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SUMMARY

The Norrhwesr Arlantic Swordfish Resourie was assessed in April, 1985,

df 4 Narionai Marine Fisheries Servite-spousured Stock Assessment Workshop
i1+ Miami, Florida

IISA. Atrendees included lisheries scientists from the

Gulf, South Arlanric, and Mid-Atlantiz Fishery Managemenr Councils, fthe
Universiry of Miami, and the Miami and Woods Hole NMFS Laboratories. Other
Workshop scienrisrs included the ICCAT Assistant Executive Secrerary, Perey
Miyake;

John Pope of the Directorate of Fisheries Research in Lowestofr,

All

consensus of opinion by participaring seien-

England, and rhe USA 1CCAT Advisory Panel Chairman, Gordon Broadhead.
findings vepresent a general
rists,

The population dynamics were estimated by least-squares prozedures rhat
employ all available data. Tﬂu results indicate that the adulr stock (num~

ber of tish that are 130 1b and larger dressed welght, age 5 and older)

decreased about 40 percent from 1978 to 1Y84, then increased from ]984 to
1986. The Januavry 1|,

1976 level.

1986, adult stock is esrimated to be wirthin 75 percenr

of the Juvenile abundance is estimared ro have remained rela-

fively stable trom 1978 ro 1982 and is vstimated to have increased ecach

yedar since. Stock biomass (roral live weight) decreased abour 30 percent

trom 1978 to 1982 and then increased ro about rhe 1978 lével by 1985,
Catches exceeded srock growrh (surplus producrion) during 1978-80, bur rhe
1981 stock growth was upproximarely equal to the carch, Srock Erowth appar-

vitly exceeded ylelds since 1982, so rhe biomass has increased every year

since then and seems fo be continuing ro increase under current fishing

mortaliry leveils Theoretical simulatrions show rhat the maximum equilibrium

yield per recyuir is abour 20 percent higher rhan that obtainable with rhe

1985 ftishing mortulity rate; the current' rare is estimated ar 0.37 and the

rheorerical wmaximun oeeyvrs at a fishing mortality rate of 0.14, These

theorerical yield=per-recyuit simulations do nor model the current stare of

the stock. Fishing morralitry rares and vecruitment abundances have not been

colistant trurough time rhereteve, rhe yleld por recruit currently realized

in rhe tishery is not known

‘&galement le Secrétaire exécutif adjoint de 1'ICCAT, P.M. Miyake, J.
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RESUME

Les ressources en espadon de 1'Atlantique nord-ouest ont &té Evalufes
en avril 1985 lors de journées d'Stude sur 1'&valuation des stocks organi-
sfes 8 Miami par le “National Marine Fisheries Service. Les participants
comprenalent des scientifiques des conseils de gestion des péches du golfe
du Mexique,

de Miami et des laboratoires de Miami et Woods Hole du NMFS.

de 1'Atlantique sud et de 1'Atlentique central, de 1'université
Assistaient
Pope
du “"Directorate of Fisheries Research” de Lowestoft, et G.

Broadhead, président du “USA ICCAT Advisory Panel”.

Royaume-Uni,
Les conclusion 11lug-
trent toutes un concensus général d'opinions de la part des scientifiques
présents.

La dynamique des populations a £t& estimée par la méthode des moindres
carrés gul utilise toutes les données disponibles. Les résultats indiquent
que le stock adulte (nombre de poigson d'un poids manipulé de 130 livres ou
plus, d'8ge S5 et au-dessus) a baigsé A‘environ 40 2 entre 1978 et 1984,
Au 1%F

estimé 8tre environ 75 % du niveau de 1978.

puls s'est accru entre 1984 et 1986. janvier 1986, le stock est
L'abondance en juvéniles est
estinée &tre demeurfe relativement srable de 1978 & 1982, puils s'Btre
accrue ﬁar la sulte jusqu'd des niveaux considérablement supérieurs & celul
de 1978.

et est estimée 5'@tre accrue depuis d'année en annfe.

L'abondance des cohortes recrutées a €ré stable de 1978 3 1982,
La biomasse du stock
{poids Vif total) a diminué d'environ 30 ¥ entre 1978 et 1982, mais &tailtr
remontée en 1985 presque au niveau de 1978. Les prises ont dépassé la
croissance du stock (production excédentaire) en 1978-80, mais cette crois—
sance &tait en 1981 Z peu prés &gale 3 la prise. La croissance du stock
dépesse apparemment la production depuis 1982, si bien que la biomasae
s'accrolt depuis lore d'annfe en année et senble poursuivre cet accroisse—
ment avec les niveaux actuels de mortalité par péche. Des simulations
théoriques montrent que la production maximale &quilibrée est d'environ 20
2 supérieure 2 celle qui peut &tre obtenue avec le taux de mortalité par

péche de 1985; le taux actuel est estimé 2 0.37, et le maximum théorique se
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situe 3 un taux de mortalité par pdche de 0.14. Ces simulations théorigues Las simulaciones tebricas muestran que el equilibrio mhximo de rendimients
de la production par recrue n'illustrent pas 1'Etar actuel du stock. Le por recluta es aproximadamente el 20% mfs alto-que el que se obtendrfa vum
taux de mortalité par pBche et 1'abondance du recrutement n'ont pas &té la rasa de mortalidad por pesca de 1985; la tasa actual se calcula en m
constants dans le temps, et la production par recue actuelle de la pécherie 0.37 y ei méximo tebrico tieme lugar con una tasa, de mortalidad por pesca
n'est donc pas connue. de 0.14. Estas simulaciones teSricas de rendimiento por recluta no coms—

tituyen una pauta de la situacifn actual de la poblacibn., Las tasas de

mortalidd por pesca y abundancia del reclutamiento no han sido comﬁantes s
RESUMEN lo largo del tiempo, y, por tanto, se desconoce el rendimiento por recluta

que tiene lugar actualmente en la pesquerfa.
El Recurso de Pez espada en el Atléntico Noroveste fue evaluado en abril

de 1985, en unas Jornadas de Evaluacifin de las Poblaciones, en Miami,
Florida, EE.UU., patrocinadas por el "National Marine Fisheries Service”.
Entre los asistentes se contaban citenti{ficos de los_ Consejos de Ordenacibn
de Pesquerfas del Golfo, Atlintico Sur y AtlSantico Central, Universidad de
Miami y los Laboratorios de la NMFS de Miami y Woods Hole. Asistieron a las
Jornadas, entre otros cilentfficos, el Secretario Ejecutivo Adjunto de
ICCAT, Peter Miyake, John Pope, del "Directorate of Fisheries Research in
Lowestoft™, Inglaterra, y el 'prestdehte_dél Couiti de ‘Asesoramiento -de
ICCAT, Gordon Broadhead, de Estados Unidos. i‘odos' 1os ileg\r.t‘:s reseflados
representan un acuerdo general de opinifmr entre los. cientificos parti-
cipantes.

La dinfimica de poblacio;xea se. calculd por procedimientos .de cuadrados
minimos, que emplean todes los datos dispnnihl_ei."_l.‘oé-resultados indican
que la poblacibn adulta (ntmero de peces de 130 1b y mayeres, pesc evis—
cerado, edades 5 y mfs) han disminufdo en un 402 desde 1978 a 1984, av—
mentando desde ese affo hasta 1986. Al primerc deé enero de 1986; se calcul$
que la -poblacifn estaba comprendida en el 75% del nivel de 1978. Se estima
que la abundancia de juveniles ha permanecido relatfvamente -estable desde
1978 a 1982 y haber aumentado a partir de ahf a niveles considerahblemente
mis altos que el nivel de 1978. La abundancia de cohortes reclutsdas fue
estable desde 1978 a 1982 y se calcula que ha aumentado cada aflo desde
entonces. La blomassa de la poblacibn (peso en .vivo total) descendif apro—
ximadamente wun 30% desde 1978 .a 1982 y aux;xeutls a ‘:.a‘ptmdmad‘amen'te el nivel
de 1978 antes de 1985. Las capturas sobrepasaron el crecimiento de la po-
blacibn (producciln excedente) durante 1978-B0, pero en 198} el crecimiento
de la poblacibn fue aproximadamente {gual a la captura. El crecimiento de
la poblacifn, aparentemente, excedi$ l1los rendimientos desde 1982, y por
tanto, la biomasa se ha incrementado cada affo desde entonces, y parece

continusr Incrementfindse bajo los niveles actuales de mortalidad por pesca.



l. OPENING OF THE MEETING

The Miami Laboratory Swordfish Workshop was held by the National Marine
Fisheries Service at the Miami Laboratory during April 16-26, 1986. Mike
Parrack served as Chairman. Walter Nelsor, Miami Laboratory Director, welcaned
the participants (Appendix 1). The Chairman discussed guidelines for the
Workshop and the Agerda. The primary objective of the Workshop was to assess
the status of the Northwest Atlantic swordfish resource. It was stated by the
Chaixman that all calculations required in the assessment would be carried out
by the participants during the meeting. Two computer mainframes would be
available to the participants, a Burroughs 7800 and a 6880, as well as two IBM
PC's. The participant suggesting that a particular calenlation was needed would
be responsible for yenerating the calculation. The participants adopted the
Agenda that was circulated in advance, with the addition of one item, a history
of the Northwest Atlantic fishery.

2. HISTORY OF THE SWORDFISH FISHERY IN THE NORTEMEST ATLANTIC

Cuba, Tiawan, and Korea report Northwest Atlantic swordfish catches as well
as Japan, the USA, and Canada. Tiawanese longline vessels fished in the Atlantic
since 1862, however, the species caposition of that billfish catch is not
reported befare 1973. Korean longline vessels entered the Atlantic in 1962 but
did not report swardfish catches until 1975,

North American Fleet Prior to 1962, swordfish were harvested by a seasonal
Canadian ard United States harpoon fishery off New England ard Nova Scotia. In
the early 1968's, longlining quickly became the daminant harvesting method.
Landings increased dramatically from 1968 o 1963, declined, and then stabilized
through 1978. During this period, the fishery expanded both to the south and to
the east so that by 1969 a year-round fishery exploited most one degree squares

In 1978, the United States Food ard Drug Aduinistration (Foa) instituted
regulations prohibiting the interstaie transportation and importation of sword-
fish which contained mercury in excess of ©.5 Ppm.  These restrictions went into
place as camercial fishing expanded into the Gulf of Mexico. BAlthough the
regulations substantially reduced the US and Canadian effort, an "undergroung"
fishery developed. and a portion of the catch was not reparted. By the
mid-1978's a new fishery had developed, primarily in southern Florida.

In 1978, the FDA increased the alloweble level of mercary to 1.0 pom.  This
occurred with the exploitation of a high concentration of swordfish off the
Atlantic coast of Florida. A dramatic increase in the mumber of vessels par—
ticipating in the U.S fishery followed. Many of those vessels were based in
southern states, especially Florida, Texas, and South Carclina. The fishermen
experimented with extensive jear modifications adapting some Cuban creole drift
line techniques Major changes included a switch fram tarred nylon mainlines
and branch lines to camplete monofilament construction, increased hook gpacing,
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increased c*;angion and float line lengths, and the use of chemical light sticks
(“Cyalume™ lights) with each bait.

Most of the reported landings were canght with traditional New England-style
gear from the late 1970's to 1979, Florida-style gear replaced Cuban gear in
the Florida Straits by 1979, and its use then spread throughout the Gulf of
Mexico, Florida, east coast and the South Atlantic Bight. In 1988-82, the
southern vessels extended their fishing range northward into the traditional New
Englard fishing areas beyond Cape Hatteras. Gear experimentation accelerated
and the traditional New England gear was replaced by Florida gear. Florida gear
has accounted for most of the landings since 1989. Florida gear has been shown
to be two to three times as effective as New England gear in a sample of log-
books from vessels fishing in the Flarida Straits (Berkeley et al 19B1). There
are no gear comparison results from narth of Cape Hatteras where the water is
cooler. It is believed that additional gear changes occurred since 1982, due to
increased availahility and consequent use of advanced technology and electronics
{thermograph and weather fax instrumentation). These changes are not well docu~
mented and are not believed to have been dramatic after 1980 as before, They
occurred in consort with the expansion of the fishing areas east of the Flamish
Cap and the concentration of fishing operations arcund the time of the full
moon.

Until 1989, most of the catch came from northern areas, however, fran 1088
on, more than 588 come fra_n southern waters. In the winter of 1968485, thirteen
vessels expanded operations into the Caribbean, and that fleet increased to

3549 vessels by the following winter. The number of different vegsels

targeting swordfish that occurred in camprehensive samples of bills of sale
decreased after 1983, however, the decrease could be due to a drop in sampling
efficiency rather than fleet size.

Japanese Fleet The Japanese langline fishery began in the tropical cerntral
Atlantic in 1956. By 1965, the fishery had expanded into the entire Atlantic
between 40ON and 409S latitudes. In the early 1978's the Japanese fleet zban-
doned the central areas of the north and sodth Atlantic, concentrating their
fishing effort in those regions of the ocean with praminent oceanic currents.
These geographic changes probably resulted from targeting bluefin,

3. STOCK STRUCTURE

The workshop addressed stock structure by reviewing mark-recapture data,
geographic distribution of swordfish bycstch in the Japanese longline fishery,
and geographic distribution of swordfish larvae. Stock structure was addressed
fram the standpoint of defining a manageable resource, not fram the standpaint
of establishing absolute geographic bounds on movements of individuals or from
the standpoint of genetic isolation.

* Registered trademark, American Cyanimid Company



342

Mark-Recapture Data Data were examined fram 2058 swordfish marked and
released in the Northwest Atlantic over a twenty year period {1965-1985) by
Canada and the United States. Most marks were applied since 1978 by USA observ~
ers aboard Japanese longline vessels and scientists aboard USA research
cruises. The tag return rate was about 5% with commercial fishermen reporting
all returns. Few fish were tagged in the Gulf of Mexico and the Caribbean Sea.
All returns (Figure 1) were fram the Northwest Atlantic north of the Caribbean
Sea. No tags were returned fram the Caribbean Sea, the Brazilian coastal
fishery, or TCast Atlantic coastal Spanish fishery. Although the Japanese

past two decades, they did not fish these areas extensively during the period

hot extensively migrate to the east ang movement. seems to be north-south.
Significant fishing effart in the Caribbean did not begin until 1984, thus
moverment. between the Caribbean and the Northwest Atlantic can not be ruled out.
The Workshop concluded that the mark-recapture data provides evidence of a
distinct Northwestern Atlantic stock.

Longline CRJE The Workshop considered 1957-83 Japanese tuna longline
fishery swordfish bycatch as indicative of possible gecgraphical discreteness
(Doc 86/3). These plots (Apperdix 2) indicate there is not a distinct deli-
neation betwsen stocks in the Atlantic. No clear boundary is evident; these
CFUE data are continuous fram east to west and north to ‘south. {There is slight
indication of separation at 199N latitude in the West Atlantic). Concentrations
of swordfish, however, do ooour in some areas. CPUE data from the North
American longline fleet indicates that fish are concentrated -along the west wall
of the Gulf Stream, alang the edge of the continental shelf (2004-36806M) near
mid-ocean islands, and on sea mounts. Japanese longline swordfish bycatch data
indicate that although concentrations ocaur_in continental .shel £ waters, sword-
fish are distributed throughout the Atlantic. Therefore, a continucus emmigra-~
tion fram the open Atlantic into aress of concentration is considered possible.

Larval Distribution The Workshop considered the geographical distribation
and aburdance of swordfish larvae in plenkton samples as an indicator of
spawning concentrations. Larvae are reported in the Gulf Stream south of Cape
Hatteras, the Gulf of Mexico, and the Caribbean Sea (Markle 1974). Tt was
recognized that currents would carry larvas spawmed in the Caribbean into the
Gulf Stream off the southern USA coast. Concentrations, however, were found at
the equator and in the southern hemisphere off Brazil and in the Caribben Sea in
an area bounded from 70°W to B5CW longitude and 150N to 200N latitude
(Nishikawa et al. 1978). Larvae were found throughout all months although peak
abundance was cbserved in February (Grall et al. 1983). Apparently a spawning
area also exists in the Mediterranean Sea in July, August, and September (Sella
1911, Dicenta 1977, Taning 1955). The Workshop concluded that these data indi-

Cate the existence of two separate spawning areas in the North Atiantic, one in
the Mediterranean Sea and one in the Caribbean Sea.

Consensus Available information indicates thz'xtz 1) fish are cop—
tinu‘gtogl(;udﬁ?stributed across the Atlantic, 2) trans-Atlantic movement in the
North Atlantic probably negligible, 3) northjsouth movement. in 1ihe North -
Atlantic is extensive, and 4) separate spawning areas exist in the Nortrmest“
Northeast Atlantic. The consensus was that these findings support t.:he ‘working
hypothesis of a separate Northwest Atlantic'stock'mrth of %Ml.latltxﬁeﬁa:i
west of 359W longitude that spawns duringlw:.nter in t}w'carlbbefan Sea. de
Workshop, however, recognized that the existence of a single Atlantic wi
stock was possible. -

4. GROWTH

The Worksheop considered three sources of information: 1) di.rgct obsewam$
of growth from mark-recapture data, 2) age 1m:erp§ete§ from growth marks cnﬁmm
spine cross sections (“hardparts"), and 3) modes in size-frequency samples
catches. After considering the characteristx,c_s and vusgfu;ness of the th.ree
data sources, the participants sought a method 6f calculating age fram size a:to
estahlish the age distribution of catches. He:;e, the WOrks@ concluded ﬂq)
since frequency samples fram the catches were in dressed we.xgl'lt (not lengdﬂ; -
and the length~weight conversions varied apgrec:.ahle, growth in terms of dress
weight was most germane rather than growth in length.

~Recapture Observations The Workshop Document B6/2. reviewed marie—
reca.»;taﬁ].:e obsg:‘vations where both weight at release and recapture were recorded
a5 well as both release and recapture dates (Tablg 1). The Workshop notedﬁigl/:?);
these data would support least square fitsAof various growth models (D@cu
There were only sixty-six observations available, and these came from threew o
sources: 1) NMPS Miami Laboratory, 2) NMFS Narragansett Laboratory (courtesy
Jack Casey), and 3) Canadian Department of Fisheries and Oceans, St. Anﬁrewséd
New Brunswick. Sex was not recorded. Release ard rgcaptur? size was {:emrd
in terms of total weight and converted to dressed weidght using the.ratlo )
@.755:1.8. Release weights were visual estimates made wl.ule the .flsh were ;];;
the water; the fish were not actually weighted. These visual estimates mig] o
have over-estimated release size, in.same cases perhaps to a l;rge degrge -%ZE
refraction (Williams 1979). It was pointed out, hm’eYer, .that most est,u‘m?r ]
were made by experienced observers, fishermen, and scientists, hence thesnverage
bias may be small. The simple anmial growth rate ranged from ~398 to 1251
pounds dress weight per year. Fish were-at large fram.a few days to 15 vears.

The Workshop discussed 1} which observations to exclude from 1:.he analysis
and 2) which growth mxdel was most appropriate. N The uncen‘:alnty in these data
suggests that some of thege observations were 111;&1}, unre.]l.lableAexmgh todude
warrant. exclusion. The exact criteria for identifying which pt:nnts to ex 3
was subject of consideranle discussion. A plet of the growth lnc:?ement om t;uue1 :
at large (Figure 2) identified five specific data points for pqsslbl'.e exd‘.uf;m,
several other graphic displays of growth ratesllndlcated the same five polnea i
were outliers. The Workshop noted that excluding these observations resulted in



marked changes in the least squares estimate of the von Bertalanffy growth para-
meters and reductions in mean square error. Other schemes were considered that
excluded short times at large. These approaches resulted in parameter estimates
and mean square errors that were similar to those obtained by eliminating the 5
points identified. The Workshop agreed that the best procedure was to exclude
the five identified points.

The Workshop then considered the growthi of small fizh that were at large for
short pericds. The observed growth of small fish was noted to be slower than
for larger fish, hence it was agreed that the Gompertz model was the most
appropriate equation. Consideration was also given to the statistical form of
the model. Here, concern was expressed as to the nature of the error distri-
bution. First, since it was. recognized that the measures of release size were
likely biased, an estimate of the magnitude of bias in release size was made via
least squares techniques {i.e., a bias term was simply included within the
model). These estimates indicated that the magnitude of bias was small, 18 per—
cent or less, and thus need not be considered further. Second, since the error
distribution was unknown, it was decided that multiplicative log normal error
should be assumed. The resulting model contained three parameters but only two
could be estimated from mark-recapture data. The third parameter was calculated
directly after defining fish of three pounds dressed weight to be zero age
{(birth). The other two paramcters were estimated wia least squares (Figure 3).

Hardpart Observations The Workshop reviewed the data collected by Berkeley
and Houde (1983). Steve Berkeley provided the original data for Workshop
review. These data incluoded the date the sample was taken {i.e., when the fish
was killed), the fork length and sex of the fish, am the distance Frem the
center of the anal spine to each major circuli and to the edge. Marginal incre—
ment ratios calculated from these data did not indicate that the major circuli
were annual (Doc. 86/5). Plots of marginal increments by month sampled (Doc.
86/4} showed a randam time of major circuli formation and @id not support the
assumpticn that the formation of marks is an annoal phenomena. That was
corrcborated by the original investigation (Berkeley ard Houde 1983). Thus,
there was no evidence that these hardpart readings could be tsed to determine
the age of Northwest Atlantic swordfish. Some participants, however, felt that
until it could be proven beyond doubt that these major circuli were not annual
marks, they should be given further consideration because they indicated a
growth rate similiar to that from the mark-—pecapture data which is also weak
data. With this in mind, sexual dimorphic growth was exemined, Plots of growth
fram the hardpart data for each sex separately {Doc. B5/4) were overlayed and
campared.  They did not show evidence of a difference between sexes., Size spe-
cific samples, by sex, however, show that fish greater than 15§ pourds {dressed
weight) tended to be females and that males greater than 238 pounds are very
rare (Doc. 86/18). The Workshop noted that this was either the result of Gif-
ferential mortality or differential growth between sexes and that the latter
seemad more likely, The Workshop concluded that a growth curve for the sexes
canbined was sufficient since: 1) evidence of sexual dimorphoric growth was not
demonstrated, 2) most of the catch was of fish less than 158 pourds vhere both
sexes seemed to occur equally, and 3) that larger fish tended to be almost all
females so that a single growth function fit to a randem sample of carbined
sexes would correctly describe the growth of the entire popuiation and thus
could estimate the age structure of the catch acceptably well.
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With all of the above decisions in mind, it was agreed to first convert the
hardpart cbservations from length to dressed weight via conversions defined in

Document 86/11, then fit the Gampertz equation to those data combined over sex.
The resulting model is: ’

dressed weight {lbs) =458 * .g35 ** (,85 ** ¢),

Modal Analysis of Size Freguency Samples  The method of Shepherd (1985) was
applied to weight frequency samples. The method employs a non-least squares
goodnes of fit measure to estahlish an asymptotic size by K surface for the vom
Bertalanffy function. The measure is designed to take account of data in pro—
partion to its quantity and likely reliability without pre-processing, and not
to be umduly sensitive to possible spurious modes created by sampling naise.

The technique maps this measure over the feasible range- of parameter values thus
allowing the investigator to choose the most appropriate parameter set in dight
9f this surface of goodness of fit measures. The method did not yield usable
information when applied to available size frequency samples in that it did not
indicate which of numerous parameter sets were superior.

Tonsensus  The possibility that the mark-recapture data and the hardpart
data reflected the same grawth rate was considered. This hypothesis was
investigated by establishing .999 approximate joint confidence contours on the
wo parameters that establish the shape of the Gampertz curve for each data set.
The confidence regions did not overlap, thus at the approximate .999 probability
level the twc data sets reflected diffi t growth rates. In summary: 1) the
mark-recapture data contained cbservation and transcription errors, however, it
provided divect observations of growth: 2) major circuli on hardparts could not
be validated as annuli either from marginal increment analysis or from come-
patability with mark-recapture cobservations. The workshop consensis was that
the mark-recapture data provided the best basis for estimating growth and

tablishing the age distribution Of catches with the information available at
this time. It is a consensus that the current level of knowledge of swordfish
growth, particularly of larger fish, is very meager and thus places an addit—
tional degree of uncertainty on analysis results.

5. CATCHES AND SIZE FREQUENCY SAMPLES

Historie swordfish landings, by area and date of capture, and size frequency
samples are fragmented and of variahle quality. The participants recognized
these limitations and applied a variety of techniques (adjustments, substitu—
tions, and additions) in an attempt to construct a useful catch-at~age table for
the pericd 1978-85. The group agreed that the final products were an improve-
ment over previous attempts, however, the resulting quality is not such that
analysis results are without significant uncertainty:; further work to improve
these basic data is needed.

Reported Lalﬁiﬂ s Catches of swordfish north of 189 and west of 350W are
taken by USA longline, gillnet, and harpoon vessels, Canadian longline and har-
poon vessels, and Japanese, Taiwanese, Korea, and Cuban longline fleets
(Table 2).
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UsA landings for 1978-85 were cbtained from NMFS Southeast Fisheries Center
and from the National Fishery Statistics Program, Washington, DC. These land~
ings were cbtained by interviewing all known fish brokers manthly or annually.
Brokers are asked far either total monthly landings or total weight landed on
each fishing trip. Recorded USA landings during the period 1971-1977 are
believed to be extremely inaccurate due to federal laws dealing with the mercury
content of the flesh. Landings fram Virginia to Maine are incomplete until the
summer after the close of the calendar year; landings fram North Carolina to
Texas are available by the February after the close of the year. Puerto Rico
landings began in the winter of 1984, and a comprehensive system to census these
landings by the usual procedures did not exist in 1984-85.

A second source of USA damestic landings data was available at the NMFS
Miami Laboratary. On a voluntary basis, concerned fish brokers and fishermen
sent copies of the actual tally of each fish sold on separate Fishing trips to
NMFS scientists for research purposes. In some cases these “trip sheets" record
the major part, if not the entire, landings at a port-month. This was the anly
source for Puerto Rican landings for 1984 and 1985.

The Workshop focused on the accuracy of the reported USA landings. In some
months reported harpoon landings for New York and Massachusetts were several
fcld larger than lengline landings and this was considered wnlikely; these were
believed to be miscoded data. In many month-gear-state cateqories the weight
totaled from the trip sheets exceeded the reported landings by rather large
amounts. Of the 896 month-gear-state partitions considered, the landings fram
trip sheets exceeded the reparted landings in 103 cases (12%). These differen~
ces ranged from 163 to 484,118 pounds dressed weight with an average difference
of 23,513 pounds. This comparison underestimated the magnitude of the errors in
the reparted landings, however, the comsensus was that replacemefit of reported
lardings by the sum of trip tickets in cases where the latter wes larger than
the former generally improved the accuracy of the landings data. )

The Workshop considered Canadian landings from three sources: IOCAT offi-
cial statisticse, those reported by the Statistics Branch of the Department of
Fisheries and Oceans, and those obtained through personal commnication with Mr.
Peacock® (1978-82) and Mr. Forbes® (1983-85). These sources differed com-
siderably in scme years (below). Infommation was not available to

Canadian Landings, Mt Whole Weight

JCCAT Statistics Dept. Pers. Conmn.
Year 1L Hap b Harp Total
1978 2314 2 3953 a 1009

*Emplqyees of the Canadian Dept, of Fisheries and Oceans

1979 2979 44 2963 7 1000
1968 1794 91 1276 ‘ 32 1200
1981 542 19 42 41 1000
1982 542 12 869 36 1060
1983 960 128 785 1a7 T 962
1984 465 34 465 34 499
1983 - - - - 515

juzflge the acouracy of the three sources. The major problem was assumed to per—
tain to the possibility that a portion of the catch may have been double
repo\rtec} in two ways: 1) once reported when caught. by the Canadian fishermen
and again at the time of importaticn to the United States, and 2) the possibi-
lity that Canadian reported landings -included the quantity caught by Canadian
vgssels ard then illegally transferred at sea to U.S. vessels. After con-
siderable discussion, the Workshep decided that if either occurred the net
effect on reported landings was small, therefore, IOCAT statistics were used
and corrections for transshipments were not made. The month of landing is not
known except for 1985 (below), thus these percentages ‘were applied to all years.

June July August ‘Septeniber October Novenber
1,3% 5.3% 33.1% 32.1% 27.8% 2.4%

Other lardings from west of 35°W and north of 160N taken by Japan, Taiwan,
Korea and Cuban longline fleets were obtained. from ICCAT statistics. The area

-and month for these catches were estimated fram a sample of log books; the

samples range from 38% to 183% for 1978-84. The 1985 catch was assumed to be
the same as I984. Foreign vessels fishing in US waters are required by lew to
cut off all swordfish. Estimates of these amunts were made from reports of US
observers on foreign longline vessels and from vessel logbocks. These estimates
were added to the catch dbtained fram ICCAT.

Magnitude of Discarding at Sea The occurrence of swordfish being discarded
at sea wes discussed. This activity has never been Treported by fishermen nor by
tbservers aboard USA vessels. Those familiar with the USA fishery irmdicated
that, due to the value of all swordfish regardless of size, discarding was very

limited. The consensus was that discarding was not occurring on North American
vessels.




Size Samples From Catches The Workshop reviewed the mmber of fji?sgf’xasured
by each nation each year fram catches taken north of 182N and west of 3
(below). Only USA catches were sufficiently sampled; most catches o er

Numbers of Fish Measured

Year usa Canada Japan Taiwan Korea Cuba
1978 8727 - 65 - - -
1979 26227 65 - - -
1968 41384 - 192 49 - -
1981 34759 - 59 19 - -
1982 51120 - 145 - - -
1983 53288 142 3B - -
1984 55353 111 - - - 297

1985 48230 - - - - -

i les were bills of sale and
i ere not sampled at all. TheUSAsl.gsax@ s !
ﬁzsngmc_‘?nt:inethe dressed weight of each swordfish lamded on a flshlr.)g ;.r;zd
The gear used, port of landing, fishing location, amd month is also included.

Availability of Sex Ratio Sanpleg The Vicrkshoop ze\rladed al(.écc obs{;;ezs’v/;d;;o;s]dof
size~sex-date-location of swordfishlln the Nniﬂmll;il:;rilf-atio . and
uded these data irdicated no dlffgrance vom a 1. throughou‘
tc;osrn:lhwest Atlantic. As mentioned previously sex ratws do seem to :.:hange w;et]:
size in that fish greater than 158 pourds dressed weight are predominamtly

males.

Weight-Length Conversions Algorithms for converting three length Easu:g—
ments (lower jaw fork length, eye-orbit fork leng-th;htot“;l kiemgﬂ-x) T:;Z eszm3 -
i i 351 by the Workshop. cons
it and visa-versa (Doc. 86/11) was reviewed by
v“::;gthat estimators for both sexes carbined would be the best to use should such
conversions need be made.

6. ESTIMATION OF NUMBERS CAUGHT AT SIZE

The numbers caught within one pound dressed weight catagories (Apperﬁix z)
were based on yields and catches, and USA siz&fieqw:xr:y s:rrples wﬁﬁgﬂ* west ngd
i i . Samples caf
359 longitude and north of 10PN latitude es & ches ccmbz'
into geag and area strata (offlcading sites and fishing areas) on the basis of
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observed similarity of size distributions. Gear partitions were longline ‘pe
poon, and gillnet. If the combined sanples within strata contained &t Yeast Zo
fish, they were applied to the correspording landings, otherwise similar size
frequencies fram other strata were substituted. Substitutions were bamied. on
visual comparisons of the modal size and the range of sizes in size-frequencgy
histograms from different month, areas and gears within each year

USA Monthly landings and samples from Virginia to Maine were diviged dray
four offloading areas and three fishing areas (Appendix 4), Lardings and

Almost-all longline landings were matched by these cambinations. Othemise,
samples from the clogsest momths and area were used. Substitutions weme made =i
that winter and spring samples were separated from summer and fall. For 978,
only George's Bank catches were adequately sampled, thus these samples were
applied to all Northeast Atlantic longline catches by month.

Size samples were not availsbie or were inadequate for harpoon cateihes.
There were no systematic differences in the size distributions anmong arEas,
months or years. The sizes were much larger than for longline so harpowen
sanples were combined over month and area and samtimes over years.

Very few gillnet samples were available and these were similar to heErpoon

and longline samples - Thus, combined harpoon and longline samples wepe
used for gillnet catches.

Samples and lardings from Texes to North Carolina and Puerto Rico ware
matched on the basis of month and offloading area because fishing area was not
Tecorded ip the landings data. Gear was not recorded for Florida lardimgs, so
it was assumed to be langline. itutions were made in the followimg
hierarchy: (a) adjacent offloading areas in the same month, (b) adjacent montis
in the same area, (c) fishing areas adjacent to the southeast offloading area.

Canada Samples of Canadian landings were not adequate. During 1978~1985,,
Canadian and USA vessels fished in the same or nearby areas, thus, it was
assumed that the sizes of fish were similar and USA samples were used. Watching
of catches and samples was by fishing area and gear. Fighing area was assumed
to be Geurge’s Bank in early summer and Grand Banks, Scotian Shelf, and Flemish
Cap in late summer and £a2l1 (Jokm Hoey, pers. camn.). Thus, the correspmndiyg
USA Jongline and harpocn samples were substituted.

Japan, Taiwan, Korea, and Cuba Japanese size sanples were conpared 4m USA

samples and although "the nimber of fish in the Japanese samples were too feow twm

i i i i they were not radically different from

USA samples (although they were assuredly not identical), Participants Gecided
to apply USA samples to catthes of Japan, Taiwan, Korea, and Cuba because
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samples fram those nations catches were too samll. These langline catches are
reported by 5 degree squares and these were cambined to oorrespond as much as
possible to the fishing areas used for the USA landings {Bppendix 4). Georges
Bank to Mid Atlantic Bight and Grand Barks to Scotian Shelf -samples were used
far the correspording catches. Texas to Key West, Florida Atlantic coast,
Georgia, South Carolina and Korth Carolina samples werse comhined and applied to
Gulf of Mexico and South Atlantic Bight catches. There wexe no USA samples from
Caribbean Sea catches until December 1984 and these were dissimilar to all
others; the fish were much larger. Thus 1984 and 1985 Caribbean Sea samples
were used for all such catches regardless of year. When necessary, samples were
canbined within quarter or half years or over adjacent avess or else samples
fram the preceeding quarter were used.

Calculation Methods Since discarding is very limited or non-existent, it
was assumed that reported landings were the entire catch. Samples deemed appli-
cable to each separate catch were cumbined into a single frequency distribution
then the percent of mmbers at each one pound dressed weight interval computed
to the hundredths to minimize roundoff error. This was redone for each catch
since a different combination of samples was used each time. 'The percent at
weight was multiplied by the total mumbers caught to cogste the catch at
weight. If catch was reported in weight rather than mmbers {i.e. yield) then
the total numbers caught was computed as the quotient of vield to average weight
in the sample.

7. ESTIMATION OF CRTCH AT AGE FROM CRICH AT SIZE

Estimators Participants agreed that the best method of partitioning the
numbers caught at size into mumbers at age was to use momthly or quarterly (or
at worst annual) age-size keys. Such keys do not exist For Northwest Atlantic
swordfish, hence the Workshop was forced to consider othier methods. Three
methods of splitting size frequencies {numbers caught at dressed weight) into
age frequencies (numbers caught st age) based on growth estimates were
considered: 1) inverting a growth equation to an expression of age as a deter- -
ministic function of size, 2) the linear least squares method {see Bartoo 1983),
and 3) a non-linear least squares method (Shepherd 1985).

Methods 2 and 3 account for the variation in size of individuals of the
same age, and method 1 does not. However, these stochastic estimators require
knowledge of the frequency distribetion of size given age. It was noted that
method 1 is commonly used when age-size keys are not awailabls, however it is
recognized to be deficient in that it temds to smooth out or equalize cohort
strengths. Workshop participants, however, did not identify other sources of
bias. Since populations of large pelagic fishes arve not thought to exhibit
large differences in abundances of adjoining cchorts {e.g., groundfish stocks
are known to exhibit differences of 28 fold or more), it was felt that this
deficiency may not sericusly impact the assessment for swordfish. Methods 2 and
3 were recognized to be superior, however, estimates of the variance of size at
age were not available; these are usually developed from bardpart data. Since

the available hardpart data did not encompass large fish and was not shown to be
an accurate measure of age, such variances were not estimatable. Therefore, am
inverted Gompertz equation was employed to calculate age fram dressed weight.
Here fish of each cohort were assumed to be three pounds dressed weight between
July 1 of the preceeding year and June 38 of that year.

Results Goopertz growth function parameters were used to calculate the
catch at age from the estimated catch at weight and month. Workshop par-—
ticipants expressed a desire to view twp catch-at-age tables, one based on
mark-recapture data and one based on the hardpart data (Table 3). Most par-
ticipants felt that the table based on hardpart growth data was not appropriate
because this meihod of estimating age and growth could not be validated. 'The
possibility of generating a third table using the Gompertz function for
small fish aod linear growth for larger fish in order to include more ages in
the catch tahle was also considered, however, there was not enough time to pro-

- perly develop an agreed upon procedure. After cgmparing the two age tables, the

Workshop pointed oot that the mark-recapture generated catch-at-age appeared to
be typical of that seen in tuna fisheries, the only large pelagic rescurces
where age tables exist. In such fisheries it is unusval to encounter 5 or 6
year classes cormributing to the catch on a near equal basis as was exhibited in
the hardpart genmerated catch-at-age. ‘Two or three significant year classes was
thought to be typical as shown by the mark-recapture generated table. In con—
cern for the amxmt of work to be done in the. remaining time, the Workshop cone-
sidered the strengths and wesknesses of the two age tables. and decided to use
the mark-recapture based table.

8. TNDICES OF AINDANCE

The Workshop reviewed three studies (Docs. 86/1, 86/8 and 86/9) which
estimated indices of swordfish abundance indices based on catch-per-unit—of-
effort (CPUE) samples from the USA and Japanese fleets.

USA Loghook Records Indices of catch {mumber of fish) per unit of éffort
{1903 hooks) Dased on data extracted from logbook records of three USA domestic
swordfish longline vessels covering the years 1974-82 (Doc. 86/9) were reviewed.
The generalized linear model (GLM) .proredure was employed to generate CPUE,
including year, month, vessel and month-vessel interaction terms assuming
maltiplicative effects. One analysis included zero observations by adding 1 to

‘the cbserved CP¥Es, and another eliminated all observations of zero CPUE.

Another series was generated excluding data fram the Gulf of Mexico and
February, March, and April, and not vusing cbservations of zero CPUE. The three
series thus generated indicated similar trends. -

The Workshop noted the large amount of effort required and difficulties that
were overcane in collecting logbook information and conputerizing it.  However,
the Workshop expressed concern regarding the data coverage in terms of the total



US fleet since log recards from a limited mmber of boats were used in this
study.

Catch Per Trip Analysis The Workshop reviewed indices of abundance
established by analyzing swordfish catch (in mmber of fish) per trip, based on
data obtained fram cammercial hills of sale (trip tickets) during 1978 through
1985 (Doc. 86/8). The GLM procedure was applied that included year, month,
area, gear, vessel and interaction terms; these effects were assumed mitiplica—
tive. Trip tickets which were believed to represent. more than one trip were not
included as well as those of vessels which were fourd to possess multiple iden—
tifications. CPUE indices of abundance were calculated for juveniles {less than
138 1b) and adults (greater or equal to 139 lb dressed weight). This size par-
tition was used because prohit analysis of histological sections of swordfish
gonads have shown that the average size of first spawning females is 139 1b
dressed weight. The analysis shows no definite trend for juvenile swordfish and
@ dowrward trend for adults during 1978-81 and then stabilization.

The value of these CPUE indices in estimeating abundance of swordfish was
questioned by the participants. As previously described (Section 2. History of
the Fishery), the USA longline fleet is believed to have made major changes in
their gear since 1978 that probably increasad catching efficiency. In addition,
trip length may have lengthened in the regicns off the southern USA coast. The
Workshop participants expressed concern that since these factors could not be
quantified fram the trip ticket information, catch-per-trip abundances indi-
ces probably underestimated the degree of any decrease in abundance that might
have occurred. Although various hypotheses of gear efficiency were discussed
there were no quantitative measures of increasing gesr efficiency availahle thus
adjustments could not be made. Since the data was not available to the par—
ticipants, increases in the number of sets made during a trip and the nuber of
hooks used per set could not be quantified. Those familiar with the fishery
believe such changes occurred so the Workshop felt it is important to improve
this index. The Workshcp decided that the index will be improved considerably
with the collection and inclusion of additicnal data on gear efficiency changes,
but that the catch-per~trip could be used as a preliminary estimate of popula—
ticn abundance with the qualificaticns listed above.

Japanese Longline Observer Data Data recorded by USA observers while aboard
Japanese longline vessels fishing within the US FOZ during 1978-85 were reviewed
(Doc 86/1). Records consisted of the mumber of swordfish caught and released
(dead or alive) and the number of hocks on each longline set. The GLM technique
was applied to the data assuming nultiplicative effects. Zero catch records
were included in the analysis by adding 8.5 to the CHUE. Year, area, target
species (as reported by observers) and month interactions were accourted for in
the model. Two analyses were carried out, one on data from the entire area and
one on data from the area north of Cape Hatteras. Both series showed similar
overall downward trends except during 1979 and 1980 where an increase occurred.
The Gulf of Mexico has been closed to the Japanese fleet by bluefin regulations
since 1982. Thus, the series which excluded the Gulf data was deemed most rele-
vant. by the Workshop. Some concern was expressed regarding the usefulness of
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these data as an indicator of swordfish abundance because this fishery does not
target on swordfish, in fact it is illegal for them to land these fish in the US
FCZ.

Japanese longline High-Seas CPUE The catch (in number of fish) and effort

{number of hooks) summarized by month and 5 degree square (longitude and lati-
tude) as archived by ICCAT was also analyzed to derive an aburidance index {Doc.
86/1). Since all the hillfish caught within US FCZ were released, these

data did not include swordfish caught in that zone. The USA observer records
and Japanese reports were therefare added to the original data. Only data from
north of 16PN and west of 35%W were used. Zero values were included by aiding
#.5 to each point. Three indices were developed: 1) 1958-83 for all the areas
including FCZ, 2) 1958-83 excluding the USA FCZ, and 3) 1978-83 all areas
including the USA FCZ. The two CPUE indices which include FCZ data show
incveases from 1957 throwgh early 197¢'s, and fluctuations. thereafter. The
Workshop recognized that there had been major changes in fis?dng‘strategy by the
Japanese fleet through the period, with the shift of target species le‘om alba~-
core and yellowfin to higeye and bluefin tuna. Therefare, it was decided to
review the trends in the CPUE indices only for the recent years, 1978-83. All
data sets showed a sharp decline between 1978 and 79 and same stability with
variations thereafter. .

9. VIRTUAL POPULATION ANALYSIS

VPA was employed by the Workshop to establish estimates of the numbers of
each cohort alive on Jamuary 1 each year .and annual age specific instantaneocus
fishing mortality rates. These estimates were the basis for establishing tht'e
recent history (1978-85) of anmual stock abundance, stock bicmass, exploitation
rates, stock growth (surplus production), and for yield~per-recruit simnlaticos.
The Workshop considered the accuracy of the estimated catch~at-age for older
figh regarding its use in VPA. After considerable discussion it was concluded
that estimates of catch for age 18 and older were very uncertain and, because
they contributed very little to the total numbers caught, would contribute very
Little to the results. Therefore, the consensus was to use only catches for
ages B~18, for the VPA.

Calibration The Workshop decided to calilbwate VPA estimates of abundance
to indices of abundance developed from the standardized CPUE sets considered
previously (Section 8). The least squares procedure the Workshop used mlnlmlzes
the sum of squared difference between an observed abundance index and VPA esti-
mates of absolute abundance with respect to a parameter vector containing F in
the last year of catch {1985 in this case), a constant loss rate factar due to
all causes other than the recarded catch, and a propartionally constant between
the abundance index and absolute abundance. The technique also provides cri~
teria for judging the adequacy of trial abundance indices to reflect stock abime
dance trajectories resident within the catch-at-age table (Par.rac]; 1986). The
Workshop pointed out that in this case this method was not the best to use
because the available abundance index was CPUE fram the fishery rather than one
based on fisheries-independent data; in such & case catches appear on both terms
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of the sum of squares, hence thearetically an auto-correlation exists. The
Workshop painted out that in such cases where fisheries—independent indices of
abundance were not available, techniques which calibrate partial F's estimated
by VPA to observed partial fishing effort are theoretically most appropriate.
However, lacking an estahlished camputer algorithm for such a calibration, and
considering that the CPUE was standardized via a multiplicative fishing power
model, the Workshop decided that the farmer procedure would suffice.

The Workshop noted that the CPUE's were scmewhat dissimiliar and hence
tended to reflect different stock abundance trajectories. It was then concluded
that same should be better indicators of stock abundance than others, hence
tests were carried out as provided by the calilration method. In order to make
such calilbrations, it is necessary to define the ages that each of the CPUE's
indexed. The Workshop used the available weight-length conversions (Doc. 86/11)
and the Gompertz weight-age model developed previcusly (Sectiom 4. Growth) to
define the age bounds for CPUE's which applied to specific size fish. In these
tests each CPUE series was calibrated separately and two of the diagnostics com—
pared, the sample correlation coefficient (rho) between estimated abundance and
CPUE and the distribution of residuals (below). The CPUE indices based an

distribution of residuals

CPUE ages Tho

Japan longline
Yellowbooks, 1985-83

w/o FCz 3-10 .29 very strong time trend
with FCZ n-10 .39 acceptable
Yellowbooks, 1978-83 &-18 W22 acceptable
Cbserver, 1978-85 &5-10 .83 acceptable
Ush logbook data
no Zero o-19 a4 018
CPUE+1.8 =18 -1 K
USA catch per trip
Juveniles & 4 A4 pocr; U-shaped
adults 5-19 .93 acceptable

Jepanese high-seas longline data {by wonth and 5 degree square) were fourd to be
poarly correlated with stock abundance and thus were excluded. The CPUE devel-
oped fram the logbooks of three USA longline vessels were likewise excluded for
the same reason. The index based on the catch-per-trip of fish less than 130
pounds (juveniles) was excluded because the correlation was low and thée distrie-
buticn of residuals was unacceptable. . Two: indices were found to.be of possible
uge: the catch-per-trip of fish greater than or equal to 138 pounds dressed
weight (adults) and the CPUE based on catch-per—hock recorded by observers on
Japanese longline vessels fishing in the USA FCZ. In both cases the indices
were highly correlated with stock abundance (i.e., px_nbabil_ity that positive

correlation exists is .99) and time trends in residuals were not present (Figure
4).  The sum of squares surface for the index based on observer data was extre—
mely flat with respect to 1985 F thus the index is of little value in estimating
trajectories of stock size and F levels. The sum OF squares surface of the
adult catch-per-trip did exhibit reasonable relief thus providing an estimate of
1985 F. ‘The Workshcp therefare chose to use only the caté?r—];xar»trip of ages
5~18 {adults) in calibration, thus providing estimates of those ages for
1976-86. Since the calibration system estimated 1985 F on fully exploited ages
(full~F), 1985 F on younger ages was calculated from a partial F (or partial
recruitment) vectar.

Partial Recruitment The Workshop reviewed two methods of establishing par—
tial recruitment vectors: 1) the separable VPA method (Pope and Shepherd 1982)
and 2) the newly developed Historical Averaging Method (Doc. 86/7). Both
methods assume that year specific partial recruitment (fishing pattern) is
constant through time and that the level of natural mortality (M) is known.

Separable VPA-is a least sguares procedure that analyzes a table of log
catch ratios (logfC(1,3)/C(i-1,3-1)] where i=year and j=age) to estimate the
partial recruitment vector (S). The technique minimizes the sum of the squared
differences between the cbserved and predicted log catch ratios with respect to
S ard full-F in each year of catch. The Workshop noted that the technicque has
defined statistical properties and that it does allow for S(j) less than one for
ages older than the first age of full recruitment, but that it might be sunewhat
sensitive to outlying points.

The historical averaging method employs average F's from VPA iteraticms to
calculate successive partial recruitment vectars until there is no change be-
tween successive iterations. In each iteration, relative ¥'s for each age are
calculated using the yearly average F of fully recruited ages as a divisor, and
a new partial recruitment vector is calculated fram the average of the relative
age specific F's. Iterations are continued until the change between successive
iterations in all partial recruitment values is less than .0@5. Prior to each
iteration, the fishing mortality rate on the oldest age in each year is reesti-—
mated. The method is insensitive to the starting values of F and the age at
full recruitment. The procedure's diagnostics include’ plots of observed versus
predicted log catch raties, log catch ratio residuals, .residuals against age by
year, and yearly relative F's against the final partial recruitment vector.

Both metheds were employed to estimate a partial recruitment vector for
swordfish and both estimated the same selection factors to the second decimal
point (below). The Workshop noted that the regulting vectors were not

partial recruitment factors

M age @ age 1 age 2 ‘age 3 age 4
.1 .85 .34 277 .98 1.0
.2 -85 .33 77 .98 1.06

final vector used .85 .34 B3.77 1.88 1.08




deperdent on M in this case.

VPA and Surplus Production: The Workshop used the above partial recruitment
vector to estahlish 1985 F for the ages 8 to 3 fram 1985 full-F. VPA abundance
estimates were calibrated to adult catch-per-trip thus estimating 1985 full-F, a
loss rate due to causes other than the repcxted catch (i.e. immigration, emigra-
tion, unreported catch, over reported catch, and natural mortality), and the
proportionality constant between the catch-per—trip and adult {age 5+) stock
size. The resulting VPA estimates of age 5+ stock sizes accounted for B83% of
the variation in standardized catch-per-trip. Full-F in 1985 was estimated to
be .46 and the change rate due to causes other than the reported catch to be
-.05 (thus indicating a possible net immigratiom). Eighty percent confidence
belts (approximate) included 1985 full-F lewvels from BBPOPL to 1.7 and change
rate levels due to causes other than the reported catch from -1.4 to 8.6 (Figure
5). The participants recognized that the resulting confidence intervals on
stocksize and F estimates reflected the degree of uncertainty irherent in the
estimates. Participants decided to ignore change rates due to factors other
than F (the reparted catch) and M (natural mortality). This required that a
level of M be chosen; F was thus estimated by the least squares procedure
(calibration).

The Workshop considered the.likely range of levels of M at length. It was
pointed out in these discussions that in almost all studies of exploited
fisheries stocks, the parameter is as yet oot tyruly estimable from available
data with state of the art techniques; usually sensible levels are assumed
rather then relying upon analytical estimates. For example, scientists working
with North Atlantic stocks {cod, haddock, flowmders, etc.) believe that M on
post recruit fish is low. In this regard the Workshop discussed what level is
«sensible in the case of Nortlwest Atlantic swondfish. After these discussions
the Workshop consensus was that sensible levels of M were 8.1 to 2.2 and that
both levels would be used in estimations; almost all of the Workshop par-
ticipants who voiced an opinicn believed that #.1 was a more reasonzble level
than @.2.

The Workshop first performed two VPA's one assumming M=@.2 and one for M=@.1
(Table 5), however, concern was expressed that confidence level calculations
were needed. After same discussion, it was comcluded that .98 confidence inter—
vals would be established on the estimate of 1985 full-F in each case (M=.2 and
M=.1) ard used to derive VPA's representing the confidence limits. These calcou-
lations, however (below), produced very narrow confidence intervals on 1985

M=g.1 M=@.2
RMS 9.1409 E -3 6.1495 E -3
1985 full -F 0.37 @.31
~gtatistic, Pr(.98) 1.64 1.64
.99 confidence intefrval @.35 to 8.39 #.29 to 9.33
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full~F and thts.would Create extremely narrow intervals on abundance trends.
The Warkshop painted out that this was likély the result of the auto-correlation
mentloned‘prev:stly, therefare, these confidence interval caleulations are not
very meaningful.

Stock hiomass and surplus production estimates were based on the welight at
age calculated from the Gompertz growth equation developed previocusly {section
4. Growth) and stock size estimates from the two VPA's, one for M=f.1 and ohe
far M=2.2. _The Workshop decided not to calculate the 1986 surplus because of
the uncertainty of 1986 cohart abundance (no data was available fram the ccohart
at the time the Workshop was held) and because it is currently not the basis of
reugulgtz.;dmizl {a guﬂ?xtna rganagesnerrt( regm)uation is not currently in place). The com-
puteri gori of Rivard (1982) was loyed to e ) 1at i o
for 1978-1985 far both levels of M (Tahlee?)).oy noke these calculations

_ Status of the Resource The fishing mortality rate on adult fish {ages S+)
mcre_ased frgn 1978 to‘1979, then decreased through 1982. The 1983 level was
the highest in the series. Fishing mortality then decreased in 1984, and in
1\91135 decrez(lsed furtl)xer to the 1978 level. The fishing mortality rate of Jire—
nile fish (ages £-4) increased from 1978 to 1988 and decreased si to a 1i
more than half the 1978 level in 1985. e @ rHe

Adult {ages 5+) stock abundance (mutbers) was stable £ 19
decreased 49% from 1979 to 1984. The ‘adult stock increasedmiii l;SSt?:olanufm
75% of the 1978 level by 1986 (Figure 6). Juvenile (ages B~4) abundance
remained relatively constant from 1978 to 1982 and then increased every year
thereafter to a level 53~70% higher than the 1978 level. The 1978-81 cchorts
were of approximateély the same abundance however, a consistent increase in
cohort strength has ocourred since; the 1985 cohort appears to be quite abundant.

Stock bicmass calculations (Table €) indicate that the rescurce
by.BE% frm 1978~1982 and then increased steadily since; the 1985 wizlcrggﬁ
Y;elgh? is approximately at the 1978 level. Comparisons of annual yields {catch
in weight) to annual surplus productions (the total amount of stock growth in
weight } sh.)w that fishing removals were in excess of stock production fram 1978
to 1980 (Figure 7) thus the stock was decreased by heavy fishing during those
years. The 1981 yield was equal to stock production, thus fishing did mot
further detrease the stock bicmass that year. Annual removals have been less
than stock production since, thus allowing stock bicmass te rapidly increase.
The 1985 yield was less then half of the total stock production thus allowing
for the 20% increase in stock bicmass from 1984 to 1985.

similations were calculated using the partial recruitment vector from the vpPa,
the two levels of M (8.1 and 8.2), and the Gampertz growth function described
previously. The Workshop was concerned that this growth function might be

biased enough at older ages to seriously bias yield-per—recruit calculations.
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The asymptotic size in the growth equation is 269 pounds dressed weight, bat
fish over 860 pounds have been ohserved and the largest fish sampled in each
year's catch exceeded 550 pounds. It was noted that there was high variation in
the observed growth rates of the older fish in the mark-recapture data. The
Workshop examind the growth rates of fish larger than 268 pounds at recapture
and concluded that the data did not show curvilinear growth with a reasonable
degree of certainty and that fish of that size were growing about 35 pounds per
year. The Workshop decided to use the Gompertz function to estimate mid~year
weiglhts for ages @-7 (fish 215 pounds or less) and assume linear growth of 25,
35, and 45 pounds per year for older ages with an 858 pound maxinum size limit
(age 25). The resulting calculatioms showed very little difference between the
25, 35, and 45 pounds per year assumptions, therefore the Workshop chose to
restrict reference to the similation assuming 35 pounds per year (Table 7).

The Workshop discussed which F level would be the most appropriate reference
point for current corditions when considering yield-per—recruit implications.
It was noted that the average of 1978-85 full-F levels provide a measure reflec—
tive of the entire time period and that the 1985 fuld=F fram the VPA does
measure the recent condition. The resulting simlations (Figure B) show F-max
is B.14 as campared to the 1985 level of 8.37 far M=f.l; F-max is 0.28 for M<0.2
as coampared to the current (1985) level of @.31. Thevefore, if the level of
natural mortality is assumed to be 8.1, current ¥ levels are about two and one-
half to three times F-max and the theoretical equilibrum yield-per-recruit could
be increased about 20%; yield per recruit at B=.37 is approximately 67 pounds
ard is 82 pourds at (F-max). If M is assumed to be §.2, the current level is
approximately that of F~max. Whether the current Ffishing mortality rate is in
excess of F-max depends on the level of patural mortality rate assumed. It was
recognized by the Workshop that 1} since the stock wes definitely not in steady—
state as evidenced by proncunced trendwise changes in recruitment abundances and
F's, these yield-per-recruit results do not describe the cprremt stock
conditions; 2) these calculated yield-per—recruit levels woild not be fully
realized unless full-F and the assumed partial recruitment vector remained
constant for 15 to 20 years (maximum age in the simulaticn is 25 years).

10. ADJOURNMENT

On the evening of June 25, the Workshop completed the assessment agreeing
that the report would be conclided through correspondence and that suggested
changes would be circulated to other participants at the discretion-.of the
author of the changes. The Chairmen thanked the other participants for their

contribution to the Workshop and adjourned the meeting.
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Estimates of swordfish removals

metric tons, round weight

Less than cne metric ton

‘Units of

Gear Meagure?* 1578 1979 198a 1981 1982 1983 1984 1985
Longline MTRW 2875 3288 4321 3341 4299 4899 3318 3958
Harpoon MTRW 619 642 458 388 . 183 - 263 56 65
Gillnet MTRW 2 g TS, 35 - i 15 18
Longline MTRW 2314 2970 nwmh 542 542 9643 ,&mm 480
Harpoon MTRW 2 2} 91 19 12 128 34 35
Longline Numbers 12845 5796 12783 17684 7262 3728 4785 4743
Longline Numbers 995 1462 mwnw . 35851 4019 2173 2493 2493
Longline MTRW 37 259 ;38 40 15 12 ] 18
Longline Numbers 57 12 6 32 207 2087 287 287



Table 3a.

B

g
OO WO U BWA S

et Bl Wl Bl O
gomumu:am:

Table 3b.

- : 3

KB=Ss
O DD VO D WN -

BSsseosn

Northwest Atlantic swordfish catch at age based on

mark-recapture data.

1978

1
970
2077
2126
14744
7168
3445
1985
1047
616
507
138
212
24
141

1979

1743
11494
21578
21143

15847

in
5163
I8
1981
1241
$02
408.
23
21
219
71
i1
204
4.
0
7740

1980

5508
29315
08
25402
15577
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4344

2686

1840
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£06
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4
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b4
4
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i
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3231
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276

&938
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308
178
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Northwest Atlantic swordfish catch at age based on.
anal spine readings.
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Japanese longline data
Yellowbocks, 1985-83
with FCZ
No FCz
Yellowbooks, 1978-83
Observers, 1978-85

USA loghook data

No zeros
CPUE+1 .8
Northern area

USA catch per trip
Juveniles
Adults

354

Year
8 1 & B 82 8 B g
6719 3100 4482 4722 .4848 ,3%41
.7684 4325 4847 «4927 5474 .4739
6173 .2556 4122 ,4198 4245 3621
,6050 « 3657 6671 <4465 «2662 »1393 .1849 ,1173
2034 .1341 .1693 1186 . 1401
.1665 . 1031 J315 .1667 L1214
. 2448 1278 1922 L1242 .1939
.5277 5660 4434 .2672 .3164 3244 4864 ,5801
»1247 .1413 .948 739 .B813 682 ,7§6 .835
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Table 5.1 VPA stock size estimates (number of fish) with M=0.1.

ack

C OB Yt WS W e o ,

RCLS

o-10
3-10
o ¢
310

ACL

meﬂvauw—o'

810
3-10
e 3
10

1978

126477
104273
9334¢
88145
3%002
21538
12154
7233
4297
3049
1694

1978

481212
157114

431248
49964

1978

1979

Final Estimates

1980 1981 1982 1883 1984 1985
126848 142469 125936 133035 148083 E%4630 245576 4eppgs
104493 133707 127234 198717 317303 194817 170155 2yxe73
93454 85077 $177% §7334 84324 85319 104932  12714;
68258 57948 54516 49331 52878 49259 54267 85827
39055 37948 32410 2T 21266 21179 26567 32560
21572 21378 19358 14399 1459] 14921 14298 15430
12172 12730 10660 9880 7446 7951 %0 8374
7246 1748 6632 5438 5306 4206 4041 4275
4304 4614 3854 3458 3033 3334 2060 2503
3054 2329 2355 2124 1995 1788 1813 1209
1696 C21r9 1476 1426 162 1258 999 1308
1978 1979 is8p 1381 1382 1983 1964 1985
882152 488807  47B228 442453 484187 536282 532341 972883
157358 147354 133261 112367 33877 11D4% 111278 131486
432107 437169 433892 405527 450454 302823 01937  e3979¢
50043 $1638 4433 36926 33733 33459 30404 33058
Lower Bound of CI
1978 1579 1980 1981 1982 1983 1984 1985
127260 143199 127150 138345 172304 202345 256794 326524
104735 114080 327915 109815 339993 148636 177119 227572
3357} 85295 92114 87931 85917 88209 108386  13344;
6838% 58054 56714 49636 53417 50155 55596 68949
I9114e 38052 32505 21289 27542 282w 27397 34104
21611 21431 19462 14686 14752 15170 14738 16161
12193 12763 10708 9973 7524 8097 7414 8711
7260 7756 6663 9482 3556 27 4173 3478
€31 %687 3971 3487 072 3410 2123 2622
3060 2936 2367 2139 2021 1823 1884 1267
169% 2184 1483 1436 1176 1282 103! 1310
1978 1979 1980 1981 1982 1983 1984 1985
483199 490481 480950 47218 892707 551671 659055  ygrepes
825257
157633 147506 133172 334128 115094 £12479 1147w ';i?ig;
433065 438712 424397 430015 958573 517613 g27692 990589
80133 MiTT0 4553 37apy BIB 34058 333 340
Upper Bound on C1
1979 1980 1981 1982 1583 1984 1985 1966
141815 124849 130%4 264300  I1B7747 234474 472949
113372 126662 107733 3315429 141354 163905 205566 420378
84881 91473 86799 84033 84624 IDIB36 521492 363003
57852 55338 49057 52394 48454 52755 63029 81438
37866 32324 26951 27019 21342 255¢1 31176 38613
21330 19266 16522 16446 14698 13904 14774 19099
12698 10617 9737 7376 1821 6988 BUIE 8051
7731 €603 5400 5431 4143 3924 4093 4912
8663 2835 3433 2997 3266 2003 2397 2506
2923 2345 2110 1972 1756 1754 1158 1468
2174 1471 1417 1350 1238 971 1252 05
1979 1980 1981 1582 1983 1984 1985 198¢
4B7306  4TSTET 438181 476549 - 322483 408379 825903
147238 132803 112686  11278¢  1DBTI8 108160  1258% 157795
435786 431646 01503 443176 409561  STBE3IS  g942))
51520 44142 26678 33373 32921 29544 31691 37747

13966

——

433236
172418
85547
41142
20350
B644
3234
2612
1565
75

198

167908

40239

1980

—

468784
182912
92243
43%4
21746
80305
8592
2855
1672
aoe

1980

179185

42378
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Table 5.2 VPA estimates of fishing mortality rates (F) with ¥=0.1

Fishing HMortalities (F's)

[ =4

!

(=20 A R R -]

~—

1978
0.0054
0.1056
0.3779
D.4866
D.5026
0.4275
0.3517
0.3384

0.2847

0.2377
0.37%

1979
0.012%
0.1143
£.20%0
0.4811
0.5736
0.5958
B.5521
0.5932
9.5855
0.5852
0.5674

Average F's Weighted

RGES
0-1i0
3-10
0- 4
i0

1978
0.3933
D.4616
0.3%1
0.3782

Average F's

AsES
o-10
3-10
-
5-10

19718
0.2466
0.453¢
8.2323
0.370%

1979
0.4264
0.5439
0.3790
0.5831

Weighted

1979
0.2473
0.5404
0.2077
8.3827

Fishing Mortalities

AGE

DOW P W~

e

1978
0.0093
0.1053
0.3774
0.4854
0.5016
0.4265
0.3510
0.3376
0.2841
0.237)
0.3748

1979
0.0129
D.113%
9.3081
0.4300
B8.5713
9.3938
0.350}
0.5963
0.3834
0.3833
8.3633

1960 1581
0.0470  0.0258
0.2%4  D.1470
0.5208  0.8018
0.6346  $.4929
8.6975  0.519%
0.5726  0.5733
0.5730 0.4847

S BLSS1L D.4841
0.4959  0.4508
0.4018  0.5028
0.560%  0.5010
by Catches

1980 1981
0.4938  D.39%4
0.6272 0.5087
0.4837  0.3758
0.5559  0.5212

by Stocksizes

1980
1.3595
0.6229
8.33%
0.5534

{F's)
1930

85.0466
g.2748
0.%5183
8.6315
0.6%3%
9.5685

198
0.2532
0.5075
0.2291
0.5181

LOWER

1981
8.0254
0.34%54
0.3984
0.48%0
0.5151
0.3688
8.4789
0.4792
G.44%4
G.4982

- 0.4%64

FINAL ESTIMATE

1982 1983
0.04%0  0.0345
0.2067  B.2222
0.4447  §.3638
£.3437  D.5167
0.5028 . 0.5$42
8.5071  $.6302
0.4712  9.5767
0.4016  0.5137
-8.4283  0.3080
0.360%  D.4817
0.4598 0,355

1982 1983
£.3951  0.3883
0.5133  0.5539
$.3852  0.3552
D.4684  D.5953

1982 1983
£.2651  0.2447
0.5105  0.3516
0.2502  0.2216
0.9646  0.5925
BOUND OF 1

1582 i%83
0.0478  .0.0322
9.2027  0.2158
0.4382  0.3%49
D.5H5 09,5047
8.994  0.5513
£.899%  0.6160
2.43%0 B.5629
0.3943  0.6000
0.8215  0.4934
£.3555  £.8598
04527 9.342%

1984

3.0301
0.1914
0.3663
D.4132
0.4441
D.4350
0.41%9
8.3190
0.4327
0.2281
D.3898

1984

D.3144
0.4206
0.3038
0.4153

1984

0.1977
0.4187
0.1870
0.4100

1994

0.0286
9.1832
0.33523
8.3959
B.4278
0.91%0
0.4043
0.36¢8
B.4167
0.2:88
9.3752

1988

0.617¢
0.1252
D.2836
0.3700
0.3700
0.3700
06.3700
0.3700
0.3700
0.3700
0.3700

198
0.2580
8.3700
D.2460
0.3700

1985

0.1237
0.3700
06,1151
0.3700

1983

9.0162
8.118S
0.2692
0.3500
8.3500
9.3300
08,3580
5.3500
$.3300
0.3560
.33



Table 5.2

(cont. )}

Average F's Weighted by Catches

1918
0.3925
0.460%
0.3953
0.3774

1979

1%80

0.4250
0.%421
0.37178
0.3811

D422
0.6280
0.4814
D.5523

1981
0.3939
05044
0.3727
8.5183

1382
0.3893
0.5064
0.379%6
D.4616

Average F's Weighted by Stocksizes

RGES
0-10
3-10
o- 4
5-10

£

H
1
i

OVONOU A WN- O

"

RGES
0-10
3-10
0- 4
310

Average F's

RGES
030
3-10
o 4
S-10

1378
0.2460
0.4526
0.2317
0.3897

1979
0.2463
0.5387
0.2068
0.5807

1980
0.3570
0.6196
8.3373
0.5498

1981
0.2501
0.8031
8.2263

B.3131-

1982
£.2599

. D.303%
D.2451
0.4577

1983

0.3787
0.5411
0.3463
0.5813

1983
0.2368
0.5387
0.2143
0.9785

UPPER BOUND OF CI

Fishing Mortalities (F's)

1978 1979 1980 1981 1982
0.0094  0.0130  0.0474  ©0.0253  0.0501
0.1058  0.1146  0.2779  0.1484  D.2104
0.3784  0.309%  0.3231  0.4048  0.4506
0.4876  0.482)  0.6374  0.4%64¢  0.3504
0.5035  0.5757  0.7001  0.5236  ©6.5088
0.4283  0.3976  0.5763  0.577¢  0.3137
0.3524  0.3539  0.5762  0.4500  D.4769
£.339]  0.6000  0.5%42  £.4886 0,085
0.2852  0.5875  0.4984  0.4342  0.4346
0.2382  0.5963  0.4039  0.5069  D.3860
0.3763  0.5%  0.5638  0.5033  0.465

Average F's Weighted by Catches

1978 1979 1980 1981 1982
0.3940  D0.6277  0.4%  0.6025  9.4004
0.4626  0.5435  0.6301  §.5127  0.8137
0.3%68  0.3800  8.4859  0.3F87  0.2904
D.378%  0.584%  0.3992 05257  ©.4747

Weighted by SBtocksizes

1978 1979 1980 1981 1982
0.2472  0.2482  ©.2617  0.256!  0.270)
D.4345  0.5420  0.6258  0.5114  5.5169
0.2328  0.2084  £.3417 9,237  0.2549
0.3712  D.5845  0.3566  0.3226  6.4709

1983
0.0350
0.2282
D.3726
.5279
0.5763
0.643%
.5897
0.6266
0.5218
£.4329
0.5654

1983

0.3973
0.%650
02636
0.6084

1984

0.3023
0.4049
0.2920
0.3998

1984

£8.0316
0.1%95
0.3798
0.4260
0.4599
0.4305
0.4349
0.3929
0.4481
g.23n1
§.4033

1984

8.208¢
0.4338
9.1935
8.4228

1985

5.1166
0.3500
0.1085
0.3500
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Table 5.3 VPA stock sizes estimates (number of fisgh) with M=D.2

| &

CUD AT R W @

AGES

0-10
3-10

$-10

»
2]

!

CVDNPU LW~

-

RLES

o-10
3-10

510

1978

186422 204832

142581 H
117163 1
B8432¢
48220
27192
13430

9299

3507

3961

2144

1978
642844 &
196678 !
579313 3

63532

1978 i

Final Estimates

31379 1980 1981

1532

183304 195622 241523 2

51613 166128 1435%5 5740 g
01741 112581 109626 1
70691 53798 £1050
48982 28903 33515
26250 24259 17913
15826 13268 12627

9535 #328 8877

5828 4817 4409

3593 2996 2652

2688 1830 1784

1679 i980 1981
45580 626811 991932 546044 7
81393 163198 140888 3
81839 $71314 45670 633856 &
63721 55497 46262

L

ower Bound o

979 1530 1981 §

187688 206855 186945
143324 152650 167784
117524 108349 134429
835314 70985 63293
48400 47298 39544
21310 26397 24518
15492 15923 13388
9342 586 8406
5530 5854 4859
3979 @12 3025
21353 2703 1845

i978 1979 1980

&46057 630224 633638
197521 182369 166480
582250 886138 577597

63867 4086 6041

1978

18

183310
141927
116846
84383
48061
27088
13375
9262
S486
3944
2138

0 O®D gt (RrEWN O

-

ACES 1978

0-10 640020
3-18 195937
-4 576729
510 63290

$979
203083
130702
107206
0432
46703
28120
15741
9450
3798
876
2673

1979
641499
180533
578098
£3401

- -

2010% &30

148085 161693

iiDb9g2 108

61742 56073
23981 33088
18109 18402
12838 #3646
6975 7256
8474 3%21
2586 2588
igog 1479

1981 182
EDZT36 653513
182513 143173
$55847 820502

46889 $3051

Upper Bound

1580 198}
181234 191226
164672 143409
112833 108438

63351 60441
38691 33220
23032 17748
13162 12442

8238 £790

4781 4353

2971 2622

1816 1764

1960 1981
620814 §082442
162072 139373
365794 336732

$5020 45711

06436 ]
54966
33523
18072
9206

083
3840
2833

14351

1982

678 1

42187

fC1

a2 !

173 291

of €I

1932
233328
1535643
104646
63993
33626
17781
20635
6932
317
2483
1827

1982

530702
138483
389238

B146%

197918
474 113%67
$2660
35083
18665
100%0
5268
4377

142825
140051
00517

42308

%83

10060 i
0993
34179
18208
2820
5138
4237
2238
1557

1983

1984

1983

77040 234722
838 221149

31469
§7522
32898
1
8930
3633
2354
2330
1246

1984

14308 823590

36373 1

38230

73111 787760

4119

289 546

1943

264528
184618
106580
99333
33383
i7802
9583

4113
2150
1519

1983
6892561
133138
643041
$0220

37830

983 1984

156

23281%
$37264
70390
34258
38455
9307
3273
2660
2445
1300

1994

87932}
144087
830882

39439

$23%22

| §:253

2677 363244

133603 H
80023 1

97304
06369

33382 430535

19758
10180
197

1470
1590

1985
120673)
159844 H

1166514
40257

1983 H

666226

23769
11264
6113
312t
iga7

1986

95400

46977

36

e

283331 838208
1$31%) 211769
84763 308179
41926 31928
19858 25685
10782 12172
3505 8606
3223 2372
1557 5975
1684 ¥5¢

1985 1985

1286017

169209 2itare

1243398

82619 Hited

1584 1983

315887 283993
210%03 232362
126380 147218
63004 TS863
31703 375
1706% 17782
8593 5651
4859 4327
24560 2883
2229 1394
1199 1307

1994 1983

786295 1137108
133125 131333%
749879 1098962

3416 331435

31986

472519

184781
93510
44655
22087
10467

2500

1638
820

1986

181017

43533



Table 5.4 VPA estimates of fishing mortality rates (F) with M¥=0.2.

FINAL ESTIMATE

Fishing Mortalities (F's)

aGE 1978 1979 1980 1981 1982 1983 1384 1985
[} 0.0067 0.00% 0.033% D.0184 0.03%¢ 2.0253 9.8231 0.0143
B 0.0802 0..0888 0.2137 0.1133 9.1578 0.1726 §.15135 0.1049
2 0.3053 0.2486. - g.4208 0:3232 8.3567 0.2886 0.2%4 8.2285
3 80,3920 0.3972 8.5174¢ 0.399% 0.4423 0.4174 0.3343 0.3100
4 0.4081 08,4610 8.5755 0.4195 8.4104 0.457 D.3618 0.3100
5 0.3413 0.4823 0.4529 B.4657 B.4099 0.512¢ 0,334 0.3100
$ £8.2813 0.8421°  0.4572 0.3781 0.3832 D.9644  D.341% 8.3i00
7 0.2672 0.9828 D.4359 0.382¢ 0.3140 0.4991 0.3071 0.3100
8 0.2269 0.96%4 0.3970 0.3538 0.3400 0.2980 b.352) 0.3100
9 0.1876 3.4750 0.3182 0.48027 0.2876 0,385% 0.1823 2.3100
16 0.300¢ 0.4580 0.4506 0.4002 0.36% 0.4477 0.3185 0.3100

Average F's Weighted by Catches

RCES 197% 1979 ) l98b 1981 . 1982 1983 1984 1985

—— —— ————— o — - ——— ——— - ——— ——

0-10 0.3166 0.3450 0.3983 0.3207 0.3171 0.3100 0.2540 B.21n1
3-10 0.3720 0.8414 0.8095 0.4099 0.4167 0.4479 0.3420 2.3100
0- ¢ 0.319¢ 0.3072 8.3913 0.3022 0.30%1 0.283¢ 0.2452 0.2061
510 0.3015 0.6599 0.4413 0.4163 8.3768 0.4812 0.337¢ 0.3100

Average F's WeighHted by Stocksizes

acEs 1978 1919 1980 1981 1982 1983 1984 1985

———— - e o PR, — ——

0-19 0.1863% 0.1887 0,2747 0.1910 0.2006 0.183%% 0,1542 8.102%
2-10 0.364¢6 8.439) -0.5046 0.4085 0.4139 0.4657 0.3404 0.3100
D- 4 8,175 0,13580 0.3587 g.57123 0.1886 8.167¢ 80,1456 0.0953
S-in 0,2750 (. 4b%4 8.4392 0.4126 £.3729 0.4782 0.3329 ¢.31%

LOWER BOUND OF CI

Fishing Mortalities (¥'s)

RGE 1978 1979 1980 1981 1982 1583 1984 1985
] 0.06066 0.0093 8.0330 2.0179  D.0343 9.02a1 2.0217  D.0134
3 0.0797 9.8882  0.2133 0.1113  D.1%33 0.1659  9.143¢ 0.59%82
2 0,3042 0.2470 0.957D 0.3186 8.3488 08.2784¢ 8.2820  9.223%
3 0.3899 0.3952 0.5126 0.3%40  0.433; 0.4038 2.5181 8.2900
4 0.4062 0.4571 0.5708 0.4123 0.402% 0.4424  9,3948  D.2900
5 0.3395 0.478%  D.9470 D.4593 $.3009 $.4962 8.3374 0.2%00
L3 . 2600 0.428% 8.4520 £.3707 0,373 U, 4489 0, 3251 3. 2%00
7 0.2658 0.4795  9.4308 0.3761 0.20653 D.9834 8.2922 0.2%00
8 0.22%9 08619  0.3929 0,3473 9.33i8 B.3825  0.3935  0.2%00
9 0.1867 0.47i8  0.3147 D.3%65  0.2809 0.3723 01730 §.29%00
10 0.2991 0.4547 §.4458  .0.3939 8.2613 ° 0.4328 8.3013 $.2%00
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Table 5.4

{cont.}

Average F's Weighted by Catches

AGES
210
3-10
0- 4
3-10

1978
8.3151
0.3700
0.3179
0.3000

1979
D.3427
0.4384
0.3052
0.8655

1980
0.2944
0.5046
0.3877
0.4360

1981

1982

0.3160
0.4039
0.2979
0.4097

0.3100
0.4073
8.3022
8.3683

Average F's Weighted by Stocksizes

#GES 1978 1979 1980
a-10 0.18%9 B.1872 0.2712
3-10 $5.3628  ©0.4362 £.499%
0 ¢ 0.1741 0,1567 0.2554
%10 0.2935 0.9680 0.433%

Fishing Mortalities (F's)
aGE 1978 1979 1980

o 0.0067 0.009% 0.0341

1 06.0808 0.089% 0.2178

2 D.3062 0.249% 0.9243

3 0.3939 £.2990 8.321¢6

4 0.4098 0. 9644 0.5798

5 0.3428 D.435% §.4583

6 0,2824 0.445) D.4618

7 0.2684 0.4857 9.9404

8 0D.2279 0.4685 D .4507

9 0.1885 D.4778 6.3214

10 0.3620 2.4609 0.454%

198}

g.1872
0.4025
D.1688
0.805%

1982
0.1%47
0.4050
0.183¢0
0.3644

1983

0.3000
0.4334
0.2736
0.4554

1983

01775
0.4312
0.1603
0.462¢

UPPER- BOUND OF CI

1981

a.p1es
0.1151
0.3274
0.4044
0.4250
0.4714
0.384%
0.3885
0.35%0
0.4083
2.4089

Average F's Welighted by Catches

BCLS
9-10
3-10
0- 4
5-10

1978
D.3179
D.3738
8.3207
0.3202%

1979
0.3471
.44}
9.3090
0.472%

1380
0.4018
0.5140
0.3%46
0.445¢

1981
0.32%0
0.4153
D.3062
0.4223

Average F's Welghted by Stocksizes

&GES
o-10
3-10
G- @
gty

i978
D.1879
0.3663
§.1759
8.2963

1979
D.190¢
D.8417
D.13%1
0.4724

1950
D.2778
0.309¢
8.2618
9.4480

1981
81945
0.4140
0.1754
$.43187

1982 1983
0.0367 0.0263
B.1620 0.17%0
0.3641 0.2%62
0.4507 0.4304
B.4180 8.4708
D.4182 0.527%
8.3%0= 8.4790
8.3220 9.5139
0.3476 g.4127
0.2938 9.3979
8.3772 0.8617

1982 1983
0.3238 0.3206
0.4248 0.4416
D.3153 B8.2926
0.284¢ 8.4%0

1982 1983
B.2061 8.193)
8.421% 9.4393
8.1928 D.17435
8.3307 0.4930

1984

8.2916
0.3257
0.2332
D.3216

1984

0.1454
0.3242
0.1372
0.3170

1984

0.0245
0.1595
0.3103
0.3495
4.3783
$.3703
D.3570
D.3214
0.3682
0.1914
0.3311

1584

9.2661
6.2376
0.256%
£.3%331

1985

0.0935
0.2%00
0.6889
0.2%00

1985

0.01%2
0.1117
8.2538
0.3300
0.3300
§.3300
B.3309
$.3300
2.3300
0.3300
0.3300



Table 6.1 Stock biomass and surplus production for northwest Atlantic
) swordfish assuming natural mortality (M) of 0.1.

T e POPULRTIDN BIDRASS (KE)

' 1978 1979 1880 1981 1362 1984 1954 T
O F 831104 543026 BIFEIZ BT IO9BIZT  1274MZ 1614918 2287139
11217238 2354056 24IN02T 2215619 FAZIGET  ZBATSIT  SI9SO5C  eedsi)
21 3863IBé 2630912 ISHSA24  ISTD9IS  J404TES 3591812 4361027  Sepmese
31 4562 FILI4SS  BS62603 2312115 MT0Z2] 3272106 ITB265Y  a474424
d1 3TSAMI IDIIBE  PELSESY  ZSEETOL 2621119 390107 2624633 3325790
51 2T49309 2526007 2311097 1742378 1793700 1736630  18159er 20189573
61 1B30274  1BOABSE 1497427 1443801 104767 1115053 1082081 1209443
TOUOM26I35 3198922 104TB8S  BESSOMY  S3DSS4 646352 690407  P33324
B 1 BZBBTS  TE49S4 . 673654 4ITIDY  B46S23  STHSSD 97052y #63373
31 629BDI BISA2S  4500I6  JBTERX  BA0e4S 39426 376057 236462
001 340160 a006D6  ZTEREZ  2T0IDE 224354 ZapSS3 199117 262597
- - e e e e i RS :

01 ZZ927255 21606309 1B4BTTEY  1750TOEY (7891592 (8223897 2031241 2626755
EATCH BIfwwss

i 1978 1979 1980 1581 ieg? §%83 1584 1988
01 T87S 12201 BESSE 22017 SIS0 43974 48566 56210
11 229310 263008 §74245 I5%80  #8028¢ 632597 649819 5595
21 1460004 112205 1851616 1434620 1514084 1306500 3557336 ] 562060
31 Z236214 1EBITIT  Z26DTTE 63257 1886800 1490555 1555453 1729537
4| 1887232 207BA16 1993856 1343672 1318016 1465728 116569 1230136
51 1175224 §30S026 1323306 9IBI24 094 1094372 TEYISR 347020
61 654BBS  $%45Y.  B5B0TS 699818 515889 643076 454322  eTTO9s
T 0 426775 TUT2AD STTAN0 426710  373BE5 396675 P6165S  B71IN
[ ] 235944 {39592 335020 27704 F34088 Fo408 160312 171448
$ ) 14588 301363 1B0T9Z 194886  §4D211 159679 ESTT9  S6TSI
101 127764 Z2T304 3152712 135324 103068 129276  TI6ls  $T272
041 BSDOIID FIOI94 1OPAFTIY TASAEH0 TSZ9M21 C THSIEID KRAESED §9D6DT)

HIGHTS 8Y THE BECIMW I OF THE Yiaw

P E9TR 1979 1980 1961 1982 1983 geed g8 1985
Ov 2.86  3.86 _2.86  3.86  3.86 386 3.8 .06 .80
Ph15.30 12,69 12.69  12.69  12.69  12.69 12.69 12 8¢ 12,49
21 INTS 3438 34,58 24.58 3450 34.55  34.55 3498 a1.6%

30 Va2 68.03  $8.03 $2.03 68.03 &8.03 $8.03 &8.03 78,19

31 1388 106.73 10673 10S.73 ID4.TI 106,73 30673 106,79 116.43
5125108 144,89 (44,89 194.89 144,59 144,89 144,89 544,89 153,50
.1 18286 ATILSI TTL91 ITTLON V.91 1TT.91 §77.91 $77.8) 185.64
Th 20,97 200,70 203.70 203,70 #03.70 203.70 300.10 20370 09,37
81 22689 223.34 223.34 223.34 223.34 203,34 273.34 223.34 226,92
B0 2362 231.84 237,44 23T.44 F3T.44 237.64 237.44 23744 241,00
101 247.86 247.46 247.86 247.86 247.46 247.96 247.66 247 .44 248.49
ITH B0 .67 202 256.82 PG00 256.62 £56.67 256.62 8539
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Table 6.1 {(cont.)

PPULATID BIDMRSS BT BECIMMING IF YiaR

i 1978 1979 1980 1321 1882 1983 98¢ 1985
—
i SFPRS 350177 436335 913744 645092 TS1T14 ¥30109 1521684
i §39834¢ 8642781 $6136£9 13794653 1488408 837518 2159104 2741026
21 2714562 22214 BITIVI2Z 20301 ZI3EHI 298HI6Y 2628993 €IITISS
31 S0ESHE) F42140 IBe4T3¢ JI0HEL) 3562 IIDINSS 693111 &4 TR205
4 | 16422  ADS24TD  B4B9IN ZRYISSY  PVINZZE  PE4825  PEITIE  SATS2I2
S 1 F6IZ2T IOFTILE FBOATIO PLIS24E 2114024 R1619PS EDTISTY 235542
& | EEZHEIN FRHATHL LEWSTT  1TSTE 1324701 £4145% 1279097 BeE9Ts1
71 $495777  15T8FE2 JESLBTOD 1I0TEZS 1121410 B36705 823249 aToeil
[ 3] T2 1044010 53810 TIZa42 $TT2B1 784638 60080 T2
9 4 128736 ETSSB0 §59213 504 295 473127 22452¢ 4251017 287133
101 819733 539156 BA334S i5288) 207647 311382 247308 BE3S63
O+l 2495T7S ERI4EBBT  ED416430  ITTTIMTE  1TSEO921 1TEDM144  18581pRs  RETPRLITY

PRODUCT 1 08

[=e) 38 i 1978 979 1980 3981 is8:
RECRUITHEWT BIORRSS SFIBS4 330177 86335 513744 $4909:
CRMNTH | FHTI08 $749307 $233237  DH44385  F960603
Tola PRODUCTIEN b 8B5%6%2 10299484 9719572 FISBIZD 0% %
LOSS THROUGK FISHIMGC ! 8500915 FS205%4 102&55!9 T494690  ¥52942)
SUERPLUS PROOUCT 1w b 654236 $138853 TTT0795 7367423 7820536
1 PRUDUCTIDN I TE0366T9 Ti3BIT4) "24?4'.’_24 T12726 291115
SmRCE i 1983 1984 19885
BLCRUITHINT BI0MRSS i 31714 ¥5010% 1921684
GRUNTH P SETZE21 11313142 18583609
TOTA PRODUCTION I 10424530 12261292 ¥DSIS291
LOSS THRIUCH FISHIBS | VES583% 6846542 698407
BURPLUS PRODUCT 1M i 2602145 10230010 1PBES261S
BT PROOUCY T i 146310 | 3383¢68 108544



Table 6.2 Stock biomass and surplus production of northwest Atlantic
swordfish assuming a natural mortality rate (M) of 0.2

FLs POPLALATIEY BIDBASS (BE)

t 1978 1979 1980 1981 1582 1983 1954 1985
D1 11TBY32 1293628 1148026  123N415  |S0579¢  (THI06  SI00491 2930769
L1 PBSYIEE  O2BTI2 312678, PZBTEERL  ZOAMB4  Bbodi%  4ZBAGOS  S309733
21 4TBZB93  4B14356 4399981  443B6P6 9294169 0577433 5386633  £545607
31 STOMAPGE  ETHIII 4296ed  AOBHEIY 4266300 4050443 4656L05  EI79157
41 8624386  4400IS8  346479]  F20266T  T11662 3206708 3221681  $968826
51 43S0 3420269 921601 2143116 F218731 2135725  223075¢  pe09Ter
6 1 Z3EICH 2253943 1876827 1ES0TIT 1946233 1304686 1330913 1579019
T 3597295 14B3650 1324863 1120534 LI90TT2  Pe4TZ0  @52159 875250
81 10I97HS 987437 41588 TESS6Y  GBEIVI  TIOTTT 455243 . B5a0sg
91 TITBRE 630 568206 484002 - S8TS21 411582 470481 279842
10 ) 425030 496297  I30I08  33WI41  2TBBed 2OOTSE  DaSE3Z %1378
Ovi FBBIT4Y 26952757 243BO45]  FESYSI)  2PAA247I  ye4Dis? 25239509  3)3087E)
£87CH BI1DAASS
1 1975 1979 1980 1981 1982 1963 1984 19¢

A—y

o4 7875 12201 3BIBE 22617 33550 43974 48566 BE2|p

1) 229310 269008  §74245 325680 480286  £3I2552  $49819 55699

Z 1 1460004 1122056 1851616 3434628 1516084 1306500 1397336 3562080

31 214 §8BIT2T  2260TTR 3632527 1B86BU0 1630355 1553453 1729537

4t IBBIZIZ ZDPB4I6  SYITESE 1HMIBT2 1318036 1465778 116569 230336

§ 1 3175224 §50502B  1I2III6  THO924  SO9SHL  §O4ITP FRYSR D470

6 | o488 996459  BSBOTE  S93415  BISEED  &4MTE  4%43E  8TTUN

T 1 &BGTTS  TivReD  STTA%0  S2ETI0  OTIZMT  B%GETS 21635 271330

8 1 235%44 459592  3B408D  PTTI04 230086 294408 160712  §7iass

91 199688 B0IS63  $80TS? 194886 140211  A385T3 @SITY BTG

10 1 127764 227304 I5ZTI2 935324 QO30S 1BERVE TIEI6 97272

0¢1 BEODSIS  FS2US94  JUPESIIT  T4R4TD  THIN21 TESSEIY 6244342 4506071

HLIGHTS AT THE BLSIWINC IF TE vEMR
¢ 1%TE 1979 1980 1981 3982 §%E3 3984 1985 196e

e e

01 3.86  3.86 3.8  3.86  3.86 3.8  3.86  3.8% .00

§1 B5.30  12.69  12.6%  12.69 82.8% 12.59 92.4% 12.6%  12.69

20 39.75  34.58  24.58 34,58  34.58  34.38 34,33 .38 41.69

31 74.21 68.03 63.03 68.82 4&3.03 8.03 65.03 &8.03  7B.1%

41 133.89 306.73 106.72 105,73 104.73 106.72 105.73 166.73 116.43

&1 351.18 344,89 144.09 344,99 184.9% 144.99 e4.89 144,89 153 50

& 1 182.86 177.9) 177.81 3TT.91 17131 §77.91 §77.91 177.01 185.64

91 .97 E03.T0 203.70 D.Y0 £03.70 203.70 B03.90 ELILVO 209.%7

8 | Z26.6% 273.34 223.34 £221.34 F23.34 23.34 223.34 223.39 82%6.92

9 | E35.67 237.94 37.84 231.64 FIT.44 I37.44 23T.44 EIT.e4 24100

30 | 247.86 247.86 B4T.80 297.06 P4T.46 R4T.0 247.95 247.46 243.69

81 1 LD T56.62 255.62 P96.62 ZH6.82 256.62 056.62 F36.62 235.35
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Table 6.2 (cont.)

FIFLRAT DM 2107mSS &7 BIGCDRDLK 7 YiaR

L

1 1978 1979 3980 1561 582 1983 1984 1985
B 1 713915 TUIGO4  VI0IS?  TSER14  $I26HT  B0S9TR6 1292677  Ee091ES
10 218095 1923760 2107906 1B47402 1997290 2421431  PROSTIZ  3I9B483
P i 4656563  3TZSY6  FOITENE  BTOLZS  BeBDI2)  JBOE252  €546619  SIE04BL
31 6302649  €BOWNT  S6B0305 4153190  S419618 6149434 9991507  Seedbai
G 1 BA52745  S014504 Q152235 ISEITIS  IS578003  BeE0I5 911263 €224766
S0 4110847  3B02212  3514B03  ZSUSIIE 26187 FOIBUIT  I506974  2T17TDN
6 1 ZB21834 EBIBSE] 2360414 ZP6495  63TR3I1 1747036 1588760 813073
T L 1924719 IB4ZIE0  16%36d  A0DTTE  I44PATS  1De659T (02929 3058530
§ 1 3248236 301726 HOTIS06  BO4T4Z 857663 DA61TT  BIOBI3  &Teb
21 94%0TE  BS3115 YIS0 39652 GDIESS  S3I? 853T4 249062
D1 SIS 65152 @S0TIS  edleDd $59192  BS225 208330 393349
O+ BOBIIL ZT64D%5eT  ZBIUWISY 2243031 I21:I2Y 2TIFIIIT  IIM4920 BTELEA3E

PRODUCT 1T
SIRCE ) 1978 1979 1980 198 1987
RECRUITACNT BIDFRSS | TI9915 91004 710192 ¥56214 832697
RO H | 10658451 12302876 11650464 11021138 11429912
T0T& BEOOUCT 0N | 11378366 13093879 1236065  11TTTIS? 12362609
LOSS THROUSH FISHISC | BRO0YIS 9520594 10245519 7454690 752942
SURPLUS PRODUCTION  § 5614776 77033268 748456 7265433  T986125
HLT PROOUCTIDK | OTPBB6I39  THEIT2ee  “27S053  "229257 336704

SURCE 1983

1584

1985

1069726 32
12337637 141

RECRU) TREHT BlDMRSS
CRMTH

92872 2e0915%
T8579  FaUT4937

P IR S

TOT6L PRIEUCT § O 13407363 1596845] 26454102
LSS THROUGH FISHING TU55835 6846542 GEEOTI
SURPLUS PRODUCTm EBI9IZ5 10420534 $BZP2BSE
W1 PRODUCTIED SLIMG0  BETIEIZ  SAZH2TS



Table 7.1 Yield per recruit simulation with M=0.1.

FISMist  €87f¥  YIELD &M, oI5 VIEOLD PR
WEIALITY (EEmIR)  (HS) eEL> 1Y EFTERT
FO.iv— @558 oBI:  VI.ETS  PO2.660 1.800
. »1000 415 79.926 192347 K1
Frax~— ,3370 L5883 91.889 969.710 o563
«FT00 o360 PRLPA3 141.557 455

+ 3000 432 F1.T28 513.452 265

+B000 AT 54,558 55,595 180

D00 LT $9.466 84,012 432

B00D TR 54,9838 v5.514 301

« T30 LT85 B1.35 45,873 KT

B L7290 48,193 63,518 57

+B000 JIT0 85.340 89473 o6

3. 000 T 8.0 .5 D48
8.1000 2787 41.32¢ 92,480 o842

3. 5000 09 9.5% &9,.8W o237
§.3000 o801 38,869 47,342 32

§ 8000 JEDE  3.TH 83.%23 029
3.3000 Bl 53,082 83.7ee 826

Table 7.2 Yiel per recruit simulation with M=0.2.

FISMise  TavCw  YILLD  AUG. MOIGHT  YILLD PLP
WS la ity (WEBIR)  (EL) LEL) @l ETFE
BRI .o o3 33.m25 18D.34¢ 1.287

FO )= 1663 L2393 37.333 339,48 §.200

<3000 LS55 BAL.200 812,830 LYT7
FRAX - 2782 815 @D, T 88.113 »37)
JHOO([ 829 4D, T3y 94,917 2325
L8000 JAT9 59.802  81.%4) g1
23800 Sl6 8.7 2439 o290
oSN L35 BM.EW $7.738 o240
L7ED0 L3567 55,637 52.830 197
R0 LR BO.DES BB o184
D0 S07 2.0 4.3 142
§.B000 B8 BILTIT  B1.897 S2¢
3.1000 428 $0.691 25.882 169
§ 2000 L5638 B9.THT 8.81D 891
§ 3000 LB80  F2.3DE 84.414 JE87
1.9800 AW S2.526 82.8%0 578
§.%000 L5648  §7.811  33.2T3 871
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e. yield per recruit considersticms
Review of Warkehop Report
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appendix 3.

Estimated numbers caught annually by intervals of one 1lb

dressed weight.
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