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SUMMARY INTRODUCTION

Current total Atlantic harvest Jlevels (excluding the
Mediterranzan) are the highest on record (1950-1985, ICCAT) with
U.S. and Spanish fleets are examined iua light of gear and operating 19 to 20 thouszend metric tons reported for the past three years.
(time~-area) practices in the north Atlantic between 40° and 50° north Ez?égntandr;gﬁ@gr;:SZ?YSta:-g: ?;ﬂ;epgg(t:mt);f:g ;g;,f;o' ?:’Ith:ngorig
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latitude and between 20° and 50° west longitude, The two fleets have Aﬂ&nth’: is considered sepsrately from the South, Spain and the
United States have accounted for three quarters of the total
removals 1n recent years. Fleets from Spain and the United
During 1986 the degree of overlap continued to increase. States heve expanded operations beyond coastal areas which
historically saccounted for the majority of their lendings. In
the past three years, both fleets have operated north of the
Azores and east of the Grand Banks.

Harvesting characteristics (size composition and catch rates) of the

approached and overlapped operations in this area between 1983 and 1985.

The purpose of this proJect 11s to examine harvesting
RESUME characteristics (size comsosition and catch retes) of the U.S.
and Spanish fleets in light of gear and operating (time-area)
. practices In the North Atlantic betusen 40 and 50 degrees narth
Les caractéristiques d'exploitation (composition de taille et taux de latitude and between 20 and S0 degrees west longltude. The two
fleeta have approached each gther betugen 1983 and 1984. In 1985
. . the fieets overlapped operstions primarily along the 40 degree
des engins et m&thodes normalement employés dans 1l'Atlantique nord entre wvest longitude Jine In two five degree squares {4040 and 4540)
4 - east of the Flemish Cap. The amount of overlep hes continued to
09 et SOQN,de latitude, et 200 et 50% de longitude. Lla piche de ces deux increase during 198¢. i Landings from that area more than doubled
flottille s'est rapprochée, et m@me recoupée, dans ce secteur entre 1983 er . . ___ for__the U.S. end increassed sevenfold for Spain, accounting for
1985. En 1986, le degré de ch - 27% of the total 1985 U.S. harvest and 52% of the total Spanish
¢ deer ¢ chevauchement a continué de s'accroftre. hervest from the Atlantic. In 198%, hervests from these three 10
degree aquares, by Spain and the U.S. slone, accounted for 771 of

the total North Atlantic harvest.

capture) des flottilles américaine et espagnole sont examindes A la lumldre

This cooperative research has been made pussible by recent
1mprovements in U.S. and Spanish data, end it offers a unique

RESUMEN opportunity to improve our understanding of slze specific
distribution patterns 1n the North Atlantic. Questions of
. particular Interest Include size composition differences betueen
Se examinan las caracterfsticas {composicifn por tallas y tasas de fleets in adjecent asreas or the ssme areas during the ssme month
capturas) de la captura de las flotas espafiola y estadounidense, a la luz or season, changes In monthly size frequency, and changes over
time, In light of the \ncreased contribution of this region to
de los artes empleados y del tipo de operacifn llevada a cabo (tlempo-zona) the total North Atlentic harvest, the description of {ime-area
8C {es

en el Atlfntico Norte, entre 40 ~ 502 de latitud Norte y 20 - 502 dos d effects on sizre composition may help direct harvesting sirsteg
' Y grados de for specific age groups. Thls study s&nd the improved North
longitud Oeste. Las operaclones de ambas flotas han estado bastante cerca- Atlantic swordfish data wvould not have been possible uithout the
nas y se& han solapado en esta zona durante el periodo 1983~85. En 198% suppart and cooperation of commerciel fishermen, processing

industry representatives, and sampling agentis of the U.S. and

continuf en aumento el grado de solapamiento. Spanish governments.



HATERIALS AND METHODS
Data collection

Despite differences in measurement units and data processing
of catch, affort, and size composition, ithe U.S. and Spanish data
sre collected similarly. In both countries size composition data
are collected aa the fish sre offlpaded from a trip. In the U.S.
the individusl weights of the dressed carcasses (headed, gllled,
gutted, end tsiled) are recorded with wvessel, gear, port, dete,
snd fishing area information. in Spain, LJFL measurements are
normally  teken of esch fizh but sometimes vound weights are
measured and then converted to LFL using the folloving equation:

WYY {kgy=3.B00x10-60L FL223,242775

based on 2,306 asessurements of LJFL and round weight over a
Yength range of 74 to 279 o end a wveight range of 4 to 331 kg
(Garces and Rey 1983). pumbers of fish are then compiled by Scm
intervals with the sppropriste trip, wmonth, and avea dats.

Data processing

S0 that comparisons can be asde on the ssallsst time-area
stratas possible, three 10 squares (zones 1,2,3 ~ Figure 1) were
defined in the aree betueen 40 snd 50 N and 20 and S0 W. Although
the Spanish size frequency, <atch, and effort data are recorded
in month-5 degree sauare units, the U.S. data for the 6rand Banks
ts assigned to 1he 10 degree sguare designated es zone 3. Based
orn  the location specific deta svalleble at this  time, this
represents a ressoneble designstion for the bulk of the U.S.
harvest. .

Because the Spsnish size frequency dsts are summarized by 5
cm  intervals of LJFL, U.S. individual carcass welights uere
converted to LJFL uaing the foliowing equation:

LJFlxdd 22372 (Dut)2e 29257
vhare Dut is tihe dressed carcess weight arki the equation was
based on 551 measurements of LAL and Dut over the Independent
varieble range of 4 to 473 pounrds (Turner 1986&).

Fishing operations

Size freouency samples reflect specific gear and operating
oractices (time-aread. In this ares, both Fleets utilize pelagic
longline gear which $s set at dusk snd retrieved at daun. The
nheul-back™ operation mey tske 8 to 12 hours depending on the
cstech and  weather conditions. Although the materisls and
dimensions of the gear differ, the physical operation of setting
end hnauling the gesr usually proceeds in a similar fashlion with
hooks  spaced et relatively regular intesrvals along the wsintine
which s suspended from the surface by float lines. The lines
can range in length from B to 60 KM and sections of +the gear
{uzually a set number of floats) are marked by highflyers (radar
reflectors or recdio beacons).

e Spanish gear iz very similar o ithe traditiona) longline
oEar ngadpﬁby th; w.5. sand Canedian fleets. Theas ooerstions
gererally used shallpuwer rigged gear with branch Yires lgm Nor
Tess and flost lines 18m or less. As U.S. effort south of 35 ‘n
expanded in the mid to lete 197072, flisheraen sxperimented vi
gear modificetions adepting Cuban creole arift line *techn\que:a:t
The wmajor changes included e swiich from nylon mu!tifilamenh
mainlines end branch lines to monofilement construction of branc
and floet Yines and Yater 1o complete wonof i lament main\inis,
fncreased hook spascing, Incressed brench snd float 11ne Tengt sl
and the use of chesical light sticks ("Cyalume iights‘t
trsdemerk Of American Dyanimid) in conjunction with esch balt,

and & sultch from mackeral to sguid balt.

Prior to 1982, the U.S5. and Canada utiiized traditional gear
on the OGrand Banks. In 1982 and 1983 the traditional

Qear
dominated +the U.S. size frequency ssmple while the 1984 sample
reflects bopth gear types. In 1985 and 1986 size samples, the
modified gear sccounts for 80 to 20% of the trips sampled. Thia

@ear switch provides one indication of the wide acceptance of the
modified geer throughout the U.S. fleet.

The modified ("Florida") gear was shoun to be tuo to three
times as effective as the traditions) gear in the Strsaits of
Floride (Berkeley, Irby, and Jolley 1981). At this time, no
efficiency comparizon has been made betueen the gear types
operating north of 35 N. Although certein features of these
modifications should compsrably increasse effectiveness (such as
increased atiractiveness of balts assoclated with lights and
preference for squid balts over mackerel), other ares spectfic
adaptations, such as reduced avoldance of monofilament and deeper
set depths, may not Increase efficiency in this northern area
where the mixed layer ts shsllower and the water is more opaque.
Datly strategy decisions regarding the pattern of setting the
gear, In terms of gdepth and surfsce temperature contours, affects
the emount of gesr set and the spacing within the gear. Gear
characterisiics such as construction matertial and spectfic
dimensions are listed for Spanish, traditional U.S., and modifled
style lengline gears (table 1la,b).

RESULTYS
SIZE COMPOSITION

Annual size frequency samples from the Spanish and U.S.
fleets operating betueen 40 and SO N and 20 and 50 W are
summerized 1in Table 2. Annual size frequency histograms and
cumuletive freguency plots for Spanish and U.S. date from 1963,
1984, and 1985 ere presented (Figures 2s,2b,3as,3b). The annual
size frequency hiatogrems and frequency plots indicate that both
the U.S. and Spantish fleets haervest fish of almost identical size
In-the study area despite gear and area—~time differences. Annual
cumslative size freguency plots for U.S5. and Spanish size
frequency samples are indistinguishable. Both data sets indlicate
& decliine iIn the S0th percentliie of LWL of spproximately 10 cm
between 1983 and 1985,

Time snd area differences In the Spsnish and U.S5. size
frequency samples are summarized in Table 3 which 1ists  the
numbers of fish sampled by year, month, and zone. In order 1o
examine size differences In light of the ares-time ssmpling
differences, several comparative plots of size freguency data
WETE  prepaved. To exsamine sesschal differences Spsnish dats
provided the necessary coverege to aake appropriate comparisons.
Size frequency histograms and cunulative frequency plots uvere
przpared from the Spanish 1984 semple combining March, April, and
May sampies in one set of figures and August, September, and



October samples In  enother set (Fig. 4a,4b). Although this
comparison matches s spring sample primserily from zone 1 with a
fell semple from zones 1 and 2, 1t documents & decline in average
size from sespring months when the 50th percentile LJFL equals
175cm  to the fall months when the 50th percentile LFL equals
155cm. It is hypothesized that this sessonal decline in sverage
slze wmay be partlally explained by 1increassed svallability of
gmaller fish tn the fall wmonths uwhen oesn ses surface
temperatures sre higher than the spring months. In orcder +to
examine fleet effects on seasonal shifts in size frequency a
comparisocn of Spring (March-HMay) Spanish dats for 1985 waes made
against Fsll (August-Dctober) data from both the U.5. and Spanish
fleets (fig Sa, 5b, Sc». This comparison documented a smaller
reduction In average size from 2pring to f311 months in the
Spanish deta (50 th percentile change from 165cm to 155 cm), and
indicated that there wvare no differences betweesn the U.S. and
Spantsh f&ll alze freguencles, Agein this last comperison s
based on a sone 3 U.S5. semple and & Spanish sample heavily
welghted touwsrds zone 1.

To examine west to east differences in size scross the study
area, Geptlember data from 1385 was plotted for both countries
(Fig 6a, 6b). This comparison indicsted that the U.S. September
sample from zone 3 (westerrwmost area) 13 slightly larger (50th
percantlis ¢ 10ca larger) than the Spanish sample, which reflects
fish from zone 1 snd 2. A summary of ares~time differences in
mean LUWL (Tabie 4) revesls a complicsted picture. Censistency
in mean stze across months and ereas, with most mean LJFL wvelues
betuween 160 and 175% cm, would appear to be the dominasnt
characterietic of this area. It s also spparent that months
with wmesn LUFL values less than 160 om appear more consistently
in fa1) months (August - Octeober) ernd in eaatern zones.

CATCH RATES
A thorough eveluation of cetch rates from Spanish and U.S,

fleets operating north of 40 N, uvould have to eddress the gear
differences previously described. Thias would requive samples

from both operstiona in the same  year-month-zone | stirate..

Although  there i3 insufficlent data to rigoroualy address these
differences at this time, a» preszniation of msean CPUE wvalues
fl1lustrates the affect gear dgifferences cen have on CPUE  wvalues
caiculaeted usimg different wnits of effort. CPUE*’s wvere
calculated in terms of numbers of suordfish and wveight (kg ltive
weight) per 1,000 hooks and per set (Tebile 8). The Spanish
fongline pesr hes been velatively constant tn teras of the
construction material and component dim&ns!aﬂy end rigoing.
Trends of incressing set size, In terms of hooks snd wmiles of
maintine, are stirtbuted 0 operstors seiting edditionsl sections
of geesr. Gear stability contributes to the low varlability tn
Spanish CPUE’s for both units of effort (hopks or sets). The
Spanish data does houever, show that higher cgtch vrates have been
reatized as the fleet hes wmoved to the west.
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The U.S. data, 1n contrast, can be characterized by gear
diversity end this is reflected in the variability of both hook
and set based CPUE‘s. The hook bssed CPUE’s are more wvariable
than set based values, but the latter are stil) more wvariable
than comparable Spanish data. In addition to the significant
changes in gear construction adopted by the U.S. fleet, the major
rigging change was {ncreased hook apacing. The removal of
ineffective hooks significantly incresses hook based CPUE’s and
also increases set based CPUE’s (Hamley &nd Skud 1978). Increased
hook  spacing, would houvever have s greater effect on hook based
calculations. The 1983 U.S5. catch rate values reflect smaller
hook apacing with tradittonsl gear, while the 1984 snd 1985 data
primarily reflect wider hook spacing in modified gear. This
single gear modification undoubtedly contributes to the
increasing CPUE’s observed in the U.S. data betueen 1983 and
1985. Because of the significant differences in gzar rigging,
comparisons of set based CPUE’s betueen U.S. and Spenish fleets
in 1985 sppear to be the most comparable. This comparison would
be based on trips in the same or adjacent zones (2 and 3>, and
modified U.S. gear versus the steble Spanish gear configuration.
U.S. csatch rates 1n both numbers of swordfish and weight of
svordfish are sbout 1.5 times greater than comparable Spanish
catch rates. Because of the importance of harvests from +this
area and the sapparently stable size structure, addlitional
cooperative work on stze gspecific catch rates and gear
standardization procedures should represent a high priority
research project for improving analytical assessments of Atlantic
swordfish stocks. Thi1s cooperative approach should also be
expanded to cover more extensive geographical areas and
additional  critica! biological topics including sex and size
apecific distribution patterns, age and grouwth, and maturity
studies.

DISCUSSION

Although the U.S. and Canada have exploited swordfish on the
Tall of the Grand Barks with longline gear since the longline
fishery was Iintroduced in 1962 (previous harpoon harvests are

. Gocumented), total North Atlantic harvests declined significantly

betuween 1970 and 1978 a3 & resuit of U.S, food and Drug
administration rvegulations on acceptable mercury levels. Once
the guidlines wvere increased to 1.0 ppm 1n 1978, the U.S. fishery
expanded both to the south (increased proportion of U.S. landings
2oputh of 35 N)Y and to the northesast. The Spanish suordfish
fishery also dramatically incresssd at the end of the 1970’s and
expanded operations f{rom a cosatal based fleet to more distant
water operations. In the 198073 and =specially in the last three
YRETS, this expsnsion has continued, reflecting & common
exploitstion pattern for oceanic pelagic resources. The Rorth
Atlentic fishery In particular can now be charscterized as
dominated by distant weter flesets (primarily U.S. &nd Spain)
vhich concentrate effort in erea-time strata characterized by
high abundance levels. In the North Atlantic, the itmportsnce of
three ten degree squares (from the Grand Banks esst 10 the



Azores) to the +two largest harvesting nations provides an
indication that most eress of high swordfish sbundance tn  the
Morth Atlantic are probsbly now being explolited. 1€ thia {s  the
case then the recent expansion of the U,S. fle2t into the
Caribbean area (8 documented spauning ground) and the fact that
total Atlantic bharvest (excluding the Mediterranesan) s  the
highest on record collectively meake 1t quite Yikely that the
abundance levels of lerge fish have been impacted by commercilal
harvests, esspeclially In some cosstsl sreas, and Wwill continue to
remaln below pre-longline levels of asbundance. Recent analytical
gssesaments of western North Atlantic swordfish data support this
stetement (Conser et al 1986, SEFC 1987). The rapid expansion of
internationa) distent water flieets along the northern and
southern boundaries of the North Atlantic and gosstble  further
harvesting incresses, represent the grestest potential threat to
the resource.

Although significent differences In slize composition were
ot spparent sacross the three ten degree eguares studied,
additiona) dats from U.5. ed Spanish fFisherles herveating areas
south of 35 N, indicaste that concentrations of small fish may be
fdentifted. Letitude {8 spparantly of greater tsportance as a
factor influencing size compostion than Jong!tude, probably
because 1t 18 & better indlicator of zea surface temperature. The
position of the Gulf Stream g3 {1 passses through ihe zones
etudied 1n this report undoubtedly {nfluences the size compositon
of harvested swordfish and mey eccount for most of the
varisbiitity in mean year-month-zone LJFL velues, The consistency
in size composition observed In this study srea across years and
months argues strongly for similer studies on @ larger scale
which may provide the bsasls for directing harvesting sirategies
on  specific age groups so-that long ters maximum production can
be attalined.
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TABLE 1. 6EAR CHARACTERISTICS INCLUDING CONSTRUCTION MATERIAL AND
COMPONEN] DIHMLNSIONS FOR SPANISH, TRADITIONAL U.S., AND MODIFIED
U.S. LONGLINE GEAR.
TABLE 2. NORTH ATLANTIC SIZE FREQUENCY DATA FROM U.S. AND SPANISH

LONGLINE FLEETS TARGETTING SUORDFISH NORTH OF 40 N
A)CONSTRUCTION MATERIAL

UNITED STATES : SPAIN
SPANISH U.S.+CAN HODIF IED 20NE 3 Z0NE 1,2, AND 3
GEAR TRADITIONAL U.S. .
YEAR TRIPS NUMBER UEIGHT TRIPS NUMBER WEIGHT
HOOKS 3/0 SHARK 3/0 SHARK 9/0-10/0 SAMPLED SAMPLED SAMPLED SAMPLED SAMPLED SAMPLED
B1G-GAME MT LIVE) T LIVD)
1983 34 6,371 420 23 4,019 283
MATNLINE N NYLON MONOF TLAMENT 1984 38 10,112 .88 86 13,854 908
MULTIN ILAMENT  #ULTIF ILAMENT £00~700 1985 40 13,366 763 87 14,603 914
4mm 4mm Tb-test
BRANCH <10m <10m 10-40m
LINES 2.7m nylon 4-6tm nylon 300400
5-7m stee) L5 mono Tb-test mono
"FLOAT NYLON NYLON MOND
LINES
BYGEAR DIMENSIONS
GEAR SPAIN U.S.+CAN ~U.S.
TRADITIONAL HODIF IED
BRANCH 8-10m 5-10m 10-40m _
LINES -
FLOAT 5-20m S-15m ' 15-30m
LINES
DISTANCL
BLTWEEN 25-30m 15-30m 40-80m
HOOKS
NUMDER OF
HOOKS/SET 130020600 S900-2000 100-400
LENGTH OF
MATNLINE 30-40 KM 20-60KM 8-30KM
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AND SPANIGH SIZE FREQUENCY SAMPLES IN MUFBERS OF
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0
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TABLE 4.

USA KZAN LUFL FOR GRAND BANES ARA
i 2 3 4 5 [
0. 0. 0. 0. 0. 0.

FOR 1983
7 8
179, 1.

SPANISH REAN LUFL FOR WORTH AZDRES AREA FLR 1963

1 2 3 § 5 1

0. 1780 170, 0. 0. 0.
0. 172, 0. 176, 1863, 0.

USA REAN LUFL FOR GRAND BANKS ARER
1 2 3 & 3 [
0. 0. 0. 0. 0. 183

SFARISH MEAR LJFL FOR NORTH RIORES
1 2 3 ) 5 &

178, 170, 187, 180. 172, ne2.
0. 0. 174, G, 0. [

USA KEAN LJFL FOR GRAND BARNKS AREA
1 2 3 4 S [
0. 0. 0. 0. 0. 158,

SPANISH MEAN LFL FGR NORTH AZLRES
1 2 3 § 5 [
159, 168, 1T, 167, 169, 0.

0. 177, 173, 16b. 144, 179,
0. 0. 0. 0. 0. 144,

7 8
170, 0.
0. 0.
FIR 1984
7 8
185, 163

AREA FOR 1934

7 )
5. 141,
150, 154,
FOR 1955
7 g
100, 180,
AREA FOR 1985
7 8
161, 156,
w1, 19,
0. 0.

172.

[=g=d

144,

152

2l

133,

LI

150,
147,

MEAN LOWER JAU FORK LENGTHS FOR U.S.
FREQUENCY SAMPLES BY YEAR, MONTH AND ZONE.
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10
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10
1¢8.
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1¢0.
16b.
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0.

11
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162,
0.

SPANISH SIZE

173.
151,

12

160,
0.

TOTAL

Ky
702

TOTAL
10112

TOTAL

§924
730

TOTAL

6245
72341
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TABLE 5.  HEAN CPUE’S FROM SPANISH AND U.S. SUDRDFISH FISHERIES
NORTH OF 40 N IN NUMBERS AND WEIGHT PER 1000 HDOKS AND PER SET.

SPANISH DATA

YR ZDNE TRIPS CATCH PER 1000 HOOKS CATCH PER SET
NUMBERS K6 LIVE RUMBERS K6 LIVE
83 1 19 8.7 bl6 14 966
2 4 6.3 409 11 698
B84 1 79 5.7 380 10 676
2 12 8.2 452 - 18 992
85 1 91 5.2 332 10 646
2 41 3.9 588 20 1169
3 3 12.5 7686 23 1390

UNITED STATES

YR ZONE TRIPS CATCH PER 1000 HOOKS CATCH PER SET g

NUMBERS KG LIVE NUMBERS KG LIVE 5
- - - - S
83 3 15 25.8 1683 13 B61 5
8¢ 3 18 45.9 2491 31 1631 » g
85 3 22 76.8 4042 35 1933 es E
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FIGLRE 4b, SIIE FREQUENCY HISIOGHAH AND CLMULATIVE FRERUENCY FLOT

FIGRE 44, SILE FREQUENCY HISTOGAMH AD CLALATIVE FREQUNCY PLOT FOR SPANISH DATA FROM AUGUST, ScPIERBER. AMD OCTORER
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FIGRE ¢b. SIIE FREGUERCY MISTOEAM 4D CUMAATIVE FREGUERMDY PLOT

I s B ATIVE FREULICY PLOT
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