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ABSTRACT

In 1991, the National Marine Fisheries Service, as
mandated by the U S. Driftnet I|npact hbnitoring,. Assessnent,
and Control Act of 1987 and U.S. Public Law 101-627, devel oped
nmethods to estimate the incidental catches (bycatch) of
salmonids in the North Pacific squid driftnet fisheries of
Japan, the Republic of Korea ( , and Taiwan. Two
anal ytical approaches were used for the Japanese fishery:

1) sinple expansion of average observed vessel-trip bycatch
for total trips by the fleet, and 2) expansion of kernel-

snoot hed bycatch rates of nonitored fishing effort among tine
and area strata to account for total fishing effort expended
within strata. Bootstrap resanpling was used to determne the
reliability of all estimates. Total sal nonid bycatch in the
1991 Japanese squid driftnet fishery was estinmated to be
43,700 (vessel-trip nmethod) or 32,100 fish (kernel technique).
Wth an additional 6,000 (vessel-trip nethod) or 4,400 (kernel
t echni que) sal non estimated to have dropped out of the
driftnets during retrieval, total salnonid nortality (bycatch
+ dro outs% was estimated to be 49,700 (vessel-trip nethod) or
36,500 fish (kernel technique). Total sal nmonid bycatch in the
squid driftnet fishery of the Republic of Korea was estinated
at 13,500 fish using two-stage expansion. First, observed
bycatch rate of each nmonitored tinme and area stratum was
expanded by stratum effort to estimate the stratum bycatch.
Second, the sumof these estimated bycatches for nonitored
strata was expanded for effort in unnmonitored strata.

Dropouts were estimated at 3,100 fish for a total nortality of
16,600 salnonids. Only 10 sal nonids were observed in the
squid driftnet fishery of Taiwan, and the total sal nonid
bycatch was evidently snall. The sal nonid bycatch in these

l egal squid driftnet fisheries was m nor conpared w th catches
of Al askan coastal fisheries in 1991, as it was in 1989 (when
U S. monitoring began) and in 1990. The 1991 sal nonid bycatch
was al so snall conpared with estinmates of annual illegal
catches of salnmonids fromthe North Pacific Ccean in recent

years.
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| NTRCDUCTI ON

In 1991, Japan,, the Republic of Korea (ROK), and Taiwan
operated high-seas squid driftnet fisheries in the North
Paci fic Ocean. Fishernen fromthese three countries targeted
various species of squid, especially neon flying squid
(Onmast rephes bartram). Many species of marine aninals,
including fishes, birds, and manmal s, were incidentally
caught. Sal noni ds - chi nook (Oncorhynchus tshawytscha), chum
(0. keta), coho (0. kisutch), pink (0. gorbuscha), cherry (0.
masou), and sockeye (0. nerka) salnon and steel head trout
(0. nykiss) - were anong the incidentally caught species

In this, paper, we estimate the incidental catches
(bycatch) of sal nonids b&ckhe 1991 high-seas squid driftnet
fisheries of Japan, the , and Taiwan to neet requirenents
of the U S. Driftnet Inpact Mnitoring, Assessnent, and .
Control Act of 1987 and of U S. Public Law 101-627. Estimated
catch (in numbers), by species, taken by the fisheries of
Japan and the ROK are provided. Qur analysis used the nethods
devel oped by Pella et al. (1993) to estimate the 1990 sal nonid
bycatcﬁ of these fisheries. A conplete description of these
nethods is included along with changes made for the 1991 data
for the convenience of the reader. Only 10 sal nonids were
observed in the Taiwanese fishery and this bycatch was
consi dered negligible for our analysis.

REGULATED FI SHERI ES OF JAPAN, REPUBLI C OF KOREA, AND TAI WAN
Legal Times and Areas of Squid Driftnet Fisheries

Japan, ROK, and Taiwan all had donestic regul ations
establ i shing boundaries within the North Pacific Ocean where
their licensed squid driftnet vessels could legally operate.
The | egal boundaries of the Japanese high-seas squid driftnet
fishery extended north fromlat. 20°N, long. 170°E to 145°W
with the northern boundary changing monthly and | ongitudinally
(Fig. 1). Mnthly novenent of the northern boundary was
established to try to mnimze the bycatch of sal nonids.
Japanese squid driftnet vessels were allowed to operate from
June through Decenber only.

Driftnet vessels fromthe ROK were allowed to fish
between [ong. 160°E and 145°W _ No southern boundary was

established for the fishery. The northern boundary depended
on longitude and nonth (Fig. 2). The RXX squid driftnet
fishery was closed between long. 170°E and 145°Wfrom January

through April and in Decenber; however, fishing was allowed
from long. 160°E to 170°E during all nonths.

The Taiwanese Departnment of Agriculture also established
| egal areas where driftnet fishing was permtted by its
i censed vessels. No southern or western boundaries other

than 200-m | e national Exclusive Econom c Zones (EEZs) were
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Figure 1.--Legal fishing area of the Japanese squid driftnet fishery. Northern boundary

changed by month and longitude, but other boundaries were fixed (western, long.
170°E; eastern, long. 145°W; and southern, lat. 20°N and U.S. Exclusive Economic
Zone). No fishing was allowed during January through May.
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Figure 2.--portion of the legal fishing area of the Republic of Korea squid driftnet fishery
northward of lat. 20°N (solid l|ines). Nort hern boundary changed by nonth and
| ongi tude; western (long. 160°E) and eastern (long. 145°W boundaries were fixed
and no boundary to the south was inposed other than nati'onal Exclusive Econom c
Zones.
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establ i shed; however, an eastern boundary of |ong. 145°W and
changing nonthly northern boundary delimted the fishery (Fig.
3). In contrast to the Japanese fishery, Taiwanese vessels
could fish year-round. Once again, the northern and eastern
boPndaH;es were established to restrict the bycatch of

sal noni ds.

Monitoring Prograns

The U S. Driftnet Inpact Mnitoring, Assessnment, and
Control Act of 1987 and U.S. Public Law 101-627 requires that
the U S. Departnent of State negotiate nonitoring and
enforcenment agreenents with nations that operate high-seas
driftnet fisheries in the North Pacific Ccean. In 1989, the
"United States established pilot observer ?rograns w th Japan
the ROK, and Taiwan to obtain initial driftnet bycatch data on
certain species of anadromous fish, marine mammuals, seabirds,
and turtles. In 1990 and 1991, nore conprehensi ve observer
progranms were devised to collect data on the bycatch of al
species of fish, marine mammals, seabirds, and turtles.

Data col |l ected by the scientific observers in 1991
consisted of three types taken during each nonitored vessel
fishing operation (an operation conprised setting, soaking,
and retrieval of the driftnet) : physical observations,
envi ronnental neasurenents, and catch. Physical data included
tinme (month, day, tine) and position (latitude and |ongitude).
Envi ronmental neasurenents conprised sea-surface tenperature
wind direction, Beaufort state, and ocean swell hei%ht.

Physi cal and environnental, data were recorded for the
be?inning and ending of net deployment and retrieval. Catch
information included the nunber of sections deployed, |ength
of each section, set direction, catch (in nunmbers) of the
target species, and bycatch (in nunbers of aninmals) of all
non-target species.

Bycatch Estimation
Japanese Squid Driftnet Fishery

From June through early Decenber 1991, observers were
pl aced aboard Japanese vessels operating in the North Pacific
squid driftnet fishery as part of a joint nonitoring effort by
the United States, Canada, and Japan. The objective of the
observer programwas to nonitor the fishing operations of
vessels so that the catch of target squid species,
particularly neon flying squid, and the bycatch of non-target
species could be estimated.

Qbservers were placed on board 59 vessels, or 14%of the
vessel s operating in the commercial fishery. Ten observers
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Econom c Zones.
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were Canadi an, 19 were Japanese, and 30 were fromthe United
States. The observers were instructed to nonitor daily vessel
operations and record the nunber of individuals of the target
and non-target species entangled and retrieved in the
driftnets. They also recorded the nunber of animals dropping
out or ?haken out of the nets by fishermen during net
retrieval.

Two net hods were used to estimate the 1991 bycatch of
salmonids in the Japanese squid driftnet fishery:
1) expansion of average observed vessel-trip bycatch for tota
trips by the fleet, and 2) expansion of kernel-snoothed
bycatch rates of nonitored effort among tinme and area strata
to account for total fishing effort expended-w thin strata.
Stratum bycat ches of the second nmethod were also allocated to
speci es based on kernel - snpot hed speci es conposition estimtes
from sanpl es of stratum bycatches. A neasure of the
uncertainty in the bycatch esti mates was obtained in both
cases by bootstra?ping (Efron 1982). The bootstrapping
procedures used slightly exaggerate the uncertainty in bycatch
estimates because adjustnents for finite popul ations sanpled
were not devel oped.

Besi des the estimate of sal nonid bycatch, an estinate of
t he nunber of salnon that drop out of the nets during
retrieval (dropouts), was also desired. Ratio estimation was
used to determne the number of dropouts for the entire fleet,
and the uncertainty of this estimte was eval uated by
boot st r appi ng.

Met hods

Expansi on of Vessel-Trip Bycatch.- W estimted total

sal noni d bycatch for the 1991 Japanese fishery by classifying
vessel trips into those made by small (25-35 m hull |ength)
and large (>35 mhull length) vessels. In 1991, a total of
142 smal |l -vessel trips and 286 | arge-vessel trips occurred

(A Yatsu, National Research Institute of Far Seas Fisheries,
Fi shery Agency of Japan, Shim zu-shi, Shizuoka, Japan, pers.
comun., Septenber 1992). Fifty-nine observers were placed on
15 smal| vessels (11% of the snall-vessel trips) and 44 |arge
vessel s (15% of the large-vessel trips). Cbservers were on
board the vessels for the entire trip of all 15 small vessels
and 41 of the 44 large vessels (93%. The duration of vessel
trips for which observers arrived or left at sea was unknown,
and possi bly sone fishing during these trips was not

moni tored. ~ The vessel-trip bycatch estimtes were not

adj usted for the abbreviated presence of observers for the
three trips. The estimated vessel-triB bycatch averages for
smal | and | arge vessel s were expanded by corresPonding t ot al
nunbers of vessel trips to obtain an estinate of total

sal monid bycatch for the fishery by each vessel size class.
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Estimated total salnonid bycatch for the fishery equal ed the
sum of the bycatch estimates for both vessel size classes.

Vessel trips with an observer on board were treated as if
random y sanpled fromthe "popul ati ons” of vessel trips of the
two vessel sizes. Actually, 10 fishing ports were designated
to host sPecified nunbers of observers during the 1991 squid
driftnet fishery, and the vessels that carried observers were
selected through a lottery by the fishermen thenselves. The
al l ocation of observers to each fishing port was roughly
proportional to the size of its fleet. \Vessels fromdifferent
fishing ports do not fish in distinctive manners, so vessels
were not stratified by fishing port. However, vessels of
different sizes mght be expected to have different anounts of
bycatch.  Therefore, vessel trips were poststratified by size
class (small and large).

A vessel trip was the primry sanﬂling unit within the
vessel size strata. Qperations were the secondary sanpling
units wthin a given vessel trip. Up to 12 sections of net
were fished during an operation, and each net section usually
contai ned 100-150 net panels (tans) 50 min length. The net
(all sections) was depl oyed durin% | ate afternoon or evening,
allowed to soak 8-12 hours, and then retrieved the foll ow ng
morning. Wth this scenario, one operation was usually
conducted within 24 hours. Cccasionally, extrenely high
abundances of squid were encountered such that all of the
driftnet that was deployed could not be retrieved in a given
day. Sonme net sections were then left to soak an additiona
night. In one case, several sections of net soaked an
additional 2 days. Hence, two kinds of operations occurred
daily (all nets deployed were retrieved the follomﬁng day) and
extended (sone nets soaked for up to two additional days).

Ext ended operations were treated the sanme as the daily
operations for estimating bycatch

The daily operations of each nonth were stratified into
approxi mate 10-day periods: days 1-10, 11-20, and 21-end of
month. These intervals will be called 10-day periods for
brevity. Fi shing operations were monitored in each of 19
10-day periods covering the actual duration of the 1991
fishery, from1 June to 10 Decenber

Not all operations of an observed vessel trip were
monitored by the observers. To prevent fatigue, observers
were instructed to skip the sixth day after observing
operations for five consecutive days. Therefore; five of
every six operations should have been observed. However
daily operations were interrupted by stornms of |-9 days, with
frequency depending on the time of year. Daily operations
were also interrupted when a vessel changed |ocations wthin
the fishery. Therefore, a variable number of operations were
observed during 10-day periods of a vessel trip even though 5
of every 6 days were to have been observed. The observed
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daily operations by a vessel during each 10-day period were
viewed as a random sanple of all its daily operations for the
period. Although a systematic sanpling scheme was originally
planned, in reality the daily operations observed within a 10-
day period were closer to a random sanpl e because of the
nunerous,, unpredictable disruptions to the schedule.

Finally, the ultimate sanpling units for which observers
recorded bycatch were individual net sections. A true random
subset (6 or 7) of the total net sections deployed in an
operation (6-12) was exam ned for bycatch during an observed
retrieval. The nunber of sections nonitored by an observer
depended on the nunber of sections deployed. \Wen 6-9
sections of net were deployed, observers were instructed to
randomy nonitor 6 sections. If 10-12 sections of net were
depl oyed, observers nonitored 7 sections. Therefore, the
observed net sections of a daily operation were a sinple
random sanple of the total sections.

To estinmate the sal nonid bycatch for an observed vessel
trip, the daily operations were stratified into 10-day
periods. The bycatch for a given daily operation was
estimated by multiplying the observed sal nonid bycatch rate
(nunber of salnon per tan) by the nunmber of tans deployed in
the operation (observed and unobserved sections). Next, the
average daily oFeratlon bycat ch during each 10-day period of
the given vessel trip was calculated. Then these averages
were multiplied by the correspondi ng nunber of daily
operations during the 10-day periods to estimate the bycatch
for each 10-day period during the vessel trip. Finally
esti mates of bycatch for each 10-day period were summed over
10-day periods to obtain the estimated bycatch during the
vessel trip.

Once the estimated bycatch for each observed vessel trip
was available, average bycatch per vessel trip by |arge and
smal | vessels was conputed. These averages were nultiplied by
the corresponding total nunbers of vessel trips to estimte
the total bycatch by each vessel size. The estimated bycatch
for vessel size t, T,, was

fc = N,X,., (1)

where N was the nunber of vessel trips by vessels of sizet
and x was the estinmated average vessel-trip bycatch of the
observed vessels for size t. The estimates of bycatch for the
two vessel sizes were then conbined to obtain the estimate of
bycatch for the entire fleet. The estimate of total bycatch
for the entire fleet, T, was

2
F-3 7. (2)

t=1
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Precision of the estimate of total bycatch from the
observed portion of the fleet was eval uated by bootstrap
resampling (Efron 1982). First,, the observed daily operations
wi thin each 10-day period were resanpled for each vessel trip.
Then the sections wthin each daily operation included in the
bootstrap sanple were resanpled. The resanpl ed observations
were then used to estimate the total bycatch of the observed
vessel trips just as the original observations had been. The
resanmpling was performed 1,000 times. For each repetition

(b =1,2..., 1,000) of the bootstrap, an estimte of sal nonid
bycatch (x*,) for each vessel trip (i =1,2,...,59) was
cal cul at ed.

The sanpling distribution of the total bycatch estimate
of the fleet, 9, was estimted by resanpling vessel tripsrgnd
using the previous bootstrapping results. Consider the b'
resanpling. First, the observed triBs of the 15 snall vessels
were resanpl ed; indePendentIy, the observed trips of the 44
| arge vessels were also resanpled. A typical sanple omtted
some observed vessel trips and repeated others. Then the
bootstrap average bycatch for small (x*,) and large (x*p)
vessel s was conputed fromthe previous estimtes of vessel-
trip bycatch (x*p) incthed in the bootstrap sanple of vesse
trips. Finally, the b~ bootstrap estinmate of total bycatch,
T*,, was conputed as

2
Ty =Y N X, . (3)
t=1

One thousand val ues of T*, were conputed in this fashion. The
standard deviation of the T*, anong the 1,000 resanplings is the
estimate of the standard error of the estimate of the total
bycatch for the fleet, T. The, 5th and 95th percentiles of the
1,000 T*,s provide a 90% confidence interval (C)

This first approach to estinating total bycatch provides
an estimate and a-measure of precision of this estimte which
are sinple to understand, and the basis seens a reasonable
approximation to the sanmpling process. |If the fishing
activities of vessels were not affected by the presence of an
observer, this estimate is unbiased even If inprecise. Some
of the inprecision is due to the differences anobng vessel
trips in the tine of season and areas fished. To account for
the tine and area distribution of fishing effort by the fleet
when estimting bycatch, a kernel estimation nmethod was used.

Kernel Estimation of Bycatch by Tine and Area Strata.-Bycatch
of the fleet during 1991 was estinmated in three stages.

First, bycatch rates of 'small and large vessels were estimated
for every 1° latitude X 1° longitude area and 10-day period,
hereafter referred to collectively as "strata,” in which
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fishing effort was expended. Second, the bycatch by vessel
size class for each stratumwas estinated as the product of
the estimated bycatch rate and the reported fishing effort
expended by vessel size class in the stratum Third, bycatch
estimates were sunmed over vessel size class and tine and area
strata to obtain the total estimated bycatch for the fishery.

The anmount of fishing effort (tans) expended by |arge and
smal | vessels in each stratum hereafter referred to as
"effort,” was available. A total of 1,038 strata were fished
by the Japanese driftnet fleet, and of those, some fishing was
nonitored by observers in 561 strata (54%. (Cbserver coverage
of effort expended by |arge and snall vessel size classes
ranged from0%to 100% and 0% to 76% respectively, anong the
strata fished.

The strata in which some effort and associ ated bycatch
was nonitored provide estinmates of bycatch rates. The spatial
distributions of bycatch rates of large and small vessels for
each | o-day period from1 June to 10 Decenber were reveal i ng
(Fig. 4. First, the highest salnonid bycatch rates occurred
between 21 June and 10 July, nainly in the northwest corner of
the fishing area. Second, a marked difference occurred in
bycatch rates between |arge and snall vessels, due in |arge
part to their distinctive areal distributions. Small vessels
crowded the western portion of the fishery, whereas |arge
vessel s spread out to the east.

Bycatch rates by vessel size class. The ampunt of
monitored effort varied considerably among the 1° X 1° areas
and 10-da% periods, so the resulting variable precision of
observed bycatch rates in the strata had to be consi dered when
estimating-underlying bycatch rates. Effort in nearly one-
hal f of the strata in which sone fishing occurred was
conpletely unnonitored, so corresponding bycatch rates were
estimated from information gathered from nonitored strata.

The kernel method (Eubank 1988) was used to snooth observed
bycatch rates to estinmate the underlying bycatch rates by
vessel size anong strata. Kernel estimation was previously
used by Larntz and Garrott (1991) to estinmate bycatch rates of
sel ected bird and mari ne manmal species in the 1989 Japanese
squid fishery and by Pella et al. (1993) to estinate sal nonid
bycatch rates in the 1990 Japanese squid fishery.

The kernel estimate of bycatch rate by a vessel size
class in a particular stratumduring any of four nonthly
intervals of the fishing season - June, July, August, and
Sept enber - Decenber - used observed bycatch rates by the
vessel size class fromall strata in which observers nonitored
effort and bycatch in that nonthly interval. However, the
kernel estimate placed variable enphasis on different strata.'
(bserved bycatch rates in nearby strata, including the stratum
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of concern, were weighted nmore heavily than those of distant
strata; and observed bycatch rates fromstrata in which |arger
amounts of effort were nonitored by observers received greater

weight as well. Specifically, the kernel estimate of the

bycatch rate for vessels of sizet in stratums, |,,, was
goFPuted fromthe Spui) strata in which effort was nonitored as
ol [ ows:

Y k(dgy) eyt

k(d,,) -e

jt

where e;; is the nmonitored effort in stratumj of vessel size
t,
rir is the observed bycatch rate (salnmonids per tan) in
stratumj for vessels of size t

dg is the distance vector between stratums and stratum
j, and
k(.) is the kernel function

The di stance vector between stratums and stratumj
conpared their values of three variables - latitude (q),
| ongi t ude (B), and time period (y)) - which defined every
fished stratum  The variable value for latitude ( ) equaled 1
at lat. 35°N, and increased by unit steps at each increase of
1° latitude until it equaled 11 at lat. 45°N.  The variable
value for longitude ( g ) equaled 1 at long. 170°E and increased
in unit steps at each eastward change of 1° until it equaled
46 at long. 145°W  The variable value for time periods  (v)
equaled 1 for 1-10 June and increased by unit steps until it
equaled 19 for 1-10 Decenber. The distance vector between
strata s and | was defined as dy = (Ja—ay|, 18851, |vs—vsl).
Finally, the kernel function was defined as

k(d,y) = pieil plPemhil. gl 5
0<p,<1, O0<p,<1, 0<p,<1.

Val ues of the three kernel function constants, p,, pz and ps,
determ ne how rapidly the weight given to observed strata
bycatch rates di m nishes with distance fromthe stratum of
concern. The smaller the value for any one of these

constants, the faster the mei?ht decreases wi th distance al ong
the corresponding variable - Tatitude, |ongitude, or tine.

_ The observed bycatch rates by vessel size varied over
tine and area due to underlying variation in bycatch rates, as
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well as to sanﬁling vari ation anong vessels and operations in
the strata. The possible sanpling variation in average
bycatch rate by vessel size for a stratum woul d have decreased
as the proportion of expended effort in the stratum nonitored
by observers increased. For exanple, if nearly all the effort
expended by the vessel size class in a stratum was observed,

t he observed bycatch rate was a verﬁ accurate and precise
estimate of the bycatch rate. In the usual, |ess-favorable
situations, sone |esser fraction (possibly zero) of the
expended effort was nonitored, so the precision and accuracy
of the observed bycatch rate as an estimate of bycatch rate of
the total expended effort in any stratum would be degraded,

Bycatch rates in stratums by vessel size class twere
estimated using

Toe= bge fsc+(1—¢sc)' Tor s (6)

where ¢, is the fraction (eg/Eg) of the total expended effort
by vessel size class t in stratums (E;) accounted
for by the nmonitored effort (ey), and

¥, and i, v were defined at Equation (4).
If all the bycatch and reported effort by a vessel size class

were obser ved, , %, = ¥, then the estimate of bycatch by the
vessel size class in the stratum was presunably accurate. |f
none of the bycatch and effort were observed, Zo = Fg, then

the estimate of bycatch in the stratumwas subject to the
entire sanmpling error of the kernel estimate. Many strata had
intermedi ate proportions of effort observed, so the |evel of
sanpling error fell between these extrenes.

I f some Eart of the effort was nonitored in a stratum
t he observed bycatch rate was included in the kernel estinate
of the bycatch rate for the unobserved effort; that is, the
kernel estimate Equation (4) included all strata in which
effort was nonitored. The inclusion of information fromthe
stratumof interest was in contrast to the nethod next
dgsqriEFd, by which estimtes of the kernel paranmeters were

obt ai ned.

The | eave-one-out nmethod of cross-validation was used to
estimate the paraneters, p,, p,, and p;, for either vessel size
class. The values of p;, p,, and p; that mininze the effort-
wei ghted sum of squares of vessel size class t

max (t)

5
SS.(pPy:PasP3) = €st’ (fst_f(s)t)z '

s=1
Smaxtt) " 7
L k(dy)-e;el;e 7
Where f(s)t’ = J;:ax(c) [}
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were the cross-validation estimates. That is, the bycatch
rate by vessel size class for each stratumwas estimted by
the kernel estimate (with selected values for p,, p,, and pj)
usi ng only observed bycatch rates of other strata in which
observers nonitored bycatch and effort. A search for the

m nim zing val ues of the coefficients was acconplished by the
conjugate gradient method (Press et al. 1986).

~Bycatch estimates. Total bycatch in stratum s by vessels
of size class tTg, was estimated as

T = Eg 4

st

st s ' : (8)

and estimated total bycatch by the fishery was sinply the sum
of these estimates over vessel size class and the S* ) strata
fished by vessel size class t,

A 2 S.max(t)
T=Y ¥

t=1 =1

7. ~ (9)

1)}

Sanplin% variation in estimated total bycatch, T, was
conput ed by bootstrap resanpling as if the observed vessel
trips of each vessel size were a random sanple of the
corresponding total vessel trips during a nonthly interval

The trips of large and snmall vessels were resanpled with
replacement. Let the b'"" bootstrap resa Iin% result in
observed bycatch in stratums of c*g, taken by e*g(, tans of
effort from vessel size class t. The bootstrap average
observed bycatch rate in stratums by vessels of size class t
was conputed as 3 F oo = Cleem /€ sem - The bootstrap observed
average bycatch rates for the siTata were used to reconput e
bycatch rates by vessel size class from Equations (4) - §7).
Finally, the bootstrap estimate of total bycatch by the fleet,
T*,, was conputed using the bootstrap values in Equations (8)
and (9). The tine-consum ng procedure was performed 25 tines,
as suggested by Efron and Tibshirani (1986) for obtaining
reliable estimates of standard errors of estinmates. The
bootstrap estimates by vessel size class and conbi ned fl eet
were plotted in histogranms and examned for nornality.

I nasmuch as the bootstrap estimtes appeared to be
aﬁproxinately normal Iy distributed, confidence intervals were
then cal cul ated by normal approximation and the bootstrap
standard errors.

Speci es conposition of bycatch. Si x- species of sal nonids
were present in the bycatch: chinook, chum coho, pink, and
sockeye salnon and steel head trout. Scales were obtained from
i ndi vidual salnonids in the bycatch when possible so that
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species could be determned (see Koo 1962). \Wen possible
observers also visually identified the species of sal nonids
brought on deck. A total of 1,359 salnonids identified to
speci es were used to assess the species conposition of

bycat ches, which was equivalent to 54% of the_observed

sal moni d bycatch of the nonitoring program  The species of
443 of the salnonids were identified by scales, and the
species of the remaining 916 were visually identified.

Reliability of individual observers in species
identification was eval uated by conparing species
determ nations fromscales wth the identificatign of the sanme
fish from visual examination by the observers. Generally, if
an observer's correct identification rate for a given species
was high, their identifications of fish w thout scale sanples
for that species were accepted. I'f, for any given operation
1) scales were available to identify species in the entire
bycatch, 2) a reliable observer identified species in the
entire bycatch, or 3) a conbination of scales and a reliable
observer provided species identifications of the entire
bycatch, then the information was used to estinmate the species
conposition of the bycatch for that operation. Al samples
were aggregated from operations in 1° X 1° areas and 10-day
periods to provide an estinmate of the species conposition. of
the salnonid bycatch in that stratum |f species identified
fromscal es were always correct, we expect about 14% of the
1,359 individual fish would be msidentified to species, based
on nisidentification rates of reliable observers. Probably
many of these msidentification errors within the aggregated
sanpl es were sel f-conpensating and had no effect on our
estimation of species conposition of bycatch; that is, a fish
of species x was msidentified as species y but another fish
of species y was msidentified as species x (e.g., see Myers
and Bernard 1993).

Had the species of all the estimted salnonid bycatch in
a stratum been determned from scales or reliable observers,
the species conposition of the stratum bycatch woul d
presumabl y have been known essentially wthout error (ignoring
occasi onal species msidentification b% reliable observers).
However, wusually only a portion, possibly none, of a stratum
bycatch was so determned. The species conposition of the
bycatch of each stratum was estinated by

By = 9. Byt (190 B, (10)

where Bo= (PrgsBrsr i Pes) WAS the estimated vector of species
proportions of bycatch from stratum s,

Bo= (Prgs Paer i Des) WAS the observed vector of species
proportions of bycatch from stratum s,
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B.= (B Pags o was the kernel estimate of species
proportlons for bycatch of stratum s (described bel ow),
and

¥ was the proportion of the estimted bycatch for stratums
for which the species were determ ned.

|f species identification was available for all the estinated
bycatch; then g, = pand the estimate was presumably correct
(again ignoring occa5|onal msidentification by reliable
observers). | f species |dent|f|cat|on for none of the bycatch
inthe stratumwas determned, . p, In this case, the
estimate of species conp05|t|on |ncludes al | the sanpling
error inherent in the kernel method of estination. Mpst
strata with large estimted sal nonid bycatch | evels had
speci es conpositions determned for portions of the bycatch,
so the sanpling error was internmedi ate between the two
extremes.

The notivation for the kernel estimate of bycatch rate by
stratum described earlier can also be applied to species
conposition. The kernel estimate of species conposition in
any stratum used observed estimates of species conposition
fromall strata for which such information was obtained from
scales and reliable observers. \Wen estimting the species
conposition in a stratum variable enphasis is given to the
other strata, depending on their BrOX|n1ty to the target
stratum Species conposi tion of bycatches fromnearby strata
were weighted nore heavily than those of distant strata.
Specifically, the kernel estimate of species conposition of
bycatch in stratums, . By, Was conputed fromthe Cg Strata in
whi ch speci es conp05|t|on was determned for a portion of the
bycatch as follows:

where d; is the distance between stratums and stratumj, and
k(.) is 'the kernel function Equation (5).

The coefficients of the kernel function again were
estimated by cross-validation, this time finding values of the
coefficients which maximzed a joint |ikelihood function for
t he aggregated speci es conposi tion sanples of our basic
strata, x 1° areas and 10-day periods. The Iikelihood
function mas mexi m zed with resPect to the unknown species
proportions in the Cg Strata of a nonthly interval under the
constraint that the proEort|ons wer e snoot hed by Equati on
(11) . The joint likelihood function depends on two reasonable
assunptions and one admtted sinplification. First, the
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probability of the recorded frequencies of species in the
aggregate sanple of any stratumwas assunmed to be given by a
mul tinom al probability function with paraneters for aggregate
sanpl e size and unknown species proportions of the stratum
bycat ch. Second, aggregated sanples anong the G, Strata were
assumed mutual ly independent. No account was taken of
probable m sidentifications of species, which sinplified the
analysis; the criteria used for inclusion of species-

conposi tion sanpl es shoul d have reduced the nunber of

m sclassifications to |ow |evels. If xg . Was the number of
fish of species h identified in bycatch of stratums, the
function maximzed was

Grax
L(pllp21p3) = sglLs(p(s)) . (12)
6  ~
where L. (D) = h]](P(s)h)Xs" (13)
=1
Cnax
E (dﬂj)'pjh
and p = 278 )
(s)h Con (14)

Preci sion of the estinmated species conposition of bycatch
fromthe kernel apﬁroach was eval uated by the bootstrap
method. Each of the Gg species conposition sanples for each
nonthly interval was resanpled with replacenent to create
bootstrap sanples equal in size to those available. (O oss-
val idation estimates of the kernel coefficients were obtained
for the set of G, bootstrap sanples. Then the species
proportions were conputed for each stratum  The procedure was
performed 25 tines to match the earlier bootstrap resanplings
for kernel estinmates of bycatch by tine and area strata.

Resul ting bootstrap estinmates of species conposition per
stratum were used to allocate the correspondi ng bootstrap
estimates of bycatch per stratum

Estimati on of Salnonid Dropouts. -During 1991, procedures were
in place to estimate the number of "dropouts" - individual
fish that were entangl ed when the net was brought out of the
wat er and that dropped out or were shaken out of the net

before reaching the deck. In each observed operation, two
sections were randomy selected for dropout nonitoring. For
these two sections, in addition to recording |anded bycatch,
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observers also recorded the nunber of dropouts. is
recording procedure does not account for fish that were
entangled in the net during the soakiqg period but dropped out
unobserved before the net was retrieve

~The total dropout of salnonids for the entire fishery was
estimated as

-~

D=R-T, (15)

where R was the observed ratio of total dropout to total
| anded for sections, nmonitored for dropouts and T was an
estimate of the total |anded sal nonid bycatch, fromthe
vessel-trip or the kernel nethod. Boot st r appi ng . procedur es
were once again used to evaluate the precision of the
estimates. The sections that were originally nonitored for
dropout were randomy resanpled with replacenent, and R was
recal culated. This resanpling and recal cul ati on was perforned
1,000 tines (vessel-trip nethod) and 25 tines (kernel method)
to match previous nunbers of independent resanplings for total
sal non bycatch estimates. Each bootstrap ratio estimte (R
was nmultiplied by a previous bootstrap estimte of total

sal non bycatch (T) to determne a sanpling distribution for

D. The standard deviation of the D annng boot strap
repetitions was the estimate of the standard error of the
estimates of dropouts for both the vessel-trip and kernel
methods. A confidence interval for dropouts from the vessel -
trip nethod was obtained using percentiles of the bootstrap
distribution of D. The 25 bootstraP estimates of D from the
kernel nethod were plotted in a histogramand exam ned for
normality. Because the distribution appeared nornal, nornal
approxi mati on methods were used to cal cul ate the confidence
interval for the kernel estimate of dropouts.

Estimation of Salnmonid Mrtality. -Salpmonid nortality' (M is
the total number of salnonids killed in the Japanese squid
driftnet fishery (dropouts and bycatch combined). Sal nonid
nortality was estimated by summ ng the estinates of gycatch
and dropouts obtained from the vessel-trip and kernel nethods:

M=T+D. (16)

Bootstrap estimates of M were obtained by summ ng bootstrap
estimates of dropouts and bycatch. Again, confidence

intervals were cal cul ated by the percentiles of the bootstrap
distribution of Mfor the vessel-trip nmethod and the nornal
approxi mation and the bootstrap standard error for the kernel
method. As before, the 25 bootstrap estimtes from the kerne
met hod were exam ned for nornality froma histogramof the data.
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Resul ts

Esti mates of sal nonid bycatch using the vessel-trip method
were conputed for small and |arge vessels. The point estinate
of bycatch by the small vessel size class (T, was 42,600 (90%
Cc, 8,400 - 89,000; standard error [SE] = 25,700), and for the
| arge vessel size class (T,), 1,100 (90%C, 700 - 1,900; SE =
400), yielding a total bycatch (T) of 43,700 (90%Cl, 9,500 -
90,000; SE = 25,700). Stratifying by vessel size was
appropriate, given the difference in bycatch between the two
size classes. Estinmated vessel-trip bycatch by observed snall
vessels was 0 - 2,236 fish, and by observed |arge vessels,

0 - 24 fish (Figs. 5 and 6). The 90% confi dence intervals of
average bycatch per vessel trip for small (u) and large (u,)
vessel s enphasized the difference: 57 £u; £625 for snal
vessels and 2 £u, £6 for |arge vessels.

Esti mates of bycatch using the kernel approach are given
in Tables 1-3, for small vessels, large vessels, and combined,
respectively. The conbi ned estimates indicate | ow bycatch
during June (about 2,000), maximum bycatch during July (about
29,000), and little bycatch from August through Decenber
(< 800). An estimated total of 32,100 sal nonids (90% Ci
6, 100 - 58,100) were taken as bycatch in the Japanese squid
driftnet fishery during the season: small vessels caught
31,100 (90% C; 5,100 - 57,100), and large vessels 1,000 (90%
cl, 760 - 1,200). Approximate 90% confidence intervals were
calculated fromthe Boint estimates and standard errors given
in Tables 1-3. The bycatch was nostly coho (85%, followed by
chum (10% and pink (3% sal non.

Most sal monid bycatch occurred in the western half of the
fishery, mainly in the northwestern corner, between |ong.
170°E and 180° (Fig. 7). During June, nost bycatch occurred
between long. 171° and 173°E and between lat. 39° and 40°N
During July, nost of the bycatch occurred between Ion%. 170°E
and 180° and lat. 41° and 42°N.  In August-Decenber, bycatch
was nuch reduced, yet remained concentrated near the
northwestern corner of the fishery.

Total dropouts equaled 13.7% of the total brought on deck
for net sections nmonitored for both dropouts and | anded
salnonids. The point estimate for total dropouts in the 1991
Japanese squid driftnet fishery was 6,000 fish (90%Cl, 1,300
- 12,500; SE = 3,500) (vessel-trip method) and 4,400 fish (90%
a, 1,100 - 7,700; SE = 1,900) (kernel method). Total
sal noni d nortalitg in the 1991 Japanese squid driftnet fishery
was estimated to be 49,700 fish (90% C, 10,600 - 102, 700) by
the vessel -trip nethod and 36,500 fish (90%C, 7,600 -

65, 400) by the kernel nethod.
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Table |.-Estimated nmonthly sal nonid bycatch (N) and bootstrap standard errors (SE), by

sSpeci es,

for snall

vessel s of the 1991 Japanese squid driftnet fishery.

Slight inconsistencies in totals are due to rounding.

wn

D

]

o
|

June July Auqust Dec Total
Species ~ A " N : A

N SE N SE N SE N SE - N SE
Chinook 0 0 20 10 10 30 0 0 30 30
Chum 940 330 2,100 870 60 80 0 0 3,100 850
Coho 1,200 390 25,600 12,300 140 190 0 0 27,000 12,200
Pink 0 0 950 3,700 10 40 0 0 960 3,700
Sockeye 0 0 0] 0 50 60 0 0 50 60
Steelhead 0 0 0 0 0 0] 0 0 0 0
Total 2,100 710 28,700 15,300 270 350 0 0 3i,100 15,200

Table 2.-Estimated nmonthly sal nonid bycatch (N) and bootstrap standard errors (SE), by

species, for large vessels of the 1991 Japanese squid driftnet fishery.
Slight inconsistencies in totals are due to rounding.
June July Auqust Sept-Dec Total

Species N ~ ~ o~ N ‘
N SE N SE N SE N SE N SE
Chinook 0 0 0 0 20 5 40 10 60 10
Chum 0 0 80 20 30 5 20 40 200 40
Coho 30 10 240 60 120 30 50 20 440 70
Pink 0 0 100 30 40 10 20 5 160 30
Sockeye 10 5 40 10 30 10 20 5 100 20
Steelhead 0 0 40 20 10 5 10 10 60 20
Total 40 20 500 120 250 50 230 80 1,000 140

92



Table 3.-

Estimated nonthly sal nonid bycatch (N) and bootstrap standard errors (SE), by

species, for all vessels of the 1991 Japanese squid driftnet fishery. Slight
i nconsistencies in totals are due to rounding.
June July August Sept-Dec Total
Species A ~ : - A -
N SE N SE N SE N SE N - SE
Chinook 0 0 20 10 30 30 40 10 90 30
Chum 940 330 2,200 870 90 80 90 - 40 3,300 850
Coho 1,300 390 25,800 12,300 260 200 50 20 27,400 12,200
Pink 0 0 1,000 3,700 50 50 20 5 1,100 3,700
Sockeye 10 5 40 10 90 60 20 5 160 60
Steelhead 0 0 40 20 10 5 10 10 60 20
Total 2,200 710 29,100 15,300 530 370 230 80 32,100 15,200

Le
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Republic of Korea Squid Driftnet Fishery

As with Japan, the United States and the RK entered into
an agreement to place scientific observers on board ROK squid
driftnet vessels operating in the North Pacific Ccean in 1991.
From May through December, 23 observers (10 U.S. and 13 ROX)
were placed on board ROK squid driftnet vessels to nonitor
fishing operations and record the catch and bycatch of target
and non-target species. Using this information, the bycatch
dropouts, and total nortality of salnmonids in the 1991 RXK
hi gh-seas squid driftnet fishery were estinmated.

Met hods

The observed sal nonid bycatch in the ROK fishery was |ess
than in the Japanese fishery. In 1991, 258 salnonids were
observed as bycatch in the ROK fishery, 110 were caught W thin
a single 1° latitude X 1° longitude statistical area in July.
Interpretation of species identification was nmuch |less a
problemin the Korean fishery than it was in the Japanese
fishery. Only 2% of all sal nonids observed were not
identified to species. Sixty-two percent of the tota
observed (159 of 258 fishg were identified from scales. An
additional 36% (93 of 258) were identified to species by
reliable observers, and 90 of these were pink sal non
identified by one observer who correctly identified pink
salnon in 100% of the cases (24 fish) for which scales
provided a check on observer accuracy. No further account was
t aken of possible species msidentification because probable
errors would have had a negligible effect on our analysis.

Due to the rarity of observed bycatch anong strata, kernel
snoot hing was not practical for estimting salmonid bycatch in
the Korean fishery. Instead, the fishery was divided into
tinme and area strata (1° latitude X 1° | ongitude by nonth),
and bycatch, by species, was estimated for each stratum by
mul tiplying the observed species bycatch rate by the nunber of
50-m long net panels (poks) fished in that stratum  The
observed stratum bycatch rate for each species was cal cul at ed
by dividing the total nunber of observed sal mon of each
speci es by the correspondi ng nunmber of poks depl oyed for their
capt ure. Estimated total species bycatch in strata nonitored
by observers was obtained by summng over all strata.

Nurmerous strata within the ROK fishery had no observed
operations during 1991. Although driftnet vessels fished in
501 time and area strata, only 162 strata (32% had observed
operations. However, the 162 observed strata accounted for
74% of the total poks fished during 1991. (Observed effort was
assuned to be a random sanple of total effort fished. Total
bycatch for the ROK fishery was estimated by nul tiplying
estimated total bycatch in observed strata by 1.35 (1 / 0.74).
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Uncertainty in the species bycatch estimates was eval uat ed
by bootstrap resanpling. Vessels were resanpled with
repl acement. An estimate of total bycatch of each species for
the entire fishery was cal culated fromeach resanpling in the
sane manner as the original estimte. Resanpling was
performed 1,000 tines. A 90% confidence interval was obtained
fromthe 1,000 estimates by the percentile method.

The nunbers of sal monid dropouts and salnonid nortality
for the ROK squid driftnet fishery were also estinated.
Dropout procedures foll owed by the observers of the RXK
fishery were identical to those described earlier for the

Japanese fishery.

Met hodol ogy used to estimate dropouts and nortality (and
preci sion of estimates) for the ROK fishery was the sane as
for the Japanese fishery. The ratio estimtor, D, Equation
(15) was used to assess the nunber of salnonid dropouts from
poi nt and bootstrap estinmates of total bycatch described
above.. Salnonid nortality (M was estinmated as the sum of the
estimates of bycatch and dropouts.

Resul ts

Point estimates and 90% confidence intervals were
calcul ated for the bycatch of each sal nonid species in the
1991 RK squid driftnet fishery (Table 4.). The total
estimated bycatch of salnmonids in the 1991 RXX qu|3 driftnet
fisherK was 13,500 (90% C, 2,600 - 16,300). Mpst of the
bycatch consisted of chum and pink salnon.  Total dropouts
equal ed 23% of the total brought on deck, for net sections
monitored for both dropouts and |anded salnmonids. Estinated
total dropouts in the 1991 ROX squid driftnet fishery was
3,100 fish (90% Cl, 590 - 5,800; SE = 1,700). Total sal noni
nortality in the 1991 ROK squid driftnet fishery wasestli nat
to be 16,600 fish (90% C, 3,200 - 21, 400).

d
e

Table 4.-Point estimtes, standard errors, and 90%
confidence intervals of sal nonid bycatch, by
species, for the 1991 Republic of Korea squid
driftnet fishery. Slight inconsistency in
total are due to rounding.

Point Standard 90% Confidence
Species estimate error interval
Unidentified
salmonids 660 270 0 - 860
Chinook 160 100 0o - 260
Chum 6,800 3,300 1,100 - 9,300
Coho 430 230 40 - 800
Pink 5,400 3,000 40 - 7,100
Cherry 40 20 0 - 60

Total 13,500 4,200 2,600 16,300
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Tai wanese Squid Driftnet Fishery

Estimati on of the bycatch of salnonids in the squid
driftnet fishery of Taiwan was not attenpted because only
10 salnonids (8 coho, 1 pink, and 1 unidentified) were
observed caught, thereby indicating negligible bycatch. The
| ow sal moni d bycatch was due to concentration of the Taiwanese
fleet in areas away from hi gh sal noni d abundance and use of
gill nets with nesh size too small to be as effective for
sal monids as the |arger nesh used by the Japanese and ROK
fisheries. Taiwanese driftnet vessels fished in 858 strata
(1° latitude X 1° longitude and 10-day period), and observers
monitored fishing operations in 158 (18% of these strata.
The 158 nonitored strata accounted for 40.5% of the total
pi ens (50-m net panels) fished by Tai wanese driftnet vessels.
Abtotal of 343 (5.5% of 6,280 operations were nonitored by
observers.

CONCLUSI ON

Since the beginning of U S nonitoring in 1989, the
observed sal nonid bycatch by the |egal squid driftnet
fisheries of Japan, ROK, and Taiwan was small conpared with
comrercial catches in Al askan coastal fisheries (R gby et al
1991). In 1991, Alaska landings were 188 mllion salnon as
conPared with our estimated total bycatch by |egal squid
drittnet fisheries (Japanese bycatch fromvessel-trip nethod +
ROK bycatch) equal to 57,200 fish. In 1990, Al aska I|andings
were 155 mllion sal non as conpared with 214,000 by the |egal
driftnet fisheries (Pella et al. 1993); and in 1989, Al aska
| andi ngs were 154 mllion salnon as conpared with the bycatch
of 2,600 salmon by the legal driftnet fisheries (tﬁnell et al.
1994). However, the salnonid bycatch by illegal driftnet
fishing in the North Pacific Ccean in recent years apparently
has been much greater, although the quantity is nore difficult
to ascertain. For exanple, Pella et al. (1993) used 1988-90
official trade statistics on inports fromcountries wthout
| egal access to Pacific salnon fishing grounds to infer
substantial illegal catches in these years: the estimated
catch during 1988 was at least 5.5 mllion sal nonids. Pel |l a
et al. (1993) further noted that illegal catches could affect
endangered or depleted Col unbia R ver stocks which occur in
areas of suspected illegal fishing.
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