice 3

Non-herded area Nephrops 10 14 2
Nephrops-Monkfish 17
Nephrops-Whitefish 3
Monkfish 1

Total 35 80 85 33 8
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Fig. 2. The ratio of the fishing circle to ground gear length by target species group for 159 trawl observations of the inventory.

enlarging the main body of the trawl, in which case the drag
resistance would become inconveniently large. This is done by
deploying two juxtaposed smaller trawls rather than a larger sin-
gle trawl with increased horizontal opening. In other words twin
trawls enable you to increase wingend spread (by approximately
one third) without also increasing vertical opening and towing
resistance (Sainsbury, 1996). This exercise is most useful in trawl
fisheries targeting species closely associated to the bottom, which
are not necessarily herded by the sweeps and due to their seden-
tary behaviour are not liable to escape over the headline of the
trawl. Species such as Nephrops and monkfish fall into this cate-
gory (Sangster and Breen, 1989) and shrimp trawls are also often
fished as twin rigs by Danish, Norwegian, Icelandic and Canadian
fishermen (Sainsbury, 1996; Eigaard and Munch-Petersen, 2010).

The pair trawling technique, where one trawl is towed between
two vessels (45 of the observations), is used primarily to increase
swept area and, by design, catchability compared to single trawling
under certain conditions. This is the case when targeting demersal
species that can be herded (e.g. flatfish or roundfish species such
as haddock and cod), or when targeting dense shoals of pelagic
species located higher in the water column. In demersal pair trawl-
ing it is possible to increase the swept area by deploying very long
sweeps and herding the catch, more akin to the operation of a Dan-
ish seine. Fuel savings are also achievable as a result of avoiding
the drag resistance from the doors, if any increase in net size when
pair trawling does not counter the benefits of door removal (Sala
et al., 2009), as well as lower optimal trawling speed in some fish-
eries from improved herding of sweeps and trawl mouth when pair

trawling. In pelagic operations, a single vessel directly in front of
the trawl risks scaring the fish due to the wake of the vessel falling
back directly into the mouth of the trawl, whereas in a pair trawl
operation the boats can spread further apart and the fish can be
herded back between the boats into the trawl (Sainsbury, 1996). In
some cases the trawl deployed during pair trawling is up scaled to
match the combined engine power of the two vessels (Sainsbury,
1996). This is particularly attractive for smaller vessels.

2.6. Modelling of fishing circle per hp depending on trawl type,
trawling technique and country

To statistically analyse the influence of trawl type and trawl-
ing technique on the relationship between vessel horsepower and
fishing circle, multiplicative modelling – traditionally used for
cpue estimation and standardisation (Robson, 1966; Gavaris, 1980;
Maunder and Punt, 2004) – was applied. The fishing circle obser-
vations were standardised by horsepower and log transformed to
comply with model assumptions. The length of the fishing circle in
metres per 100 vessel horsepower (mchp) was calculated for each
observation (for pair trawls the fishing circle was divided by the
combined horsepower of the two vessels and for twin trawls the
fishing circle was defined as the sum of the two individual circum-
ferences) and the following log transformed multiplicative model
was parameterised on the basis of the 241 inventory observations.
All possible interactions were tested using the log likelihood value
of the full parameterized model as a base line. Model reductions
were made at a 0.1% significance level (log likelihood ratio test)
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Fig. 3. Plot of standardized deviance residuals (model 1) against the quantiles of
standard normal distribution.

resulting in the following end model:

log(mchpjkl) = u + trawl typej + trawl techniquek + countryl + εjkl

(1)

The metres of fishing circle per 100 vessel horsepower (mchp)
varied from 2.1 to 100.7, u is the overall mean fishing circle in
metres per 100 horsepower, j denotes the four defined trawl types
[herded volume (HV), non-herded volume (NHV), herded area (HA)
and non-herded area (NHA)], k denotes the three trawling tech-
niques [pair trawl (Tp), single trawl (Ts) and twin trawl (Tt)], l
denotes the five countries of the data set [Denmark (DK), Faroe
Islands (FI), Italy (IT), Ireland (IR) and Norway (NO)], and ε is a
random noise, assumed to be normally distributed. This assump-
tion was validated by a plot of the standardized residuals against
the quantiles of standard normal distribution (QQ-plot) showing
approximate linearity (Fig. 3). The calculations were made using
the GLM procedure of the SAS software (SAS Institute Inc, 2004).

3. Results

A plot of fishing circle against vessel horsepower by trawl type
(Fig. 4) indicates that within the range of vessel horsepower obser-
vations examined a linear increase by trawl type fits the data
reasonably well for the four trawl types. The plot also shows that
for HV trawls the fishing circle has a substantially higher rate of
increase with increasing horsepower than for the three other trawl
types.

3.1. Modelling results

The overall mean fishing circle per 100 hp was estimated to be
9.4 m and the fishing circle per hp of the HV trawls was estimated
to be a factor 4.69 (P < 0.001) higher than for the three other trawl
types, which were not significantly different from the overall mean
(Table 2). Trawling technique had significant influence (P < 0.001)
on the fishing circle per hp in that the estimate for pair trawls was
a factor of 0.56 of that of single and twin trawls. The country esti-
mates were not significantly different from each other although
there are indications (P = 0.05) that Italian trawls have less fishing
circle per hp than trawls from the other four countries (a factor
0.63). The r2 value of the model run was 0.59.

4. Discussion

4.1. Trawl types in relation to fishing circle and swept volume
and area

The HV trawl type had a significantly larger effect on the mchp
value in comparison to the other three trawl types (a factor 4.69,
corresponding to an increase in circumference of 44 m per 100 hp).
This modelling result was expected on the basis of the plot in Fig. 4
and also from considerations of species-gear interactions of the four
defined trawl types. Logically fishing circle and trawl catchability
are closely linked for the these trawls typically used for shoaling
fish, and it seems reasonable to assume that the larger water vol-
ume you can trawl – the more catch of species such as herring
(Clupea harengus) or mackerel (Scomber scombrus) likely. However,
this linkage between trawl size and catch quantity presumably has
some upper trawl size limit defined by shoal size and distributions,
fish behaviour, physical restrictions on gear handling capacity, as
well as the ability of pelagic fishermen to only target what the vessel
can process or have quota for. Equally important is that the herd-
ing behaviour of many pelagic species (Wardle, 1993) allows for the
use of very large meshes in the front part of a pelagic trawl without
losing potential catch. This enables the construction of trawls with
a very large fishing circle but without a proportionally large gear
drag.

Theoretically the principle of how trawl fishing circle/swept vol-
ume is linked to catch quantity for HV trawls also applies to the NHV
trawls e.g. used for Pandaleus shrimp. However, the rate of fishing
circle increase over a similar band of horsepower is considerably
lower, because such species are not herded by the large meshes
in the front part of the trawl. This necessitates the use of relatively
small meshes throughout the shrimp trawl, as the area swept by the
small meshes is what determines capture efficiency. This imposes
a high penalty in terms of increased drag, and explains why the rate
of fishing circle increases with horsepower, as demonstrated by the
modelling results, is significantly lower for such trawls compared
to the HV trawls (Table 2).

The linkage between trawl fishing circle and potential catch
quantity becomes less straightforward with HA trawls because of
the increasing importance of swept area. Demersal fish species
such as cod, haddock, saithe and many flatfish are targeted with
this trawl type, which typically has an oval-shaped vertically com-
pressed fishing circle. Furthermore it is not only the dimensions of
the trawl mouth that control catch quantity; doors, sweeps and
bridles also become important by virtue of their ability to herd
fish towards the trawl mouth. For many demersal species the sand
and mud clouds from the doors, and the physical presence and
disturbance of the sweeps, herd fish from the doors to the cen-
tre of the trawl (Main and Sangster, 1981; Sangster and Breen,
1989). In theory, if the herding effect is significant, the trawl size
itself becomes almost insignificant compared to the area swept
(between the doors) and the length of the sweeps, and based
on this we would actually expect a lower rate of fishing circle
increase for this trawl type compared to the NHV trawls. This
expectation of difference is, however, not supported by the mod-
elling results (Table 2) possibly as a result of many fisheries being
mixed, so that both herded (roundfish/flatfish) and non-herded
(Nephrops/Lophius) demersal species are fished with dual purpose
trawls that are optimal for neither target species group. With such
trawls a balance is struck between vertical and horizontal opening
matching the target species, ground conditions and configuration
of the vessel. Other explanations for the lack of difference might
be that a key part of the fishing process for the HA trawls is to
“hold” the fish herded from the sweeps in the mouth area until
they become tired and move back into the codend. Large capacity
trawlers therefore will need large trawls to hold large volumes of
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Fig. 4. Trawl fishing circle in metres plotted against vessel horsepower by trawl type. Top left: herded volume (HV), top right: non-herded volume (NHV), bottom left: herded
area (HA), and bottom right: non-herded area (NHA). Note that the scales on both axes differ between the HV plot and the three other plots.

herded fish in the mouth area until they tire. This is not the case for
NHV trawls where the large frontal area is simply there to sieve a
large volume and “swallow” as much of the vertically distributed
fish school as possible. The bottom line is that HA operations may
still need large trawls for bigger operations and due to the benefit
of being able to use bigger meshes in the fore parts could tend to
have quite high mchp.

For the NHA trawls the main target species are princi-
pally Nephrops and monkfish. No significant herding from either
doors/sweeps or the front meshes of the trawl takes place for these

species, which means that the focus of trawl design is on obtain-
ing as much trawl width/wingend spread as possible (Prat et al.,
2008; Sainsbury, 1996; Sangster and Breen, 1989). Such trawls,
often referred to as “scraper” trawls, tend to have long, slow taper-
ing wings, straight gable wing ends and light footropes of plain
rubber discs or small rockhoppers (Tietze et al., 2005). Based on
the fact that this trawl type is used primarily to catch non-herded
species, the rate of fishing circle increase with horsepower was
expected to be comparable to the NHV trawls. This is confirmed
by the model parameterisation (Table 2).

Table 2
Model (1) parameter estimates.

Prameter Estimate 95% CL Pr > |t|
Intercept 9.40 9.08–9.86 <0.001

Country DK 0.95 0.92–0.98 0.81
Country FI 1.19 1.16–1.23 0.46
Country IR 1.36 1.32–1.40 0.15
Country IT 0.63 0.61 –0.65 0.05
Country NO 1.00

Trawl HA 1.01 0.99–1.05 0.95
Trawl HV 4.69 4.55–4.89 <0.001
Trawl NHA 0.87 0.85–0.91 0.60
Trawl NHV 1.00

T mode Tp 0.56 0.55–0.57 <0.001
T mode Ts 0.85 0.84–0.86 0.18
T mode Tt 1.00
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4.2. Trawling techniques in relation to fishing circle and swept
volume and area

The principles for the interactions between target species and
trawl types described above are based on the single trawl tech-
nique. The influence from the twin and pair trawling techniques on
the fishing circle-horsepower relationship, should be viewed as a
means of modifying/improving the single trawl technique towards
the gear features in focus, such as increased horizontal opening or
door spread, depending on trawl type and target species.

The main potential benefit from twin trawling is that it enables
an overall increase of horizontal opening (wingend spread), with-
out proportionally increasing trawl size and consequently trawl
drag resistance (Sainsbury, 1996). This would suggest in theory
that twin trawling should also show some enlargement of the
total/combined gear fishing circle compared to single trawls with-
out proportionally enlarging trawl drag resistance, which might
then be translated into a higher mchp value for twin than for sin-
gle trawls. The parameter estimates of the two techniques were,
however, not significantly different (Table 2), although the model
results indicate that the single trawl mchp value is smaller than
that of twin trawls (a factor 0.85). The non-significant result might
be explained by the twin trawl technique imposing increases in
total gear drag resistance from the clump weight between the twin
trawls and from the more comprehensive rigging requirements.
The lack of significance, might also owe to noise in the data, which
could then be remedied by the collection of more observations or
more accurate hp data (e.g. applied hp rather than installed hp).

It was a little surprising that the fishing circle per hp of the
pair trawlers was significantly (P < 0.001) lower (a factor 0.56) than
that of the other trawling techniques. The expectation was that
in many cases the trawls deployed during pair trawling would be
up scaled to match the combined engine power of the two vessels
(Sainsbury, 1996), but apparently the other benefits of the tech-
nique (e.g. herding from longer sweeps and fuel savings) have been
almost solely in focus for the vessels in the data set. This implies
that fishers may be able to increase the size of the gear, and thus the
vessels’ catching power. This could be significant from a manage-
ment perspective if effort, as a proxy to regulate fishing mortality,
is controlled using fishing activity and vessel power, as increasing
gear size could potentially negate the desired reductions in fish-
ing mortality. Another explanation for the unexpected result might
be confounding with other relevant variables not recognised and
included in the questionnaire. The pair trawlers may be old and
less effective or tend to be used in unique fisheries that have pecu-
liar fish behaviour or are very shallow in water depth, or the size
of the vessels or quotas limits the amount of catch that can be pro-
cessed and not all installed hp is used to tow the gear. It would be
interesting and relevant, but out of the scope for this study, to bring
additional information to the table for a more complete discussion
on the topic to clarify if vessels are indeed able to increase gear size
or whether the low pair trawler mchp value has other explanations.

4.3. Vessel nationality in relation to fishing circle and swept
volume and area

None of the country effects were estimated significant (P < 0.05)
giving credibility to the possibility of defining meaningful inter-
national standard descriptors. There are indications (P = 0.05) that
Italian trawls have less fishing circle per horsepower than trawls
from the other four countries (a factor 0.63), probably reflecting
differences in typical trawl designs, target species and prevailing
weather and sea bottom conditions in the Mediterranean com-
pared to the North east Atlantic and North Sea. It could also
be that the Italian trawlers have a lower mchp due to system-
atic differences in the vessels; the Mediterranean vessels might

be smaller and older than the North east Atlantic and North
Sea vessels and possibly produce a lower level of thrust per
hp. The representativeness of the 241 observations within coun-
tries and on the EU level is of course debatable, but given that
the gear information has been retrieved with harbour inter-
views it is most likely precise and combined with the fairly
even coverage of trawl types and countries (Table 1) it is plau-
sible that general inferences can be drawn from the modelling
results.

4.4. Management implications

The quantification of fishing circle increase with horsepower
across trawl types, trawling techniques and EU countries gives
support to the introduction of kilowatt days, rather than fishing
days, as a standard effort descriptor in fisheries management. The
results also show that the linkage between vessel horsepower,
fishing circle and swept volume/area is not uniform across the
four target species groups defined and analyzed in this study
(e.g. approximately 44.1 m fishing circle increase for each 100 hp
for HV trawls and approximately 9.4 m for the other three trawl
types). This implies that it is important that controlling fishing
pressure through regulating fishing power should be specific to
gear type. However, The ICES Study Group on Effort Metrics (ICES-
SGEM) showed that for UK demersal trawlers, with less than
1000 hp, there was a good positive relationship between vessel
power and the fishing circle of the net towed (ICES, 2009). For
vessels greater than 1000 hp, there was no relationship between
vessel power and the fishing circle of the net towed. There were
indications that the larger vessels could potentially increase the
swept volume by at least 63% by towing larger nets but did not
necessarily do so. It should be noted that there are many pos-
sible reasons why a larger vessel may not tow a gear as big
relative to a smaller one. There could simply be physical con-
straints on the deck. The boat may be considered more efficient
with a smaller net, or the skipper may choose a smaller net for
operational reasons (i.e. tow faster or reduce fuel consumption
through reduced drag). It is therefore necessary to explore the rela-
tionships further to understand whether there are other limiting
factors or whether latent harvest capacity exists through poten-
tial increases in gear size that could negate desired reductions in
fishing effort through the use of vessel characteristics and activity
alone.

As discussed above trawl size (fishing circle) is not the only key
measure linked to gear catchability – geometry is equally impor-
tant and other gear components such as door spread and ground
gear design can also play a significant role for catchability. This
does not necessarily imply any serious flaws in kilowatt days as
descriptor of effective effort, in that many of these other gear com-
ponents, e.g. trawl door size, are also linked to horsepower. It does,
however, put emphasis on the need for further investigations of
the coupling of engine power to trawl gear size to fishing mortal-
ity, before any comprehensive effort management programme can
be expected to result in a more accurate measurement of relative
fishing effort between different vessels towing different gears. It
is equally critical to assess whether vessels are able to increase
the size of the gear towed for a given power as suggested by
the relationship for pair trawlers. In open access fisheries man-
aged through vessel capacity constraints, there could be significant
economic incentive for individual operators to increase their gear
size as a compensatory measure to effort restrictions. This would
eventually result in more restrictive effort allocations to regulate
fishing mortality, and ultimately result in an over-capitalised fish-
ery.

We consider that in order to better understand the relation-
ship between fleet capacity and the potential fishing power, it is
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necessary to consider the size of gear that is used, and critically
what could be deployed. This also implies it is perhaps neces-
sary to include metrics relating to the size or amount of gear
deployed for managers to be able to refine the regulations based
on fishing mortality objectives through alterations in fleet capac-
ity and activity. These metrics should be able to contribute to
estimates of the swept area or volume fished per unit of effort.
Measurements of the fishing circle (number of meshes in cir-
cumference and mesh size), headline and ground-gear length as
well as the physical characteristics of the vessel (power, ton-
nage, etc.) should be routinely reported and used to help develop
more precise estimates of fishing power. While there are practi-
cal measurement issues, these are not insurmountable and may
indeed be more accurately reported than engine power for exam-
ple.

5. Conclusions

The work presented parameterizes the relationship between
vessel power and the size and shape of the gear towed for a range of
fisheries and postulates that the increased swept area and volume is
linked to trawl catchability. Further research, comparing cpue rates
with trawl size and vessel power, is required to ascertain how these
changes in swept volume and area could translate into increased
catches.

A linear relationship between fishing circle and horsepower
seems feasible within the range of engine power observations avail-
able to this study. However, departures from this linearity due to
e.g. the introduction of high performance netting or the presence of
some functional limitation of trawl size increase at higher engine
powers cannot be ruled out. Exploration of trawl size and engine
power relations from various Scottish and Irish trawl fisheries
showed very mixed results (ICES, 2009). These analyses suggested
that a relationship exists for smaller vessels but that this breaks
down for larger vessels and that a logarithmic fit is better than a lin-
ear. Indications of a good logarithmic fit, if more large vessels were
included in the analysed data set, are also observed in Fig. 4, partic-
ularly for HA and HV trawls. Furthermore, trawl fishing circle is an
integrated expression of many other gear components such as opti-
mal trawling speed, door and ground gear drag resistance, netting
resistance, and cutting rate of the trawl (Sainsbury, 1996; Sala et al.,
2009). Flume tank experiments with thirteen different trawls have
shown that the drag resistance of wires varied from 2 to 8% of total
gear resistance; doors from 11 to 27%; groundgear from 2 to 24%;
netting from 39 to 95%; and floats from 1 to 7% (personal commu-
nication, Ulrik Jes Hansen, SINTEF, Denmark; Fiorentini et al., 2004;
Sala et al., 2009). The definition and parameterisation of a mecha-
nistic model of the relationship between engine power and fishing
circle, depending on trawl type, which includes each of these com-
ponents would certainly be valuable and worth pursuing. Analyses
of historical flume tank data on the linkage between hp, trawl size,
trawl geometry and drag requirements from other parts of the gear
could be one important step towards the definition of a predictive
model of species specific catchability of trawl gears
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