
FISHERIES OCEANOGRAPHY IN JAPAN, ESPECIALLY ON THE PRINCIPLES OF 
FISH DISTRIBUTION, CONCENTRATION, DISPERSAL AND FLUCTUATION 

MICHITAKA UDA 
Tokyo University of Fisheries 

INTRODUCTION 
Oceanographic studies of existing fishing grounds 

and exploratory expeditions into new areas to dis- 
cover new fishing grounds have aided very materially 
in increasing the efficiency of fishing, and have con- 
tributed greatly to the tremendous yield of the Japa-  
nese fisheries in recent years. After the first investiga- 
tion of oceanic currents around the Japanese Islands 
by drift  bottle experiments started by Yuji  Wada in  
1893, Tasaku Kitahara founded a fisheries ocean- 
ographical organization in Japan  in 1909 and pro- 
posed (11118) the principle of fish assemblage near a 
line of convergence (' ' Siorne "). This principle was 
further developed by M. Uda (1927-58), K. Kimura 
(1940-58), and others. 

A fishing ground may be defined as a locality or 
area where a fishery is economically conducted on 
large forms such as whales or on populations of fish, 
such as salnion, herring, sardine, and tuna,  etc. 

Fisheries science, in dealing with fish shoals (or fish 
schools) on the fishing grounds, must determine the 
reasons for their general distribution, their eoncentra- 
tions in certain areas and their general dispersal. It is 
important, of course, that cwough research be available 
and that equipment be highly efficient in tracking 
down and capturing the school of fish. The fishing 
operations, both in amount of area covered and actual 
fishing done, are restricted by weather and ocean con- 
ditions. There are a iiiiniber of problems associated 
with the safe and efficient conduct of fishing opera- 
tions such as methods of locating schools-fish finders, 
aerial scouting, observation of the oceanographic 
structure of water, etc. ; maritime meterological kaowl- 
edge arid information to prevent or a t  least effectively 
reduce the damage due to storms, abnormal currents, 
etc.; processing and transport to market of the fish 
caaught; the management of the fishery to assure con- 
tinued maximum sustained yield ; and safe navigation. 

Fisheries science, from the view point of fisheries 
oceanography, seeks to find the principles controlling 
the abundance of fish in the four dimensional (x, y, z, 
t )  field of fisheries and includes the theory of fishing 
conditions, fishing areas or grounds, fishing periods or 
seasons in any time section, as well as the variations in  
fishing conditions in any spatial section. As a practical 
extension, it seeks to develop fisheries forecasts or 
predictions, not only of the fishing grounds and fishing 
seasoils, but also of the distribution and the extent of 
the catvhes, in both good and poor years. With refer- 
ence to the progress acquired by fisheries during the 
first half of this century, the following principles of 
fish distribution, concentration, dispersal, and fluctu- 
ation proposed by the writer, based on his research 
(1927-1958), are illustrated. 

PROPOSED PRINCIPLES 
(1) Marine organisms are distributed according to 

the variable enviroiimental (hydrobiological) condi- 
tions whic.li they require for successful development. 

(2) The ba.;ic pattern of the fish shoaling curve in 
respoiise to normal enviroiimeiital conditions is shown 
by the probability curve which is modified by special 
sea conditions, such as a cold front, etc., or by the 
composition (size, etc.) of the fish schools. 

H. 0. Bull (1952) found ~iiarinc. fishes to be sen- 
sitive to temperature changes of 0.03" in his experi- 
ments. 

Alaskapol lock 

FIGURE 1. Optimum water temperature spectra of important fishes in 
Japan (Uda 1957). 

Uda (1940, 1957) prepared a diagram (Fig. 1) of 
optimum temperature spectra for some of the import- 
an t  commercial fishes of Japan, in which the optimum 
temperatures (range about 4"-5" C) are shown as 
each characteristic "proper value" (e,) in the following 
equation. 

(e - e o > 2  

262 N = N,e - 

where 6 is the standard deviation, a measure of the 
range, e is the  water temperature and e, is its mode, 
N is the number or catch of fish, with N ,  representing 
its peak. When 6 is large i t  is called eurytherm, when 
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small, stenotherm, arid in the range (0,,&2&) 98 per- 
cent of N are included. 

A similar probability curve for salinity ean be pre- 
pared. 

( 3 )  The localizatioii of fish coilcentrations is deter- 
rniiied by the narrowness of the optimuni watrr zone 
and each special three-dimensional oceanographic 
structure. Especially good fishing grounds correspoiitl 
to the zone of the oceanic fronts (boundaries) of water 
masses, including “ siome ” or lines of coiivergenve, 
and to the zone of up-welling (area of divergence) and 
other factors, a s  stated below such as ridging, entraiii- 
ment, eddies, turbulent mixing, etc. 

(a )  Kitahara’s law (first postulatd by T. Kitahara, 
1918, and extended by &I. Vcla, 1936, 1938) states that 
the “oceaiiic f ront”  corresponds to the area where 
marine life is concentrated and where fishing is good, 
having a “sionie” (line of convergence) on the ocean 
surface as an indicator. 

( b )  Kathaiisohn’s lam (first laic1 do\vn by A. Sathan-  
sohii, 1906, and extended by others), states that highly 
productive arid consequently good fishing grounds are 
found in areas of up-welling. The Scripps Institution 
of Oceanography has conducted hoiiie basic work on 
the riiechauics of productive iip-welling in the Cali- 
fornia Current System. 

(e )  Topo=raphicall~--develope(l back-eddy systems 
(near a strait,  channel, peninsula, cape, island, estu- 
ary-mouth, etc.) are rich feeding areas, and are good 
fishing groiuicls for mackerel, squid, yellowtail, etc. 
(Uda, 1958). 

(d )  Thermoantirlines or ridpings occur in  some 
sub-surface fishing grounds (e.g.. tuna fishing areas in 
the Equatorial Parific) as pointed out by T. Croninell, 
1958 This is due to a variety of uiiclerwater up-well- 
ing o r  some type of entrainment. 

( e )  Entrainment (J. P. Tnlly, 1952, 1936) in estii- 
aries, oil the coiitinental shelf edge, insular shelf 
edges, or near fishing baiiks, produces a highly fer- 
tilized zone and produces good areas for fishing or  
other aqniculture. 

( f ) Dviiamically-produced eddies alonp oceanic 
fronts are rich feecling areas, supplied with an abun- 
dance of planktonic food aiid small fish. These attract  
the fish which teiid to rerriain thhre and consequently 
develop into suitable fishing regions. 

(g) In the northern hemisphere, cyclonic (counter- 
clockwise) eddies representing cwld eddies. coiistitiite 
good fishing areas in the marginal zones of up-welling 
ie.g., saury, whales, squids, etc., in the Polar Froiital 
Zone; albacore in the Kuroshio Front )  ancl are asso- 
ciated with favourable water teniepartures. 

In the southern hemisphere clockwise eddies de- 
velop along the Antarctic Coiivergance as favourable 

(N. Lat.) (S. Lat.) 

FIGURE 2. Eddy formation at  polar fronts, schematic (Udo 19590). 

wliale grounds jiist north of the pack ice zone (11. 
Kcla, 1931, K. Kasu, 1959) (Fig.  2 ) .  

(4) Warm and c~old water iiitrnsioiis into well-de- 
veloped suitable water temperature zoiies bring about 
concentrations of fish and produce good fishing areas. 
By the intrusion of mifavourable water niasses ( e $ . ,  
abnormally warm, saline, or cold, frc\h \I ater) the 
fish also become conc~eiitrated. For example, the mete- 
orologically abnormal onshore currcwt “ Ryutyo ’) 
(rapid current o r  storm current)  pr‘oclnces a heavy 
catc.h of vcllowtail, sardine, tuna, etc., to the coastal 
set-net fishery. 

(3)  According to IC Rranclt ’s theory (1 899) of the 
development of the organic life cycle of the food chain, 
productive zoiies TI liicli are fertilized either naturally 
or artifically by certain physical and chemical proces- 
ses becwiiie potential areas for fishiiip or for accjui- 
culture by having available ample supplies of the 
priniary nutrient substanws. 

Physical factors important in cleyeloping productive 
areas iiiclude : 

( a )  Tnrbuleiit mixing, due. to waves aiicl currents, 
which has been observed in coastal areas or arouiicl 
oceanic banks and islands (e.p., the shrimp grounds, 
etr., along the S.K.  coast of Iiitliil ill the sniiiiiier 
nionsooii period, as pointed out by S. I<. Panilrkar, 
1!138). Productivity of the fishing grouiids of her- 
ring, cod, etc., in the coastal straits of British Colurn- 
bia may be attributed to the misiiig effect of the 
stroiig tidal currents, similar to the straits in the 
Iiilarid Seas of Japan. 

( b )  Tiiternal mares (of the tidal period) as studied 
b>- C. Cox, IC. lToshida a d  T. JIorita in  1938 in the 
southern sea of ?Japan. The frrtilizatioii of the tmia 
growicls on the deep oceanic baiiks or sea momits may 
be d u e  to internal \I aves. I,. N. Cooper (1937) has sug- 
gested that internal w a ~ s  011 the coiitiiieiital shelf 
edge rnay contribute to  the fertilization of the niack- 
crel fisliilig grounds in the Crltic Sea aiid A. 12. Jliller 
(1930) has studied the mixing processes orer  the shelf 
edge. 

(c )  Mixing by coiiwction due  to winter cooling, 
which is important in the seas of higller latitucics. The 
productivity of the Okhotsk Sea, Bering Sea, Japan 
Sea, Y(~1Iow Sea and China Sea delwnds largely on 
the winter rnoiisoon. 

(6) Schooling of fishes (IL’) is a function of a 
special group of hydrobiological conditions (S), the 
spatial gradient (OS) and the rate of time variation 
(S). Thus, N = f n  (S,VS,S). Where continuowly sta- 
ble or uniform ocean conditions prevail, the conren- 
tration of fish and consequently the development of 
good fishing areas cannot he expected. A marked 
spatial gradient in water temperature, etc., or a sudden 
change in thcse featurcs is a promising indication of a 
good fishing area or of a good catch. 

(7)  Diiriiig the feeding migration, schools of fish 
seek o u t  areas \there the  food organisms are abuiidaiit 
aiid arrive nornial1~- a t  the time ~ ~ l i e 1 1  the food is 
abtiiidant. The food forms vary according to the par- 





migrations of fish. F o r  example, the yellowtail fol- 
lows along the 50-100 in. isobaths of the continental 
shelf ; the sea bream prefers a fine sand and shell bot- 
tom near a bank or reef. Some fish tend to assemble 
on banks or reefs, on the margin of sea-valleys or 
canyons, on sea mountains, close to the continental 
shelf edge or  near the coast (ground fishes and 
pelagic fishes). 

Such topographical or  geological irregularities 
bring about the localization or concentr*ation of fish, 
as cmitrasted to  the smooth, unbroken flat sea bottom. 
Therefore, the exploration of the sea bottom by means 
of echo sounders, dredges, core samplers, etch., is im- 
portant in fisheries. 

( 1 3 )  Fish which migrate in mid-water areas, i.e., 
iii the optimum temperature zone, are concentrated 
therc by the vertivally confining influences of the 
upper and lower unfavourable temperature strata and 
also horizontally by flows of less favourable waters 
(e.g., squids, mackerel, tuna) .  

(14) Fish tend to move upward into relatively 
shallower strata for  feeding and collect in those areas 
where the prey-food forms are concentrated. Feeding 
in thew arms nsiially extends from twilight or dusk 
(‘ ‘ Pu Mazume ’ ’) to dawn (‘ ‘ h s a  Mazume ”) or sun- 
rise, and during the late evening, night, and early 
nioriiing is the best period for fishing (angling, net-  
ting, lining). The tinw of the turn of the tide (ebb to 
flood, or flood to ebb) is another very good fishing 
period, espclcially for angliiig. 

These above-mentioned periods correspond to the 
time whcn the fish are actively feeding, as indicated 
by echotraces and catch samples (e.g., I’da, 1937). 

(15) Generally speaking, coincident with the ap- 
proach of meteorological disturbances such as ty- 
phoons, c+ycloiies and fronts, the fish present in 
coastal waters swim up c1osc.r to the surface and feed 
very actively. Consequently, both before and after 
such atmospheric distnrbanc good fishing occurs. 
On the high seas, howevw, the fish teiid to scatter 
widely a t  such times a i d  seek out new feeding areas. 
To follow such fish or locate them again is a difficult 
problem. 

(16)  In accordance with the state of devcJlopnic.nt 
of the c.onr~ergence and the temperatures prevailing 
(i.e., whether favourable or not) the productiveness 
of the fishing grounds and the development of the 
fish thereon nil1 differ for each specks present. 

(17)  During the season of the spring tide (full 
niooii, dark)  the fish schools teiid to  approach closer 
to the coast (whales, tuna,  etc.). 

(18) Stormy gales or  severe inonsooils cause fish 
to collect to the leeward of islands and headlands, 
etc., to avoid the rough seas (yellowtail, saury, flying 
fish, etc.). 

(19) After severe earthquake, hcavy storms, vol- 
canic eruptions, “ tunami ’ ’, etc., the fishing areas and 
fishing conditions may become quite disorpariized and 
altered. 

(20) “Red Tides” and other abnormal “bloom- 
ings” of plankton (eg. ,  Phaeocystis in  the North 

Sea herring areas) drive away fish schools and dis- 
rupt fishing. Near the niargin of such discoloured 
areas we sometimes find good catches. 

(21) Long term cyclic fluctuations in coinmercial 
fisheries are the result of changes in the reproduc- 
tion, development, distribution or  availability of fish 
stocks as caused by cyclic environiental changes. The 
effect of such changes depends on the degree to  which 
the conditions depart from those laid down by Uda 
(1958) as the optimum conditioiis and defined by the 
temperature spectra of Fig. 1. Fluctuations occur in 
all fishes whether they br associated with cold cur- 
rents (Group A in Fig. l ) ,  intermediate cold-warm 
cnrrents (Group K ) ,  warin curreiits (Group C )  or 
coastal water areas (Group I), not shown in Fig. 1). 

FLUCTUATIONS IN FISHERIES: LONG TERM 
TRENDS AND PREDICTION 
A. General 

Fish populations ( 1’) in nature repeatedly increase 
and decrease (acconipanied by extension and contrac- 
tion of their ranges) under some unknown and com- 
plex natural enviroiinierital c*onditions. The fishing 
conditions and the resultiiig amount of catch ( N )  for 
each fish species (sardine, herring, tiuia, etc.) fluc- 
tuate from year to year ( in  a periodic or  some irreg- 

FIGURE 3. Long period variations of the catches of important fisher 
(Uda 1952). 

TABLE 1 

RECENT FLUCTUATIONS O F  THE FISHERIES IN THE J A P A N  SEA 

(b-bad; bb-very bad; g-good; gg-very good) 

Period (interval of 
years) 1 Sardine 1 Tuna 1 Squid 1 Herring 

1 1868-1905. - ~. ~. . . ~ ~ 

2 1906-1912- -. . ~. . . ~ ~ 

3 (1913-1917).-.- ~ ~ ~. . ~ 

4 1917-1921.. ~.~ . .~~.  
5 1923-1931 -...--..-- 
6 1932-1940 .._.... ~~. 
7 1941-1948 ...... ~~~. 
8 1949-1955.. ~ ~. . . ~. . 
9 195G-1957 ...... ~... 
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Bluefin tuna.. . . 
Albacore ....... 
Skipjack.---.-- 

Anchovy. ... . . . 

ular way) with intervals of nearly a century, or 
20-30 years, or  50-60 years (See Fig.  3 and Table 1.) 

In general, the periodic. decay (or  growth) of yield 
can be expressed as :  

1936-41 
1935-40 t 1936-38 

~- 

N = Noecrt 2 cos (wt - /.I) . . . . (1) 

The actual fluctuations of a fish population (or 
catch) is the result of its natural fluctuation modified 
by some artificial factors (e.g. fishing, o r  some bad 
effects of industrial wastes) (M. ITda, 1957). 

Following M.B. Schaefer (1954) : 

. (2) - =  f (P )  - K P F  . . . . . . dP 
dt 

(where K ,  P,  P ,  are all functions of environmental 
factors). 

I n  company with the movement of predominant 
warm currents and cold currents, the zones of favour- 
able and uiifavonrable catch shift and undulate from 
north to south or south to north meridionally (y-  
direction) along the coast, and froin offshore to near- 
shore, or  nearshore to offshore laterally (2-direction) . 
As the function of the movements in each direction, 
2, y, with velocities cl,  c2 respectively, we have: 

N = @ (x - clt, y - c 2 t )  - - - -__  - - _ _ _ -  (3)  
The migration route of fish shoals approaches the 

coast in rich years and moves further away from the 
coast in poor years ( e g .  sardine, yellowtail, etc.) . 

The fishing gears suited to each fishing locality 
change from set-net near the coast to purse seine in 
the intermediate waters, to drift gilliiet and longliiies 
offshore. 

We can find groups of iniportant fish species which 
show positive and negative variations, respectively, 
and also indicator species for each group (euphau- 
siids, copepods, Sagitta, porcupine-puffers, t iny horse 
mackerel, some kinds of jelly-fishes, etc.). 

Apparently there are certain biological associations 
in the seas and oceans, i.e. the cold current group 

TABLE 2 

PHASE LAG OF THE MODE (MAXIMUM) OF CATCH 
CURVES AND THEIR OPTIMUM TEMPERATURE 

A 
A 

C 
C 
C 

D 
- 

I 

Period I 
Fish species (years) 

__j 
Herring ...-_--- 1944-45 
Atka Mackerel..iT 1944-48 

Period I1 
(rears) 

1951 ('52 
1947-50 
1951-52 
1954 ('51- 
'52 Japan 
Sea) 
1955 1 1954-57 

1956-57 
1954-57 1 1955-57 

1955-58 

Optimum water 
temperature 

3O-8'C 
2°-60(-130C, young) 

( A ) ,  the intermediate group (E) ,  the warm current 
group ( C )  and the cwastal water group ( D )  etc., and 
for each of them there are representative indicator 
organisms. Groups A, R, C and appear in siicces- 
sion, corresponding to the order of optimum tempera- 
tures arranged as " optimum temperature spectra " in 
recent years. The growth and flowering of the C 
group appears in company with the derelopment of a 
warm current. Contrariwise, the A group flourishes 
along with the development of a cold current (Table 

Considering the fluctuations over a long period of 
years, we can distinguish unstable periods and rela- 
tively stable periods of a t  least several years' dura- 
tion and a t  most several decades when referred to 
some standard level of fisheries yield, and moreover 
periods when the sea regions are correspondingly un- 
stable and relatively stable. 

The conditions in the regions of the sea on the route 
of feeding migrations, especially near the oceanic 
fronts, fluctuate greatly and show unstable (rich or 
poor) catches. Regioiis of the sea near the spawning 
grounds and along spawning migration routes show 
comparatively stable catches. 

The spawning grounds and nursery grounds move 
not only from south to north or from north to south, 
but niay vary in the relative percentage abundance 
of fish present on the grounds as we see in the cases 
of sardine, herring, etc. The sudden change in the 
long-term variation is brought about by the sudden 
growth or decav of warm and cold currents (e.g. in  
the years of 1923, 1941 and 1931). 

Apart  from artificial causes (overfishing, water 
pollution, etc.) , the ultimate cause of the fisheries 
fluctuations map be found in variation of reproduc- 
tion potential, survival, recruitment and availability 
in relation to variations in environmental conditions. 

Fluctuations in fisheries for some important pelagic 
fishes (clupeids, tunas, salnions, etc.) seem to occur 
011 a world-wide scale which may correspond to global 
geophysical variations (climatic change or the fluctua- 
tion of oceanic currents, polar ice, precipitation and 
evaporation over the oceans or zonal regions). 

Herring (F.1I.C. Taylor, 1955) along the Pacific 
coast of Canada exhibited heavy larval mortality from 
the offshore current when northeasterly winds pre- 
vailed in April. Even in the case of bottom fishes 
(haddock, cod, etc.) the effects of environment. 
especially the wind conditions a t  the larval stage, 
are very serions, as shown by H. B. Hachey (1955) 
and J. N. Carruthers e t  aZ. (1951). Dominant year- 
classes of important fish populations (e.g. sar- 
dine, herring, bluefin tuna,  etc.) and favourable en- 
vironmental conditions may occur over several (10 to 
about 20) years, and the appearance of large-sized 
(old fish) population\ without the succeeding year- 
classes (small-sized fish) give warning of the ap- 
proaching end of good fisheries. Conversely, the in- 
crease of young and adults year by year may foretell 
a growing fishery. 

The inverse relation between sardine and anchovy 
or others may suggest some law of balance of law of 
alternate predominance in the seas, or  correlational 

2 ) .  



balance sheet between pisci-predator, plankton feeder, 
and benthos feeder. 

Concerning sardine, mackerel, herring, Pacific 
saury or other fish populations, we can recognize the 
fluctuation of the spawning grounds in the course of 
spawning migration routes, and the corresponding en- 
vironmental fluctuation may be the fundamental cause 
of this fluctuation. A special phase for each prosperity 
of fish populations can be pointed out, as we see in 
Fig. 3, Tables 1 and 2.  In conclusion, we should de- 
fine the abundance and maximum sustainable catch as 
a function of environmental factors (W. E. Riclrer, 
1958). 

B .  Examples of fluctuation 

Cold yenrs \17flrlJl y e n i s  
(a) 

1900-191 0-1915 l!E&40 
1!)41-4!) (peal, : 1!132-35) 

(1!)40Ll<altic heavy ice, (Iinroshio northerib extended, 
1!)&2-44-Arctic heti\ y ice) ,\tl:intic current htrong) 

19.il-tX : .Jai)tin 
(1954 .78 ; I’acific S. America) 

( b )  In 1958 the Japanese high sea salinon fishing 
grounds in the Bering Sea and Aleutian waters 
changed remarkably, compared with those in 1937, 
due to the change of meteorological and oceano- 
graphic conditions (IJda, 1959a). 

(e )  The decline of Asiatic and Alaskan salmon 
and herring fisheries in the past 50 years suggests to 
us the effect of Arctic and sub-Arctic warming on 
land atid in the sea. 

The historically big catch of sockeye salmon and 
herring in British Columbia ( F r a v r  River) in 1958 
suggests local variation of environniental conditions. 
Because of the pressures of fisheries and man-made 
civilizatiou (water pollution, deforestation, traffic and 
construction, disturbances, etc.) the complex fluctua- 
tion of fisheries in relation to environments (natural  
and artificial) should be studied. 

CONCLUDING REMARKS 
The effect of environmental conditions on the early 

stages of life cycles of fishes is a very important factor 
in the study of fisheries and should be studied inten- 
sively in the future. Within recent years such studies 
concerning mackerel, sardine, herring and tuna, etc. 
have been started. Fluctuations in fisheries for im- 
portant pelagic fishes seem to owur o n  a world-wide 
scale. There is a need for interiiatiorial co-operation in 
the study of environmental variations. 
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