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ABSTRACT

The overall goal of this paper is to provide important information
documenting and analyzing Taiwan’s trawl fishing fleet activities in
the northeastern of Taiwan.  Seasonal SST data are used to analyze
different seasonal fishing patterns and the density of fleet dynamics of
offshore trawl fleet is used to identify five distinct fishing areas (A,
B, C, D, and E) in the northeastern of Taiwan.  A Wilcoxon sign test
is used to examine the variability in the percent of days spent in each
fishing area from 1993 to 1996.  Results show that a significant
portion of trawl vessels have shifted from the most important fishing
area C to other areas during 1995 and 1996.  Fishing area C may not
be yielding sufficient harvests to warrant previous fishing levels,
something that could be caused by stock depletion, which is more
pronounced in area C than that in other areas.  It is of interest to
continue monitoring whether or not the fleet movement dynamics in
area C will be influenced by the “Sino-Japan Co-Management Zone,
” which was declared by Mainland China and Japan in 1997.  Continu-
ing updating database and further research are desirable in the future.

MOTIVATION

Modern history of fisheries regulation took on
global dimensions with the 3rd United Nations Conven-
tion on the Law of the Sea (UNCLOS III) in 1982, which
become international law and the legal framework of
fisheries management after at least sixty nations signed
it.  At this convention, a landmark decision was reached
when participating countries agreed to support the 200-
mile Exclusive Economic Zones (EEZs) and have a
substantial redistributive effect by turning historically
common property resources right to coastal nations

(Cunningham, Dunn, and Whitmarsh [1]).  Through the
declaration of Cancun, Mexico, the 1992 International
Conference on Responsible Fishing further address the
need and recommendation to international organization
such as United Nations for regulating responsible fish-
ing practices.

Following the United Nations Conference on the
Environment and Development (UNCED) in 1992,
Agenda 21 was passed.  Agenda 21 further assigns the
states1 jurisdiction, and thus effective control, over the
authorization of fishing vessels, and makes it the states’
responsibility to ensure that the conservation and man-
agement measures taken are effective and in accordance
with international law and the International Code of
Conduct for Responsible Fishing (International Coali-
tion of Fisheries Association [2]).  The Technical Con-
sultation on the Code of Conduct for Responsible Fish-
ing in 1994 has explicitly addressed the issue of Guide-
lines for the Responsible Management of Fisheries and
the framework for data gathering and fish stock
assessment:

“an appropriate sequence of data collection and
surveys, information analysis, development of pre-
cautionary and risk-averse management options,
consultation and review of these options with in-
terested parties, and finally decision making, will
need to be set up.  This will have to follow a history
of the resource and the seasonal operation of the
fleets.  Such a cyclical, annual or multiannual

1 The Code is global in scope, and is directed toward members and
non-members of FAO fishing entities, sub-regional, regional and
global organizations, and all persons, having interest in the conser-
vation and management of fisheries resource.  The Code provides
principles and standards application in offshore waters and on the
high seas, as well as those of land-locked and semi enclosed seas and
international lakes and rivers (Technical Consultation on the Code
of Conduct for Responsible Fishing, 1994).
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sequence of events will need to incorporate feed-
back and quality control loops between the compo-
nents of the system.”
In accordance with global trends in fisheries

management, the offshore fishing industry in Taiwan is
trying to meet the challenge of designing a successful
management system that will help to conserve fisheries
resources while allowing for the development of a dy-
namic and economically sustainable offshore fisheries
industry.  In terms of both quantity and value of offshore
fisheries in Taiwan, the offshore trawl fishery has been
the most important contributor to the offshore fisheries
in Taiwan since 1970.  However, based on Sun’s [3]
study which evaluated alternative offshore fisheries
management polices for Taiwan, overfishing has oc-
curred since 1973, implying the resource is clearly
being depleted since harvest levels exceed estimates of
maximum sustainable yield.  The number of offshore
fishing vessels needs to be further reduced and a better
management policy which can fully monitoring the fleet
movement dynamics are needed to prevent a further
deterioration of the offshore fisheries resource.

In order to design a successful fisheries manage-
ment policy and to enforce responsible fishing practices
for trawl vessels operated in the East China Sea, it is
necessary for the government to investigate the re-
source abundance in various fishing areas by analyzing
the behavior of fishermen which we call the trawl vessel
movement dynamics.  The fleet movement dynamics are
considered to be the fishermen’s optimal timing pattern
to fish under different oceanographic conditions, which
reflect the resource abundance in various fishing areas
and also the decisions made by fishermen in the past.
No research to date has focused on analyzing trawl
vessel movement dynamics in the East China Sea.  This
study looks at the movement dynamics of the offshore
trawl fleet and integrates this information with sea
surface temperature measurements for recent years.
The findings should help to identify potential fisheries
management options.

In addition, this study provides important infor-
mation documenting Taiwan’s trawl fishing fleet activi-
ties in the East China Sea, which in 1997 was declared
by Mainland China and Japan as the “Sino-Japan Co-
Management Zone.”  According to the fisheries law of
Taiwan, fishing vessels over 100 tonnes are required to
report their location to the Fisheries Radio Station twice
daily.  Presenting evidence of these records here proves
that Taiwanese trawl vessels have traditionally been
fishing in the East China Sea and that Taiwan has
jurisdictional claim over access to these fishing grounds.

TAIWAN’S TRAWL FISHERIES IN THE EAST
CHINA SEA

Taiwan’s trawl fisheries operate primarily in two
major fishing grounds, one to the northeast and the other
to the southwest of Taiwan.  Both areas are shown in
Figure 1.  The offshore trawl fishing ground to the
northeast of Taiwan, which covers most of the East
China Sea, is the most traditional fishing ground, and
accounts for about half of the total offshore trawl har-
vest in Taiwan.  According to the Taiwanese Fisheries
Yearbook, the 1997 offshore trawl fisheries harvest
measured 74,542 metric tonnes and was valued at NT$6,
252,6092.  The trawl fishery thus accounts for 30% of
total offshore fisheries production and 37% of offshore
fisheries production value, respectively.

Trawl fishing vessels operating in the northeastern
fishing ground are mostly below 200 tonnes in size and
are almost all registered in three major northeastern
districts of Keelung, Ilan Hsien and Taipei Hsien.  Chiang

Fig. 1. The scatter diagram of the vesel movements for one representative
fishing vessel in the northeastern fishing grounds of Taiwan (Jan.
1993 to Oct. 1996).

2 The exchange rate was about 32.5 NT dollars to one U.S. dollar in
1997.
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and Sun [4] indicate that trawl vessels in the 50-100 and
100-200 tonne categories have made up almost 95% of
the fishing fleet since 1983.  In addition, the age distri-
bution of the northeastern trawl fleet shows that in 1995
more than 60% of the trawl vessels were over 11 years
old.

A typical trawl fish harvest is a combination of
many species.  Shrimp is still the major target species
for Taiwan’s northeastern trawl fisheries, not only be-
cause of a deterioration of groundfish stock in the East
China Sea, but also because the price for shrimp is
higher.  A brief description of the biology of shrimp in
the East China Sea is given in Wu [5].  A discussion
about fishing grounds, fishing seasons, fishing gears,
and mesh size, etc., can be found in Liu and Kuo [6];
Young, et al. [7]; Chow, Chen and Huang [8]; Chow and
Huang [9]; Huang and Chow [10, 11, and 12].

In order to understand the movement dynamics of
the offshore trawl fishing fleet, this study collected
information on the choice of fishing location and tried
to analyze fishermen’s individual choices systematically.
The sources of data used in this study include:
1. The primary movement dynamics data of individual

boats which were extracted from daily logbooks kept
by the Fisheries Radio Station, Keelung and Kaohsiung
Fisheries Association since 1993.  In 1996, there were
a total of 270 vessels registered with the Fisheries
Radio Station in Keelung.

2. The satellite thermal images are from “NOAA Satel-
lite SST Imageries Database for East China Sea,”
Remote Sensing Lab., Department of Fisheries
Information, Taiwan Fisheries Research Institute [13].
Their URL is: http://www.tfrin.gov.tw/D-FI/lab.satrs/
service/keepsst/index.html

LITERATURE REVIEW AND METHDOLOGY

Given the heterogeneous nature of the fishing fleet
and the complex behavior of vessel dynamics, this study
assumes that each fisherman will maximize the boat’s
per trip profit according to the resource abundance
throughout the season.  Fishermen’s choice of fishing
location reflects their best assessment of the relative
economic cost and revenue conditions.  Hence,
fishermen’s switching behavior or the dynamics of fleet
movement is specified as a switching function between
the relative revenue and cost conditions of each fishing
location (Hilborn and Ledbetter [14]; Bochstael and
Opaluch [15]; and Hilborn [16]).

Even though harvest uncertainty influences
fishermen’s commercial fishing behavior, Anderson [17]
claims that individual differences in experience and
management skills play an important role in determin-
ing the economic performance of each boat.  Hilborn

and Ledbetter [14] and Hilborn [16] show that in order
to understand the movement dynamics of the British
Columbia salmon purse-seine fleet, it is necessary to
gather information about the revenue and cost associ-
ated with each trip before analyzing the individual
fisherman’s economic behavior.

Bochstael and Opaluch [15] were first to use a
discrete choice function to model the supply response of
a New England fishing firm under uncertainty.  Eales
and Wilen [18] examined fishermen’s choice of fishing
area using a multiple choice logit model to explain
behavior.  Their results suggest that fishermen do ac-
count for economic factors in a manner consistent with
economic choice theories.  Ward and Sutinen [19] fur-
ther extended the study of fishermen behavior by using
a McFadden’s multinomial logit model to analyze ves-
sel entry-exit decisions in the Gulf of Mexico shrimp
fishery.

This study analyzes the fleet dynamics of trawl
vessels over 100 tonnes by examining the variability in
the location concentration.  By utilizing a Wilcoxon
sign test (Canavors [20], pp. 536-37) on the probability
of individual trawl fishing vessels in different fishing
grounds, the movement dynamics of the trawl fishing
fleet is examined as the fishermen’s optimal timing
pattern to fish under the currently open-access condition.
In brief, the sign test is based on the signs of the
differences between paired observations of two random
variables X and Y.  Let (X1, Y1), (X2, Y2), ., (Xn, Yn) be n
paired sample observations from the distributions of X
and Y, where the distributions are assumed to be
continuous.  Often there is a natural relationship be-
tween X and Y, and thus X and Y need not be independent.
For each pair in which X exceeds Y a plus sign (+) is
recorded; otherwise the sign is negative (-).  Since the
distributions of X and Y are assumed to be continuous,
the probability of Xi = Yi is zero.  Let the probability that
X exceeds Y be p.  If X and Y are identically distributed,
then p must be 0.5.  It must be noted, however, that p can
be 0.5 even when X and Y are not identically distributed.
In essence, therefore, the null hypothesis for the sign
test is H0 : p = 0.5, tested against either a two-sided or
a one-sided alternative hypothesis, depending on the
wishes of the investigator.  Notice that if H0 is true, we
would expect about half of the n pairs to have + signs.

The statistic for the sign test, denoted by s, is the
number of + signs among the n pairs.  Since under H0

each pair constitutes an independent trial with a prob-
ability of a + sign of 0.5, the binomial distribution is
used to determine critical regions of size for type I error,
i.e., s~b(n, 1

2
).  When the sample is big enough or [np ≥

5] and [n(1 − p) ≥ 5], then the standard normal distribu-
tion statistic (Z) is defined as follows:
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   Z =
X – µs

σ s

where µs = np, and σs =   np(1 – p)

When ties occur in the application of the sign test, the
recommended procedure is to ignore them and use the

sign test only for those pairs in which there are no ties.

ANALYSIS OF SEASONAL FLEET MOVEMENT
DYNAMICS, INTEGRATING SEASONAL SEA

SURFACE TEMPERATURE MEASURES

The NOAA-12 satellite images of sea surface tem-
perature (SST) in the East China Sea, which are pro-
vided by “Kuroshio-East China Sea Shelf Exchange
Processes (KEEP-I) Study” (JGOFS, 1996) from Sep-
tember 1994 to August 1995, are shown for various
monthly periods in Figures 2, 3, 4, 5, and 6, respectively.
Note that the color version of these figures is available
from the authors.  Numerous studies document how SST
and water mass affect fishing ground dynamics, such as
migration, reproduction, food availability and fishing
conditions.  What is not known is how fishermen follow
oceanographic conditions when deciding where to fish?
Analyzing changes in satellite surface temperature im-
ages in combination with vessel movement dynamics
could be able to answer this question and be useful in
analyzing fleet movement behavior.

To illustrate this point, primary individual vessel
movement data for trawl vessel over 100 tonnes in the
East China Sea were extracted from logbooks kept by
the Fisheries Radio Station of the Keelung Fisheries
Association.  The reported fishing locations of the
offshore trawl fleets are shown as dots in the SST
satellite images presented in Figures 2 to 6, respectively.
It is obvious that the scatter diagram of Taiwan trawl

Fig. 2. The scatter diagram of Taiwan trawl vessel movements from Sept.
1 to Nov. 30, 1994 and the NOAA-12 satellite image of sea surface
temperature in the East China Sea, Sept. 30, 1994.
Source: Kourshio-East China Sea Shelf Exchange Processes (KEEP-
II) Study, 1996, JGOFS committee located in Taipei, Taiwan, R.O.
C. under the National IGBP committee, and the KEEP-II program
under the National Science Council. (http://keep.oc.ntu.edu.tw/
JGOFS/).

Fig. 3. The scatter diagram of Taiwan trawl vessel movements from Dec.
1 to Feb. 28, 1995 and the NOAA-12 satellite image of sea surface
temperature in the East China Sea, Jan. 7, 1995.

Fig. 4. The scatter diagram of Taiwan trawl vessel movements from Mar.
1 to Apr. 30, 1995 and the NOAA-12 satellite image of sea surface
temperature in the East China Sea, Apr. 12, 1995.
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vessel movement dynamics, which are shown in Figures
2 to 6, respectively, varied across different seasons.

Seasonal SST data are used to identify different
seasonal fishing patterns in the East China Sea.  Figure
2 represents the autumn fishing season during Septem-
ber to December, when SST ranged from 21°C to 26°C
in most parts of the East China Sea.  Notice the belt
shaped pattern of the Kuroshio main current which
flows into the East China Sea.  Figure 3 shows the winter
season, which is usually between December and
February, when the Kuroshio’s northeastwardly flow
has a smaller temperature influence and the cold water
mass along the Mainland China gradually moves into
the Taiwan Strait.  Figures 4 and 5 show two SST
patterns during the spring season, one from March to
April and the other from May to June.  During the
summer season, which is from July to August, SSTs
ranged from 28°C to 33°C and the water temperature in
the East China Sea are high everywhere (Figure 6).

First of all, the reported days spent in fishing
locations A, B, C, D, and E from 1993 to 1996 are
analyzed according to the logbook entries for each
fishing vessel.  From all vessels that had about 365
reported days in one year, 30 vessels are randomly
selected for this analysis.  In this sample of 30 vessels,
the percentage of reported days spent in area A in 1993,
1994, 1995, and 1996 was 44.78%, 42.79%, 35.46%,
and 35.89%, respectively.  Since days spent in area A
include staying at base - Keelung harbor - and also
include the trip to and from base to the fishing area, it is
necessary to exclude reported days in area A when
identifying the relative percentages of actual fishing
days in areas B, C, D, and E.  Areas B, C, D, and E
account for 11.25%, 59.14%, 21.83%, and 7.88% of
total fishing days in 1993, respectively, when excluding
days reported in area A.  Figure 7 shows the overall
average percentages of fishing days spent in areas B, C,
D, and E for 30 representative trawl vessels from 1993

Fig. 6. The scatter diagram of Taiwan trawl vessel movements from July
1 to Aug. 31, 1995 and the NOAA-12 satellite image of sea surface
temperature in the East China Sea, Aug. 6, 1995.

Fig. 7. Average percent of days spent in each fishing area after excluding
days spent in area A for 30 representative trawl fishing vessels in
the northeastern fishing grounds of Taiwan.
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temperature in the East China Sea, June 5, 1995.
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to 1996.
Comparing areas B, C, D, and E, it is obvious that

area C was the most important and area E the least
important fishing area from 1993 to 1996.  This is an
important fact in documenting Taiwan’s trawl fishing
fleet activities in the East China Sea and especially in
the “Sino-Japan Co-Management Zone”, which was
declared by Mainland China and Japan in 1997.  The
evidence is that Taiwan has historically been fishing in
what is now the “Sino-Japan Co-Management Zone”
and should therefore be entitled to keep its traditional
fishing rights in that area.

HYPOTHESIS TESTING OF THE VARIABILITY
OF OFFSHORE TRAWL FLEET MOVEMENT

DYNAMICS

A scatter diagram illustrating the vessel move-
ments for one representative fishing boat from January
1993 to December 1996 is shown in Figure 1.  Notice
that the northeastern trawl fishing ground is divided
into areas A, B, C, D, and E as the results of the density
of fleet dynamics of offshore trawl fleet in the East
China Sea and also the seasonal satellite thermal images.
In the remainder of this paper we will test two hypoth-
eses looking at fishermen’s fleet movement behavior,
both of which address how fishing location are varying
among different fishing areas and years.

Hypothesis Test of the Variability of the Percent of Days
Spent in Each Fishing Area by Each Individual Fishing
Vessel vs. the Average for the Fleet

In order to investigate if the number of days each
fishing vessel spends in a particular area is different

from the average number of days spent by the whole
fleet in that area, a Wilcoxon sign test is applied.  The
first four columns of Table 1 show the single population
Wilcoxon test statistics.  The null hypothesis is defined
so that the percent of days spent in each fishing area by
each individual vessel is not different from the average
for all 30 vessels for that year.  The test involves
comparisons such as those shown in Table 1.  For
example, for fishing area E in 1994, the standardized
normal test statistic Z for the difference in the percent of
fishing days spent by each representative fishing ves-
sels as compared to the average for all 30 vessels is −1.
83, with a single tail p-value of 0.034.  This value rejects
the null hypothesis that there is no statistically signifi-
cant difference between how many days each vessel is
fishing in area E at the 10% significance level. In
particular, for three years - 1994, 1995 and 1996 - the
percent of days spent by each individual vessel in fish-
ing area E is significantly different from the average at
the 10% significance level.  In other words, some ves-
sels spent significantly more time in area E than did
others.

The percent of days spent by each vessel in fishing
areas B, C, and D between 1993 and 1996 was not
significantly different from the average for the sample.
An exception was fishing area D in 1996 where some
fishermen spent significantly more time here than did
others.  Note though that area E was the least important
fishing area and most fishing effort takes place in areas
B, C, and D as shown in Figure 7.  Our overall conclu-
sion from these data is that for the majority of trawl
vessels in the East China Sea, the number of days spent
fishing in fishing areas B, C, and D are about the same
across all boats.  That is to say, vessels do tend to

Table 1.  Wilcoxon sign tests of the percent of days spent in each fishing area of the offshore trawl fisheries in the northeastern of Taiwan

           Z value1 I. Hypothesis test of individual fishing vessel vs. the average II. Hypothesis test of individual fishing vessel across different years

Fishing 1993 1994 1995 1996 1994 vs. 1995 vs. 1996 vs. 1995 vs. 1996 vs. 1996 vs.
Area 1993 1993 1993 1994 1994 1995

B -1.10 -1.10 -1.10 -0.37 1.46 1.83* 3.02** 0.39 2.27** 3.16**
(0.137) (0.137) (0.137) (0.358) (0.072) (0.034) (0.001) (0.347) (0.012) (0.001)

C 0.00 1.10 1.10 0.37 1.46 -2.79** -0.37 -4.02** -2.56** 0.56
(0.500) (0.137) (0.137) (0.358) (0.072) (0.003) (0.358) (0.000) (0.005) (0.289)

D -0.73 -1.10 -0.73 -1.83* -1.96* 3.02** -1.00 4.041** 1.04 -4.04**
(0.233) (0.137) (0.233) (0.034) (0.025) (0.001) (0.159) (0.000) (0.149) (0.000)

E -1.10 -1.83* -3.65** -2.56** -2.56** -3.96** -2.71** -1.60 -1.50 1.07
(0.137) (0.034) (0.000) (0.005) (0.005) (0.000) (0.003) (0.054) (0.067) (0.143)

1Z value is distributed as standard normal distribution.
2Single tail p-values in parentheses.
*represents statistically significant under 10% significance level.
**represents statistically significant under 5% significance level.
Source: Logbooks of the Trawl Vessels in Keelung, Fisheries Radio Station in Keelung, January 1, 1993 - January 31, 1997.
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distribute themselves among the different areas in vari-
ous years.  This leads one to wonder if the choice of
fishing area is based on tradition/experience or if fish-
ermen draw their information about the best fishing
grounds from a common source.  In short, fishermen’s
behavior is much like “a school of fish.”

Hypothesis Test of the Variability of the Percent of Days
Spent in Each Fishing Areas for Each Trawl Vessel across
Different Years

The next test is a paired observation Wilcoxon
sign test which identifies if there is a significant differ-
ence in the percent of fishing days spent by each trawl
vessel in areas B, C, D, and E from year to year.  The null
hypothesis is that percent of fishing days spent by each
vessel in the four areas does not differ statistically
between two years.  The test involves such comparisons
as for example the standardized normal test statistic Z
for the percent of days spent in area C in 1994 to that in
1993.  The value of the test statistic in this case is 1.46
(see the 5th column in Table 1), with a single tail p-value
of 0.072, which indicates that there is no statistically
significant difference at the 10% significance level
between 1993 and 1994.  In other words, fishing area C
was fished in equally as often in 1993 as in 1994 for each
individual fishing vessel.  However, when comparing
the percent of days spent in fishing area C in 1995 to that
in 1993, the Z statistic is −2.79, with a single tail p-value
of 0.003, which indicates that fishing days in area C
were significantly fewer in 1995 than in 1993 at the 5%
significance level.  In addition, the percent of days in
fishing area C in 1995 is significantly lower than that in
1994.  These findings are a strong indication that area C,
which was Taiwan’s most important fishing area, is not
yielding sufficient harvests after 1993 to warrant previ-
ous levels of fishing effort, which is leading fishermen
to spend less time there and shifting to other areas
during 1995 and 1996.  This could be the result of stock
depletion which appears to be more pronounced in area
C than that in other areas of the East China Sea.

In 1997 Mainland China and Japan declared area C
as the “Sino-Japan Co-Management Zone.”  Could it be
that Taiwanese fishermen are not going there as much
any more because they don’t feel the political protection
from Taiwan government since it is now under Japanese
and Mainland China control?  It is of interest to continue
monitoring whether or not the fleet movement dynamics
in area C will be influenced by the “Sino-Japan Co-
Management Zone,” which was declared by Mainland
China and Japan in 1997.  Continuing updating database
and further research are desirable in the future.

For fishing area B, the percent of fishing days
spent here in 1995 and 1996 are both significantly

higher than that in 1993.  In addition, the percent of days
in 1996 is significantly higher than it was in 1994 and
1995.  It seems that more and more fishing vessels have
switched to fish in area B after 1993.  This could be a
warning call to Taiwanese government in setting up an
effective fishing ground’s management policy to sus-
tain the fisheries resources in area B in the near future.

In fishing area D, the percent of days in 1994 is
significantly lower than in 1993.  In 1995, fishermen
have returned to this area and even spent more fishing
days then in 1993.  However, the percent of days in 1996
dropped to the same level in 1993.  This leads one to see
that statistical results from Table 1 significantly veri-
fied the observed average percent of days in area D as
shown in Figure 7.

In fishing area E, the percent of days for 1994,
1995 and 1996 are not significantly different from each
other but all significantly lower than that for 1993.

CONCLUDING REMARKS

The overall goal of this paper is to provide impor-
tant information documenting and analyzing Taiwan’s
trawl fishing fleet activities in the northeastern of
Taiwan.  Seasonal SST data are used to analyze differ-
ent seasonal fishing patterns and the density of fleet
dynamics of offshore trawl fleet is used to identify five
distinct areas (A, B, C, D, and E) in the northeastern of
Taiwan.  In addition, fishing fleet movement data from
1993 to 1996 are used to examine the variability in the
percent of days spent in different fishing areas.

Based on the percent of days spent in each fishing
areas (B, C, D, and E) from 1995 to 1996, it is obvious
that area C is the most important fishing area and area E
the least important fishing area to Taiwan’s trawl fish-
ing fleet.  In particular, the so-called “Sino-Japan Co-
Management Zone,” which covers most of Taiwan’s
traditional trawl fishing area C, was declared by Main-
land China and Japan in 1997.  This study provides
important information documenting Taiwan’s trawl fish-
ing fleet activities in the East China Sea.

The Wilcoxon sign test results show that the dif-
ference in the percent of days spent in fishing areas B,
C, and D for each vessel is not statistically significant at
the 5% level, meaning fishermen behave as a group and
display similar behavior.  Results also show that even
though area C has been the most important fishing area
for Taiwan’s northeastern trawl fishery, there has been
a significant shift by trawl vessels to other areas during
1994 and 1995.  Fishing area C may not be yielding
sufficient harvests to warrant previous levels of fishing
effort.  This could be the result of stock depletion which
appears to be more pronounced in area C than that in
other areas of the East China Sea.
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In contrast, the percent of days spent in fishing
area B shows an increasing trend indicating that this
area has become a more important fishing area.  However,
this could be a warning call to Taiwanese government.
It is needed to set up an effective fishing ground’s
management policy to sustain the fisheries resources in
area B in the near future.  Fishing area D is also quite
important although the percent of days spent here can
vary significantly from time to time.  Area E remains the
least important fishing area and did not experience
much difference in the percent of days between 1995
and 1996.

In this paper we have investigated the dynamic
behavior of Taiwan’s trawl fleet, which is viewed as the
fishermen’s optimal timing pattern to fish under various
oceanographic conditions and also reflects the change
of relative resource abundance in various fishing areas
and years.  The information developed in this study will
help trawl fishmen in analying their fishing strategies
and provide the government with a document to sub-
stantiate its claim over traditional fishing rights in the
“Sino-Japan Co-Management Zone.”
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