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Abstract - Incidental catch or bycatch represents a signifitdareat for the conservation
of fish populations. The western Mediterraneanrismaportant fishing area where the
Spanish pelagic and semi-pelagic longline fleegating swordfish Xiphias gladiuj,
bluefin tuna Thunnus thynngsand albacoreThunnus alalungaoperates. Bycatch of
these fisheries includes several fish species.rGilve importance of conservation of the
bycatch species (fish, marine mammals, turtlesrkshand seabirds), an on-board
observer program was implemented by the Spanistar@cgaphic Institute (IEO); this
included collecting data on effort and catch, a#i a®weight and number of individuals
of the main bycatch species. The aim of the prestemly is to report data on Coryphaena
bycatch collected by the on-board observer prog@mthe IEO in the Western
Mediterranean.

Data on dolphinfish bycatch were collected for texiod 2000-2010, throughout the
year. Six longline gears targeting large pelagst fivere identified operating in the area
of study, but only three had an important effectdoiphinfish. Differences in catch per
unit effort (CPUE, fish per 1000 hooks) for eaclamdishing grounds and year, are
reported in this study. A total of 6 151 508 hoekere monitored, which yielded 6 663
dolphinfish. The average CPUE for the studied kewas 1.08 fish per 1000 hooks.

The main aim of this paper was modelling the abondand distribution of dolphinfish
bycatch from Spanish Mediterranean longline fishey a function of technical,
geographical and seasonality factors. We built\edeability function from a logistic
model, where the dependent variable was the ddiphimy-catch and the independent
variables were related to technical characteristicghe fishery, geographical location
and seasonality.

Our results suggest that dolphinfish by-catch isniyaaffected by the gear type, day

setting, geographical variables and season.

Keywords -Bycatch, dolphinfish, CPUE, Western Mediterranean 8a, pelagic longline



1 Introduction

Incidental catch or bycatch represents 8 % of dloslaeries production (Kelleher 2005).
Bycatch is defined as any unwanted species caughtginormal fishing operations and
may include non-target fish species, marine mamntaities, sharks and seabird (Hall
1996; Alverson 1999).

Dolphinfishes (@ryphaena hippurusnd Coryphaena equise)isare highly migratory

pelagic species inhabits tropical, Subtropical #ewmperate waters. They constitute a
valuable seasonal resource for small scale fldetglitionally, dolphinfish has been an
important food resource for the Mediterranean peophe Mediterranean landings of
these species have increased regularly in thedlestde (Massuti and Morales, 1999).
Nevertheless, the assessment and management diirdislp is difficult mainly due to

the scarcity of data on biology, migratory pattesinsl exploitation of these species in the

Mediterranean.

Dolphinfishes in the Mediterranean support both w@rtial (small-scale fishing) and
recreational fisheries (Lleonart et al., 1999; Bolo et al., 2009). In Malta, Tunisia,
Sicily and Balearic Island from the end of sumnemttumn, dolphinfish juvenile are
caught using Fish Attracting Devices (FADs) (Bomhale 1998; Morales-Ninet al., 1995;
Potoschi and Sturiale, 1996). But these specesalap caught as bycatch of commercial
longline fisheries (De Metrio et al., 1997; Maciwd de la Serna, 2000). The Western
Mediterranean Sea is an important fishing grouneéretthe Spanish drifting longline
fishery operates targeting mainly swordfigtiphias gladius bluefin tuna Thunnus
thynnusand albacord. alalunga In this context, identification of the principtctors
that determine this by-catch is basic to improvwe dssessment and management of the

Mediterranean dolphinfish stocks.

The aim of this paper is to describe the dolphimbgcatch rates in the longline fisheries
of the Western Mediterranean and modelling the faycabundance and distribution of
dolphinfish from the Spanish Mediterranean as &tion of technical, geographical and

seasonality factors.



2 Materials and methods

2.1 Data collection

Catch and effort data for longline fisheries weolected by the Spanish Oceanographic
Institute (IEO) on-board observer training prograplanned according to ICCAT
recommendations. Observers were assigned basedate The positions of the fishing
grounds and spatial distribution of gear effort sttewn infigure 1.
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Figure 1. Spatial distribution of observed fishing effortcbknown fishing grounds.



The IEO on-board observer Program (IEO-OP) providechmercial fish catch and
bycatch data collected on longline vessels from71@92010. Dolphinfish bycatch data
were collected from 2000 to the present day, somgincluded the 2000-2010 period in
the present study. For each fishing set observath were recorded on fishing set
location, time of setting and hauling; environméndata (sea surface temperature,
distance to the coast, depth and weather condjtransn phase), soaking duration; gear
characteristics (total length, mean depth, numlbdrooks, etc.); type and size of bait;
species composition; and corresponding biologicébrmation (size/weight). Within
each sampled set, observers monitored 100 % dfotakhooks retrieved and recorded
information on species composition, number andreggd weight of both target species
and bycatch including dolphinfish. In addition, thievironmental variables listed above

were also recorded.

With regards to dolphinfish, the objectives of atvees were to record captures and
identify specimens to the lowest taxonomic levetgible. However, at the beginning of
the temporal series, as the observers had littieer@nce with dolphinfish, many

specimens could not be identified and /or recoralespecies level. The accuracy of the

data improved gradually reaching and now has a tiegiiee of precision.
2.2. Explanatory factors and variables

Like Béez et al. (2010c) and Garcia-Barcelona et (2010b), who followed a
hypothetical-deductive method, we define previoublge explanatory factors (as a set
of variables with a similar explanation): technicaharacteristics of the fishery,
geographical location and seasonality. Each exfapdactor was represented by a set

of variables fable 1), and is linked with a hypothesis:



Table 1.Factors and explanatory variables used in thergélogistic regression model.

Factors Variables Variables Abbreviation
type
Dependent variable /SA:tsence/ presence Coryphaena by-catches per Binary CO
Number of hooks Quantitative NH
Distance between both extremes of the longline Quadine DL
Diurnal or nocturnal setting Binary DN
Setting hours Categorical
Technical Drifting surface longliners targeting bluefin tuna  Binary LLJAP
characteristics of Traditional longliners targeting swordfish Binary LHB
the fishery American longliners targeting swordfish Binary LLAM
Drifting surface longliners targeting albacore &in LLALB
Drifting semi-pelagic longliners targeting  Binary LLSP
swordfish
Demersal longliners targeting swordfish Binary B_P
Latitude where the setting started Quantitative 55T
Geographical Loqgitude where the se_tting §tarted QuanFitaFive NG3S
location Latitude where the setting finished Quantitative THS
' Longitude where the setting finished Quantitative ~ ONGFS
Sets over continental shelf Binary SCS
January Binary JA
February Binary F
March Binary MR
April Binary AP
May Binary MY
Seasonality June Binary JN
(phenology) July Binary JL
August Binary AU
September Binary S
October Binary 0]
November Binary N
December Binary D

Technical characteristics of the fishefyCF). Indicators of the influence of this factor
include the positive relation with the number obks; we directly controlled 6 151 508
hooks. We expected an inverse relationship of freddch with the distance between
both extremes of the longline. Moreover, we congdehe categorical variables: diurnal
or nocturnal setting, and setting hours (06:00-02:02:00-18:00, 18:00-24:00, and
24:00-06:00), andstrata type. Garcia-Barcelona et al. (2010a) divided thpangh

longline fleet from the Mediterranean Sea inspatatypes in function of boat strata and

gear type: drifting surface longliners targetingddln tuna (LLJAP), traditional



longliners targeting swordfish (LLHB), American MWlimers targeting swordfish
(LLAM), drifting surface longliners targeting albae (LLALB), drifting semi-pelagic
longliners targeting swordfish (LLSP), and demerkaigliners targeting swordfish
(LLPB) Valeiras & Camifias (2003), Camifias et ab(0@), Baez et al. (2007a, b), Baez et
al. (2009), Baez et al. (2010a, b), Garcia-Barcelenal. (2010a) showed in a detailed

description of fleet strata and technical charasties of the fishery.

Geographical location(GL). We used as geographical variables the latitahd
longitude where the line setting started (LATSS,N@SS respectively) and where the
setting finished (LATFS, LONGFS respectively); atite categorical variable fishery

operation over continental shelf or not (sets @aattinental shelf, SCS).

SeasonalityfSE). We expected a positive relationship between seasondolphinfish
by-catch. We expect a major incidence of longlinedolphinfish in summer and autumn
months. The effect of different seasons was testsidg the different months as
explicative variables. Thus, we used a categoxiaghble (yes or no) for each observed
month. We used months as temporal units, bearingimd their possible utility for

management purposes.

EnvironmentEF). We tested the lunar phase and sea surface temjgeastexplanatory
environmental variables. The Moon effect was ediahas a binary variable, where from
half full moon to full moon was considered 1 and thst of the phases as 0. Regarding
Sea Surface Temperature (SST) we considered tlwving variables: SST where the
setting started (SSTSS), SST where the settinghfad (SSTFS), mean SST between
SSTSS and SSTFS (MR), and absolute variation betv&®TSS and SSTFS (AP =
SSTFS — SSTSS).



2.3 Data analysis

We calculated annual dolphinfish bycatch rates fes tbtal number of individual
dolphinfish caught in a year divided by the numbérhooks deployed (CPUE). In
addition, we calculated the average annual CPUaeamean of CPUE per set (all sets in
a year) and standard errors for dolphinfish, tolengppatterns in the data. A chi-square
test (Sokal and Rohlf 1995) was used to test fatissically significant differences in
number of dolphinfish caught between gear strathlmtween levels of fishing effort by

year.

To estimate the average annual dolphinfish bycatehgcalculated the observed annual
CPUE (average annual CPUE per set). After thatcaleulated the average number of
fish caught each year, extrapolating the observedia catch rates (CPUE) to the total
annual effort. Finally, we calculated the mean nemif dolphinfish and standard errors
in the period studied. The average annual numbdolghinfish was calculated using the

same methodology.

To adjust Length-weight relationships, power curegressions were performed. We
used pair length-weight data from 155 individudisCoryphaenaby-caught in longline
from different boat strata during the study peridée selected the best fit among several

significant regressions, in accordance with thénésgy F-value.

In a first step, we performed a binary logisticresgion of the presence and absence of
dolphinfish bycatch to test whether the probabitifyincidentally catching a dolphinfish
(1 or more) may be forecast by some of these eafbay variables listed in table 1. With
this first step we standardized the most optimaitwa conditions ofCoryphaena sp
bycatch. It allows us to delete those sets witlucstiral absences. Many authors
recommend the use of logistic regressions for exmlg the effects of environmental
conditions and fishing practices on the probabititynteractions with by-catches (Ward
et al., 2004; Gandini and Frere 2006; Garrison,720Baez et al., 2007b, Garcia-
Barcelona et al., 2010b), and it could relate tfabability of an event (for example, the



risk of catching a specimen of Coryphaena) witheaes of variables and explanatory

factors.

By performing a logistic regression of the by-capmesence/absence on each variable
separately, we selected a subset of variablesfisigmily related to the distribution of the
by-catch. To control for the increase in type lbemue to multiple tests (Benjamini and
Hochberg, 1995; Garcia, 2003), we only acceptedeth@riables that were significant
under a False Discovery Rate (FDR) of g<0.05, ughey Benjamini and Hochberg
procedure (1995). We then performed forward stepwagistic regression on the subset

of significant predictor variables to obtain a nudtiate logistic model.

Model coefficients were assessed by means of anbosirtest and the goodness-of-fit
between expected and observed proportions of mjrcavents along ten classes of
probability values was evaluated using the Hosmmet Bemeshow test (which also
follows a Chi-square distribution; low p-0.05 wouldlicate lack of fit of the model). On
the one hand, the Omnibus test examines whethee thee significant differences
between the -2LL (less than twice the natural Idigar of the likelihood) of the initial
step, and the-2LL of the model, using a Chi-squaestwith one degree of freedom. On
the other hand, the Hosmer & Lemeshow test comp#resobserved and expected
frequencies of each value of the binomial variadaeording to their probability. In this

case we expected that there are no significargreifices for a good model fit.

In addition, the discrimination capacity of the rebdtrade-off between sensitivity and
specificity) was evaluated with the receiving op@g characteristic (ROC) curve.
Furthermore, the area under the ROC curve (AUCYigdes a scalar value representing
the expected discrimination capacity of the modet¢rding to Lobo et al., 2008, models
with an AUC value higher than 0.9 are consideredatstanding discrimination; no
realistic classifier should have an AUC less th&s).0The relative importance of each

variable within the model was assessed using thiel Y&at.

In a second step, we modelled for boat strata (LBALLAM, LLHB) between May and

November during the study period, the probabilifyaofishing operation present a

9



CPUEw value higher than the average CPUEw forliba stratum, using binary logistic

regression and the variables of ttable 2 as explanatory factors. Consequently, we
assigned the value 1 when the CPUE of a parti@gdawas higher than the mean CPUE
for that boat strata pooled together, while wegrssi the value 0 when the CPUE was

lower than that mean CPUE value.

Table 2. Factors and explanatory variables used in thégb#oistic regression models.

Factors Variables Variables Abbreviation
types
Dependent the probability of a fishing operation present a Binary COcpue
; CPUE value higher than the average CPUE for this
variable
boat stratum
Technical Distance between both extremes of the longline Quadine DL
characteristics of Diurnal or nocturnal setting Binary DN
the fishery
Latitude where the setting started Quantitative 55T
Geographical Loqgitude where the se_tting_ s_tarted QuanFitaFive NG3S
location Latitude where the setting finished Quantitative TES
' Longitude where the setting finished Quantitative ~ ONGFS
Sets over continental shelf Binary SCS
Sea Surface Temperature where the setting started uantfative SSTSS
Sea Surface Temperature where the setting Binary SSTFS
finished
Environment  Mean of Sea Surface Temperature between SSTSS Binary MR
and SSTFS
Absolute variation between SSTSS and SSTFS Binary P A
Moon effect Binary MO

2.4 Spatial representation of fishing area and effb

Geographical coordinates of all fishing operatig¢sstting and hauling) were recorded
using a GPS (Datum WGS 84). The begin set point ugasl to represent the fishing
effort (number of hooks set). Afterwards, effortues were interpolated to grids of 15 x
15 km in order to maintain confidentiality requirents. Dolphinfish bycatch of each set
was represented using CPUE (fishes per 1000 hookps were projected in UTM,
zone 31N.

Spatial representations of fishing effort and doifish bycatch were made using ESRI

ArcView 3.2 software and the Spatial Analyst andof$ extensions.
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3 Results

During the 11 years covered in this study, a tof&968 fishing sets were observed, and
the number of dolphinfish bycatches was 6 663ifiisBilO positive fishing operations, the

average CPUE was 1.08 fishes/1000 hooks.t@hke 3 shows the sampling coverage by
gear, year and fleet strata. This table also shbeveumber of dolphinfish caught and the
CPUE in number and weight (CPUENn and CPUEw).

3.1 Fishery description

The primary fisheries targets include swordfixtiphias gladiuy, bluefin tuna Thunnus
thynnu$ and albacoreThunnus alalunga The Spanish surface longline fleet from the
Mediterranean ports for the studied period condisié 89 vessels (annual average)
licensed by Spain for surface longline fishingyshr round. Vessel length ranged from
12 to 27 m and fishing trips were often of shontadion (1 to 6 days). In addition, more
than 2000 smaller boats licensed for artisanalgggauding surface/bottom longlines
operated mainly in summer (http://www.mapya.esk fBam 23 June 2009, only vessels
licensed for surface longline were allowed to cathd land swordfish (Order
ARM/1647/2009, 15 June of Ministry of EnvironmemdaRural and Marine). The
fishing grounds involved a large area of the westdediterranean basin, between 36°
and 44 °N and 02 °W and 05 °E, and included 3 wdhiffefishing areas: (1) Alboran Sea,
used at least once by approximately 5 % of the aiper fleet; (2) south-western
Mediterranean Sea (primarily around the Baleatanids and the Ibiza Channel), used by
approximately 80 % of the operative fleet; and (®yth-western Mediterranean Sea
(primarily the Ebro Delta), where approximately %bof the fleet operated (Valeiras and
Camifias 2003; Camifias et al. 2006; Béez et al.)260hing operations were observed
onboard from January to December, during years 20@D10. We defined one fishing

operation (set) as a daily cycle of longline settamd hauling.
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Table 3. Sampling effort with the annual catch of dolptshfiand CPUEN (Number of fish per 1000 hooks) andEx (weight of fish kg per
1000 hooks).

Observed effort

Observed gear effort

Observed capture

On board No. of No. of n
Year period sets hooks LLHB LLALB LLPB LLAM LLSP LLJAP observed CPUEn weight CPUEwW
2000 29 feb-1dic 447 1211546 1027142 18650 18450 0 0 147304 919 0.759 2489.467 2.055
2001 7 may - 19 nov 253 709366 651774 0 2000 0 0 55592 1060 1.494 2949.719 4.158

17 may - 27
2002 nov 164 514463 417007 0 39856 0 0 57600 61 0.119 165.371 0.321
2003 8 may - 20 dic 172 351545 217020 0 13632 47677 0 73216 285 0.811 593.47 1.688
2004 13 may - 4 dic 261 355594 111050 0 25676 166881 0 51987 369 1.038 702.85 1.977
2005 2 may - 19 dic 97 112710 46828 0 0 12150 0 53732 60 0.532 162.66 1.443
2006 5 may -5 dic 244 514027 147340 245488 30965 72947 0 17287 2708 5.268 2426.27 4.720
2007 22 feb - 18 dic 235 395145 213140 45202 81067 6957 8100 40679 175 0.443 489.99 1.240
2008 28 ene - 21 dic 343 512911 236394 41404 34208 21878 154579 24448 272  0.530 440.83 0.859
2009 21 feb - 12 dic 371 720990 207640 148110 54979 4400 299151 6710 72 0.100 195.835 0.272
2010 02 ene-21dic 381 753211 63580 407209 55530 0 180308 46584 682 1.675 600 1.473
Total 2968 6151508 6663 1.083 11216.46 1.82336754
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Table 4. Technical characteristics of longline fishing geaperating in the Western Mediterranean Sea.

Distance

Gear Hook Hook size between hooks Miles  Cast hourly Re_leased Deep sea Bait Bait size Fishing period/year C(_)ry_phaen
(cm) (m) time (cm) a incidence
L Mackerel .. _.: 23
L Small Mackerel 16 __
Chub Mackerel 23
"""""""" STttt Allyear but lesser
. ) Sardine 17 L .
LLHB 1500 7,5%2,5 22 20-35 Evening 3-4 hours >50f, -------oo--- - me =i activity from march to High
4000 o T T Atlantic saury 25 __ april
! Round sardinella 20
.....Silver sccabardfish 70
R Squid _ _: 18
Mackerel 23 From 2002 to 2007, all
oo Chub Mackerel 23 Yearexcepct may o
- ) ) . Ehatre s AEARTTTTTTTTTTA oo july. Lesser activity in .
LLAM 1300 7,5x2,5 70 - 90 50-60 Evening 4-5 hours > 150 b ___________ s qU|d22 winter. Since 2008, Medium
. greater activity in
_______ Round sardinella 2% Atantic Ocea
__________ Mackerel 23 Onlysince 2006.
900- . Chub Mackerel 23 Mainly summer
LLSP 1500 7,5%2,5 33 20-30 Early morning 3-4 hours > 200 f Squid 55 months after Juny until Low
_______ Roundsardinella 20 0P
Mackerel 23 Mainly summer
600- ) . } 250 and T S A mral T T TR months, since july to
LLPB 1000 7’5>(2’5 12 6 15 Early mornlng 1 2 hours > Sof _______ _C:_I:ly_b_ _Mfalqlf?[‘_e.!____________2_3___ october Some cases LOW
Silver sccabardfish 70 until december
. Greatsquid 30
LLiap - 299 75430 50 - 70 550  Varable  1-6hours  >250f  Great mackerel 33 Second halfof mayto
1100 @7Y VSV 9V Vadde S IS 2 eVl R e 2Y first half of july
ceee..._..Bogue . 16
2000- Sardine 15 Mainly summer
LLALB 7000 4,3x1,7 16 20-50 Variable 3-6 hours D= 00 months, since july to High

october
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We classified the fleet into sistrata, according to differences in target species,
operational depth and technical characteristicgeAeral scheme of these gears is shown
in the figure 2, and the technical characteristics are summarigetdble 4. A short

description of each gear is detailed below.

LLHB, LLAM, LLSP, LLJAP, LLALB

Figure 2. Schemes of longline gears monitored in this studft: Bottom longline (LLPB),
Right: Traditional longline (LLHB), American longle (LLAM), Semi-pelagic longline (LLSP),
Bluefin tuna longline (LLJAP), and Albacore longiffLLALB); Float line length (a) and length
of hook line (b) are the two main measures thacafthe fishing depth.

Traditional longline (LLHB)

The length of traditional drifting longline targegi swordfish is variable, ranging from 37
to 65 km and capable of setting 1500 to 4000 hobks. main line hangs from floats and
the information recorded by means of depth senisalisates that the average depth of
surface hooks is 30 m (maximum depth 50 m). Thesdsions of the hooks used are 7.5
x 2.5 cm, usually baited with macker&8cpomber scombry®r chub mackerelScomber

japonicug ranging in size from 25 to 30 cm (total lengtbgpending on both the fishing

14



season and bait price, hooks can also be baitddfaitge fish such as Atlantic saury
(Belone beloneor silver scabbardfish_épidopus caudatysin addition, chemical and

electrical lights are used to attract prey. Setthghis gear begins in mid-afternoon and
lasts until after sunset. Gear retrieval beginthan early hours of the morning and lasts

until mid-morning. This gear is used throughout ybar.

American longline (LLAM)

American long-line (monofilament) is a gear thatswenported from the Italian and
American long-liners in the early 2000s. After gaga strong foothold in the fleet
between 2003 and 2005, its use has been relegatietl/rto the Atlantic fishing grounds.

Unlike the traditional longline, monofilament loige reaches 90 to 100 km in length
with a smaller number of hooks (900 to 1100), inmya greater distance between each
hook. Fishing depth is greater, with deepest heakking at 70 m below the sea surface.
Monofilament longline allows the distance betweevohs to be varied for each set.
Normally, hooks are separated by 70 to 90 m, whittws faster hauling. Furthermore,

soak time is larger than for the traditional longli

Both the mainline and the branch lines are thit¢kan in traditional longline, and hooks
are equipped with weights of 30 to 70 g, which @ases the bait sinking rate. As regards
the hook type and bait, both are the same as dititiaal longline. Like the LLHB, the
LLAM is used throughout the year.

Bottom longline (LLPB)

This gear is operated by the longline fleet mafrdyn July to October, although its use is
not regulated by the current swordfish fishing $éafion. It is also used by traditional
vessels with small Gross Register Tonnage (GRT@taijmg in coastal waters or grounds
near their home port. LLPB is a variant of the bwit longline targeting silver

scabbardfish, consisting of a longline similar e traditional one, but with a shorter

distance between hooks and fixed at the bottom bgn® of a few weights or stones

15



interspersed between floats. It is not a driftingdline and is usually employed close to
the continental slope. The number of hooks in dathing set does not usually exceed
900, reaching only 600 hooks in many cases. Theulsai is usually mackeréb¢omber

sp.) or round sardinell&érdinella auritg.
Half water or semi-pelagic longline (LLSP)

Since 2006, an improved surface longline has besed uby the fleet in the
Mediterranean. The improvement involves increasimgdepth of the hooks during the
months when the sea surface temperature is highennier). Hooks work at depths
around 150 — 200 m deeper. The gear is similaheatriaditional longline, but with the
peculiarity that the number of hooks between floatarger and some weights or stones
are placed along the mainline (Fig. 2). These ncatibns give the gear greater stability
against the currents and also enhance the deptba¥s in the water column. Because
the speed of setting is less than for traditionabline, the number of hooks set does not
usually exceed 1500. Bycatch at these depths issraall, with very low catches of sea

turtles and sharks. The LLSP is used in a seasaglmainly from July to October.
Bluefin tuna longline (LLJAP)

This is a monofilament longline used exclusivelyidg the months of May, June and the
first half of July, which is the period when bluetuna enter the Mediterranean to breed.
The differences between this gear and the swordfishofilament longline are that the
fishing depth is greater, the bait is almost alwsgsid (llex sp.) bigger than 500 g, and
the gear remains working for 24 hours. The numbenamks by set does not exceed
1200.

Albacore longline (LLALB)

This is the shallowest longline gear. Both the ifg¢he hook and the thickness and
length of the fishing lines are lower than otherdlines. Between 2000 and 7000 hooks
are set and the bait used is sardB@rdina pilchardus LLALB is a drift longline, which

16



operates in high-sea fishing grounds at bottomhdepp to 1500 m and is employed

mainly from July to October.

3.2 Bycatch description

Bycatch of dolphinfish for the 2968 observed fighsets in the 11-year period covered in
this study (6 151 508 hooks) amounted to 6663 $ishiethe 2 species: d@yphaena

hippurusandCoryphaena equiselis

All of the six monitored gears in this study caudbtphinfish. The average CPUEnN for
the studied period was 1.08 fishes per 1000 hoo#stze CPUEw was 1.82 kg per 1000
hooks. Table 5 shows the average CPUEnN per geayeard and the table 6 shows the
average CPUEw per gear and year along the studigaldp

The mean fork length (FL) for the dolphinfish sediiwas 62.7cnigure 3 shows the
length distribution per fleet strata. Length distiions of LLALB and LLHB have a bi-
modal shape. The first mode for LLALB was 30cm &mdLLHB was 50cm, the second
mode was 90cm for both fleet strata. Exist sigaific differences between lengths
distributions of all fleet strata studied. The I®vesizes dolphinfish were found in
LLALB (average length = 45.6cm) followed by LLAM \@rage length = 50.6cm) and
LLHB (average length = 67.6cm). In general, the enordeep was made a set, the more
sized were the dolphinfish caught. In this sengentiean length value of the dolphinfish
caught by the deeper sets (made with LLSP, LLPBLAAAP) was 90.4cm. Our results
also suggest that the smaller hooks tend to cagtaadler dolphinfish, while the larger

hooks (targeting swordfish and bluefin tuna) temdelect the larger animals.

Thus, it is very important to consider gear typeewhmaking inferences about the

dolphinfish populations based on fisheries bycdiata.
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Figure 3. Length distribution per boat strata and gear typrist significative differences
between boat strata length distribution (chi-sqdarg521.42; df= 69; P< 0.0001).

Our results about length-weight relationships avenmsarized in thefigure 4. A

significant power curve relationship was found kesgw the length and weight from 155
different individuals of Coryphaena sp (df= 153;/=R297; F= 5031.59; P< 0.001). The
resultant length-weight relationship: W=0.0036*£t!' was used to estimate the CPUEw

and was also used to model the factors affectimghildish bycatch.

The gears with the highest incidental catch of dimlfish were LLALB (n = 3353 fishes),
followed by LLHB (n = 2842 fishes) and LLAM (n = 89ishes). There were significant
differences in dolphinfish catch between fishin@rgdChi-squared ¢2)= 1521.4; df=
69; P<0.00001).

LLPB (n = 29 fishes), LLSP (n = 25 fishes) and LlHEB(n = 15 fishes) had a very low

dolphinfish catch rates.
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Figure 4. Length-weight relationships, n= 155; df= 153=M®.97; F= 5031.59; P< 0.001.

LLALB showed a CPUEnN of 3.70 fishes per 1000 hoakse highest CPUEn was
recorded in 2006 (9.99 fishes per 1000 hooks) aedidwest in 2000 (0.05 fishes per
1000 hooks). CPUEw show the same trend with thibdsigcatch weight in 2006 and the
lowest in 2000. The mean weight of dolphinfish dauay this gear was 0.77k@able 5
shows the annual CPUEN for each fleet stratum,tablé@ 6 shows annual CPUEw by
strata. Figure 5 shows spatial distributions of sets, effort and dorresponding

dolphinfish catch rates for this gear (CPUERN).

LLAM had an average CPUEnN of 1.2 fishes per 100&khplower than that for LLALB.
The highest CPUENn and CPUEw were recorded in 2D@3 (fishes per 1000 hooks/2.44
kg per 1000 hooks) and the lowest in 2005 and Z0@®fishes and kg per 1000 hooks).
The average weigh of dolphinfish by-caught by LLAMas 1.1kg.Figure 6 shows

observed effort of LLAM and its corresponding datglsh catch values
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Table 5. Annual CPUEN per gear type.

2000 2001 2002 2003 2004 2005 2006 | 2007 | 2008 | 2009 | 2010

LLALB 0.054 blank blank blank blank blank 9.996 | 0.376 | 5.024 | 0.061 | 1.631

LLHB 0.894 | 1613 | 0.146 | 0.811 | 1.693 | 1.281 1.093 | 0.657 | 0.122 | 0.265 | 0.094

LLAM blank blank blank 2.286 1.085 0.000 1.261 | 1.150 | 0.411 | 0.000 | blank

LLSP blank blank blank blank blank blank blank | 0.123 | 0.116 | 0.003 | 0.028

LLJAP 0.000 | 0.162 | 0.000 | 0.000 | 0.000 | 0.000 0.000 | 0.147 | 0.000 | 0.000 | 0.000

LLPB 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | blank | 0.032 | 0.037 | 0.322 | 0.127 | 0.126

TN
Dolphin fish per 1000 hooks
o < 5
o 5-20
o 20-30
O 30-70 IBERIAN

O >70 PENINSULA

Number of hooks
< 1400

1400 - 2500
2500 - 3600
3600 - 4700

I > 4700

43°

_ISLANDS =g

- 39°

MEDITERRANEAN SEA

T T T T

20 10 40 70

Figure 5. Map of the LLALB fishing ground. We show the fishesr operation observed and
dolphinfish by-catches (number of fishes obsened900 hooks) per set.

20




Table 6. Annual CPUEw per gear type.

I > 4700

2000 2001 2002 2003 2004 2005 2006 | 2007 | 2008 | 2009 | 2010
LLALB 0.041 blank blank blank blank blank 7.687 | 0.289 | 3.864 | 0.047 | 1.254
LLHB 2423 | 4372 | 0.397 | 2.199 | 4590 | 3.474 2.962 | 1.781 | 0.330 | 0.718 | 0.256
LLAM blank blank blank 2.439 1.157 0.000 1.346 | 1.227 | 0.439 | 0.000 | blank
LLSP blank blank blank blank blank blank blank | 0.554 | 0.522 | 0.015 | 0.124
LLJAP 0.000 | 1.362 | 0.000 | 0.000 | 0.000 | 0.000 0.000 | 1.241 | 0.000 | 0.000 | 0.000
LLPB 0.000 | 0.000 | 0.000 | 0.000 | 0.000 blank 0.360 | 0.413 | 3.589 | 1.421 | 1.407

< 1400 U S A

— 1400 - 2500 fg’%g sy ¢ @ Sl

[ 2500 - 3600 T “

D 3600 - 4700 % " % 0.

=7

[38°

1‘0
Figure 6. Map of the LLAM fishing ground. We show the fishesioperation observed and

e

dolphinfish by-catches (number of fishes obsened00 hooks) per set.

LLHB had an average CPUEN of 0.85, slightly loweart that for LLAM. The highest
CPUEN was recorded in 2004 (4.59 fishes per 10@&g)cand the lowest in 2010 (0.26
fishes per 1000 hooks). CPUEw shows the same @addhe average weight of fishes

was 2.7kgFigure 7 shows observed effort of LLHB and its correspogditolphinfish

catch values.
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Figure 7. Map of the LLHB fishing ground. We show the fislesrioperation observed and
dolphinfish by-catches (number of fishes obsened00 hooks) per set.

Regarding spatial distribution of the dolphinfislychatch, our results indicates that
LLALB shows the most heterogeneous catch ratesaligion with areas with high catch
rates like Ebro Delta continental shelf and Sou#tstEof Minorca Island and areas
without catchesfigure 5). LLAM and LLHB Shows a more homogeneous distiidtof
catch ratesfigures 6 and . Thetable 7 shows the CPUEN for 1°X1° degree cells, and
the table 8 shows CPUEw for the same geographical coordinaldse cells
corresponding to each GSA have been marked inreiffecolours. The highest catch
rates corresponding to GSA 5 (mean CPUEN = 1.16)G®A 6 ( mean CPUEnNn = 0.91).
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Table 7. CPUEN (number of individuals per 1000 hooks) bygyaphical areas (1°x1° grids). The
cell colour indicates the corresponding GSA andrtinaber in red denote the highest CPUEnN in

the corresponding GSA.

Long/Lat 36 GSA
Nothern Alboran
-4 10,000 1 Sea
-310,065 2 Alboran Island
-210,000 4 Algeria
-1 5 Balearic Islans
0 - Nothern Spain
1 11 Sardinia
2
3
4
5 3,911 9,531 | 0,000
6 0,000 | 8,801 | 0,059
7 0,000 | 2,642
8 0,000
9 0,000

Table 8. CPUEw (weight in kg. of individuals per 1000 hopksy geographical areas (1°x1°
grids). The cell colour indicates the correspondB®A and the number in red denote the highest
CPUEw in the corresponding GSA.

Long/Lat 36 GSA
Nothern Alboran
-410,000 1 Sea
-310,176 2 Alboran Island
-210,000 4 Algeria
-1 5 Balearic Islans
0 - Nothern Spain
1 11 Sardinia
2
3
4
5 3,008 | 7,329 | 0,000
6 0,000 | 6,768 | 0,045
7 0,000 | 2,032
8 0,000
9 0,000
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The average annual effort for the Spanish pelagigline fleet is 13 283 631 + 1 093 799
hooks. Based on the average annual effort for the@niSh pelagic longline and the
average annual CPUE, an average total bycatch astifor the fleet for this period was
around 14 490 dolphinfish per year, this value e&spond to approximately 24 176kg per
year.

3.3. General Logistic Model

We obtained a statistically significant logistic deb with the variables (in order of wald-
value): Drifting surface longline targeting albaedpositive relation), October (positive
relation), Traditional longline targeting swordfighositive relation), November (positive
relation), September (positive relation), Ameridangline targeting swordfish (positive
relation), August (positive relation), Latitude whehe setting started (negative relation),
Diurnal (positive relation), March (negative retat), May (positive relation), June
(positive relation), April (negative relation), addily (positive relation). The model's
goodness-of fit-was significant according to the riias test (Omnibus test= 907.744,
df= 14, P < 0.001; Hosmer and Lemeshow test= 21.6#5 8, P= 0.006). R
Nagalkerke= 0.4, and its discrimination capacity watstanding (AUC = 0.856).

The logit function (y) from logistic regression:

NOT=-1.282 NOT=-1879
y=1905+ LATSS - 0.147+ LLAM +LLHB
YES=0 YES=0
NOT=-2543 NOT=0 NOT=25
+LLALB + DN +MA +
YES=0 YES=0.546 YES=0
NOT= 219 NOT=0 NOT=-0.742
+MY +JN
YES=0 YES=-1.788 YES=0
NOT=-0.589 NOT=-1.003
+JL +AG
YES=0 YES=0
NOT=-1971 NOT=-3.064 NOT=-2305
+SE +0C +NO
YES=0 YES=0 YES=0
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Key words: LLHB, Traditional longline targeting svdfish; LLAM, American longline
targeting swordfish; LLALB, Drifting surface longke targeting albacore; LATSS,
Latitude where the setting started; MA, March; A&ril; MY, May; JN, June; JL,
July; AU, August; SE, September; OC, October; NOy&mber.

Probability of catching at least one
Coryphaena

Logit function (y)

Figure 8. Probability of incidentally catching a dolphinfigh or more) in relation to the binary

logistic regression.

Taken into account this results, we selected 14Hinfy operation (47.54% of observed
sets) operated using LLALB, LLHB and LLAM from Mag November, which present
the 93 % of total dolphinfish by-catches.
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3.4. Partial LR models

We adjusted the probability that a fishing operagoesent a CPUE value higher than the
average CPUE for this boat stratum. We analysexkthoat strata: LLALB, LLAM and
LLHB, from May to November along all the study weti

For LLALB boat stratum, we obtained a statisticadignificant logistic model with the
variables (in order of Wald-value): Moon effect ¢itve relation), and Diurnal setting
(positive relation). The model's goodness-of fitsveggnificant according to the Omnibus
test (Omnibus test= 18.775, df= 2, P < 0.001; Hosane Lemeshow test= 0.501, df= 2,
P=0.778). R Nagalkerke= 0.14, and its discrimination capaeifs outstanding (AUC =
0.7).

The logit function (y) from logistic regression:

NOT=0 NOT =-1.549
y =-2164+ MOON + DN
YES= 137 YES=0

LLALB
0,35 +
0,25 +

0,2
0,15 +

average CPUE

0,05 -

Probabily of catching a
value higher than the

T T T T A%

-4 -3 -2 -1 0

Logit function

Figure 9. Probability of obtain a CPUEw of dolphinfish inLBALB set higher than the average
CPUEw for LLAB.
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In the case of LLHB boat stratum, we obtained #&stieally significant logistic model
with the variables (in order of Wald-value): Mooffeet (positive relation), and Sea
Surface Temperature where the setting started (weg&lation). The model's goodness-
of fit-was significant according to the Omnibustté@@mnibus test= 48.822, df= 2, P <
0.001; Hosmer and Lemeshow test= 28.377, df= 80P81). R-Nagalkerke= 0.078,

and its discrimination capacity was outstanding A&/ 0.668).

The logit function (y) from logistic regression:

NOT =0
y = 2.952+ MOON +SSTSS$-0.193
YES=0.406
LLHB

0,6
g 05,
7
% % /, 04 -
=
£
S 0,3 -
o
o ®©
R 02 -
e
2
% * 0.1 7
S .
a fa)

-3 -2,5 -2 -1,5 -1 -0,5 0 0,5
Logit function

Figure 10. Probability of obtain a CPUEw of dolphinfish inLaHB set higher than the average
CPUEw for LLHB.
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In the particular case of LLAM boat stratum, we abéd a statistically significant
logistic model with the variables (in order of Waldlue): Longitude where the setting
started (negative relation) and Sea Surface Temperawvhere the setting started
(negative relation). The model's goodness-of fisw@nificant according to the Omnibus
test (Omnibus test= 35.479, df= 2, P < 0.001; Hosand Lemeshow test= 18.233, df= 8,
P=0.02). RB-Nagalkerke= 0.185, and its discrimination capasifis outstanding (AUC =
0.765).

The logit function (y) from logistic regression:

y=9417+ LONGSS - 0438+ SSTS3-0.416

LLAM

hihger than the average
CPUE

Probability of catching a value

Logit function

Figure 11. Probability of obtain a CPUEw of dolphinfish inldALB set higher than the
average CPUEw for LLAB.
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4 Discussion

The most common dolphinfish species caught by ¢mgline fisheries in the western
Spanish Mediterranean was tl®ryphaena hippurusin addition, lesser amounts of
Coryphaena equiseliare also caught by this fleet in the study ar€&ur results are
referred to Coryphaena sp. due to at the beginairtge time series both species were
not distinguished. Nevertheless, the low sizes ldofsh could be a mixture of both
species, being the majority of the specim&@wmryphaena hippurusin spite of the
possibility of mixing the two dolphinfish specidsetlength-weight relationship obtained
adjusts with a high good of fit.

Our results indicate that the impact of the pelagic semi-pelagic longline on the
Dolphinfish population is relatively low (1.083 fies per 1000 hooks), in contrast with
the higher effect on the target species populatibALB is the gear with a highest effect
on dolphinfish populations (CPUEN = 3.7 fishes p@00 hooks) and have a remarkable
incidence on juveniles and probably Goryphaena equiselidVe suggest that this gear
could be interacting with other artisanal fisheriaggeting dolphinfish around Majorca
Island (Lleonart et al, 2009). In this sense i®rn@sting to note the low catch rates of
dolphinfish by-caught by LLALB around this area, dontrast with highest CPUEs in
areas at South East of Minorca Island and Ebroalpeintinental shelf. LLAM (CPUEN =
1.2 fishes per 1000 hooks) and LLHB (CPUEN = Osbds per 1000 hooks) follow to
LLALB in the catch rate ranking. LLAM and LLHB shewa more homogeneous
geographical distribution of their catch rates aslo lower catch rates by set that
LLALB.

In our study, LLJAP, LLSP and LLPB had the lowestcth ratios of dolphinfish.
Differences in bycatch rates can be attributedifi@rénces both in selectivity between
gears and fishing strategy. In this sense, LLALRrapes with smaller hooks and bait,
affecting mainly to juvenile fraction of dolphinfispopulation. Interestingly, LLJAP,
LLSP and LLPB, catch the largest dolphinfish, affdc mainly to the adult fraction of
the population. We suggest that there were a osldietween the fishing deep and the

length of the fishes caught by the longline, arsd &etween the size of the hooks and the
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mean length of the dolphinfish caught. So the Istrg@ptures corresponds to LLJAP
(105cm) that operates at 250f in deep and withlaéinge hooks, the LLSP follow to

LLJAP in mean length of the dolphinfish caught @8n) and operates at 200f in deep
and also with large hooks. Finally, LLPB operatesween 50f and 250f in deep and
obtained a mean length of 79cm for dolphinfish ¢duBue to the fact that LLSP had the
shortest temporal series (2007-2010) and that sagmgloverage was lower, more
attention should be paid to this gear in the futarerder to determine its real impact on
dolphinfish.

The Spanish longline fishery captures of dolphmfis our study was 14 490 fishes per
year (24.2t), which is lower than that reported dotisanal fisheries by other authors in
the Mediterranean: 63t in Majorca (Lleonart et 4999), and 377.4t in Sicily (Potoschi

et al., 1999); But important in terms of assessraadtmanagement purposes.

Technical Characteristic of the fishery and Seaé#yrfactors had an important power to
explain the absence or presence of dolphinfish tbfice the different boat strata, gear
type, and season. Moreover as we discuss previowslyalso noted differences in size
and weight of dolphinfish caught by the differemiagtypes. In this context, our results
suggest that longline should not be considerednplsiméetier In addition, our results
indicate a seasonal increase in the catch ratios fdlune to November, which is
agreement with dolphinfish seasonal migrationshie Mediterranean (Potoschi et al.,
1999).

Our results about particular LR models (per boatta} indicate that environment factors
could be the most important factors affecting CPUHWwus, the relationship between
dolphinfish catches and ocean temperature had citshin many studies (for example,
Flores et al., 2008; Kleisner et al., 2010). Theaniy of these studies suggested positive
correlations between dolphinfish catch ratios amé surface temperatures (SST).
However, in disagreement to previous papers wedaimegative relationship between
CPUEw per LLAM and SSTSS (see the figure 11). Tpgasticular relation could be

explained for the oceanographic context in whiak fishery takes place. Thus, in the

Western Mediterranean Sea during summer period eljprg next to the coast occurs
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frequently (Rodriguez, 1982). The up-welling in@edhe nutrient and reduce the SST.
Many pelagic fish use these productive up-welliadeseding areas. Dolphinfish could be
more abundant in these feeding areas increasingdétehability and consequently the
CPUEw. In this line, the negative relationship betw LLAM CPUEw and the LONGSS

could be related with this trend.

Lunar phase as SST has been frequently used asplmatory variable affecting catch
rates of dolphinfish (Lowry et al., 2007). Genegrdhie lunar phases from new moon to
the first quarter increase the catch ratios of $piscies. Our results, similarly to the SST,
disagree with those reported in the literatureldoth LLALB and LLHB. Nevertheless
we found that the highest catch ratios occur irs¢hbshing operations carried out in
diurnal hours. For this reason we suggest thatresults are more in relation with the

gravitational effect related with the Moon phasarntto the light effect of moon phases.
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