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EXECUTIVE SUMMARY

1 Three main segments were identified as representative of the Welsh fleet from a socio
economic perspective, one small scale (pots and netssralal) and two medium scale
(scallop dredge medium scale and pots and nets medium scale). All three segments were
characterized by a profitable fishing activity, with a moderate ROI (rate of return on
investment, which deperdn the ratef profit/capitalinvested) for scallop dredge and
small scale vessels and a high ROIfmedium scale pestand nes$ vessels. For small
scale vessels, the moderate ROl was the result of a moderate profit, while for scallop
dredge medium scalewas the resulbf the largecapital invested by the segment.

A regular moitoring of the economic performance stallop dredge medium scale
segment isthereforeneeded to understand if the largesestmerg in harvesting
capacityyield progressively lower returtg fishers. In this caseallop dredge medium
scale couldbe close to a situation afvercapitalisationand possibly overcapacity).
With the high ROI, theots and nets medium scalegment could have invested part

of the benefits into vessel technology and fishing gears. This investment of capital in
vesseland geaimprovement would have possibly resulted in an increase in fishing

capacity in 2013.

1 A total of 18 métierswere idenified, clearly demonstrating the complexities of the
fishing strategies adopted by the Welsh fleet. Differences in the fishing strategies
employed were detected between the three fleet segridémite.medium scale vessels
appeared more specialised in usimg or two singlenétiers small scale vessels were
characterisedy higher diversity, which reflected a higher dynamic nature of their

fishing operations.

1 The use of the differemhétiers as well as theontemporaryuse of multiplemétiers
over aperiod of time had a strong seasonal and spatial component. For small scale
vessels the most significant associatioantemporary use)f métiersin spring was
between lobster pot targeting lobster and rod and line targetingvidaks in winter
betweenlobster pot targeting lobsteind prawn pot, between lobster pot targeting
brown crab and whelk pot arzbtween lobster pot targeting brown crab and prawn

pots. The knowledge of the associations of fishmétiers are essentlafrom a
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management perspeati as the effort restriction of one can leadnincreasan effort

of theother

The knowledge of the different associationnodtiersby area is also essential as the
consequences of the effort control of a spedaifiétier can have different effects
between North, Mid and South Wal@%e nain associationof fishing métierswere
lobster pot with rod and line targeting bass in North Wébdster pot withprawn pots

in Mid Wales andobster pot with rod and line, prawn patd whelk pot in South
Wales. In this senseadaptivemanagement measuresherent withlocal specificity
should be adopted.

Our study also revealed that the traditional assumption that fishers act rationally in
terms ofmaximising their profit/utility is not alwaygrue For small scale vessels, only
25% of the association betwemtierswascharactegedby higher profit. Commercial
species were often targeted when theyenaore abundant and not when theailue

was higher. This behaviour could respond to the-aig&rse aptitudes of fishers towards
high but uncertain profits to which they prefer low risk fishing operations with reduced

profit margin.

The reduction of the costs associated with the fishing actf@jpgrating costs) can
explain the aptitude of increasing the numbemdtiersused at monthly and yearly
scales. Increasing the number ofiétiersused significantly decreased the maximum
amount of operating costs. As these costs are positively relateth&iincomes, their
decrease implied a decrease on the maximum expected incomes and, ultimately, on the
maximum expected profits. Our findings thus revealed that the reductions of operating
costs is a more important economic driver than proéikimisation. Theseresults also

need to be taken into account when implementing management measures, as the
limitation of métierscharactesed by lower operating costs (e.g. gill net from shore,
tangle nets, etf could result in a noprofitable fishing activityfor the vessels

characteged by a marginal economic condition.
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1. INTRODUCTION

In the last few decades there has been increasing interest in toefisiierdbehaviour in the

exploitation of marine resources and a highly interdisciplicahgction ofliterature habeen

developed, with publications by economists, anthropologists, sociologists and natural scientists
(Branchetal.2006f hi s vi ewpoint came from the recogn
behaviour is essential wheniug fisherybaseddatafor stock assessment and population
dynamics as these data could be affettgdhanges in the distribution éiEhing effort and

capaity (van Putten et al., 2011; Gillis and Frank 2004 this sense, a correct interpretation

of changes in variabBk such as catch rates, discards, etc. require auddepstanding of the
associatehanges in fishing behaviaur

Hilborn (1985)suggestshatmost fisheries problemscludingthe collapse of manfysheries

can be attributedta | ack of knowl ed gather thdn offfishenhresouscés b e h a
A direct expression of the f i snegersdefinedisahavi ou
group of fishing operations targeting a specific assemblage of species, upegjfi@ gear,

during a precise period of the year and/or withgpecific aregDeporte et al., 201 Pelletier

and Ferraris, 200Q.aloé and Samba, 199Biseau and Gondeaux, 1988nderstanding the
behavioural drivers responsible for the fishm@ties useis also crucial from a management
perspective, as topaatidoiroreldtian dodheir peeferentgEsssénttal s 6

to model the responses to regulations and thus to achieve efficient management schemes (Salas
and Gaertner, 2004).

A growing literaturehn as been focused in defining the ma
and the associatetrategiegsequence of decisions, which includestierchoice, at monthly,

seasonal or yearly scal@ften related with economic, soataltural and biological aspects of

the fisheries (e.dRobinson and Pascoe, 19%7archal et al., 2009Andersen et al., 20}2In

the fisheris economic literature, the mosbmmon approach tetudying fisher decision

makingis based orthe profit maximisationconcept focused iptimising net revenues at

minimal cost Gordon 1954;Hilborn and Kennedy]992).This approach represents the base

of the biceconomic models usually employed to assess possible management scenarios (e.g
Prellezo etal., 2012). Howevé t has been questioned by vario
may be based om number of other driverthat can also vary by individuaRfbinson and

Pascoe, 1997; Holland, 2008; Herrero and Pascoe, 2803 utten et al., 2012).
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Socio-cultural drivers such aghe competitive interactions among vessels and the adherence

to traditions often play an essential role in determining s h e r safd the boosequensuse

of one or more fishingnétiers(e.g.Gillis and Peterman 199®ijnsdorpet al.2008 Marchal

et al ., 2009) . Habits and fisherod6 experienc
behaviour and the related tendency to maintaabandorraditional fishing patterns (Holland

and Sutinen, 1999; Marchal et al. 2009).

Seasaal fishing patterns related the availability of the individual target species is another
essential component of fishing behaviour. For migsteries, there is a seasonal component
drivenby differences in the spati@mporal migration dynamics tdrget specie$Andersen et
al., 2012 . Fi s h e r sabout Kishobehlavard gpecies availabilityand the catch
previouslyobtainedplay an essential role theindividual decisioamaking proces¢Salas et
al., 2004).

Even though all these elements hawerb described, analysed and reviewednultiple
published works (e.g. Salas and Gaertner, 2004; Branch et al., 2006; van Putten et)al., 2012
few studies have applied a multidisciplinary quantitative analysis of the drivers of fishing
métierson multispecies multgears coastal fisheri¢Salas et al., 2004; Andersen et al., 2012;
Marchal et al., 2009).

The present work aims to understand the rfetors affecting the use of one or more fishing
métiersfor multi-species multgears coastaligheries in WalesUK. To achieve thisthree

main aspects will be analysed: 1) the economic performance of the main segments of the Welsh
fleet, 2) the identification and description of the fishimgtiersused and 3)the relative
importance of the seasality of target species, fishing location, costs and incomes on the

fishing métiersemployed.
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2. MATERIALS AND METHODS
2.1 Data sourceand fleet segmentation

Data ontechnical characteristics, landings and economic performance of 56 fishing vessels
were obtainedfrom interviews with vessel ownelsetween July and December 20The
information requested during the interviews was related to the fishing aeliwity tre Welsh

coast in 2012Fishers wereandomly selectefom the main base ports of the Welsh coast
(Figure 1)and, when possible, they were previously contacted through the fislaimng

associations.
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Figure 1.Study area showing the base ports of the owners interviewed.

The fleet wadivided into sixmain segments according to tfleet segmentation protocol
adopted byseafid, the national body responsible of providing the economic indicatdhe

fishing fleetat the UK level (e.g. Lawrence & Anderson, 20}4However, according to the
data collection framework (DCIBY the European Commissigthe descriptiomf the segments

referredto all gears used by the vessels and not only to the anain
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Six fleetsegmerg were identified througkhe interviews:

1. PMP O \MeSselsn. 10 m |l ength combining mobile
(pots) gears

2.PGO O 10 m. Ve susiagpassiv®gedrd(pots arid setsy t h

3. PGO < 10 mVessels < 10 nlength usingoassive gears (pots and nets)

4. PMP< 10 m. Vessels < 10 m length combining mobile (scallop dredge) and passive
(pots and nets) gears

5. DTS <10 m. Vessels < 10 m length using demersal trawl

6. Low activity< 10 m. Vessels < 10 m length fishing fptime with passive gears (pots

and nets)

As the aim of this study was to assess the maueis of the fishingnétieruse we focused

our survey effort ora subgroupof segmentdased on tha priori hypothesis that théshing

capacitywas related witlthe fishing métier use (Tingley et al.,2003. For thisreasonwe

focused the interviews on the maspresentative small scale (vessel length < 10 m) and
medi um scal e (v esgneitofthe Wash fieeflOm d sbcieesdnomic

perspective (number of vessels, fishing effort and income produoealjcordancevith the

economic indicators of the UK fleet (e.g. Lawrence & Anderson, 2014) and with the
suggestions obtained from the méshing associations, thinterviewsverefocused on: PMP

O 10 m (wes agememnctatasoprhsds edge medi um( $ogal e (M
and nets mediaunnd sPcGd eo t(BWSamMJd( mMpts small scal

To assess the accuracy/representativeness e€timmmic information for eaalf the selected
segmerd, the heterogeneity of fishing incomesthin a fleet segment vedirst estimatedThe
coefficient of variationCV (standard deviation divided by meaof)a parameteof interest
(CV) taken b be aproxy for fishing incomesvas thus estimated across all vessélss
parameter was obtained by multiplying the vessel length by the number of fishing feonths
each vessel athe whole population, obtained through the official census of Welsh vessels
registered in 2012 (European Fleet Regjstttp://ec.europa.eu/fisheries/flgehfterwardsan
extension othe Neyman optimal allocation (Cochrai977 Van Iseghem et al., 20)1 Was

appliedto the official censusThe minimum sample size for segment was computeds:

p VLOUTTOW
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WhereU is the segment sizéotal number of vesselsV: is the coefficient of variatioof
proxy fishing incomes and L is the minimuwequired precision (L ©.25)to be achieved for
the fleet estimate of the parameter of interest under the DCF regulation.

We reaclkedthe minimum sample size tifie threemain segment&lentified scallop dredge
medium scale (MS) (38%),0ts and nets medium scale (M%) and potsand nets small
scale (SS}9%).

2.2. Economic analysis

Data collected during the interviewscluded information about the crew (number of fishers
and the sharing system under which the fishing income was divided among members of the
crew and the boat aver) and fishing effort (total number of fishing days by gear and month).
The costs data included the variable costs (fuel, lubricating oil, bait, ice), fixed costs (including
dockage, insurance, maintenance costs required to keep the vessel in worlitigrcand

the annual fee for the bank in the case of debt) and investments (type, cost and lifetime of
investments made in 2012). The production data included the total monthly catch and monthly
catch by species (in weight, kg) and the average landicg py species and month (£/kg).
Finally, we asked each owner to estimate th
equipmentind gearsin the case that he had to sell it or purchase it in the same condition. This
information was essential for esgting the value of the total invested capital (TC), as
suggested by Franquesa et al. (2001).

Cost, profit and profitability indicators were thus assed®edthe three main segments
previously identifiedTable 1 according to Cambie et al., 2Q1€ostindicators included fixed

costs (administrative costs, maintenance costs and depreciation), variable costs, opportunity
cost (benefits that the owners could have obtained by investing their capital teraatale
risk-free investment, e.qrational debtand average wage. Profit indicat@msmprisedthe

Vessel Physical Productivity (tons of landings), Capacity Physical Productivity (tons of
landings per gross tonnage) and the Vessel Productivity (total incomes). Fitady
profitability indicators inalided the total capital invested, the net profit (the difference between
the total incomes and all costs) and the Rate of Return on Invespeesgrtratio of yearly

net profits plus the opportunity cost in relation to the investment).
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Table 1 Economic indicators selected for assessing the performance of the Welsh fleet in

2012 and the equations used for quantifying them.

Type Description Equation
Fixed Costs Administrative costs (AC), AC+MC+D
(FC) maintenance costs (MC),

depreciation (D)

Variable Costs

Annual cost of fuel (CF), CF+LO+BC+I+C

(VO) lubricating oil (LO), bait (BC),
ice (I) and crates (C)
%) Opportunity Cost Benefits thathe owner could TC - R
= (OP) have obtained by
Q investingtheir capital (TC) in
2 an alternative risfree
2 investment (national debt). It i
8 calculated p multiplying the
total capital(TC) by the
average real interest rate (R)
Average Wage Average salary obtained by SC/N
(AW) each employee, calculatby
dividing the salary cost (SC)
by the number of crew (N)
Vessel Physical Productivity ~ Average production of each
(VPP) vessel in terms of weight of
" landings
5 Capacity Physical Productivity Average production in terms
§ (CPP) of weight of landings for each
'-g capacity unit (GT) of the
= vessel.
S Vessel productivity Average production interms VPP - LP
a (VP) of market value at first sale fo
each vessel. It is calculated b
multiplying the VPP by the
landing prices (LP)
" Total capital Current price assigned to the
o) (TC) vessel and th
kS equipment
'-g Net Profit Difference between VP and a VP-VC-FC-OP-SC
= (NP) costs (VC, fixed costs (FC),
= OP and SC)
:c% Rate of Return on Investment Percent ratio of yearly net OP+NP/TC
5 (ROI) profits plus the opportunity
a cost in relation to the

investment.

2.3 Identification of the métiersused and their association

To determine the fishing métierse aggregated the catch of each species by boat on a monthly

scale, according to Pelletier and Ferraris (2000). Per each fishing gear used by the main
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segments identified, a matrix with the catch in kg was constructed with rows denotingymonth
fishing operationx boat and columns denoting speci@aly month x boat with nonzero catch

were considered. The data matrix was then transformed to the percentage species composition,
to produce the catch profile in terms of kg.

A similarity matrix based on the minmum vari ance criterion of
distance was used to run an agglomerative hierarchical clustering. The silhouette coefficient
was calculated to determine the correct number of clusters for each fishindg-geaach
cluster, one speci@gas found to be highly characteristic. Each cluster thus fashé specific

métier

To assess what variable$ the fishing operations were associated with the madtiers
identified, a multiple correspondence analysis (MCA) was applied to the data matrix built with
the 601monthly fishing operatiomas individuals and the three categorical variables: fishing
area (North, Mid and South Waleshétiersand month. To avoid deindant variables, the
target species were not indeed in the analysis (eadmétierwasdefined by target species). To
calculate the percentage of the data variation (inertia) explained by the MCA, adjustment to

inertias in the Burt matrix analysis wapaed (Greenacre, 2006y&nacre et al., 2010).

Association ofméties by season and fishing area was assessed by testisgniultaneous
pairwise marginaindependence (SPM(yvith Bonferroni adjustment)etween twanéties. If
the Bonferroni adjustep-value of the SPMI test was < 0.05, tidativeindependencef the
two métiels combination was rejected and their association was thus conssigmétant To
achieve thisa matrix was consucted with rows denoting fisher x month and coluchesoting
métiers, which were considereal categorical variable assumiagalueof O if not used and 1
ifusedThe R package ultipléiR<ponse cdtegaricalmvariableas used to
perform the analysis (Koziol and Bilder, 2014).

For eachmétieridentified we also estimated the associated incomes and operating costs by
month and seasao assess theelation betweerthese economic indicators and tiype and

number ofmétiersused.

10

W
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3.RESULTS
3.1 Economic structure

The threesegmentsnost representative of tistudied flee{scallop dredge medium scale, pots
and nets medium scale and pots and nets small seaiegharacterisedy differenttechnical
characteristics anelconomic structurél’he fishing capacity in terms of engine powarmber

of crew and length of vessels oktlthree fleet segments increasesin pots and nets SS to

pots and nets MS up to the scallop dredge(Vible 2).

Table 2.Technical and operational data per vessel for the three fleet segments of the Welsh
fleet in 2012 (mean + SD).

Technical features Scallop dredge  Pots and nets MS Pots and nets SS
MS

Age () 20 (+ 11.3) 27 (+ 8.4) 16 (+ 11.5)
GT (1) 47.9 (+ 46.3) 21.6(+ 16.7) 3.9 (£ 2.8)

Engine power (hp) 153.5(x 10.5) 161.9 (+ 136.5) 83.7 (£ 68.2)

Length (m) 13.9(£5.2) 12.9 (£ 3.3) 7.8 (x1.6)
Crew (n) 4 (x1.4) 3.8(x1.3) 1.5 (£ 0.6)
Fishing days (n) 165.7 (+ 81.3) 249 (+ 39.3) 170.1 (£ 59.2)

For the thredleet segments, the variable, fixed, salary and opportunity costs varied in nature
and importance. The variable costs were directly related to the number of fishing days (Table
3). While fuel was the most expensive item f8callop dredge MSthe bait waghe most
important variable cost for pot and nets MS and Bblge 3.

11
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Table 3.Variable cost per vessel for the three fleet segments of the Welsh fleet in 2012 (mean
+ SD).

Fleet segment fuel bait oil food

Scallop dredge MS 49618 1713 £1084 2322 £1047 8267 £2110
120654

Pots and nets MS 45699 * 49774 + 1882 + 577 7583 + 2482
15955 18615

Pot and nets SS 5856 + 907 7252 +2210 630+ 178 1042 + 108

The yearly fixed costs included administrative costs, maintenance costs, the annual fee for the
bank in the case of debt, and depreciation of the vessel and equipment. In terms of depreciation,
the fishing gears were the most common and expensive investoneihe medium scale
segments, whilengine, winch and other parts of the vessel represented the most important

type of investment for small scale vessélg(re 2).

40000 —
0O electric equipment
i O vessel's parts
36000 B safety materials
B lines
32000 s s
B nets
B dredge
28000 —
& 24000 -
o=
.2
T 20000
3
a
S 16000
12000 —
8000 —
4000 —

Scallop dredge MS  Pots and nets MS Pots and nets SS

Figure 2.Type of investments and depreciation of ttreefleet segmentsf the Welsh fleet
in 2012.

12
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The salary cost is of great social importance, and can vary according to the status of each crew
member and for each fleet segmehig(re 3).For thesmall scalevessels nasignificant
difference in wage between tekipper andleckhandvasdetectedin this segmentherewas

usually no task division andpecialgation of crew members and therefore all the fishers
generally received equal parts. In contrast, riredium scale vesselsad a different work
structure, with a cleaeparation between the tasks of the cleis possible thahis difference

was also influenced by the nature of the relationship between the crew membersiswhich
usually busineske and not familiar.

Finally, the opportunity cost was estimated udimg value of the total invested capital (TC)
declared by the ownersyhich corresponded to the actual value estimated for the vessel
including all the investmen{&igure 4).For all segments analysed the profit derived from the

fishing activity in 2012 \&s higher than a potential profit derived from a free risk investment.

70000 —

B owner
3  skipper
[ deckhand
60000 —
50000 —
)
o 40000 —
j=)]
g
©
2 30000 -
“’ |
20000
10000 —
0 —
Scallop MS Pots MS Pots SS

Figure 3.Salary cost by crew member fozadlop dredge medium scale, pot and net medium
scale and pot and nets small saadsselsn 2012

13
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Figure 4. Opportunity cost araperating profit for the fishing activity of 2012.

Profit indicators in terms of average annual incomes per vessel by fleet segraestitswn in

Table 4 Medium scale vessels wecharacterized by similar annual incomes and captures with

one order of magtude higher than small scale vessels

Table 4. Average annual incomes and cagtper vessel by fleet segmaémt2012.

Fleet segment  Average annual income Average annual capture (t)

(E)
Scallop dredge MS 299 094 + 79 03¢ 309 £ 182
Pots and nets MS 319681 + 92 267 307 + 166
Pot and nets SS 61584 +9 67C 2+09

A different relationshipbetween the average daily incomes and the investmentbelesis
detectedor medium and small scale vessels. While for small scale vessels the incomes strongly
dependedn the total capital invested and nom the investments of a particular year, for

medium scal@essel the yearly investmentsreessential to determine higlecomegqFigure

14
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Figure 5. Relatioship of the daily income with the total capital invested (left) and with the
investments made in 2012 (right). Dashed lines indicate the linear relation for all vessels, red

and blacKines indicatethe relatiorfor small scaleand medium scaleesselgespectively.

The relationshifpetween incomes and operating costs has been also investigated on a monthly
basis Operating costs represented the variable addtgel, bait, food and ice but not salaries,
which were estimated on a yeabgsisfrom the vesselsharacterisethy more tharone crew
member A highly significant relatioship between moiily incomes and monthly operating
costs (p<0.0001 and R2 adjustt?o) was detected demonstrating that highatiable costs

implied higher incomes (Figure 6).

15
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Figure 6.Relatiorship between monthly operating costs (log transformed) and the related

monthlyincomes (log transformed) for small scale and medium seakels.

Cost, profit and profitability indicators per vessel for the three fleet segmergsransarsed

in Table 5.Scallop dredge appeared to be the most powerful segment in terms of net profit
while pots and nets medium scale in terms of Rate of Retutnvestment. This difference is
mainly due to the higher amount of investmehtt Scallop dredge MS made, which resulted

in a reduction of the related ROI.

16
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Table 5. Indicator®f costs, profit and profitability per vessel for the three fleet segments of
the Welsh fleet during 2012.

Scallop dredge Pots and nets

Pots and nets

MS MS SS

» VariableCosts(VC) (£) 64 520 132 334 16 028
é Maintenance Cost (MQE) 32 463 6 750 518
% Opportunity Cost (OP)E) 1183 402 202
§ Average Wage (AW)R) 36 318 35304 17 062

m Vessel Physical Productivity (VPP) (t) 308.5 307.2 28.1
"'E, % Capacity Physical Productivity (CPP) (t) 6.3 10.4 7.6
* E VesselProductivity (VP) (£) 299 094 319 681 61 584
5, Yot Capital (TC) (£) 372 500 126 560 63 552
% % Net Profit (NP) (£) 54 906 25 473 7535
E’ E Rate of Return on Investment (ROI) (%) 6.8 21.6 6.5

The analysis of incomes was performed not only at segment level but glsar §Eigure Y

and species (Annex llevel. Lobster pot, gill net and rod and line were the fishing gears

charactegedby an income composition derived from different taggecies.

The multispecies naturef Welsh fisherieswith variousfishing gear haresting a wide range

of species, was thstarting point for arin-depth analysis of the different fishinghétiers

employed by the studied fleet.

17
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Figure7. Income composition per vessel obtained from the sale of the species caught with
lobster pot, gilnet and rod and line in 2012.

3.2 Fishingmétiersused by the Welsh fleet

A clusteranalysis of the catch profile showed that, out of the 13 fishing gears used by the
studied fleet,four fishing gears (lobster pot, gill net, rod and line and tangle nets) were
charactesed by different métiers(Figure §. The cutoff points chosen for each gear ranged
from 15 to 20% dissimilarity and they were determined from the silhouette coefficient: 0.46
for lobster pot, 0.63 for gill net, 0.96 for tangle nets and 0.67 for rod andcElawh fishing
métierwascharactesedby specificseaonality (Figure Pandcatchprofile (Table 6).

Lobster pot appeared to be the gelaracterisedy the highest diversity in terms of catch
profile and the relatedhétiers It was also the gear most widely used by the studied fleet
representing the maigear for7r4% and ® % of t he fApots and netso s

scale respectivelyOn a yearlybasis the small scale segment usadaverage o2.6 métiers
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per vessel, followed by pots améts medium scale vessels (withm2ties per vessel) and

scallop dredge edium scale (1.&étiersper vessel).
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Figure 8 Cluster analysis showing the differanétiersfor each fishing gear.
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Fishingmétiers
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Figure 9 Seasonality of the fishingnétiersused by the studied fleet.

Table 6. Catch profile of the 18 fishimggtiersused by the studied fleet

Gear andmétiers No vessels  Target species
Lobsterpot (FPOI 35

FPOI1 16 Lobster (90.8%)
FPQI2 7 Spider crab (56.3%)
FPQOI3 28 Brown crab (59%)
Prawn pot(FPOp 12

FPOp1 12 Prawn (100%)
Whelk pot (FPOwy 12

FPOw1 12 Whelk (100%)
Spidercrabpot (SP) 2

FPOspl 2 Spider (100%)
Gill net (GNS) 13

GNS_1 10 Sea bass (98%4)
GNS_2 5 Grey mullet (62.6%)
Tangle net (&N) 9

TaN_1 6 Spider crab (103)
TaN_2 3 Crayfish (56%)
Trammel net(TrN) 1

TrN_1 1 Rays (56%)

Drift net (GND) 1

GND_1 1 Mackerel(100%)
Rod and line (LHM) 10

LHM_1 4 Mackerel (92.9%)
LHM_2 7 Sea bass (83%)
Longline (LLS) 4

LLS_ 1 4 Sea bass (100%)
King scallop dredge (DRBk) 10

DRBk_1 10 King scallop (100%)
Beam trawl(TTB) 1

TTB_1 1 Rays (46.6%)
Otter trawl (OTB) 6

OTB_1 6 Rays (51.8%)

Accessory species
Brown crab (8.1%), Velvet crab (0.9%), Spider crab (0.2

Brown crab (26.4%), Lobster (13.9%), Velvet crab (3.49
Lobster (37.6%), Velvet crab (2.1%pider crab (1.3%)

Cod (1.60)
Sea bass (20.7%), Cod (9%), Rays (5.2%)

Flatfish (44%)

Dogfish (24.1%), Sole (16.8%), Cod (3.1%)

Sea bass (7.1%)
Mackerel (11.86) Rays (4.5%)

Sole (23.3%), Brill (15%)rbot (15%)

Sole (22.9%), Plaice (22.1%jd (3.2%)
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3.3Fishing métiersand relationship with seasonal, spatial and economic drivers

The relatiorship betweenfishing métiers fishing location and month was assessed with a
multiple correspondence analysis (MCAhe explainednertia (a measure of varianda)the
first two dimensions was 51%. Therefpfl% of thevariation in fishingoperationswas

explained by the relatichip betweemmétiers seasn and locatior{Figure 10.

;
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.l." ° ‘e .

. l_: o |FFO

DRBK_
: 2 [FPOI_3],

[GNS_Z]GNS_1 s LM 2] »

VA ' 1
Tan 2 g ba &
i autumn .
métiers month location

Figure 10Multiple correspondence analysis showing the relatgbetweerméiers, months

and capture location.

The MCA thus showed the annual variation of the use ofrtBieerswas manly related with

the seasonality of the target species and the capture locatiorex&ample,spider crab
represented the main targpesies fothreedifferentmétiers(FPOI_2,TaN_1and FPOsp )1
Although all three métierswere usedmainly in summer (when the spider crab is more
abundant), they were employed in different locatidolster potin South Walesandtangle
netand spider poin Mid Wales.The prawn fishery also showed a strong seasonality (almost
absent in summemith an increaseof use in springautumnand wintej and a strong
relatiorship with the fishing locationas it wasconcentrated in Mid Wale3he use of tangle

net targeting yfishwas typical ofSouth Walesluring winter whilethe scallopfishery was

mainly concentrated in North and Mid Wales

The MCA performed shogd astrong relatioshipbetweemmétiers seasons and fishing areas.
However,it did not provide a picture of the most significant association between multiple
métiers Moreover, it is important to investigate the presence of other drivers than season and

fishing location in determining the choice of using one or mugters As profit maximisation
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is believel to be one of the most important driveffisher©behaviourand the relatechétiers
choice we estimated a proxy of the daily prdthe difference between daily incomes and daily
operating costs, where operating costs all variablecosts exceptor salaries)associated to
eachmétierfor small scaléFigure 1) and medium scal@igure 13 vessels
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Figure 11 Value of daily incomeslaily operating cost&onsidered as a proxy of daily profit)

per seasofor eachmétierused bysmall scalevesselsn 2012

For small scale vesseishelk pot(FPOw_1)was one of the most profitabieétiersduringthe
entire yearLobster pot targeting spiderab (FPOI_2) waassociated with high profits during
spring, summer and autumn. Lobster patchingbrown crab aghe main species FOI_3)

appears to be the most constandtierin terms of profits provided durinifpe entire year
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Figure 12 Value of daily incomeslaily operating costs (considered as a proxy of daily profit)

per seasofor eachmétierused bymedium scale vessdls 2012

For medium scal vesselsscallop dredge (DRBk_1) appeattedoe the most profitablmétier
in spring, atumn and winterwhile in summer tangle n&rgeting spider crapraN_1) wa
the most profitable followed by whelk p(fPOw_1)and lobster potatchingbrown crab as
themain specie¢FPOI_3)

When combining differemnétiers small scale vessels usaalaverage 2.2nétiersand medium
scale vessels 2.4 on a montblgsis The most important associations betwewaatierswere
thus assessedby testing the independence between twétiersthroughthe simultaneous
pairwise marginahdependenctest (SPMI) fosmall scaléTable 7) and medium scale (Table

8) vessels.

The Bonferroni adjusted paluesprovidal strongevidence for rejecting SPMiInd indicate a
significant association for thenétiers combinations described ifable 7.In particular,
significant associations have been detected during spring, when lobstargeting lobster

(FPOI_1) androd and line targeting sea bass (LH&Iwere highly associated. During winter,
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prawn pot (FPOp_1) was highly associated with lobstetgpgétingorown crab (FPOI_3) and
with lobster pot targeting lobster (FPOI_1) and whelk pot was highly associatelblvatar
pot targeting brown cral-POlI_3.

Significant association of the fishingétierswas also detected for different fishing areas.
While in North Waleslobster pot targeting lobster (FPOI_1) and brown crab (FPOI_3) were
associated with rod and line targeting sea bass (LHMnlid Wales the only significant
association was between &ibr pot targeting brown crab (FPOI_3) and prawn pot (FPOp_1).

In South Wales three main associations were detected: lobster pot targeting brown crab
(FPOI_3) with rod and line targeting sea bass (LHM_2) and with whelk pot (FPOw_1) and
between lobster paargeting lobster (FPOI_1) and prawn pot (FPOp_1).

Table 7. Results of thesimultaneous pairwise marginahdependencetest and the
corresponding Bonferroni adjustedvalue indicating the significant associationsnodtiers

for small scale vessels.

factor level Métier 1 Métier 2 p-value
Season spring FPOI 1 LHM 2 0.0002
winter FPOI_3 FPOp_1 0.0019
FPOI_1 FPOp_1 0.00D
FPOI 3 FPOw 1 0.0006
Fishing area North FPOI_1 LHM_ 2 0.0002
FPOI 3 LHM 2 0.0007
Mid FPOI 3 FPOp_1 0.0420
South FPOI 1 FPOp_1 <0.0001
FPOIL_3 FPOw_1 0.0005
FPOI 3 LHM 2 0.0474
For medium scale vessélsh e SPMI anal ysi s was performed f

distinction between season and fishing areas due to the small amount ¢Talzita8).

Considering that scallop dredge, when used, was never associated with aré&teerthe

main associations ahétierswere lobster pot targeting lobst@POI 1) with prawn pot
(FPOp_1) andvith tangle net targeting spider crab (TaN_1) andtlbgottargeting brown
crab withwhelk pot (FPOw_1).

24



Bangor University, Fisheries and Conservation Report No. 43

Table 8. Results of thesimultaneous pairwise marginahdependencetest and the
corresponding Bonferroni adjustedvalue indicating the significant associationsnodtiers

for medium scale vessels (Pots and nets MS).

segment Métier 1 Métier 2 p-value

Pot and nets MS FPOI 1 FPOp 1 <0.0001
FPOIL_3 FPOw_1 <0.0001
FPOI_1 TaN_1 0.0002

Comparing the most significant associations of fisiirgiersby season for small scale vessels
with the correspondent profit, only 25% of those associations @rercterisedy profit
maximisation where bothmétiershad the higher profits than the rest of thétiersused by
the segmenfassociation between Idies pot targeting brown crab (FPOI_3) and whelk pot
(FPOw_1)).0On the other han®0% of themétiersassociations wereharacterisetly a strong
seasonality, Wwere bothmétiershad themaximumuse in the season considered (in winter,
FPOI_3 with FPOp_1 and with FPOw_Bor medium scale vessels, 33% of thétiers
association wereharacterisedy profit maximisation,but only in spring and partially in

summer.

The relatioship between the nuber of métiersusedon a monthlybasisand the related
incomes an@peratingcosts wagurtheranalysedThe aimof this analysis wak assess if the
increase of the number ofétiersused by month was associated with a decrieebe monthly
operating osts (variable costs as fuel, bait, food and ice but with salaries excluded) or with an

increase of the monthly incomes.

A gquantile regression analysis was used to fit the fdatboth small scale and medium scale
vessels. This regressioevealed the presence of a limiting effect of the numberatiersper
vessel used on a monthdasison the maximum amoui(®0% quantilepf monthly operating
costs(Figure 13. Therefore increasing the number ofiétiersresulted ina decreasén the
maximumaverage monthlgosts. Thidinding could explain the tendency to alternate different
fishing métiersduring the year. Hoever, the reduction of the monthlyosts camesult inthe
reduction ofthe monthlyincomes,which canexplain the presence af significant quantile
regression between the numbenadtiersused by a single vessatd the maximum amount of

monthlyincomes.
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Figure B. Relatiorshipbetween the number afétiersper vesselised on a monthlgasisand

the relative monthly operating costs and incomes for small scale and medium scale vessels.
Dashed lines @esent the quantile regressiat 90quantile p=0.0004 (A, p<0.0001 (B,

p<0.01 (§ and p=0.01 (D)

To avoid any possible bias due to the differleniel of fishing effort between vessels, the
analysis was also performed betweenrtheber oimétiersper vessel used on a montblysis

and the daily operating costs and incortlegure 14. As before, the regression showed the
presence of a limiting effect of the numbemnoétiersused by a single vessel on the maximum
amount (90% quantile) of daily operating costs and incomes for both small scale and medium

scale vessels.
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Figure M. Relatonshipbetween the number afétiersper vessel used on a montblysisand

the relative daily operating costs and incomes for small scale and medium scale vessels. Dashed
lines represent the quantile regression (adj@ntile p<0.0001(A), p<0.0001 (B, p<00001

(C) and p=0.02 (D)).

A quantile regression analysis was also perforrteedssess the relatisimp between the
number ofmétiersper vessel used on a monthlgsisand a proxy of the related monthly profit.

This proxy was the difference between the daily incomes and the daily operating costs, which
included all variable costs except the salaries. Salaries were not taken into account because
many small scale vessel&ie characterized laoneman crewThe absence @& proper share
distribution make it difficult to estimate the related salaries. However, due toptsitive
correlation between salaries and incomes, we considered the difference between the daily
incomes and the daily operating costs as a valid proxy of the daily prafhs. regression

showed the presence of a limiting effect of the numbenétiersused by a single vessel on
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the maximum amount (90% quantile) of daily profits for both small scalereatium scale

vessels (Figure 35

Figure B. Relatiorshipbetween the number afétiersper vessel used on a montblysisand
the relative proxy to the profit value (daily inconiedaily operating costs) for small scale and
medium scale vessels. Dadhmes represent the quantile regression (af@ntile p<0.0001
(A) and p=0.01 (B).

Finally we estimated the relatishipbetween the number ofétiersper vessel used on a yearly
basisand theaverage daily costs and incomes. This analysis allowed atiétiersused on a
yearlybasisto be considered in the analysis (with a maximum amount ofrféteersper year).
Quantile regression showed the presence of a limiting effect of the numbéti@fsused by

a single vessel on the maximum amount (95% quantile) of daily costs and incomes for small
scale vessels, while for medium scale vessels the limited amount ofpdaidited

investigation of this relationshifFigure 16.
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