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ATLANTIC SWORDFISH STOCK STRUCTURE DATA AND SUGGESTIONS FOR ITS INTERPRETATION

SUMMARY

Approximately 50 tagged swordfish have been recaptured.

ish were tagged and recaptured in the northwest Atlantic

h

ALl

suggesting stock separation between this ares and The north-

cast and south Atlantic areas. Declining CPUE in the north-
west Atlantic and stable ovr inereasing CPUE in the northeast
and south Atlantic fisheries also suggest stock separation.
Based on tag rsIurns, mixing between the nerthwest and the
northeast Atlantic population was estimated To be a maximum of
2. Within the northwestT Atlantic, morphometric differences
between nearby areas, different catch rates and average sizes
Letween adjacent areas and-tag pacaptures made near the point
of rvelease even after severai years at iarge, suggest a more
cémplex stock ‘structure. Prior to initiating research to de-
termine stock structure, criteria to define management units
are needed. It is suggested that the precision cr sensitivity

of the fishery model pelative to the percent stock mixing be

used as a guideline.
RESUME

‘Environ 50 gspadons margués ont £té repris. La recapture,

comme le marquage, de tous ces polssons a eu iizu dans 1'Atlan-

tique nord-ouest, ce qui suggére 1rexistence d'une sépara
entre ce secteur et ceux de 1'Atlantique nord-est =t de 1l'Atlan-

tique sud. Le fait que la
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ches visant 2 irir la structurs 2u stock. Il =287 suggdri que

sy de sensibilitd du moddle de la

des stocks pourrait servir

RESUMEN

Se recapturaron aproximadamerte unos 50 ejemplares de
pez espada. Todos habian sido ﬁarcados vy recuperados-en el
Atlantico Moroeste, lo que suglere una separacidn de stocks
antre esta zona y las del Noroeste v Sur del Atlé&ntico. La
tendencia decreciente de la CPUE en el Atlantico Ncroeste, y
su estabilizacidn o aumento en las pesquerias del Noroeste y

Sur del Atlanticc, indican asimismo una separacidn de stock
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tléntico Noroeste y Nordeste

adyacentes, distintas

entre zonas contiguas, ¥y




The unit stock is"both a biological as well as a management councept.
Recent biochemical génetic studies on & variety of marine fishes have shown
that genetically distinct sub-populations may exist even in the absence of

apparent reproductive isolating mechanisms. Adults of

several sub-
populations may ‘co-occur in a relatively discrete geographic area and vet

maintain their genetic identity by spatial or temporal isolation during

spawning. Alternatively, widely distributed species may have considerable
gene flow and thus appear genetically homogeneous throughout their range.
Between the two extremes of complete genetic and geograpnic isolation and
total interbreeding.and geographic overlap a conticuum of possible degrees

of mixing exist. Since the concept of stock structure addresses population

differences below the sub-s ect
P

priori, that some genetic interchange must te occurring among population
units For the species Lo maintain its singular taxonomic identity. If the
occurrance of some degree of mixing among populations or stocks is the
common situation in marine fishes, then stock structure will rarely be
" absolutely defined. The question for management then becomes, whét
percentage wmixing must eaxist before population units are considered a
single stock for management purposes, OU conversely, how much separation is
necessary to define populations as separate stock unlts. The
identification of genetically distinct populatious hss generally been used
to suggesl management units {fles and Sinclair, 1982; Wishard ‘et zl.
1980). Although ideally, the biological stock unit and the management unit
should coincide, ig actual application this may.no: be desirable. IF

populations exhibit the same growth and mortality rates, and are caught by
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a fishery in proportion to their sbundance, then from a fishery standpoint, .
they may be managed as a unic stock. Comversely, a single interbreeding
biolegical stock may best be managed as several "grocks'" if its components

(age classes or sexes) axhibic. either different growth and/er movtality

rates or if fishing mor varies among age classes Or sexas. If these

age or sex classes a y separated spatially or temporally, then

o

a single biological s most effectively managed as if it were

£

composed of a number 2

2cie Skructurs

pelagic S$pecies such as the

it a highly complex stock structure.

ni11fish, occur worldwide
have been found in all

L .
remperatures were 224 °C (Nishikawa and

Ueyanagi, 1974; 4= Kazama, 1974, In the dclantic, the apparent

abundance of swordfish as

from Japanese longline catch records
iniicates a relatively uniform distribution with regard to both latitude
and longitude (Wise and Davis, 1973). Despite rhis, evidence to date
suggests that swordfish have a cowplex though poorly understood stock
structure.

Evidence from tag recapture data suggests that at least the northwest

atlantic population is separate from the northeast and south Atlantic

e western

populations. as of 1981 2 minimum of 40-50 swordfish tagzged in ti
North Atlantic had been recaptured (South Atlantic Fishery Hanagement

Council, 1981). All vecaptures of fish tagged in rhe northwest Atlantic

have come from the northwest Atlantic. The following assumptions were used



to estimate maximum exchange rates:

1. 50 tag recaptures have been made

2. at least as many swordfish have beenlcaught in the Northeast
atlantic as in the Northwest Atlantic.

3. probability of a tag being returned is ‘the same for all areas.

L all tagged fish are northwest Atlantic swordfish.

S. tagged fish have been at large long enough to become distributed

throughout their range

Tren, for the observed recapture results to occur 5% of the time, the

northwest "Atlantic swordfish in the northeast atlantic 1is

Since catches in the northeast Atlantic nave been
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sorthwest Atlantic, 2 5.8% mixing west to

figient Lo assume

igure, which is probably insuf

use only northwest Arlantic swordfish have

a cincle mananement unit.

The mixing rate om east Lo west cannct be estimated.
Catcn-per—unit-effort data from the Japavese longline fishery show

distinct seasomal concentrations of swordfish (Beardsley, 1977).

One concentration is in or Jjust outside the Mediterranean Sea from
Seprember through December. & second concentraticn is in the northwest
iftlantic in July, Seprember and October. A third concentration is located

in the south Atlantic off the coast of Uruguay and Argentina from April

Ocrober. Beardsley (1977) concluded that the cccurrence of these

separated concentraflons suggest the 2xistence of three populaticons

i- the Atlantic. Ripe females and larvae occur in the Straits

1 s northeast Atlantic
6 and 35.0 timess cthose from the

)

1879 reported total
have varied cween approximatelv |
northwest Atlantic (ICCAT, 1981)

i3}

to

Messima in the Mediterranean from April throuzh September and in the

Caribbean and throughout the Florida Straits from January through Occober,

(Beardsley, 1977). Arfelli and Amorim (1982) reported that spawning occurs

mainly in January and February in the area of £ rka 3razilian coast, 20°-

o o, . .
6"-47W longitude. Tn the westzra North Acrlantic, Grall et

al. (1981) reported the greatest abundance of larvae in November and
February. These data tend to support the hypothesis that there are at
least three Atlantic stocks of swordfish.

Further evidence for stock separation can be found in landing records.

In the nmorthwest Atlantic, reported U.S. and Canadian swordfish landings
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800 mt in 1975-1977 to 6375 mt in 1979, then declined to
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5470 mr in 1980 (Ferber and Comser, 1982). Uslag Japanese longline c¢atch

dara, thev notad a decrease in o7- swordfish in the northwest
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in the Straits of

the northeast Arlantic area there were no racent trends while the South
Astlantic showed a steady increase reaching a 10 year high in 1980 (Farber
and Conser, 1982).

tmile the available evidence suggests that northwest, ncrtheast and
sourh Arlantic swordfish comprise separate stocks, saveral populations may
awist within these major arzas. Twenty-two of 23 swordfish tagged on their
surpar feeding grounds off the Canadian maritime provinces were recaptured
subszguantly on the same feeding grounds even after several years at large

{Becketc, 1974; Hurlev and Iles, 1981J. Im addi

soma heterogenaicy Batwaan

Racencly, with the exoansion

the entire U.S. east coast and Gulf of



Mexico, long range réceptures have been made. Fish ragged in the Gulf of
Maxico have been recaptured off the northeastern U.S. and Canada and vice
versa suggesting additional spatial and temporal complexity in the
population structure of this stock.

1n the Canadian longlinebfishery begun in the 1960's average sizes and
catch rates in 1° areas dropped markedly after several seasons of fishing
whila subsequent.effortvin previously unfished adjacent areas resulted in
incrassed sizes and catch rates (éeckett, 1971). While mone of this
evidence is conclusive, 1t does appear that ;wordfish in the northwest
stlantic exhibit a complex steck structure. To further complicate
management. considerations, it has bean well-documented that wmale and

comasle swordfish have different growth, natural and fishing morralicy

in the northwest Atrlantic,

ential migrarions by size or agz and sex (Berkeley and

&

i1son and Dean, in press; Radtke and Hurley, in press; Palko
et al., 1881). Thus, even withins a single biological stock a number of

nt units may exist.

Discussion
while many gquestions remain unanswered, evidence suggests that
swordfish exhibit all possible complications of stock structure: stock
separation among widely divergent geographical areas, the possibility of

stocks within areas, and management units within stocks (size and

sex specific population parameters).

For manggement purposes, £wo questions must be definitively answered:
15 is the stock (or stocks) exploited by a particular fishery e*ploited by
any other fishery(s)? and 2) Does a particular fishery exploit one stock or

ctudies on swordfish have partially answered the first

question, indicating that swordfish in the ncrthwest Atlantric do not mix to
an appreciable extent with north:ast or South ‘Atlantic populations.
Hawever, within the northwest Atlantic area, the stocks are exploited by
several fisheries (U.S., Canada, Japan). Additional tagging studies
elsewhere in the Atlantic would help geterﬁine if there i; anyrmixing from
other areas into thes northwest Atlantic or between the northeast - and south
Aclaaric. Biochemical studies, while often less definitive fhan ragging,
are likely to yield results more qui:kly. Temporally synoptic samples from
the wmost widely divergent geographis areas would seem .the logical place to
starc. Analysis of size, age and sex frequency data from different
fisheries can supély supporting evidence and can be initiated.immediately.

1 studies designed to ansser the first question indicate a

gnifican: stock overlap among gecgraphically divergent fisheries, Then
nanagemant as a single stock is indicacted. TIf stock separation among areas
is shown than the second question must be addressed. In the norchwest
Atlantic, tag returns have shown that at least some swordfish migrate ovér
the latitudinal range of the fistery, from the Gulf of Mexico (~25%N
lacitude) to New England (~45°4 laritude). This allows the possibilicy
that the AOrchwe;t Atlantié population may be a single stdck but cannot
establish it as such. Tagging is not likely to resolve this question
becausé of che large number of fish readed to ensuré sufficient recaptures.
Bzcause swordfish are highly migratcry and move differentially by size and
sex, stock structuré may involve the dimension of time as well as spaca.
To determine whether a fishery is orerating on a single or multiple stock,
tagging would have to be done in combinations of area and time. Recaprures
should also be analyzed with regard to both parameters. Tha onumber of

combinations of space and time in which fish must be tagged, complicated by



differential movements by size and sex suggests that tagging is unlikely to
answer this question. Biochemical studies may be most appropriate.
Initially, samples sfould be taken at rhe same time in different areas by
sex and size. 1f repeated several times over the fishing season and no
meaningful differences can be detected, then the fishery is probably
‘exploiting a single stock. If the results suggest different stocks, then a
large number of samples will be necessary to account for all combinations
of size, sex, area and time before stock strucrure can be delineated.
Many questions remain unresolved regarding stock structure of

Atlantic swordfish. While it may be theoretically possible to determine

swordfish stock structure with existing methodology, guidelines for the

interpretation of the results should be established. Regardless of the
techniques used, some degree of mixing or separation among populations is
likely to be found. Once the degree of mixing is known, an objactive
criterion should be applied to decide whether management need censider the
population as one stock or several. One possibility is to comsider the
sen;itivity or precision of the Fishery model being used for management.
1f the degree of change in population abundance necessary before the model
can detect a change is greater than the percentage mixing, then management
as a single stock would be appropriate. If the percentage mixing is éreat
encugh or the fishery model sensitive enough then the stocks can be managed
separately. Whether this or another approach is used, the criteria to
define stock units for management purposes should be decided before a major

research effort is undertaken.
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