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INTRODUCTION

The Resource Assessment Investigation of the Mariana Archipelago
(RAIOMA) Program is a study by the Honolulu Laboratory which will be
conducted in close cooperation with the Governments of Guam and the
Commonwealth of the Northern Mariana Islands and by the University of Guam
Marine Laboratory. The investigation will address the problem of deter-
mining the potential for development of crustacean, bottom fish, seamount
groundfish, benthopelagic, and pelagic resources over the inner and outer
shelves, shelf edge, reefs, and slope zones of these islands and adjacent
seamounts.

This document was prepared to provide a comprehensive overview of the
environmental and fishery information that has been published to date for
the benefit of RAIOMA investigators currently involved in the field survey
and resource assessment.,

Eldredge,l gives a historical background on Guam and the Northern
Mariana Islands, provides a description of each of the islands in the
archipelago, and summarizes the present state of knowledge of the cli-
matic, oceanographic, and submarine topographic features of the area.

This report reviews some of the past studies on the oceanic and
neritic plankton communities in waters around Guam and the Northern
Marianas, discusses historical fishery development in the pre- and
post-World War II eras, presents an overview of the current status of
fisheries in these islands, and summarizes the present state of knowledge
of the stocks of fish, shellfish, corals, and algae with respect to their
developmental potential. It also incorporates discussions on unique and
endangered species and ciguatera.

Results of research described in 170 papers and 25 unpublished
documents were reviewed; however, I have not read all the published and
unpublished papers cited. Some citations originally appeared in other
reports and are listed here as references. Also, because of the voluminous
nature of the report, many tables and figures have been either intention-
ally omitted or compiled into a single table.

Z OOPLANKTON

Almost all of the phyla of the animal kingdom are represented in the
zooplankton. Many benthic and pelagic marine fishes as well as crustaceans
spend their larval stages as members of the zooplankton community either
bound strictly to coastal waters or existing normally only in offshore or
oceanic waters. These requirements provide the basis for two divisions of

1Eldredge, L. G. 1983. Summary of envirommental and fishing
information on Guam and the Commonwealth of the Northern Mariana
Islands: Historical background, description of the islands, and review
of the climate, oceanography, and submarine topography. (Manuscr. in
prep.)



zooplankton, based on their relative dependence on the coast. One is the
oceanic division, which includes forms that occur typically at some dis-
tance from the coast and over great depths in the open sea (Sverdrup et al.
1946). Characteristic organisms of the oceanic plankton are Vellels,
salps, Salpa spp., and copepods, Copepoda. The second is the neritic divi-
sion which includes forms that inhabit coastal waters and extend only a
short distance seaward. Neritic forms, as a rule, prefer relatively warm
water with some reduction in salinity. Vast swarms of pelagic larvae
belonging to benthic invertebrates and many fish eggs and fish larvae are
found in the meritic plankton. It is not possible to distinguish sharply
between neritic and oceanic populations because there is much overlapping.
The neritic forms, however, are the greatest producers of the sea for it is
in coastal waters that food materials are readily available for phyto-
plankton and plants and through these successively for small and large
animals.

In general, zooplankton volume in the Pacific Ocean is distributed in
a similar manner as PO4-P (Reid 1962). Volumes are usually high in the
eastern boundary currents, low in central water, and relatively high along
the Equator, and in two zones north and south of the Equator corresponding.
to the equatorial divergence.

Detailed information on the oceanic plankton community in waters
around Guam and the Northern Marianas is practically nonexistent. One
research cruise of the NOAA ship Townsend Cromwell (TGC-76-05) to the
western Pacific obtained some data on zooplankton volumes but these are too
few to be of any practical value in examining species composition and
abundance (seven stations with usable data). Data from other surveys
conducted in waters to the east, south, and north of the Mariana Archi-
pelago, however, do provide some insight into the productivity of the
water.

The Mariana Archipelago, bathed by the North Equatorial Current, is
situated in relatively plankton-poor water. Bogorov (1960) characterized
the waters of the north equatorial zone at lat. 100 to 120 N as relatively
low in phosphate but moderately high in bacteria (Table 1). Taniguchi
(1973), who studied the phytoplankton-zooplankton relationships in the
western Pacific Ocean and adjacent seas, found that the total zooplankton
biomass between the surface and 1350 m was lowest in the North Equatorial
Current in comparison with 10 other areas examined, reaching only 1.35 g
wet weight/m? (Table 2). Based on biomass of the daily food ingestion of
the herbivorous plankton, Taniguchi concluded that the temperature-affected
rate of energy expenditure of small herbivores living in tropical seas is
6.3 times higher than that of large-sized herbivores in seas of high lati-
tudes. Apparently, tropical zooplankters grow and reproduce more rapidly
(Kinne 1963, 1970); therefore, they must graze on more phytoplankton and at
a higher filtering rate per unit body weight than high latitude herbivores.
Taniguchi found that although the biomass of herbivores is quite small in
the tropics, particularly in the oligotrophic North Equatorial Current,
their ingestion rate per unit biomass is very high compared with results
obtained from the Bering Sea. He speculated that the herbivorous biomass
which can be sustained by a unit amount of primary production is relatively
small in the high-temperature, less productive tropics, and large in the
low-temperature, more productive high latitudes.



Table 1.--Physical, chemical, and biological characteristics of the
geographical water zones established for the central Pacific Ocean

(Bogorov 1960).
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IThe characteristics of the subtropical zones are presented as a mean of the
values of the northern and southern portions of these zones.

Table 2.--Total zooplankton biomass in upper 150 m of water column,
phytoplankton standing crop, and daily primary production in euphotic
layer, observed in 11 sea areas in western Pacific Ocean and adjacent

seas (Taniguchi 1973).

Total zooplankton

Phytoplankton
standing crop

Daily primary

biomags, 0-150 m in euphotic layer produgtion
Sea area (g wet weight/m") (mg chlorophyll a/m™) (mg C/m"/day)
Bering Sea 67.35 72.13 490
Subarctic current area 23.70 27.30 160
Oyashio area
Spring 86.95 172,50 1,510
Summer 31.50 14.60 450
Okhotsk Sea 9.90 6.86 80
South of Japan 1.95 - 60
Fast of Philippines 2.85 12.67 140
Kuroshio Countercurrent area 2.85 14.98 160
North Equatorial Current area 1.35 13.35 90
Equatorial Countercurrent area 4,80 118.00 190
South Equatorial Current area 11,40 1214.25 290
Bast of New Zealand 3.75 20.43 290

lThese two values were determined

fluorometrically, the others tricolorimetrically.



The area just slightly north of the Marianas, between lat. 200 and
300 N, has been studied extensively by Japanese scientists. Motoda et al.
(1970) measured average standing crop of zooplankton and phytoplankton and
standing reserves of nutrient salts in the euphotic layer for areas to the
north and south of the Subtropical Convergence. For zooplankton, they
found that in 1966 the volumes in the upper 150 m of water were only
slightly higher in the north (Kuroshio Countercurrent) than in the south
(subtropical water). In 1967, however, the volumes in the north were
considerably higher than in the south (Figure 1). The zooplankton biomass
in the euphotic zone, estimated from measurements of zooplankton carbon,
also followed a similar pattern with average carbon content for 1966-67
reaching 421 mg/m2 in the north and 185 mg/m? in the south (Table 3).
Estimates of primary or photosynthetic production of standing crop of
chlorophyll a, of pigment contents, and of standing reserve of seston
carbon are also given in Table 3.
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Figure 1l.--Plankton volumes taken in the upper 150 m by a
0.10-mm mesh net hauled vertically, January 1966 and
January 1977 (station numbers in parentheses) (Motoda et
al. 1970).



Quantitative estimates of the distribution of large and more mobile
macroplankton are also available from a study by Vinogradov and Parin
(1973), who selected four study areas in the tropical Pacific. At the
station nearest the Mariana Archipelago at lat. 13031' N and long.
139058' E (Study Area IV), they found the plankton biomass very low with
the mesoplankton and macroplankton in the 0~ to 500-m layer reaching only
about 10.0 and 1.7 mg/m3, respectively. Further south, at two stations
(Study Areas I and II) near the Caroline Islands, Vinogradov and Parin
found the mesoplankton biomasses in the 0- to 200-m layer averaging 26.1
and 26.5 mg/m3, whereas the macroplankton biomasses in the 0- to 500-m
layer were 5.3 and 4.0 mg/m3. Study Area III, which was located in the
Sulu Sea, had the highest macroplankton biomass, reaching 7.2 mg/m3 in the
0- to 500-m layer or almost 35 of the mesoplankton biomass (Figure 2).

Table 3.--Average values of organic and inorganic particulate materials
observed at long. 142° E between lat. 20° and 30° N in January 1966 and
January 1977. Values for areas north and south of the Subtropical Con~
vergence are given separately (number of stations observed in parenthe~
ses) (Motoda et al. 1970).

1966 1967 Grand average
North South North South North South
Zooplankton (mg C/m%) 380 227 462 142 421 185
Number of observations (6) (7)) - (6) (5)
Photosynthetic production 400 130 53 40 226 85
(mg C/m2/day)
Number of observations (1 3 1) (2)
Chlorophyll a (mg/m?) 22.0 15.0 8.5 10.5 15.2  12.8
Number of observations 2) 3) (1) 3)
Pigments: : '
Chlorophyll a —_ - 2.8 2.2
Number of observations (2) (1)
Phaeophytin - - 11.1 7.1
Number of observations (2) 1)
Seston (mg C/mz) 3,770 6,480 4,720 4,600 4,245 5,540
Number of observations (2) (3) (2) (1)
Dissolved organic N. (mg N/m2) 9,230 8,300 10,800 9,040 10,015 8,670
Number of observations (2) (3) (2) (1)
Nitrate-N (mg N/m2) 1,800 424 316 282 1,058 353
Number of observations (4) (5) (9) (6)
Ammonia-N (mg N/mZ2) 236 477 395 141 316 309
Number of observations (3) (3) (2) (1)
Phosphate-P (mg P/m2) 247 186 158 40 202 113

Number of observations (6) (7) 7 (5)




Studies on the neritic zooplankton communities around Guam have been
reviewed by Eldredge and Kropp.2 These studies focused on communities
found in Apra Harbor and Piti Reef (Marsh et al. 1977, 1980;3 University of
Guam Marine Laboratory (UGML) 1977), and along several sites between Agana
Bay and Ajayan Bay (Tsuda and Grosenbaugh 1977; Amesbury 1978). Eldredge
and Kropp pointed out that most of the plankton studies from Guam had been
.conducted in conjunction with general environmental surveys and, therefore,
were all results of short—-term projects.

In general, the abundance of neritic plankton around Guam is highly
variable not only between and within sampling locations but also from month
to month. Furthermore, the Guam studies, according to Eldredge and Kropp,
have shown that plankton is more abundant and the community structure is
significantly different at night than it is during the day. Moon phase may
also influence community composition but its effect is still unclear.
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Figure 2.--Macroplankton biomass according to catches
with a variable-depth trawl, in mg/m3. 1 - Study Area
I; 2 - Study Area II; 3 - Study Area III; 4 - Study
Area IV (Vinogradov and Parin 1973).

2Eldredge, L. G., and R. K. Kropp. [1981.] Guam's oceans. A review
of the physical, chemical, and biological oceanographic literature for the
waters surrounding Guam. Final draft for Lawrence Berkeley Laboratory,
Univ. Calif., 199 p.

3Marsh, J. S., Jr., S. deC. Wilkins, D. E. Pendleton, and A. Hillman-
Kitalong. 1980. Cabras seawater scrubber project: Phase II. Ecological
studies. Report submitted to R. W. Beck Assoc., 102 p.



In a study of the distribution of planktonic eggs and larvae, Amesbury
(1978) found fish egg density varying from 4.2 to 223.3/m3 of water and
relative abundance varying from 2.7 to 91.12 of planktonic organisms.
Despite the wide range in abundance, fish eggs were found to be distributed
randomly in the water, whereas fish larvae were considerably less abundant
than fish eggs, their greatest demsity reaching 6.3/m3 of water in a sample
where they constituted only 5.127 of the planktonic organisms. In fact,
several tows failed to produce any fish larvae, because they appeared to be
aggregated in their distribution. The data also suggested some seasonality
in the abundance of fish eggs with highest densities usually in ' summer when
fish larvae density was lowest. Amesbury also examined the association of
fish larvae and nursery areas and concluded that although it might be
tempting to rate the various areas on the basis of their importance in the
production of young fishes, it must be emphasized that the larvae and
juveniles of hundreds of fish species have specific habits and preferences
which differ from one another. He suggested that preservation of a wide
variety of environments will insure that species with differing ecological
requirements will be able to complete their life cycles. The mean
zooplankton abundance for the several sites sampled by Amesbury is given in
Table 4.

Several studies conducted at Apra Harbor have demonstrated that this
area has several different zooplankton communities (Figure 3). In the
outer harbor, chaetognaths predominated (up to 152/m3) during the day
whereas ostracods predominated (up to 1,402/m3) at night (Marsh et al.
1977; UGML 1977). Furthermore, compared with the rest of the harbor, the
outer harbor community was relatively low in numbers of decapod crustacean
larvae, foraminiferans, and fish eggs but high in fish larvae. In the
commercial port area, which ranked first in plankton abundance, the
predominant organisms in the zooplankton community were copepods,
pteropods, and decapod crustaceans, but their relative abundance varied
considerably. For example, the number of copepods in daylight tows in
October 1976 reached 1,470/m3 whereas in December 1976, it was only 9/m3.
Marsh et al. (1977) also found that pteropod abundance varied widely,
ranging from 18 to 3,920/m3.

Piti Channel in the northeastern sector of Apra Harbor ranked second
in overall abundance (Marsh et al. 1977). Decapod zoeae predominated and
were more abundant than in any other part of Apra Harbor, except at Sasa
Bay located on the inner sector of the harbor.

The powerplant area, which includes the outfall lagoon, the Piti
Canal, and the Tepungan Channel in the extreme northeast corner of Piti
Channel, was the poorest area in terms of zooplankton demsity. Here, crab
zoeae, fish eggs, and foraminiferans predominated (Marsh et al. 1977, 1980,
footnote 3).

In a survey to collect baseline information on the composition of the
zooplankton communities in Tanapag Harbor, Saipan (Figure 4), Amesbury and
Doty (1977) found that in the inner sector of the harbor (Baker and Charlie
Bays), the number and volume of zooplankton were larger during the day than
at night whereas the day-night pattern was reversed in the outer harbor
(Table 5). They also noted a significant diurnal change in the plankton
composition with copepods from the inner sector comprising more than 90Z of



the daytime samples whereas larval crabs and shrimps predominated in the
night samples. The outer harbor samples, on the other hand, had very few
copepods and the predominant organisms were crustacean larvae, particularly
in the night samples where crab zoeae comprised 76% of the samples.

Amesbury and Doty concluded from their study that plankton feeding may
be an important nutritional niche in the harbor's marine communities and
the high abundance of plankton-feeders suggests this. They also stated
that the sharp difference in plankton composition between the inner and
outer harbors suggests that very little water mixing is occurring between
these two areas; therefore, warm water or effluents discharged into Tanapag
Harbor would likely undergo less dispersion and dilution.

A second study of the zooplankton community in waters around the
Northern Marianas, this time taking in all of Saipan Lagoon (Figure 5),
revealed that zooplankton in the lagoon as a whole was rather sparse, with
densities averaging only 66.2 individuals/m3 (Table 6). Amesbury et al.
(1979) found that this was considerably lower than densities found in Yap
Lagoon where it averaged 257.7/m3 and far lower than the 617/m3 found near
Ebeye in Kwajalein Atoll. The study also revealed that the distribution of
fish eggs and larvae was widespread in the lagoon. Fish eggs, together
with the ubiquitous copepods, occurred in all 17 tows whereas fish larvae
occurred in 14 tows. Other taxons that contributed to the density of the
zooplankton community were the brachyura crab zoeae, foraminifera, and
shrimp larvae. Occasionally numerous were chaetognaths and larvaceans.

The results also revealed that tows 1 and 4, which were made in
proximity to areas with rich Halodule sea grass beds, had the highest egg
densities, reaching 54.8 and 66.4/;3, respectively. The authors concluded

Table 4.--Mean daytime zooplankton abundance for several locations
around Guam (Amesbury 1978).

Sampling dates
1977 1978

Number Mean
Location 3/14 415 /1 7/6 8/18  1/5 Total  of tows number/m?
Agat Bay
Nimite Channel 44,3 116.8 131.7 60.4 14,2 56.2 423.6 6 70.6
Nimitz reef front 32.3 101.3 202.9 - - 108.8 877.0 8 109.6
58.3 123.8 83.3 - —— 166.3
1/4-mile offshore 20.8 11.5 - - - - 32.3 2 16.2
1/2-mile offshore -— 17.9 108.8 - - 32.8 159.5 3 53.2
1-mile offshore - - 88.8 - - - 88.8 1 88.8
Agana Bay 97.5 - - - - -
553 - o o o - 152.8 2 76.4
Achang Bay —-— -— - 440.8 275.4 — 716.2 2 358.1
Manell Channel - - - 191.1  267.1 834.0
—-— -— - 465.8 - -— 2,194.7 5 438.9
-— —-— -~ 436.7 - -
Ajayan Bay -- - - 194.2 61.7 905.8 1,161.7 3 387.2
Cocos Lagoon — - - 136.3 - - 136.3 1 136.3
Umatac Bay - — - 96.7 39.6 34.2 170.5 3 56.8
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that tows made in richly developed sea grass beds primarily composed of
Halodule uninervis, seemed to be exceptionally productive in terms of
production of fish egg. They suggested that the protection and management
of the areas surrounding the rich Halodule beds and the mangrove channel
were essential to the maintenance and development of a viable fishery in
Saipan Lagoon.

FISHERIES DEVELOPMENT

The development of commercial fisheries in the Trust Territory of the
Pacific Islands, formerly the Japanese Mandated Islands (JMI) of which the
Northern Mariana Iglands were a part, was among the most important and
outstanding achievement in Micronesia during the pre-World War II era
(Nishi 1968). It is important therefore, to review the developments that
took place under Japanese rule prior to World War II and discuss the
important developments that have taken place in the postwar era. Some of
this information can also be found in Uchida and Sumida.%

Pre-World War II Period

Briefly, after World War I, Japan took possession of JMI under the
Treaty of Versailles and was given the mandate to administer all the former
German possessions north of the Equator. Japanese Civil Administration of
JMI began on 1 April 1922. 1In 1935, Japan withdrew from the League of
Nations and promptly annexed the islands.

Japan was keenly aware of the developmental potential of the fishery
resources of JMI and in the decade 1921-30, the government initiated a
general inquiry into the potential of the marine resources in waters around
the numerous islands and atolls. An intensive fishery research and explor-
atory fishing program in 1925-29 demonstrated that many of the islands
possessed tremendous potential as fishing bases for large commercial
fishing operations (South Seas Government-General Fisheries Experiment
Station 1937a). That the Japanese accurately appraised the tuna fishing
potential of JMI is attested to by the increase in the landings of skipjack
tuna, Katsuwonus pelamis, and other tunas by Japanese vessels (Figure 6).

In addition to fishery research, the Japanese Government inquired into
the potential for agricultural development, but the conclusion drawn from
the years of intensive study both on land and at sea revealed that although
the possibilities of the islands were limited with respect to agricultural
production, the sea offered unlimited potential for development (Nishi
1968).

Initial fishery development effort had no restrictions on fishing
rights for natives, Japanese, or foreigners although the latter two groups

4Uchida, R. N., and R. F. Sumida. 1975. A summary of environmental
and tuna fishing information of the U.S. Trust Territory of the Pacific
Islands. Southwest Fish. Cent. Admin. Rep. 9H, 193 p. Natl. Mar. Fish.
Serv., NOAA, Honolulu, HI 96812.
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TUNAS LANDED AT JAPANESE HOME PORTS, 1908-45

Bata from Statisticel Yeorbooks, Ministry of Commerce ond Agricuture (1908-18) and Minlsiry
of Agricuiture ond Forastry {I918~-48), [Republished In Natural Resources Section Report: No.BS.
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were required to obtain permission from the South Seas Government to engage
in fishing (Nishi 1968). Large numbers of Japanese fishermen, attracted to
the JMI, first engaged in small, individual enterprises requiring only a
minimum amount of investment capital for a boat and for a simple fish
processing plant. Later, the trend was away from small enterprises and
large companies began to supplant the small operations and gradually
monopolized commercial fisheries.

The Pole-and-Line Skipjack Tuna Fishery

The Japanese skipjack tuna fishery in the JMI, which was an
outstanding example of fishery development, evolved only after a lengthy
period of persistent effort (Cleaver and Shimada 1950). Even with govern-—
ment subsidized ventures, early efforts failed but gradually, as suitable
bait species were found and catching and handling methods were established,
the fishery developed into a viable and valuable industry.

Attempts by the Japanese to establish a pole~and-line fishery for
skipjack tuna in the JMI began at Saipan, but after some trial fishing it
became obvious that bait was inadequate and fishing was unsatisfactory.
Further exploration revealed, however, that the Palau Islands had a large,
reliable supply of bait and the Japanese devoted considerable effort to
developing a fishery base there (South Sea Government-General Fisheries
Experiment Station 1937a; Smith 1947a). Favorable reports regarding the
abundance of skipjack tuna schools and the ease of fishing in calm tropical
waters throughout the year reached Japan and induced several Japanese
fishing companies to establish bases in the JMI (Shapiro 1948). To
encourage fishery development in their far-flung South Sea Island outposts,
the Japanese Government not only sent its nationals overseas but also
provided subsidies to induce Okinawan fishermen to migrate to the JMI
(South Seas Government-General Fisheries Experiment Station 1937a).

From about 1930, the Japanese systematically established shore-based
operations using fleets of small sampans. Fishing operations, started in
Saipan in the Marianas, expanded to Palau and Truk in the Caroline Islands,
then to Yap, Ponape, and Kusaie, and finally to Jaluit in the Marshalls
(Figure 7) (Ikebe and Matsumoto 1937; Smith 1947a). The long distances of
these fishing bases from the Japanese homeland precluded the transport of
fresh fish. As a result, all the skipjack tuna caught were processed for
export in the form of dried sticks called "katsuobushi."

The burgeoning South Seas pole~and-line fishery, however, was not
without problems. To conduct pole-and-line fishing, the Japanese found it
more efficient and practical to use small vessels or sampans, ranging from
8 to 15 m (26 to 50 ft) which carried crews of 5 to 25 men. Large vessels,
the Japanese found, were unnecessary because skipjack tuna fishing was
limited for the most part to waters close to the widely scattered major
fishing bases established at Palau, Saipan, Truk, Ponape, Kusaie, and Yap
(Cleaver and Shimada 1950). Furthermore, because live bait was always in
short supply and once caught, almost impossible to keep alive for any
length of time, the sampans usually made l-day trips and rarely operated
beyond 50 nmi from land.
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Scarcity of suitable live bait in many of the island outposts forced
the Japanese fishermen to adapt themselves to using a wide variety of other
species, such as reef fishes belonging to several families, in addition to
the anchovies and herringlike fishes (Cleaver and Shimada 1950). Table 7
lists the scientific and common Japanese names of fishes that were con-
sidered suitable live bait for skipjack tuna fishing in the JMI. Table 8
lists the scientific, English, and local names of all the fishes discussed
in the remainder of the text.

According to Cleaver and Shimada, Spratelloides delicatulus or "fool
bait" was preferred by fishermen at Saipan and Tinian but young carangids,
filefish, Monacanthus sp., atherinids, and Caesio sp. were also caught near
the reefs and used for fishing. Other historical accounts indicated that
in September-November, there were no suitable live bait for skipjack tuna
fishing in Saipan waters although in June-August, large schools of baitfish
identified as "tarekuchi," Stolephorus heterolobus, and "akamuro," C.
chrysozona, were seen but their occurrence was highly sporadic (Ikebe and
Matsumoto 1938). In Palau, the best bait was the anchovy, S. heterolobus,
but during periods of bait shortage, numerous other small fishes were also
used (South Seas Government-General Fisheries Experiment Station 1937a).

The Japanese also found an abundant supply of "tarekuchi" in Yap Bay
(Ikebe and Matsumoto 1937) whereas juvenile Priacanthus sp. and Decapterus
sp. were the dominant bait species at Ponape (South Seas Government-General
Fisheries Experiment Station 1937b). At Truk, both juvenile Priacanthus
sp. and anchovy, Stolephorus sp. were the best bait.

Baitfishing techniques developed by Japanese fishermen in their
homeland were not always suitable for capturing bait in the JMI's pole-
and-line fishery. Because bait species that were caught in Japanese waters
did not occur south of lat. 200 N, fishermen operating in the JMI experi-
mented with various new techniques until a satisfactory system evolved
(Cleaver and Shimada 1950). But the development of one baiting technique
did not necessarily mean success, because it was found that the same
procedures could not be used from one season to another or between island
groups.

Purse seine, lift net, and several other types of gear were used in
capturing bait in the JMI (Cleaver and Shimada 1950). A lift net used in
combination with a night light was particularly effective in capturing bait
at Palau. At Tinian, where a variation of the lift net was adopted, the
fishermen set the net first, then swam along the cliffs herding schools of
"fool bait" into it.

To capture reef fish for bait likewise required adaptation in
‘technique. Cleaver and Shimada (1950) reported that the Okinawan drive-in
net, consisting of a large pocket flanked by wings of netting, was regu-—
larly used throughout the JMI to capture reef fish (Kask 1947). After
setting the net in an open channel between two reefs, the fishermen formed
a large semicircle and herded reef fishes into it, then converged to close
the opening.

Bait handling technique was another area that required improvisation.
The difference in handling bait caught in Japanese waters and in the JMI
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Table 7.--Some baitfishes used by the Japanese skipjack tuna fishery
(Cleaver and Shimada 1950).!

Scientific name Common Japanese name

Japan and Ryukyu Islands

Apogon notata

A. truncata
Atherina bleekeri
A. tsurugae

Beryx decadactylus
Caesio caerulaureus
C. diagramma

Caranx djeddaba
Engraulis japonicus

Harengula zunashi
Lutjanus vaigiensis

Parupeneus sp.

Pomacentrus anabatoids

Sardinella mizun
Sardinops immaculata
S. melanosticta
Scomber japonicus

Apogon sp.

Archamia lineolata
Atherina sp.

A. valenciennesii
Caesio chrysozona
Caranx sp.

C. leptolepis

C. malabaricus
Chilodipterus sp.
Dascyllus trimaculatus

Decapterus sp.

D. russelli
Gazza equulasformis
Harengula ovalis

Labracoglossa argentiventris

Mullus sp.

Parupeneus sp.
Rastrelliger kanagurta

Sardinella leiogaster
Selar crumenophthalmus

Sphyraena obtusata

Spratelloides delicatulus

S. japonicus

Stolephorus heterolobus

Kurohoshi-tenjikudai, ufuni

Ufuni

Togoro-iwashi

Aoharara, gin-iso-iwashi

Gasagasa, nanyo-kinmedai

Saneera, shimamuro-gurukun

Gurukun

Gatsun

Katakuchi-iwashi, seguro-iwashi,
tarekuchi-iwashi

Sappa

Mochinogwa, okifuefuki

Himeji

Hichigwa, hikigwa

Mizun

Hoshinashi-iwashi, shiira

Ma-iwashi

Osabanoko, saba

South Seas

Akadoro

Atohiki-tenjikudai

Kokera, tobi-iwashi, togoro-iwashi
Nanyo~togoro-iwashi

Akamuro, gurukun, saneera, umeiro
Aji, gatsun

Aji

Shima aji

Akadoro

Montsuki

Muro, shima-muro

Akamuro

Hiiragi

Ma-iwashi, nanyo-ma-iwashi

Takabe

Ojisan

Ojisan

Saba

Mangurobu-iwashi

Me-aji

Kamasu

Ao-iwashi, baka, nanyo-kibinago
Bakasako, kibiko-iwashi, sururu
Nanyo-katakuchi-iwashi, tarekuchi
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Scientific name

Common Japanese name

Trachurus japonicus

Upeneus sp.
U. tragula

Ma-aji
Ojisan
Yomehimeji

1The bait species listed herein were not limited in use exclusively

to the area for which listed.
available in quantity.

They were used by the fishery wherever

Note: The data were obtained from: Prog. Rep. Okinawa Pref. Fish.
Exp. Stn. for 1937; Marukawa, H., South Sea Fisheries 5(5), 1939; and
Dr. Y. Hiyama, Tokyo University, Tokyo, Japan.
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Table 8.-~Scientific, English, and local names of fishes discussed
in this report (Car = Carolinian; Cha = Chamorro; G = Guamanian).

Scientific name

English name

Local name

Abudefduf coelestinus
(= A, sexfasciatus)

Acanthocybiun gsolandri

Acanthurus xanthopterus

Adioryx spinifer
A. andamanensis

A. tiere

Apogon notatus

A. truncata
Aphareus furcatus
A, rutilans
Aprion virescens

Archamia lineolata
Atherina bleekeri

(= Allanetta bleekeri)
A. tsurugae
A. valenciennesgii
Beryx decadactylus
B. splendens
Caesio caerulaureus
C. chrysozona
C. diagramma
Canthigaster solandri
Carangoides ferdau

C. hemigymnosgtethus
Caranx djeddaba

C. lugubris

C. leptolepis

C. malabaricus
C. melampygus

C. sexfasciatus

Stripetailed damselfish

Wahoo

Ringtailed surgeonfish

Squirrelfish

Squirrelfish, fanfin
soldier

Squirrelfish

Cardinalfish

Cardinalfish

Olive smalltooth jobfish

Rusty smalltooth jobfish

Gray snapper, blue-gray
snapper

Crossbanded cardinalfish
Flathead silverside

Silverside

Silverside

Broad alfonsin

Alfonsin :

Blue-and-gold fusilier

Blacktipped fusilier

Darkbanded fusilier

Sharpbacked puffer

Blue trevally, Ferdau's
cavalla

Jack

Evenbellied crevalle

Blackjack

Yellowstriped crevalle
slender trevally

Malabar jack

Bluefinned crevalle,
spotted trevally

Horse—eye jack, yellow
jack

Ngenl (Car)
Saowarag-tosun (Cha)
Tosun (G)

Igaingun (Car)
Hugupao (Cha)

Ugupao (G)

Tiper (Car)

Sesebug, sesiok (Cha)

Lehi (G)

Aiwe (Car)

Aluhun laiguan (Cha)
Salmon, uku (G)

Tarakito (G)

Tarakito (G)

Etam (Car)

Tarakiton atelong (Cha)
Tarakito (G)

Dchep (small) (Car)
Etam (big) (Car)
Tarakiton apaka (Cha)
Tarakito (G)



Table 8.--Continued.

Scientific name

Fnglish name

Carcharhinus menisorrah
Cephalopholis aurantius
C. sexmaculatus
Chaetodon corallicola
Chelon vaigiensis

Chromis caeruleus
Coryphaena hippurus
Ctenochaetus striatus
Dascyllus aruanus

D. trimaculatus
Decapterus russelli
Elagatis bipinnulata

Engraulis japonicus
Epinephelus emoryi
Etelis carbunculus
E. coruscans
Euthynnus affinis

Gazza equulasformis
Gerres argyreus
Ginglymostoma ferrugineum
Gnathodentex aurolineatus

Gymnocranius japonicus
Gymnosarda unicolor

Gymnothorax flavi-
marginatus

G. eurostus

Harengula ovalis

H. zunashi

Heniochus acuminatus

Istiophorus platypterus

Katsuwonus pelamis

Ruhlia rupestris

Labracoglossa argenti-
ventris

Leiognathus equulus

Lethrinus miniatus

L. ramak

Gray reef shark
Orange rockcod
Sea bass
Butterflyfish
Mullet

Damselfish

Mahimahi

Surgeonfish

Damselfish

Damselfish

Mackerel scad, round scad

Rainbow runner, Hawaiian
salmon

Japanese anchovy

Sea bass

Red snapper

Red snapper, ruby snapper

Kawakawa

Soapy

Mo jarras

Nurse shark

Striped large-eye bream

Pigface bream

Dogtooth tuna, dog tuna,
scaleless tuna, white
tuna

Yellow-edged moray eel

Moray eel

Spotted herring
Scaled sardine
Featherfin bullfish
Sailfish

Skipjack tuna

Rock flagtail

Ponyfish
Green snapper, longnosed
snapper

Yellowbanded porgy

Local name

Araf (Car)
Laiguan (Cha)

Mahimahi (G)

Ehu (G)

Onaga (G)

Asil leu (Car)

Kachug apaka (Cha)
Black skipjack tuna (G)

Majarras (G)

[

Angarap (Car)
Kacho (Cha)
Umatan (G)

U-Lul (Car)
Lililug (Cha)

Liliok (G)

Mafuti (Cha)
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Scientific name

English name

Local name

Lethrinus variegatus

Lut janus argentimacula-
tus

L. bohar

. gibbus
kasmira

I

L. monostigma

L. rivulatus

L. vaigiensis
Makaira indica

M. mnigricans

Megalops cyprinoides
Monotaxis grandoculis

Mugil cephalus

Mulloidichthys auri-
flamma

Myripristis berndti

Naso vlamingi

Pagrus major
Parapercis cephalo-

punctata
Paracaesio caeruleus

P. xanthurus
Parupeneus porphyreus
P, trifasciatus
Peataceros richardsoni

Plectorhynchus orientalis

Polydactylus sexfilis
Pomacentrus anabatoids
g_«o pavo

Priacanthus cruentatus
Pristipomoides amoenus
P, auricilla

P. filamentosus

P. flavipinnis

P. sieboldii

P, zonatus
Rastrelliger kanagurta

Variegated emperor

Gray snapper, silver-
spotted gray snapper

Twinspot snapper, two-—
spotted snapper

Humpbacked red snapper

Bluelined snapper,
yellow and blue sea-
perch

Red snapper

Speckled snapper

Yellowmargined seaperch

Black marlin

Blue marlin

Oxeye tarpon

Roundtooth large-eye
brean

Mullet, striped mullet

Goldstriped goatfish

Squirrelfish

Bignose unicorn, unicorn-
fish

Porgy, sea bream

Sandperch

Fusilier

Yellowback fusilier

Whitestriped goatfish

Threebar goatfish

Pelagic armorhead

Oriental sweetlip

Pacific threadfin

Damselfish

Peacock damselfish

Red bigeye

Snapper

Yellowtail smapper

Pink snapper, crimson
snapper

Yellow-eye snapper

Pink snapper

Obliquebanded snapper

Indian mackerel

Mos (Car)
Buha (Cha)
Tagafi (G)
Fafaet (G)
Sas (Car)
Sas (Char)
Funai (G)
Kakaka (G)

Takular (Car)
Masetmas (Car)
Matanhagon (Cha)
Aguas (<20.3 cm) (G)
Liguan (>20.3 cm) (G)

Sasag (G)

Salmonete acho (G)

Boca dulce (G)

Mamagas (G)

Yellowtail kalekale (G)

Pink paka, pink opaka-
paka (G)

Yellow-eye opakapaka (G)

Pink kalekale (G)

Gindai (G)
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Scientific name

English name

Local name

m_e_ualgieag_m
um,ammm
8. melanosticta
MLm.qu.em
Scomber japonicus
Selar cxumenophthalmus

Beriola dumerili
Biganus argenteus
8. punctatus

8. xrostratus
,ﬁo QQiQUB

Sphyraena argentea
8. barracuda

letrapturus angusti-

rostris
Tetrapturus audax
Zhunnus alalunga
I. albacares

Smoothbelly sardinella
Sardinella

Sardine

Japanese gardine
Parrotfish

Chub mackerel

Bigeye scad

Greater amber jack
S8ilver spinefoot
Rabbitfish, spinefoot

Rabbitfaced spinefoot

Rabbitfish, bluntnosed
spinefoot

Pacific barracuda

Great barracuda

Banded barracuda
Obtuse barracuda
Delicate round herring
bluebacked sprat
Banded blue sprat
Whitestriped blue sprat
Buccaneer anchovy
Shorthead anchovy
Bridle triggerfish
Shortbill spearfish

S8triped marlin
Albacore
Yellowfin tuna

Bigeye tuna

Northern bluefin tuna
Japanese horse mackerel
Reef whitetip shark
Mottled goatfish
Whitetongued crevalle
Grouper

Swordfish

a——
-
———
——
-

Peti (Car)
Atulai (Cha)
Hiting (G)

——

Palawa (Car)
Hiting feda (Cha)

Besjun (G)

Barau (Car)
Alu or halu (Cha)
Alu (G)

—
——

Manguro (Car)
Kacho (Cha)

Bule-lei~-lonlon (Car)
Fafahid (Cha)
Gadao (G)
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was that bait taken in tropical waters was almost never held for any length
of time prior to use (Cleaver and Shimada 1950). The tropical anchovies
and herringlike fishes were all extremely delicate and usually died within
a day of impoundment. To minimize bait losses, therefore, the Japanese
fishermen caught bait at night or during the early morning and left for the
fishing grounds immediately. The system proved very practical, because the
baiting grounds were usually within a few hours from the fishing grounds.

Unlike conditions in Japanese waters where skipjack tuna fishing was
confined to the summer months, weather in the JMI was generally ideal most
of the year for fishing. The exception was in November-February when the
northeast trades prevailed and although it was possible to catch skipjack
tuna in almost all seasons, fishing was slowest in January-February. The
fishermen in the South Seas fisheries considered May-September the best for
skipjack tuna fishing.

In addition to all the problems encountered by the Japanese with bait
catching, bait handling, and weather conditions, changes in oceanographic
conditions also caused a great deal of apprehension. With changes in cur-
rents and water temperature came wide fluctuations in catches. In January-
March 1939, for example, abnormal oceanographic conditions prevailed over a
wide expanse of ocean from Palau eastward to long. 1500 E. during this
period, longline catches of yellowfin tuna declined and catches of bigeye
tuna and albacore increased. In the pole-and-line fishery at Palau, Truk,
and Ponape, the fleet experienced very poor fishing (Inanami 1941, 1942).
The good catches of bigeye tuna and albacore meant temperatures in the
surface layers were cooler than normal which in turn affected yellowfin
tuna and skipjack tuna distribution. By May, when oceanographic conditions
returned to normal, fishing for skipjack tuna improved significantly at
Palau, Truk, and Ponape.

The rapidity with which the skipjack tuna fishery expanded in the JMI
from 1922 to 1940 is reflected in the catches given in Table 9. Maximum
fishing intensity was reached in 1937 when the catch from the JMI reached
33,060 metric tons (t) (36,442 short tons (st). The fleet in Palau landed
422 of the total catch whereas that based at Truk produced 38%. The large
1937 catch resulted from the operation of an unusually large number of
fishing vessels (Table 10). The fleet was reduced in 1938 because of pro-
tests from Japanese producers in Japan and subsequent government restric-
tions on the number of vessels that could be operated in the JMI (Smith
1947b). By 1940, the fleet was reduced to 132 pole~and-line vessels.

The Tuna Longline Fishery

Waters around the JMI had an abundance of not only surface-schooling
skipjack tuna but also deep-swimming yellowfin tuna, albacore, bigeye tuna,
northern bluefin tuna and billfishes, Istiophoridae. It was logical,
therefore, to expect the Japanese to develop a longline fishery for these
resources, but the historical accounts show that a longline fishery never
really developed on a scale as the skipjack tuna fishery (Shapiro 1948).

In 1931-34, several large Japanese fishing firms began to show increased
interest in the deep—swimming tunas, and together with several research
stations, began surveys to determine the fishing grounds and the density of
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Table 9.~--Skipjack tuna catch landed in the former Japanese Mandated
Islands, 1922-40, in metric tons (Shapiro 1948).

Year Saipan Yap Palau Truk Ponape Jaluit Total

1922 2.36 ND ND 3.60 3.75 ND 9,71
1923 2,81 1.46 ND 3.04 ND ND 7.31
1924 9.10 1.76 1.56 5.21 0.11 ND 17.74
1925 14.81 1.99 8.53 6.05 4.95 ND 36.33
1926 44,84 2.16 42.41 2.76 0.11 ND 92.28
1927 28.11 0.73 14.77 7.50 1.62 0.22 52.95
1928 26.49 1.13 131.45 4.50 0.15 ND 163.72
1929 24.69 0.89 228.90 214.50 0.53 ND 469.51
1930 258.00 0.90 157.06 913.39 6.38 ND 1,335.73
1931 564.26 0.44 548.12 1,097.13 525.24 81.26 2,816.45
1932 1,309.73 ND 1,592.33 810.26 534.18 614.76 4,861.26
1933 1,762.30 ND 2,144.46 1,883.36 926.85 172.43 6,889.40
1934 2,516.00 4.19 3,778.65 1,199.98 1,202.46 255.13 8,956.41
1935 1,785.98 ND 5,390.99 3,002.43 1,313.,12 229.78 11,722.30
1936 1,696.01 ND 3,835.97 5,870.23 2,695.84 167.73 14,265.78
1937 2,697.30 ND 13,774.70 12,433.53 4,063.96 91.30 33,060.79
1938 2,392.03 149.28 3,420.21 5,294.78 1,495.58 6.71 12,758.59
1939 2,086.99 36.06 3,548.77 7,639.63 3,707.75 ND 17,019.20
1940 - 3,379.05 3.64 6,047.38 7,217.09 1,586.30 0.51 18,233.97

ND: No data available.
Source: Statistical yearbook of South Sea Islands, published by

South Sea Government General.

Table 10.--Number of fishing vessels in the former Mandated Islands, 1937
(Smith 1947b).

Port Below 20 tons Above 20 tons Total Number in crew

Saipan 34 3 37 630
Yap 4 - 4 96
Palau 89 160 249 3,154
Truk 47 3 50 817
Ponape ‘18 1 19 586
Jaluit 1 —_— 1 21

Total 193 167 360 5,304
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the population (Nakamura 1951). The surveys covered the area from the JMI
westward through the Dutch East Indies and into the Indian Ocean. ' The
results were encouraging, particularly for the development of longline
fishing for yellowfin tuna, and marlins, Makaira sp. (lkebe 1941). The
fishing grounds for yellowfin tuna in 1940 are shown in Figure 8.

It was the scarcity of capital for the purchase of large, well-
equipped fishing vessels and refrigeration equipment that contributed to
the lack of growth of the fishery (Smith 1947b). Experienced fishermen
were also in short supply, thus keeping longline operations limited to a
few vessels (Shapiro 1948). By 1938, however, longline vessel operators
in Japan became aware of the potential of the JMI's fishing grounds for
yellowfin tuna and billfishes and began to send large vessels of up to 60
gross tons (gt) to fish that area. Catches of these large vessels on the
fishing grounds around the JMI were good, with catch per unit effort higher
than those in Japanese waters (lat. 30°-40° N) and in Ryukyu and Bonin
waters (lat. 24°-30° N) (Table 11). The principal species taken was
yellowfin tuna followed by sizable quantities of albacore, swordfish and
other billfishes, and small numbers of sharks. Figure 9 shows the fighing
grounds for albacore in 1940 in the western Pacific.

Table 12 shows that tuna landings were highest in Palau, which was
also the leading port of landing for skipjack tuna. Although fishing could
be conducted throughout the year in the calm tropical waters, the catch
rates were usually higher during the summer southwest monsoons than during
the winter northeast monsoons (Table 13).

Other Marine Fisheries

While the JMI of which the Northern Marianas were a part bustled with
tuna fishery development activities under the Japanese, the fishery in Guam
under U.S. military rule can be described only as subsistence fishing.
Jennison-Nolan (1979) gives an excellent account of Guam's prewar economy
and fishing, basing her review and summary on Thompson's (1947) published
book. Briefly, it appears that some military policies fostered development
of a money economy whereas others did not. Thompson noted that a good
example of the former is employment where approximately 251 of the employ~-
able males on the island were working for the U.S. Navy.

It was Thompson's opinion that the prewar fishing techniques on Guam
probably derived from ancient prototypes. Hook and iine were commonly used
and with passing years this gear still persisted with only the materials
from which they were made changing to any degree. Hand fishing was done
mainly by women, who also engaged in clam digging, spear fishing, and
'rod-and-reel fishing. Men played the principal role in net fishing and
‘trap or weir fishing, the latter method being a licensed activity on Guam,
Other methods commonly in use were the cast net for small inshore fishes,
pole and line, night spearing by torchlight, narcotics for stupefying fish,
and seine dragging for manahac or rabbitfishes, Siganidae.

In the Marianas, although the Japanese concentrated much of their
effort in developing the pole-and-line skipjack tuna fishery, and to some
degree, the longline fishery for tunas and billfishes, they also exploited
other species in their effort to maximize harvest of the marine resources.
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Table 11,--Tuna longline catch in three major fishing areas by vessels

operating from the port of Misaki during 1939 (Shapiro

1948).

Area

Number of
voyages

fishing dayas
per voyage

Average

Average

tonnage
per veasel

Total catch

(t)

Average catch
per fishing day
per ton of vessel

Japanese waters
(lat. 30°-40° N)

Ryukyu and Bonin area
(lat. 24°-30° N)

Former mandated ared

(lat. 0°-24°

W)

412
212
239

15
14
13

45
56
113

5,312
2,511
8,470

0.019%
0.0155
0.0241

Table 12.--Tunas, excluding skipjack tuna, landed in the former
Japanese Mandated Islands, 1922-40, in metric tons (Shapiro

1948) .1
Year Saipan Yap Palau Truk Ponape Jaluit Total
1922 1.31 ND ND ND 2.36 2.40 6.07
1923 1.25 1.24 ND ND 1.76 2.40 6.65
1924 1.53 1.54 6.75 ND 0.80 1.34 11.96
1925 1.40 1.48 5.31 ND 2.54 1.50 12.23
1926 2.31 0.75 46.80 0.34 4.50 0.83 55.53
1927 2.91 0.38 41.22 0.14 6.58 3.05 54.28
1928 1.26 1.05 152.83 ND 7.75 1.29 164.18
1929 0.56 0.76 167.94 0.90 1.62 0.22 172.00
1930 4.53 0.77 92.26 8.53" 3.54 2.37 112.00
1931 16.73 0.46 156.61 29.43 4.83 3.85 211.91
1932 48.24 ND 137.62 5.18 34.69 135.72 361.45
1933 0.31 ND 242,23 55.39 41.42 25.87 365.22
1934 27.26 7.67 278.88 55.39 26.49 31.36 427.05
1935 42.92 0.08 301.18 98.50 23.50 13.91 480.09
1936 151.02 ND 213.26 178.02 29.96 14.85 587.11
1937 88.88 ND 189.78 342.18 56.37 3.96 681.17
1938 33.94 2.21 73.13 101.44 60.21 ND 270.93
1939 34.88 7.40 188.94 93.60 31.58 5.14 361.54
1940 84.51 15.82 686.57 46.62 17.31 7.97 858.80

Tncludes spearfishes.
No data available.

ND:

Source:

South Sea Government General.

Statistical yearbook of South Sea Islands, published by
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Table 13.--Seasonal tuna catch by longline operations in southwest Pacific
and Indo-Pacific regions (Shapiro 1948).

Southwest monsoon season Northeast monsoon season
(summer) (winter)
Number of Total catch per Number of Total catch Per
Area hooks used 100 hooks'! hooks used 100 hooks

East of Formosa to 120°30' E 900 1.78 7,032 2.94
East of Philippine Islands to 130° E 7,840 7.98 2,394 0.67
Former Mandated Islands: 0°-12° N and

130°-170° & ) 115,099 5.40 105,527 4.18
South China Sea off Palawan 4,158 3.32 106,402 4.69
Celebes Sea 10,493 8.86 146,663 4.06
North of New Guinea and Solomon Islands:

from 130° to 160° E 10,500 4.39 11,292 4.04
Banda Sea: southeast and south of .

Celebes 80,089 8.56 1,690 7.34
Neighboring waters of Timor Island 2,215 6.23 46,546 9.33
Southern coast of Sumatra 300 3.67 147,128 10.72

"Tncludes yellowfin tuna, bigeye tuna, and marlinms.
Source: Data obtained by Japanese research and fishing vessels from 1930 to 1940 and compiled by H.
Nakamura of the Tokyo Central Fisheries Experimental Station.

Table 14 gives the 1941 production from the more important marine fisheries
at bases in the JMI.

Sponge.~--Smith (1947a) gives a historical account of an attempt by the
Japanese to culture sponge, Spongidae, in the Marshalls in 1939-40.
Imported live sponges were planted at Ailinglaplap Atoll by the Japanese
but unfortunately, absolutely no records were kept on where the sponges
came from, how they were kept alive in transit, how they were planted, and
the size of each cutting. After conferring with the natives on the island,
Smith found that the plantings were made by the natives under Japanese
supervision. Briefly, the sponge culture bed had cement blocks as anchors
from which a piece of solid aluminum wire was stretched upward and buoyed
by a sealed beer bottle. Usually, 24 sponge cuttings were strung on each
wire and allowed to grow. Mortalities, according to the natives, were
minimal.

This sponge was later identified as fine levant or turkey solid,
Spongia officinalis, subspecies mollissima, which is found almost
exclusively in the eastern Mediterranean (Smith 1947a). At one time it
was considered a high-quality sponge and commanded a good price.

Pearl shells.--Although the Japanese production of pearl shells was
‘exclusively from Palau, the black-lip pearl oyster, Pinctada margaritifera,
was widely distributed throughout the JMI. In addition to Palau, where
this species was most abundant, specimens have been collected from Saipan,
Ponape, Kapingamarangi, Nukuoro, and Likiep (Smith 1947a).

Pear] culture.~-The Japanese also attempted pearl culture in the JMI
but eventually concentrated most of their efforts in Palau (Smith 1947a).
Plantings there were made as early as 1930 and at the outbreak of World War

II, four companies were engaged in pearl culture. Production figures are



32

unavailable but in 1939, 17,783 cultured pearl were exported from Palau.
Smith pointed out that this figure does not necessarily represent the total
1939 production, because the finished product was usually accumulated and
shipped whenever the Japanese producers found it necessary to do so.

Sea cucumber.~-There were perhaps a dozen species of sea cucumbers,
Holothuroidea, that were abundant in Micronesia and a few were eaten raw by
the natives but only sparingly. During the Japanese colonization, five
species were exploited to produce trepang or beche-de-mer, the boiled and
dried product used for making soup. The chief production centers in the
JMI were at Truk, Palau, Ponape, Saipan, and Yap. Catch and production
statistics are given for 1941 in Table 15.

Table 14.--Production from the most important marine fisheries at centers
in the former Japanese Mandated Islands, 1941 (adapted from Smith 1947a).
Weight in kilograms.

Saipan Yap Palau Truk Ponape Jaluit Total

Fresh bonito 1,297,354 3,308,160 4,346,259 2,424,260 169,020 11,545,053
Bonito sticks 182,152 370,290 724,800 332,266 24,332 1,633,840
Fresh tuna 33,669 906,150 24,150 12,768 46,356 1,023,093
Tuna sticks 54,533 3,956 2,730 5,500 66,719
Horse mackerel 4,014 1,896 1,613 7,559 14,830 29,912
King mackerel 5,767 14,092 19,859
Fresh mullet 75 6,075 6,150
Sharks 10,705 42,858 2,665 56,228
Shark fins 150 22,028 22,178
Other fish 288,688 46,742 134,877 56,419 134,973 26,724 888,423
Trochus shell 21,080 1 48,835 69,915
White pearl shell 2212,688 212,688
Black pearl shell 559 559
Sea cucumbers (trepang) 2,17 3,136 9,556 14,486 9,172 38,467
Coral 18,236 18,236
Other shells 53,555 206,875 135,131 12,075 407,636

Total 1,878,246 72,854 5,502,515 5,361,595 2,951,814 271,932 16,038,956

INo open season for trochus in Palau in 1941.
Zpeariing fleet based at Koror, Palau, but shells taken clsewhere.

Table 15.--The catch of sea cucumbers and trepang
production in the former Japanese Mandated Islands,
1941 (Smith (1947a).

Sea cucumber catch Trepang production
Wet weight Value Weight Value

Island (kg) (dollars) (kg) (dollars)
Saipan 54,284 678 2,112 1,109
Yap 31,277 1,567 3,129 1,223
Palau 154,788 556 9,536 3,181
Truk 518,364 1,818 14,456 5,557
Ponape 91,529 458 9,153 3,829

Total 850,242 5,177 38,386 14,899
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Trochus shells.--Although several species of trochus or topshell were
common in the JMI, only one species, Trochus niloticus, found mainly at
Palau and Yap was of commercial value (Smith 1947a). To increase produc-—
tion of this species, the Japanese carried out a program of transplantings
between 1930 and 1937, taking samples from Palau to Saipan, Truk, Ponape,
Ant, Mokil, Kuop, Pakin, Ngatik, Nukuoro, Kapingamarangi, Pingelap, Jaluit,
Ailinglaplap, and probably other islands for which no records exist.
Apparently, the transplantings were highly successful and collection of
trochus was turned over completely to the natives, who were permitted to
harvest individuals over 7.6 cm (3 inches) in base diameter during a 2-week
period in May or June for sale to the Japanese. The shells were shipped to
Japan for producing pearl buttons. Although no shell production records
exist, Smith found that it exceeded 113 t (125 st) of which 91 t (100 st)
came from Palau.

Sea turtles.—-Two species of sea turtles-~the green turtle, Chelonia
mydas, and the hawksbill turtle, Eretmochelys imbricata--occurred in
Micronesian waters but they appeared to be more abundant in the Carolines
than in the Marianas and Marshalls (Smith 1947a). In the JMI, turtle
hunting was mainly a native pursuit and captured turtles were sold to the
Japanese. The green turtle was mainly used for food but the shell was not
particularly attractive. The hawksbill turtle, on the other hand, was
mainly hunted for its shell; the flesh was not highly regarded as food.

Post-World War II Developments

In the course of World War II, almost all of the fishery bases that
were developed by the Japanese during the twenties and thirties were
destroyed (Nathan Associates 1966). A postwar survey of the fisheries
resources of the JMI and Guam was begun as part of the general economic
development survey undertaken by the Pacific Ocean Division of the United
States Commercial Company, Reconstruction Finance Corporation (RFC), at the
request of the U.S. Navy Department (Smith 1947b). The survey covered all
aspects of the native economy and was concentrated in several islands in
the Mariana Archipelago, the Caroline Islands, and the Marshall Islands.
Among the islands surveyed were Guam, Saipan, Tinian, and Rota. The
following sections deal with the results of some of the surveys conducted
in and around Guam and the Northern Marianas and with the resurgence of the
Japanese tuna fisheries in southern waters.

Revival of the Skipjack Tuna Fishery

Attempts to revive the skipjack tuna fishery, which thrived under the
Japanese administration, were first started in Saipan in 1946 (Smith
1947b). Two sunken Japanese sampans at Saipan were refloated, repaired,
and subsequently operated by the U.S. military government. The sampans
were manned by 26-28 fishermen who were paid only the regular daily wages
established by the military government. Fish caught on the sampans were
distributed free to the native population. This operation was short-lived.
Inexperienced crews, inadequate fishing gear and maintenance facilities,
and lack of dockside refrigeration facilities all contributed to the
abandonment of the project (Wilson 1963).
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In 1948, the Pacific Exploration Company, operating under contract
with the RFC, dispatched two fishing vessels to prospect for tuna in the
western Pacific (Smith and Schaefer 1949). The MV Oregon, equipped for
live~bait fishing, was sent to the Marianas and between 15 March and 19
April, fished for bait and scouted for tuna from Guam north to Farallon de
Pajaros and back to Guam. Although much time was devoted to prospecting
for bait along the beaches and cliffs of all the major islands in the
Marianas, very little bait was found. Night-light fishing at Guam, Tinian,
Alamagan, Pagan, Maug, and Rota was also tried and 1.4-2.3 kg (3-5 1b) of
bait could sometimes be netted under the light, but these amounts were
hardly sufficient for a vessel the size of the MV Oregon.

Among the islands surveyed, Guam was the best baiting area (Smith and
Schaefer 1949). Night baiting produced 6.8-9.1 kg (15-20 1b) of bait per
night at Apra Harbor, Port Nerizo, and Talofofo Bay, whereas day baiting
produced similar amounts at places along the cliffs on the leeward coast.
The species taken were mixed. Half to three-fourths of the bait caught was
round herring, Spratelloides sp., the rest being a small, unidentified
anchovy. Smith and Schaefer concluded that the supply of live bait was
uncertain but recommended further investigation.

The scouting reports of the MV Oregon indicated that sufficient
numbers of skipjack tuna schools could be found in waters around the
Marianas to warrant the development of a commercial fishery. But because
of the limited quantities of bait in the Marianas, small boats of limited
cruising range were recommended. In 5-6 days of scouting, the MV Oregon
sighted 35 bird flocks and 8 fish schools, 3 of which were identified as
skipjack tuna and 1 as yellowfin tuna.

Further exploration by the MV Oregon in the Carolines and Marshalls
revealed the potential for skipjack tuna fishery development was best in
Palau. Here, bait was plentiful and tuna school sightings were numerous.
Smith and Schaefer (1949) recommended the use of small vessels for any
fishery that may be developed, because they would have the capability of
baiting within the narrow confines of many of the small limestone islands
around which much of the bait were seen. A large tuna clipper might be
necessary only if fishing were carried on outside the Palau area.

Despite the promising outlook for a commercial fishery for skipjack
tuna in Palau, the Trust Territory Government, working with a limited
budget, believed that fisheries development should be kept at a level
sufficient only to provide food for the Micronesian people. But it became
increasingly apparent that the Trust Territory needed to develop its marine
resources and the government saw that fishing, a traditional economic
activity of the people of Micronesia, was an important source of jobs and
income.

The revival of the skipjack tuna pole-and~line fishery in Palau is
well documented in reports published by Wilson (1963, 1965, 1966),
Rothschild (1966b), Uchida (1970, 1975), and Muller (1977).
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Japanese Southern Water Pole-and-Line'Fishery

The most dramatic increase in fishing effort and catches of skipjack
tuna from Trust Territory waters since the end of World War II has been
made by the Japanese pole-and-line fishing fleet. The development of
Japan's southern water (refers to waters south of lat. 240 N) fishery stems
from the realization that the skipjack tuna resource in Japan's coastal
waters was nearing the limit of exploitation (Tohoku Regional Fisheries
Research Laboratory undated a). A second prime consideration for expansion
southward was that the large available skipjack tuna resource in southern
waters could be exploited during the off-season for skipjack tuna in
Japanese coastal waters.

Figure 10 depicts the geographical location of skipjack tuna fisheries
and fishing areas in the Pacific in the early 1960's. All the fishing at
that time was confined to areas relatively close to the coastlines of
Central and South America and Japan and near island groups in the central
and western Pacific. From about 1962, Japanese vessels operating out of
ports in several prefectures (Kagoshima, Mie, Shizuoka, Ibaraki, and
Miyagi) and carrying live Japanese anchovies obtained from bait stations in
southern Japan, began to move into southern waters along the Bonin Islands
and Mariana Archipelago (Tohoku Regional Fisheries Research Laboratory
undated b).

The principal fishing grounds in the southern water fishery are
divided into the Bonin~Mariana region, which is usually fished in July-
October, and the Caroline Islands region fished from November through March
(Iwasaki 1970b). The expansion of the fishing grounds continued over the
years so that by 1971 some vessels were fishing in equatorial waters
between Truk and the Marshalls and south of the Equator from lat. 19 to
50 S between long. 1470 and 1570 E (Figure 11). Generally, large vessels
(>300 gt) tended to seek out the newer, more distant fishing grounds,
whereas the medium-sized vessels (about 200 gt) remained on the established
grounds in spite of poor fishing. Figure 12 shows the extent of the
fishing grounds for skipjack tuma not only in the southern water area but
also throughout the Pacific basin in 1973.

Figure 13 shows the statistical areas established for the principal
fishing ground in the southern water fishery and Table 16 shows the
percentage of fishing effort and catch per day's fishing in these statis-
tical areas in 1963-69. In general, the areas west of the Marianas and
around the Western Carolines received the largest proportion of the fishing
effort. '

The supply of live bait is an extremely important factor in the
survival of the southern water fishery (U.S. National Marine Fisheries

Service (NMFS)).> Presently, all the bait used in this fishery is
obtained in southern Japan and carried by the vessels to the fishing

5U.S. National Marine Fisheries Service. 1974. Summary of Japanese
skipjack tuna fishing activities in the Pacific, 1973, Southwest Fish.
Cent. Admin. Rep. 1H, 5 p. Natl. Mar. Fish. Serv., NOAA, Honolulu, HI
96812,
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Figure 11.--The monthly movements of the skipjack tuna fishing
grounds in southern waters. Areas of intense fishing effort
encircled by solid line; area of moderate effort shown by broken
line (Tohoku Regional Fisheries Research Laboratory undated d).
Note: Numerals denote months of year.
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Figure 13.--The subdivision of the principal fishing area in southern

waters from November through April (Kasahara 1971).
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Table 16.--The percentage fishing effort (upper row) and the catch per day's
fishing (lower row), in metric tons, shown by subareas as designated in
Figure 13 from November through April (Kasahara 1971).

Season
Subarea 1963 1964 1965 1966 1967 1968 1969

Ay 3.3 5.9 5.7 0.5 5.5 1l1.1
3.2 3.6 4.4 5.4 4.1 0.2
A, 1.5 21.6 6.8 0.5 20.3 8.0
3.1 49 3.6 5.9 4.0 6.7
A; 0.6 3.6 1.8 0.8 3.4 4.6
3.5 6.1 3.9 5.9 6.6 5.5
Ay 1.9 0.2
4.2 2.4
By 11.1 5.8 14.5 0.7 2.3 7.1
4.1 3.0 4.0 3.9 2.4 5.4
B, 42.0 42,4 25.0 17.1 39.3 12.2
7.3 5.8 6.1 5.2 4.5 6.7
B; 37.0 3.7 6.4 12,3 32.0 7.8 23.7
7.6 7.1 8.8 5.3 6.0 4.1 5.2
B, 2.5 6.2 3.5 6.5
8.7 7.7 2.6 6.1

C, 1.1

6.5
C» 0.6 0.3 0.3 1.4 0.3 5.5
9.1 5.7 9.2 4.4 2.8 9.0
Cs 0.3 0.8 8.4 30.7 1.1 8.6
5.6 5.7 8.5 7.2 4.6 4.3
Cy 4.6 1.1 3.0
10.8 4.9 4.2
b 50.0 36.6 12.4 21.4 4.7 1.6 0.5
3.4 4.6 3.8 3.7 4.2 2.3 3.4

grounds. Bait-carrying capacity varies with vessel size; for example, a
190-ton vessel carries about 370 buckets of bait whereas a 350-ton vessel
can carry 500-600 buckets.

Based on skipjack tuna landings data obtained at the port of Yaizu,
Kasahara (1971) showed that gemerally, very few vessels fished the southern
waters in May-June (Figure 14), reflecting the shift to albacore fishing in
Japanese coastal waters. In July, the number of vessels returning from
southern waters increased then decreased steadily until October followed by
a gradual increase through December. The increase in October reflected the
end of the skipjack tuna season in coastal waters off Japan and the
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entrance of many vessels to the southern water fishery. The sharp decrease
in January reflected the tie-up of many vessels during the New Year's
holidays; the landings then gradually increased in February and March.

Usually, landings from the southern water fishery were high in
November-December and February-March. Landings per trip show small
variation ranging between 30 and 50 t (33 and 55 st). At the end of the
1971 fishing season, it was estimated that the southern water fishery for
skipjack tuna contributed from 20 to 30% of the total Japanese skipjack
tuna landings.

Figure 15 shows the number of vessels returning to Yaizu, total
reported landings, and average catch per vessel in 1964-79. For the
southern water fishery, a season extends from May to the following April.
Reported landings of southern water skipjack tuna at Yaizu represent
roughly 50-80% of the total southern water fishery landings (U.S. NMFS
footnote 5).

The landings at Yaizu have grown from 14,020 t (15,454 st) in 1964
(Table 17) to about 85,000 t (93,670 st) in 1973 (estimated from Figure
15). The drop in landings in 1966 was attributed to a decrease in fishing
intensity as many of the pole-and-line vessels experienced good fishing in
coastal waters and remained there instead of heading for southern waters.
In 1968, a typhoon in the Marianas curtailed fishing. Furthermore, it is
believed that many vessels fishing further west in southern waters chose to
unload at the ports of Makurazaki and Yamakawa (Tohoku Regional Fisheries
Research Laboratory undated c).

Iwasaki (1970b) noted that the trend toward higher seasonal landings
does not necessarily reflect better than average catches. He found
considerable variation in the average annual catch of all vessels over 150
tons (Figure 16). Iwasaki also found that in the Bonin-Mariana area the
average catch per vessel was good in 1963-67 and poor in 1959-61 and 1968.
In the Carolines area, average catches were rather stable; the exceptions
were a very good season in 1967 and a very poor one in 1968.

Recognizing that when the average catch per vessel in the Bonin-
Mariana area was high in July-September the catches were also above average
in the Carolines in November~March, Iwasaki (1970b) indicated that it may
be possible to estimate the Carolines catches on the basis of the Bonin-
Mariana catches. Iwasaki found that variations in surface temperature and
catch per vessel showed similar tendencies in the Bonin-Mariana area
(Figure 17). Low temperature in 1963 and 1968 correlated positively with
very poor fishing seasons. Temperatures were relatively high in 1964,
1967, and 1969, and fishing was good. He concluded that fishing condi-
tions for skipjack and yellowfin tunas in the Bonin-Mariana area in any
given year is largely influenced by prevailing water temperature.

In areas where fishing is good, the Japanese pole-and-line vessels
average up to 8.0 t (8.8 st) of fish per vessel per day of fishing (U.S.
NMFS 1971). In October 1971, for example, the vessels reported that on the
main fishing ground located near the Equator and lat. 80 N between long.
1500 and 1600 E (between Truk and Kapingamarangi south of Ponape), the
catch was!3-6 t (3.3-6.6 st) of skipjack tuna per vessel per day. Further
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Figure 16.--The variations in annual average catch (Iwasaki 1970b).
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Figure 17.--Annual variations in water temperature and catches (Iwasaki 1970b).

north near lat. 140-200 and between long. 1420 and 1480 E (between Guam and
Farallo de Pajaros in the Marianas), the catch per vessel per day was
slightly better, averaging between 4 and 8 t (4.4 and 8.8 st).

Although small, the landings of yellowfin tuna caught by the
pole—-and-line vessels operating in southern waters should be mentioned.
Kikawa and Warashina (1972) found that the landings of yellowfin tuna
averaged 4.9 of the total pole—and-line vessel landings with monthly
averages varying between 1.6 and 9.9%7. The yellowfin tuna ranged from 0.5
to 19.5 kg (1 to 43 1b) but most were between 1.4 and 2.3 kg (3 and 5 1b).
Kikawa and Warashina also estimated that the monthly percent of fishing

days with catches of yellowfin tuna averaged 30.1% with monthly averages
between 16.8 and 48.3%.



46

6°1L 987 TS €lL $°99 Lezee T0S 6°€S 0£T“82 9% S°6¢ 822°12 6£S Telol
7°¢6 7619 99 0° 1L DI €9 5y vE6°E 98 0y £2T°E 7 -ady
£€°08 €879 I Lot $90°9 8L 8°89 TZ%°L 80T £°TY 850°¢ 9L *IBR
LogL . SL6°t 49 8°86 €ZY‘9 9 S %¢ LLL e 15 97y 865°7 19 *qa3
6°28 12 TAN (3% T LL 126 4} £°69 88¢ 6 Y°59 61L T1 ‘wep
L°89 95vg v6 6°8¢ 59°¢ 79, 1°6¢ £69°¢ L9 vz 986°7 08 *d8(q
0°¢cL 1589 %6 6°0S €19°¢ 1L L Ak4Y 915z 8y 0°%¢ T96°T 9% aoN
0°95 v65°Y 78 0°9¢ 656°1 (13 6°SY SL6°T £y 6°9¢ $9€°Y £ *390
$*6S €19z Sy Youy T69°T 133 9°9% 98T oY Lege 8LT°T 113 *3deg
0°89 6%0°‘9 68 T8 €E8°‘T 13 9°gy 1981 g€ T°€ty 168°1 4 *8ny
0 0L 6Ty 09 0°6S 1892 134 7°8% FA RN 43 T°6¢ 609°C L9 £1np
0°9z 802 8 £°81 €L v L°gE £0€ 6 aunp
0°8¢ %4 v Ley

TL6T 0/6T 6961 8961

L9y 26282 609 1Y T199°6T Ly € L€ 178472 86¢ 6°L€ 02041 0LE Te3l0]
1°2% YA T9 RT3 £98°1 B3 13 FATAR 99 9°0¢ 37 ¥z *ady
€Ly 6Ly 001 8 LY 188°C €T c* Ly Y8%‘9 9¢T T1°0% XM 98 caEy
[Ak A4 879°¢ 8¢ S8y ¥89°¢ 9L v'0% 1952 €9 €°1$ 199 €T ‘qag
z°92 51T L9 0°2% 060°T 9 6°9¢ 0L 6T 9°cy cog L ‘uep
S 6y 79Tt %9 Y vt £€0°C 6S 19z SHHT 09 9°6¢ 768°T 49 *98Q
S oy oTT¢ L9 S 9 6261 9g v°62 8Z6°T 43 0°z¢ S1Z°1 8¢ *aoN
rAl 04 7981 %S 6°2¢ 20T T¢ 8°62 TTE‘T oy S Lz 901 8¢ 390
6°0Y €IT°1 ot £y L6 £z v 8y ¥80°¢ €Y 0°6¢ 6SS°T oY *adag
0°Ly £€9¢°1 62 9° L€ €06 \Z4 (A1 YTLT 6% 8Ly TLL'T L€ *8ny
€ oy £68°1 9% 0%y %9z 9 £°6¢ $72°t €9 Y0 050*T 9z AInp
z°z¢ 197 I3 £°6T 8¢ € voLE 8¢ 6 aunp
Sy Lz 8 Ley
Tessas aad {suol) ST3s59A 19ss2A 19d - (su03l) ST2889A Tessoa 1ad (suo3) STos80A T9889a Jad (suo3l) 8198894 Y3uoy

s8uTpue

s8uTpue] 3o Iequny

s8utpueq sSuypue jo xoquny

sBurpue]

s2uypue] 3jo 1aquny

s8urpueq Mwuﬂuudu Jo Ioqumny

L96T

9961

$961

9961

0861 “8L6T ‘P ‘@ ‘q ‘e pejepun eyeuey
SIBOQ 1TBq 9ssvueder jo {oss9A 1ad sSuypuet

*(® ‘p perepun Liojeioqeq UdIB9S9Y SSTISYSTS TeUOTIZOy nyjoyog

[°PS30) nzTex o3 Sutuiniex PU®R SI33BM UID
pue °(p93jewrlss) s8urpueT TEB303

yanos ur Buypjeaado
‘Iaqunu ATYIUOR---/T 3TqeL



47

*2TqeTTeAR 30U 3I2M sanTeA LTyjuom

8yl 30

oWOs 9snEeILq

POpPNTOUT 30U §/-9/6T PUE $/-7/6] 103 STeI03 Tenuuy :a30N

*ATuo Key Q1-1 3Jo sSurpue L O Y
*seuny 24£387q pue urymof[e4 jJOo sariyuendb TTems s9pnToUY

-oTqelTREARUN B3EQ,

*ZL6T LBR uT STBSS2A g7 £q uWeNRI SUOY €Q/°T s9pnToul,
*asures asand 9UC JO YO3IELD UOI-CE sepnToul,

21896
IH ‘NINTOUOR ‘VVON ‘-AJeS US4 BN TIBN ‘°3Iu) ‘YSTJ ISWMYINOg -g/6T ‘7TZ-€ Areniqez ‘uweder o3 dyay :3z0dex dYAL €61 I ‘ns30;
Te30}1
L°0€1 £29°8¢ 99 6L0°S " 6991 89E‘ET 16 8°0TT STt Le 99 ‘ady
%121 90T 6¢ St €°0TT 8% 6¢ 98 77651 #0€ ST, 96 2601 $26°01g 001 N
6°521 8YT €c 194 0°%0T 96%°Z¢ \4 0°2€T $0Z°9, Ly v 96 60Z°Cc vE *qag
9°0T1 6S9°T¢ ST 0°9T1 Y90 Tg 6 9 €91 TT6'Eg vz 0°61T 19L°Cg 9T “uep
v ETT €€L°8¢ LL TLTT 8%5°0T¢ 06 9601 80765 v8 9°60T T61°6, 8 *99g
S'88 600°¢ ¢ ve v°0T1 968G €< 1701 £491°8g 9L £°€21 6.8°8¢ 42 aoN
1°8TT £EY S, 9% L°0TT 2€6°9¢ 6S S 96 959°9¢ 69 6°50T $88°9, €9 *190
896°2¢ " kAT A " 0°98 065°Se €9 6'201 vSE S, s *3dag
£60°2Z¢ " 789°2 N v°811 028°Lg 99 9°68 T6T°2, %z *8ny
7851 # 0°2L 0L%°Se 1L 87€€1 0TL“0T¢ 08 v yE KAA A 6¢ Linp
€90°T¢ " 8779 YI€ S 8°TL £€6¢ €1 N aunp
Y¥ZE 9¢ N o " N Aen
6461 8161 LL6T 9/61
87001 8€L°SY T$L Te301
LEyT TE6 11 €8 6011 £60° 11 00T ¢ I91 8LT Tl (7 N cady
67T€1 969°T1¢ 88 9°16 0%0°TT €11 8671 980°6, oL " *IeR
0°£01 96Y°%g (A4 27901 yseE'Y 1v SLET CTCL 8 " Q34
8°80T 9T T 0z 4°80T S6%°C %4 6°E€T €T ¢, T4 " -uep
T°€8 (] 001 9°¢g 6%6 L S6 9°901 955°0T¢ 66 s e S16°¢ 9L *o3q
S 4g 7659 8L 9°€8 L25°9 8L 6°LT1 $99 6 8 9°€9 0ST°S 18 *a0N
S €9 A 74349 L8 %28 ST6°L 96 0°T€T SL8°01¢ €8 (A 90L ‘Y oL 390
7796 818 L £8 7°98 TIE Y 0s T°€€T 0718, 19 729 69€°T (44 *adsg
S 4TI L06°Lg 69 0°¢6 919°¢ 19 8°94 691  ¥c vs £°29 0£%°e 6€ *8ny
v°08 66L°Cc A 9°29 152 49 L1 880°1T »T €Ly 059°t 9s Lnp
L1°6L 19:7 00 ¢ ST . " " . sunp
Z°0T1 667y 6€ v 0LT 00Z°6, %S " " Len
T9ss9a Jod (suo3) STosS2A T9ss8A Iad (suo3) §T9559A Toss9a x9d (suo3) STOSEDA T9ss9A aad (suo3l) sT9ss9A qIuoR
sBurpue] sBurpue] jo aequny sfuypueT  s3urpur] jJo Ioquny s8urpue] © sBuypuwe] Jo 1aquny sBurpue  sSuypue] JoO Iaquny
SL61 Y61 €161 TL61

*ponuTIu0)~—*/T 9TqEL



48

Data from Yong and Wetherall (1980) indicate that the Japanese bait
boat catch and effort in the U.S. Fishery Conservation Zone (FCZ) around
Guam and the Northern Mariana Islands (Figure 18) fluctuated irregularly
but showed a declining trend from 1970 to 1977 (Table 18 and Figure 19).
The decline in catch and effort of the bait boats in the vicinity of the
Mariana Archipelago is perhaps a reflection of the gradual expansion of the
fishing grounds in the Japanese southern water skipjack tuna fishery.
Kasahara (1977) showed that during the October-May period in the early
beginnings of the southern water fishery, the bait boat fishing grounds
were pretty much confined to the vicinity of the Mariamas. By 1968, the
bait boats began to fish farther south in the vicinity of the Western
Caroline Islands and by 1971 had moved into the Eastern Caroline Islands.
From there, the fishing grounds gradually shifted eastward and by 1973 had
reached waters around the Northwestern Hawaiian Islands (between Hawaii and
Midway Iglands) (Figure 20).

Kasahara also examined the November-April period of the southern water
fishery and noted that fishing during the early years was concentrated in
waters north of lat. 100 N and west of the Marianas; however, by 1967, the
grounds rapidly shifted southward and eastward to an area bounded by lat.
30 and 109 N and long. 1350 and 1550 E near the Carolines. 1In 1971, the
bait boats expanded not only into the Marshalls but also south of the
Equator into the Bismarck Archipelago. By 1973 and 1974 the fishing
grounds had extended into the Coral Sea and to the vicinity of the Solomon
and Gilbert Islands.

According to a migration model developed by Matsumoto (1975), at least
three groups of skipjack tuna, and perhaps more, are found in the north-
western Pacific (north of the Equator and west of long. 1800°). The west-
ernmost groups, one originating off the Philippines (NWl1) and the other in
the Marianas-Marshalls (NW2) in the first quarter, apparently move north-
ward through Japanese waters in the second and third quarters, then return
south in the fourth quarter (Figure 21). The third group (NW3) originates
east of the Marshalls in the first quarter, then moves northwestward into
Japanese offshore waters in the second and third quarters before returning
southeastward to the area southwest of Midway Islands in the fourth
quarter. These movements of skipjack tuna in the western Pacific, hypo-
thesized from longline catches, generally agree with migration routes of
skipjack tuna developed by Fujino (1972), who identified genetic charac-
teristics of various subpopulations in the Pacific. However, recent
studies by the South Pacific Commission indicates an even greater
complexity in the subpopulation structure (South Pacific Commission 1976).

Japanese Southern Water Purse Seine Fishery

Despite the success of the southern water pole-and-line fishery, some
Japanese fishery scientists anticipated serious future problems of bait
shortages. They saw not only the entrance of more and more vessels into
the fishery but also the construction of larger vessels with greater
bait-carrying capacities. In 1972, Yabe (1972) reported that anchovy used
as live bait by the Japanese pole-and-line vessels survived for a maximum
of 50 days, but more normally for only about 5 weeks. Therefore, even if
larger pole-and-line vessels were built, their operating range would still
be limited and their eastern limit would probably be around the Marshall
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1980).



Table 18.--Estimated catch and effort by Japanese
bait boats around Guam and the Northern Mariana

50

Islands, 1970-77 (Yong and Wetherall 1980).

Year Effort in vessel days Total tuna catch (t)
1970 1,944 9,534
1971 2,810 13,008
1972 1,766 7,406
1973 1,657 7,612
1974 1,442 5,005
1975 1,902 7,753
1976 794 2,663
1977 1,442 5,504
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Figure 19.-—Estimated catch and effort by Japanese bait boats around Guam
and the Northern Mariana Islands, 1970-77 (Yong and Wetherall 1980).
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Pacific Ocean. The numerals along the migratory routes represent quarters
and locations of high catch per unit effort cells of skipjack tuna taken
by the Japanese tuna longline fishery, 1964-67. Stock designations are
shown in parentheses (Matsumoto 1975).

Islands. Yabe estimated that about 40 Japanese tuna longline vessels will
be replaced each year by pole-and-line vessels and that within 3 years
there may be many as 200 large pole-and-line vessels fishing in southern
waters. Because of the problem of keeping these bait boats supplied with
bait, Yabe encouraged more rapid development of the tuna purse seine
fishery which is not dependent on live bait.

Japanese attempts to capture surface schools of tuna with purse seine
in southern waters started in 1964 when the Taiyo Fishing company dis-
patched the 240-ton seiner, FV Kenyo Maru, to the New Guinea-New Zealand
area (Watakabe 1970). Attempts to seine large- and medium-sized schools of
skipjack tuna in waters north of New Guinea failed. 1In 1966, the Japan
Fisheries Agency undertook the development of tuna purse seining and a
full-scale test was started in the western equatorial Pacific during the
slack, winter months (early November through mid~March) in the Japanese
coastal skipjack tuna fishery.

Watakabe (1970) found that the purse seiners experienced a success
rate of only 30%Z on the early trials near the Equator (lat. 00-50 N, long.
1370-1400 E) to the north of New Guinea and near the Palau Islands.
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Problems with variable weather, clear water, deep thermocline, and sub-
surface currents have all been mentioned as hindering the progress of

exploratory purse seining in the western Pacific.

surface and causing the water to "“boil."
Offshore schools appeared to be moving faster and often the
The poor results obtained by the

schools,
direction of movement was unpredictable.

The erratic behavior of skipjack tuna schools in the western Pacific
was also mentioned as a cause of failure in purse seining (Watakabe 1970).
Many of the schools in the vicinity of islands and banks were reported
feeding on young sardine or flyingfish and could be seen breaking the

These fish aggregated in large

four seiners operating in the Trust Territory waters in 1966-69 are given
in Table 19.

seining work (U.S. NMFS footnote 5).
seiners were chartered to continue exploratory fishing.

In the early 1970's the semigovernmental Japan Marine Fishery Resource
Research Center (JAMARC) assumed responsibility for the developmental purse

During October 1970-March 1971, two
Although these

seiners captured up to 18.0 t (19.8 st) of skipjack tuna in a single set,
most of the catches were smaller (Table 20).
these tests were that (1) skipjack tuna schools can be seined in tropical
waters under certain conditions, (2) seinable schools were usually asso-
ciated with floating logs, and (3) purse seine success rate increased if
sets were made at dawn or dusk rather than during midday (Yabe 1972).

The conclusions drawn from

Table 19.--Catch records of four Japanese purse seiners operating in

southern waters, 1966~69 (Watakabe 1970).

Year
Vessel 1966 1967 1968 1969
No. 3 Hayabusa Maru (3 trips) (1 trip) (1 trip)
Skipjack tuna Skipjack tuna Skipjack tuna
80 tons 60 tons 67 tons
Yellowfin tuna
50 tons
No. 3 Taikei Maru (3 trips) (2 trips) (3 trips) Did not fish
Skipjack tuna Skipjack tuna Skipjack tuna
104 tons 43 tons 80 tons
Yellowfin tuna Yellowfin tuna Yellowfin tuna
31 tons 5 tons 36 tons
Nissho Maru (1 trip) (4 trips) (1 trip) (1 trip)
No catch Skipjack tuna Skipjack tuna Skipjack tuna
146 tons 26 tons 53 tons
Yellowfin tuna Yellowfin tuna Yellowfin tuna
56 tons 56 tons 25 tons
No. 58 Tokiwa Maru (3 trips) Did not fish (1 trip)
Skipjack tuna Skipjack tuna
73 tons 81 tons

Yellowfin tuna
102 tons
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In 1974, JAMARC chartered a 499-gt purse seiner the FV Fukuichi Maru,
which made three exploratory purse seining cruises around the Marshall
Islands and Carolines (U.S. NMFS 1974a, 1974b). During the first 2-month
survey, the seiner caught 229 t (252 st) of skipjack tuna and 53 t (58 st)
of yellowfin tuna, a total of 282 t (310 st) of tuna in 27 sets or an
average of 10.4 t (11.5 st) per set (U.S. NMFS 1974c; Otsu 1975). On her
second cruise to the southeast of Palau, the Fukuichi Maru found fishing
slower. In 10 sets, 22 t (24 st) of skipjack tuna and 33 t (36 st) of
yellowfin tuna were taken or an average of 5.5 t (6.1 st) of tuna per set.
The third cruise started in the Eastern Carolines (lat. 40-80 N and long.
1450-1510 E) where three sets yielded 19 t (20 st) of fish. Heading to
waters southeast of Palau, the seiner continued to experience poor fishing.
Fourteen sets yielded 127 t (140 st) or an average of 9.1 t (10.0 st) per
set. Toward the end of the survey, the Fukuichi Maru caught 20 t (22 st)
in one set at lat. 20 and long. 1440 E.

On the three cruises the Fukuichi Maru set on 53 schools associated
with drifting objects and caught 168 t (185 st) of yellowfin tuna, 320 t
(353 st) of skipjack tuna, and 12 t (13 st) of miscellaneous species.

Because of the success of Japanese seiners in setting around skipjack
tuna and yellowfin tuna schools that were associated with drifting objects,
Japanese researchers initiated studies on the possibility of aggregating
tuna under artificial drifting objects (Otsu 1975). Preliminary results
indicated that there is some merit in this approach.

By 1975, the Japanese fishermen considered purse seining to be
commercially feasible and several seiners began operating in the western
Pacific and in the Coral Sea (Otsu 1975). Overall, the catches averaged
10 t (11 st) per set and about 80% of the sets were successful in catching
tuna. Data from 1977 to 1979, however, indicated that the catch per set
has improved significantly (Table 21) and has been as high as 48.8 t
(53.0 st) per set (Tanaka 1978).

Compared with U.S. seiners in the eastern tropical Pacific tuna
fishery, Japanese seiners are considerably smaller, varying from 250 to
500 gt, and average smaller catches per set. The Japanese fishermen
believe that they can achieve success under the following conditions:

e Schools must be associated with drifting objects (driftwood, etc.)

¢ Sets must be made either early in the morning or at dusk.
e Nets must be larger than those used in the eastern Pacific.

When a school associated with a drifting object is found, a seiner may
often follow it until dusk or early morning (Otsu 1975). Marking the
drifting object with a radio buoy or lights, the seiner may track a school
overnight and set on it in the early morning.

The success that the Japanese seiners enjoyed in the western Pacific
did not go without notice. United States seiners, faced with the fact that
the yellowfin tuna resource in the eastern Pacific was fully exploited and
that the restriction placed on the stock shortened their fishing season,
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Table 21.--Catch data from Japanese purse seiners operating in the western
Pacific, June-October 1977, June 1978-April 1980 (Tanaka 1978, 1980,

undated d). Number in parentheses are averages.
Catch (t)
Number Skipjack Yellowfin and Catch per
Month/year of sets tuna bigeye tunas Total set
June 1977 127 - - 1,905.1 15.0
July 70 - - 1,391.3 19.9
Aug. - 1,303.2 546.7 1,849.9 -
Sept. - 1,487.1 836.5 2,323.6 -
Oct. 103 1,538.8 885.6 2,424.4 23.5
June 1978 70 - - 1,022.5 14.6
July : 157 - - 2,693.6 17.1
Aug. 124 - - 1,783.1 14.3
Sept. 95 - -— 1,551.8 16.3
Oct. _ 155 - - 2,813.6 18.2
Nov. 134 —_ - 2,308.4 17.2
Dec. 80 - — 2,025.6 25.3
Jan. 1979 79 ——— - 2,091.4 26.5
Feb. 150 - - 3,371.0 22.5
Mar. 11 - - 304.0 27.6
Apr. 149 - - 3,300.4 22.2
May - 1,128.0 503.0 1,631.0 -
June - 1,544.2 682.4 2,226.6 -
July 15-31 11,566.8 815.7 - 2,382.5 11.7-27.5
(22.5) (17.5)
Aug. 15-32 12,926.9 1,336.3 4,253.2 -
(19.7) (21.3)
Sept. 13-40 949.3 1,064.7 2,014.0 -
(26.2) (16.0)
Oct. 11-36 1,132.8 941.1 2,073.9 10.7-18.9
(26.0) (13.3)
Nov. - 1,348.4 507.6 1,856.0 -
(31.2) (14.8)
Dec. 22-36 1,135.7 457.1 1,592.8 -
(30.0) (13.3)
Jan. 1980 - 1,940.9 1,441.7 3,382.6 -
(25.8) (16.4)
Feb. 10-43 2,420.4 13,014.9 3,435.2 -
(23.9) (18.0)
Mar. 13-25 1,867.5 1,198.7 3,066.2 -
(18.2) (21.0)
Apr. 8-31 3,166.6 1,339.5 4,506.1 -
(16.9) (26.7)

lincludes some deliveries by transport vessels.
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looked to the western Pacific as an area with considerable promise for
expansion. In 1976, the Pacific Tuna Development Foundation (PTIDF), a
cooperative enterprise among the U.S. tuna industry, NMFS, and the
Governments of Hawaii, American Samoa, Guam, and the Northern Marianas,
chartered three tuna seiners--MV Apollo, MV Mary Elizabeth, and MV Zapata
Pathfinder--to conduct experimental purse seining operations in the western
Pacific (Figure 22). This venture produced not only catch data (Table 22),
but also a wealth of information on tuna school behavior and on water
characteristics in the western Pacific (Living Marine Resources (LMR)).6
Among the recommendations by the captains and scientific observers were:

e Seiners should be in the 400~ to 600-ton capacity range.

o Purse seines should be fabricated of light webbing, be 1,829 m
(1,000 fathoms) in length, and 20-22 strips in depth.

e Fishing should be concentrated on schools associated with floating
objects, either man-made or natural.

e If possible, long-range aerial surveys should be conducted prior to
the start of fishing operations.

Japanese Longline Fishery Development

Longline fishing for subsurface tunas in the western Pacific was
reestablished by the Japanese after the end of World War II in the area
authorized by the Supreme Commander for the Allied Powers (SCAP) on 22 June
1946 (Figure 23). On 11 May 1950, roughly 4-1/2 years after the war, a new
phase of the Japanese tuna longlin