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SUMMARY

The catch of north Atlantie albacore by Taiwanese longliners has fluc—
tuated, and the effort measured in number of hooks has increased regularly.
In the north Atlantic, the fishing area of Talwanese longliners was con-
centrated in the region 35% westward, albacore was the dominant species
among tuna-like fishes; and the albacore catch included mature and immature
fishes.

Using the Pella~Tomlinson stock production model to analyze the status
of the fishery, preliminary results showed that the maximum sustainable
yleld ranged from 48.98 (m=1.001) to 51.69 (w=2) thousand tons and the
corresponding optimal fishing effort was estimated about 160.62 to 175.46
million hooks, respectively, in transforming all kinds of effort into hooks
by the ratio of catch per unit effort for each gear. Conseqruently, eval-
uating the 1984 and 1985 catch and effort level, the current resource of

the north Atlantic albacore is under-exploited.
RESUME

Lles prises de germon de 1'Aclantique nord des palangriers taiwanais oot
fluctué et l'effort mesurf en nombre d'hamegons a augment® de fagon régu-
lidre. Dans l'Atlantique nord, la zone de péche des palangriers taiwanais
s'est concentrée dans la région 3 1'ouest de 350w, le germon &tant 1'espdce
prédominante des espdces voisines de thonidés; les prises de germon compre—
nalent des poissons matures et immatures.

En utilisant le mod2le de production du stock de Pella-Tomlinson pour
analyser 1l'état de la p&cherie, des résultats préliminaires ont montré que
la production maximum soutenue allait de 48.98 (m = 1.001) 3 51.69 (m = 2)
milliers de tonnes et que les efforts de péche optimaux correspondants
Etalent estimfs 3 environ 160.62 - 175.46 millions d*hamegons respective—
ment, en transformant toutes sortes d'effort en hameg¢ong par le pourcentage
de prise par unit€ d'effort pour chaque engin. Par consBquent, en &valuant
les prises de 1984 et de 1985 et le niveau d'effort, les ressources actuel-

iles de germon de l'Atlantique nord sont sous exploitBes.

RESUMEN

La captura de atun blanco en el Atléntico Norte por palangreros de
Taiwan presentaba fluctuaciones, y el esfuerzo medido en nimero de anzuelos
creci8 de forma regular. En el Atig§ntice Borte, los caladeros de los palan~
greros talwaneses se comcentraron en la reglfn occidental de los 35°w, y
la especie dominante fue principalaente atwun blanco, entre las especies
afines; la talla de esta especie inclufa ejemplares maduros e inmaduros.

Utilizando el modelo de produccidn del stock Pella-Tomlinson para
analizar el estado de la pesquerfia, un resultado preliminar mostraba que el
rendimiento miximo sostenible oscilaba entre 48.98 (m=1.001) ~ 51.69 (m=2)
mil toneladas, y el esfuerzo de pesca $ptimo correspondiente fue estimado
en 160.62 -~ 175.46 millones de anzuelos, respectivamente, transformando
todos los tipos de esfuerzo en anzuelos mediante la proporcifn de captura
por unidad de esfuerzo para cada arte. En consecuencia, al evaluar el nivel
de captura y esfuerzo de 1984 y 1985, se concluye en que el recurso actual

de atdn blance del Atlintico Norte se encuentra subexplotado.



Introduction

As waus the wulbacore fishery, Taiwanese longliners have
played their important role in the Atlantic. Almost 90% of
the Atlantic tunas-like catches by Taiwanese longliners have
been albacore, Thunnus alalunga, since 1967, esp. in recent
5 years (Fig. 1 and National Taiwan University 1987). Rela-
tively annual catch of Taiwanese longliners from the south-
ern Atlantic had been still higher than that from the north-
ern Atlantic except the years of 1983 and 1984 (Fig. 2).
The cuntch obviously showed that only a little fluctuation
between them, the effort involved in the north Atlantic are
in great fluctuation, however {(National Taiwan University
1987).

For further studying the interest of some topics in
tuna longline fishery and current status of north Atlantic
albacore resource, two hypotheses were made in priori: (1)
an effort change in an area results either from the substi-
tution of lower huarvests in that area, or (2) from a de-
clined abundance of albacore stock at a specified region.
In accord with these hypotheses, some points could be ex-
tended as: (1) the effort willingness Lo put into a place is
proportionally related 1o catch ratio of two relative
places; (2) fishermen tend to fishing their descent species;
(3) satisfaction on catch is the main factor deciding the
substitution as digssatisfaction is occurred; (4) catch per
unit effort (CPUE) is satill a good means to express the
fishing success and the index of stock abundance, and there-
fore; (5) satisfaction of fishermen is determined by CPUE of
& fishing ground through the viewing of catch ratio between
two fishing grounds.

In regard to which of these two hypotheses is the wain
remnson to cause this fluctuation of catch retio between the
southern and the northern albacore stocks, an investigation
in this paper dealt with the analysis of fishery trends con-
cerning with Taiwanese longliners, and then, the spatial and
temporal pattern of catch distribution. These studies could
provide useful information whether the fluctuation is coming
from satisfuction of fishermen to the production of a fish-
ing area or not; salso the current status of albacore re-
gource and its fishery will be analyzed by Schaeffer produc-
tion model (Schaeffer 1954; 1957; Ricker 1975) in order to
resolve the second hypothesis.

Anulysis of fishery trend

Lenarz and Coan {1974) had studied the fishery trends
of the surface and longline fisheries, however, tLhere were
nol a perfect way Lo measure the fishery trend. Assuming
Lthut the correlation of effort putting into an nrea with the
cateh wauy indicate some bright result of this measurement.
As is this assumption follewed, the hooking rate could rep-
resent the density of the stoch and the fishing success.
Thus, we defined a satisfaction index as:

Uy =Rcij /Reiy (1)
where i = year;, j = subregion;

Ui; = satisfaction index (dimensionless);

Reij = Ciy /Ci* = proportion of catch from subre-

glon j year i {dimenslionless};

Reij = Eiy /Ei* = proportion of effort imposed to
subregion J year i (dimensionless);

Ci* = totul catch of summing over the entire re-
gion in year 1, and;

Ei* = tolul effort imposed Lo the enlire region
in year i.

Obviously, equation (1) could be explicitly shown as:

Uij suijg/u,* (2)
where u,; = CPUE of subredgion j year i, and;
ui* = CPUE of entire region in the year i.

The implication of equation ({2) on fishing activity

should be:

(1) If Uyy = 1, fishing activity is even in the whole
study region;

(2) If U,; < 1, the Jjth region has been enforced
higher effort, and paid lower yield than other re-
gions, and;

{3) If U5 > 1, the reverse of (2).

In accord with our assumption, the fishing activity
will be substituted if (2} is satisfied because of dissatis-
fuction; it will remain in the seme region if (3) is satis-
fied, and it is hard to decide the trend under the condition
(1).

Consequenily, the variability of number of fishing boat
operuting in three Oceuns is shown in Fig. 3. The trend of
sunual change is appareat that the fishing boats in the At-
lantic ware more than, but net celeted to, these in the Pa-
cific and the Indian; these in the Pacific and the Indian,
however, show significantly opposite relationship on each
other except in 1986. This result may indicate that the ef-
fort put in the Atlantic is more stuble und independent than
in the other two Ocenns.



The investigation is extended to the satisfaction mea-
surement, U;;, as equation (1) for the tunas-like species in
the three Oceans. The Ui, seems to have had different ten-
dency between the Pacific and the Atlantic while it is sta-
bie and lower in the Indian (Fig. 4) after 1976. This re-
sult is much coincident with the assumption that there are
some effort exchange between the Atlantic and the Indian
through the South, sand between the Indian and the Pacific,
but. nol between the Atlantic and the Pacific (Yang 1970).

The Atlantic albacore population is divided into the
South and the North stocks as usuanl (1shii 1965; Beardsley
1969; Yang 1970) by means of their biological characteris-
tic. To invesligaute Uiy, Fig., 5 has at first determined
that no lag (k=0) could be used to build up the relationship
of Ey (the effort ratio) and the C; (the catch rutio) be-
cause Lhe sleep drop of autocorrelation coefficient of wbout
0.93 to 0.38 from lag 0 to lag T (Martin and Oeppen 1975).
As the result, we fitted this relationship (Fig. 6) as:

Ei = 0.1543 + 0.8344 C, (3)
(R2 = 0.8186, F = 67.701, p<0.000)
where Ei; = effort ratio between the south and the north
Atlantic in the year i, and;
Ci = catch ratio between the south and the north

Atlantic in the year i.

Catch distribution

Many rescearchers {e.g., Beardsley 1969; Yang et al
1969; Yang 1970; Le Gall 1874; Bartoo 1979; Yang and Sun
1983, etc.) have claimed that (1) two isolate albacore
stocks existed sepurately in the North and the South At-
lantic, respectively, in contrast to Yang's (Yang 1970) dis~
cussion that the iuntermingle between these two stocks oc-
curred during suvmmer season, and; (2) the large and mature
spawners are located at low latitude, apparently at south-
west area of the north Atlantic; on the other hand, the
small and immature wslbacore are mainly distributed at high
latitude, Shiohama and Morita (1974) indicated that the
Juxtaposition of these two groups is between 30°¢-35¢eN; also
in accord with this finding, Shiochuma and Morita (1974) di-~
vided the North Atlantic into two lurge urea, i.e., AL-31
and AL-32.

For the convenience of data processing and without loss
generality, we restratify the North Atlantic into four sub-
region (Fig. 7) to elucidate the patterns of catch distribu-~
tion of Taiwanese longliners from 1975-1986. The stratifi-
caltion 1s based on: {1) Shiochama and Morita's concept
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{Shiohama and Morita 1974); (2) fishery status of Taiwanese
lungliners; (3) the concentration of hook rate in ua 5ox50
quadrat, and; (4) the seasonal variability of hook rate
{Yang and Sun 1983).

Both the hook rate distribution (Fig. 8} and mean
weight (Fig. 9) of annuel cateh from 1978 Lo 1986 reveal
that (1) the fishing effuart we most of the catceh are coming
from 35°W westward; (2) iu comparison with these four quad-
rants (Fig. 7}, gencrally, qguadraunt 1 has bhigher hoold rate
and lower mean welght per individual ol cuteh; (3) quadrant
Il has lower hookh rute und higher mean weight per individual
uf cateh, and; (4) the vuriability of seasonal movement of
mature and immature albacore is very upparent, the high mag-
nitude of mixture of both groups is occcurred in April-June;
and the declined mixture shows from July to December and de-
purts completely in Junusry- March.

Production anulysiy

The catch (Table 1) and effort data provided by ICCAT
are standardized preliminarily and used in Production analy-
sis (ICCAT 1977 - 1985) here. A Pella-Tomlinson generalized
production model (Pella and Tomlinson 1969) and a Graham-
Schaefer production model (Graham 1937; Schaeter 1$54; 1857)
were used to fil the relationship of catch and effort by
means of these stundardized data, and the optimal effort and
maximum sustaineble yield {MSY) were estimated in order to
assess the status of current north Atlantic albacore stock.
In this analysis, how tu standardize the catch and effort
from dif'ferent gears is the main and adverse dilemma in wse-
cord with current data base.

There are 7 kinds of fishing gears operated in  the
north Atlantic on albacore stock; and Lhe catchabilities of
these gears are unhnown so far as ellher tagging or other
estimation of this quantity has never been deaslt, prelimi-
nartly a catch-weighting approach (Quinn 1983) was used to
transform the dimension of effort of eanch gear into the di-
mension (in numbers of hook) of longline. This manipulation
is wainly bused on the wssumplion that there is the sauwe
magnitude of estimated CPUE by any gear used in fishing the
ulbacore in the same space and time, i.e.,

Es/Ce = EL/Cy ' (4)

wvhere Ej effort of "a" gear;

Cs = catch of using "s” gear;
. E, = effort of lungliners, and;
Cy = catch of longliners.



Consequently,
Ee = (E1 . Ce)/Cy : (5}

The result of standardized effort of all kinds of gears
on the north Atlantic ulbucore is tambulated in Table 2 using
the method of equution (5).

Furthermore, the relutionship of catch per unit effort
(in metric toun per 1000 hooks) and effort (in standardized
million hooks) is shown in Fig. 10 und Table 3, that m=0;
1.001; and 2 fur the undetermined shape parameter of Pella-
Tomlinson model; alsc the production curve on the relation-
ship of yield (in thousand metric tons} and effort (in stup—
durdized million hooks) is shown in Fig. 11, which is wodi-~
fied from Fig. 10 that sets mz1,001 and 2. These three
kinds of retationship have highly significant hypothesis
tesiling on the regression lines (Table 3). These results
show that Lhe best fitting of production curve is between
m=1,001 and m=2, For the convenience and not significant
different for MSY between m=1.001 and m=2, the MSY and opti-~
mal fishing effort to achieve this MSY are calculated from
the fitted curve (Richker 1975):

Y = 0.9998 f ~ 0.6219 x 10-5 f2 for m=1.001 (6-1)
Y = 0.56882 f -~ 0.1679 x 10-% f2 for m=2 (6-2)
where Y = total unnual of north Atlantic albacore in

thousand melric ton, and;

f = total wunnual standardized fishing effort im-
posed on the albacore fishery in million
hooks.

As estimated from the equation (6), the MSY and the op-
timal fishing effort for the level of MSY range 48.98 -
51.46 x 103 metric tons and 160.62 - 175.47 x 106 hooks
(Table 3 und Fig. 11). Relutively, both the recent 1984 and
1985 annual catches und fishing efforts used were low {(Fig.
11), and in consequence, the CPUE's of these two years
(>0.38 metric ton / willion hooks) were very significantly
higher than the years before (Fig. 10), also compared Lo the
CPUE of optimal condition (CPUE = 0.305 - 0.295 metric ton /
million hooks for m=1.001 -~ 2). This result implies that
the availability of this resource is under exploitation cur-
rently, and not overfished on this stock is evidenced in a
biological sense, although we still hesitate to put too nuch
fuith in the estimates of MSY and optimal fishing effort
here, becnuse there are in great difference with the estima-
tion (70.4 thousand metric tons for m=1.001 and 59.8 thou-
sand metric tons for m=2) of which the effort was standard-

ized into baitboal fishery (ICCAT Biennial Report, 1981~

1985).

Discussion

The results of analyzing tishery trend of Taiwanese
longliners and catch distribution puttern in the north At-
lantic, obviously depicted ¢ facts, First, there is not auny
phenomenum of sigaificant exchunge of Taiwanese longliners
vperaling between the Atlantic wsud the Pacific Oceans; how-
ever, depending on the fishery trend and fishing boat dis-
tribution, the exchange existed between the Atlantic and the
Indian Oceans in some years. And the increase of fishing
bost in the Atlantic recently is due Lo the construction of
new boal and anticipate in the fishery (Personal comm. Tui-
wan Fisheries Bureau 1987).

Second, Seasonal mean hook rate und meun individual
weight of catceh are apparently in inverse relation. As iy
in Figs. 7 and 8, the catch with Yight mean individuusl
weight and high hook rate appears in the northwest Quadrant
{Quadrant I}; on the other hand, the heavy mean individual
weight and lower huok rate distributes in the southwest
Quadrant (Quadeant 11}, and; only a few catch are recorded
in eastern two Quadrants (Quadrants ITI and IV) by Taiwanese
lTongliners. Moreover, the seasonsal variability is very ap-
parent fTor these phenomena above in Junuary-March for the
large sized and small sized wlbucores ure distinetly sepa-
rated by aboul 30eN; further in Maurch-Jdune, they are moving
¢lose toguether, and finully; in July- Seplember, they sturt
Lo sedregate each other aguain.

Regurding to the concentration of albacore fishery and
the movement of sized albacore in and oul the Biscay Bay, it
seems to be like Shiohauma and Morita's findings that (1)
surfuce fishery harvesting only the immsture fish in high
latitudes, and {2) longline fishery for the entire stock
(Shichuma and Morita 1974). These results has o little dis-
agreement with Yang and some other researchers {Yung 1970}
for that the longline fishery only harvested 5 and above
years old fish.

Shichama and Morita's result could be inferred that
longline fishery is to encounter both the mature wund imma-
ture groups which are distributed either in mixture or in
the northwest and the southwest Quadrants, respectively.
Lenarz and Cownr (1974) cited Aloncle and Delaporte’s obser-
vation (Aloncle and Delaporte 1873 MS) that for more than
one groups of albacuore contrilutes to the eustern Atlantic
fishery, but no evidence could b referred which this situa-
tion occurs in western Atlaniic fishery or not. Recently an
exumple of Liu’s report thut size composition of albacore
caught “by Taiwanese longliners is nol significantly differ-
ent  uamong the seasons and subregions {Liu, 1987), un-




fortunately, not enough size information of surface fishery
to be used Lo compare Liu's result with that of longline
fishery. However, hoth results could be used to elucidate
that the resource and utilization of the north Atlantic al-
bucore have never changed a lot since 1974, when Shichama
and Morita (1974) had provided their findings, meunwhile
Lenarz and Coun concluded that all available data on the
population biology indicates that the northern Atlantic al-
bacore fishing is healthy (Lenarz and Coan 1974). 'This con-
clusion is still velid so far.

It is not very faithful estimation of the maximum sus-
tainable yield and optimal fishing effort, although the ftit-
ting is excellent. This is due to the method of standard-
ization of effort, First, by the catch distribution, the
distinet wvariability of catch between the Quadrants exists
in space and time, then using total catch as the weight to
standardize effort seems misleading; second, owing to not
enough information, e.g., the unknown catchability, to fig-
ure out the relationship between the catch and Lhe bilomass,
the carrying capacity {or maximum biomass) cannot be esti-
mated. On the other hand, Lenanrz and Coan (1974) estimated
age specific Fz0.40 for ages 3 and 4 by means of Gulland
(1965) and Murphy (1965) metheds for reverse calculation of
cohort analysis. This value is evaluated too low for tLhe
longliners {(Lenarz and Coan 1974). Therefore, four nmore reua-
sonable estimate of uabundance of north albacore is one of
the most important topics for further investigation. How-
evel, using present results of maximum sustainable yield and
optimal fishing effort as the assessed index of the current
fishery status secms without departure too fur from the re-
ality.
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in Table 3.



Table . The caleh {(thousand tons) by the methaods of Toogiine (L), Tabile 2. The standnprdized elffort (million hooks) Lo the ef fort of

. . - R s o " , longline for the fishing methods: bait boant. (B¥), . ;
banit boal (BB}, trolling (YR}, purse seince (PS), teap 1P}, SR e o N . N i
surface (SF), sporl (§P)y, and unknown (UN} in the yenes . brolling ,( PR), purse seinedPS), teap (100, swcfuee ASF .".
of 1967~ 1986 . - sport (S§P), and untmown {3N}. k

Yeur, LL. s I by v SF se R Tetnd yenr  LL BH ™ IS TP St sp N, etad
yeT N4t nd.6e
B ;:ﬂf i;_gg ;;:gg o :38 o o :32 ]A:;f 1967 17.85 57.21 102.1%§ .00 .00 .00 .00 00 177.21
D e A 00 00 00 00 o0 M98 1968 24.63  T4.73 135.92 .00 .00 .00 L0000 23528
1970 6.06  14.39 15,71 .00 .00 .00 .00 L0000 4616 rees  27.71  49.88  63.53 .00 200 .00 .00 L0 1AL
671 17.8% 1668 24,03 o0 ‘0o 00 oo Gu Arlse 1970 34.R4 0 31.22 3408 .00 06 .00 L0000 00,
1972 14.69  8.20 26.53 .00 .00 .00 .00 L0f du.dn LTl G428 b207 79,81 SO0 I e
1973 18,13 10,13 14,71 .00 .00 .00 .00 .00 46,87 1972 37.62 21,00 67.95 .00 L0000 L0003 B2 RN
1974 14.64  16.68 20,96 .00 .00 .00 .00 .00 62.28 1973 46,93 26,27 ARAZ L0000 L0000 2B
(615 1271 1920 947 . oo 00 00 "o oo a1 aw 974 67.26  76.62 9G.28 .00 .00 .00 OU 00 Lk
(876  23.0t 20.40 13.92 LU0 .00 Lo .00 L00 A7.42 P76 76 A1 113885621 - 60 -00 -00 -0t SOU b
1977 20.87 15.66 16.48 .00 .00 . .04 .00 .00 52,46 BTG TTLHL G 00 HTL0T LU0 e
PaTH Ld16 11.74  22.57 00 00 (2 0 00 AR5y 1977 70,19 £2.3% 66,43 .00 L0 a0 SO0 TTH O
19T 1Z.21 16.94 2% 07 00 Tou 06 oo o0 fo. e tWTE 5714 47,00 61.09 L0000 - L0u .49 .00 SO0 196
{380 .45 16.17 12.67 ‘on e ol T00 00 3819 1979 47.39  61.90  85.67 .00 Y .00 .00 -0l 1
188t 9.2 4.4l 10.80 .00 05 .05 .00 LS00 W13 taro - ha.26 82.88 72.18 -uo P00 -0 -uo Sue nle
1982 §3.19 15.86 12.83 8 .00 .02 .00 02 420100 LORL 7791 106,42 8BS 68 -ou -4 e 00 -ul
1983 16.69 21.11 12.79 L6 .00 .00 .00- .00 50.85 OBz B2.23  0B.HETU.89 .10 SO0 o -
1984 19.51  8.31 11.03 .56 .00 .06 .00 .00 3Y.45 POy G425 8L T4 49,52 ] O
1985 17.69 12.61 10,65 .08 .00 K .00 L0 d1.07 PORA4 52,53 22,36 2865 (.19 -04 S oo
T : o TUHG 49,33 Z8.01 23,64 IR o0 .06 .00 L0

Source: ICCAT. 1977-1985. Statisticul bulletin,

. Table 3. Thee stulistics of [Fitting Pello-Tomt iagon
product ion model for Lhe north Allantic albacare
stoch i Lhe yenrs, (867-1980, where the weighling

MOV g nverngae iw Qe l to 17 {k=1), M Lhe
uimle lermined purnmeter; nt iulercopt; b slape;
R3: cuoeflicient af determinantion; [ [
disteibution MSY: max imum  susltainabile - viebd,;

fops? optimal Cishing effoet, and; Ugp: cateh per
unit effor under Lhe MBY.

0 -0.597¢ 0.25826xt0-0 O.809 72,2013 39.64 - - -
i 0.99498 -0.6219x10-5  C.84% 141,160 A", 98 160.62 0,305

2 0.5882 -0, [87%xl@-2 @, 152,497 5L.6% 175,47 0.295
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