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Article spécial n° 1
Emigration of fish: a change in opinion*
D. H. CUSHING**

1. Introducticn

Today the International Council for the Ex-
ploration of the Sea collects information on the
gut contents of many fishes in order to make
estimates of natural mortality by age and to
improve estimates of recruitment. In other
words predation is considered the main agent
of natural mortality. Many years ago such a
project might not have been undertaken because
it was thought that fish emigrated from their
native stocks to perhaps a significant extent.

2. The distant recoveries from tagging ex-

periments

TANING (1934, 1935) reported the results of
tagging experiments on adult cod at Iceland
and West Greenland and discussed the distant
recoveries from these sites and also from earlier
work on Faroe Bank and from the shelf around
the Faroe Islands. His results are summarized
in Table 1. From the four tagging sites fish
were recaptured from Newfoundland, East Green-

Table 1. Distant recoveries of cod from tagging experiments in Iceland,
West Greenland, Faroe and Faroe Bank (from TANING, 1934, 1937)
(% recovered shown in brackets)

Numbers recovered from:—

Position Number New- E Fa Northern
of tacaed found- Greenland  Greenland Iceland Faroe B roli: Norway Orkney North

tagging 8g land (Denmark St) an Sea

Iceland 4939 1 17 1 — 2 — 2 — -

(1925-35) (0.02%) (0.34%) (0.02%) (0.04%) (0.04%)

West 8500 — — — 256 — — — — —

Greenland (3.0%)

(1924-32) }

Faroe 6183 — — — — — 2 — 1 1

(1909-32) (0.03%) (0.016%) (0.016%)

Faroe Bank 585 — — — — 2 — — — —

(1910) (0.3%)

* Received July 13, 1984
** 198 Yarmouth Rd., Lowestoft, Suffolk, UK
NR32 4AB
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land, Faroe Islands, Faroe Bank, Norway, the
Orkney Island and the Northern North Sea.
There are two classes of recovery, those at a
low level 0.02-0.04%, and those at a high level
between Iceland and West Greenland (and vice
versa), 0.349,-3.0%. The exchange between
the Faroe Islands and Faroe Bank is perhaps
intermediate, 0. 039,-0. 39,. SIGURDSSON (1982)
reported 4 tags recovered off Norway and 2 off
Shetland from taggings off Iceland; the per-
centage recovered were 0.01%; (for two tags off
Norway) and 0.039% (for one tag off Shetland).
LEBED et al. (1983) reported thirteen recoveries
at Iceland and Faroe from tagging in the Barents
Sea (62,286 cod were tagged, a return of
0.02%,).

In general genetic studies have shown that the
chance of exchange between major cod stocks
is low (excluding that between Iceland and West
Greenland); with two haemoglcbins and seven-
teen transferrins. JAMIESON and TURNER (1979)
have shown that the chance of mixture between
such stocks is as low as 0.01%;. The low level
recoveries quoted above (0.01% to 0.04%,) are
of the same order, if a little higher, but the
numbers recovered are very low. The exchange
between West Greenland and Iceland is very
much greater; as yet the genetic evidence of
distinctness of these stocks is indecisive (JAMIE-
SON and JONSSON, 1971). JAMIESON and JONES
(1967) have found a difference of one transfer-
rin locus between the stocks of cod on Faroe
Bank and those on the Faroe Island shelf.
Hence there is some agreement between the
evidence from genetic studies and that from
tagging.

3. The hydrographic containment of a stock

The simple model of how a stock is contained
within a current or tidal system is expressed as
part of JONES (1968) triangle of migration:—

Spawning
ground

_’S disembark

Feeding ground

——

D —

embark

The arrows indicate the denatant and contra-
natant migrations in a current or tidal system.

The point of disembarkation might be relatively
close to the spawning ground whereas that of
embarkation might be relatively far; however
distance between the two is not a necessary
part of subsequent argument.

Each migration may be relatively quick. From
the Vestfjord in northern Norway to the Svalbard
Shelf in the Barents Sea is about 800km; at
24km d-! (JONES, 1968), the distance might be
covered in 29d. JONES et al. (1979) have
shown that plaice in the Southern Bight of the
North Sea migrate to the spawning ground on
the south bound tide and sit on the sea bed on
the north bound, selective tidal transport; after
spawning they change the procedure, migrate
north on the north bound tide and sit on the
bottom on the south bound. If the average
tidal fetch is 14km, the migration to and from
the Central North Sea takes about 22d.

If the migrations are quick, the points of
embarkation and disembarkation become im-
portant. One might imagine that cod disembark
from the West Spitshergen current near Bear
Island and spread north towards Spitsbergen
and east across the Svalbard Shelf. Then they
feed all summer and later embark on the cur-
rents and return to the Vestfjord. An analo-
gous argument could be made on the migration
structure of the Southern North Sea plaice.

The embarkation point may well be down-
stream of the point of disembarkation. Further
downstream there may be a loss point beyond
which the fish must look elsewhere for its mi-
gration circuit. There are two ways in which
new circuits might arise.

( irgleig_reirii Spawning |-~ — Feeding
a ‘ ground |«<-——  ground
loss point 1
(b) 17H21f117g7r<ili‘ Feeding ]f - ~> Spawning |
. ground - —  ground ‘
— S —

| J

If the animal were a plaice it switches behaviour
on the spawning ground.
native (b) is to be preferred because in (a) it
would have to return across the loss point to
the old feeding grounds. The West Greenland
cod established its migration circuit (JONES,
1968) in the second form, (b). Hence the im-

The second alter-
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migrant found a new point of embarkation and
after spawning in the north of West Greenland,
a new point of disembarkation on the new
feeding ground. I assume that the West Green-
land spawning arose on the offshore banks from
Iceland immigrants and not from the fjord
stocks.

4. The West Greenland cod stock

The West Greenland cod stock built up from
1912 with good year classes, 1917, 1922, 1924,
1926, 1934 and 1936 and high catches were
made in the fifties and sixties (CUSHING, 1982).
Between 1917 and 1936 the fishery progressed
northwards on the coast of West Greenland.
It is likely that larvae and immature cod drift
in the Irminger current to the East Greenland
current round Cape Farewell to West Green-
land (JONES, 1968).

The West Greenland tagging experiment
(1924-36) showed that recaptures at Iceland
started in 1930:-

Recaptures
Greenland Iceland

1924 1 0
1925 15 0
1926 16 0
1927 16 1
1928 6 0
1929 9 0
1930 16 7
1931 32 47
1932 44 35
1933 22 57
1934 48 53
1935 58 44
1936 31 12

314 256

During the thirties there were many changes
in distribution particularly between 1930 and
1935, as a consequence of climatic change (see
CUSHING, 1982). The percentages recovered
at Iceland from West Greenland on a longer
time scale were:—

1924—8 1.8%
1929—33 54.5%
1934—9 42.1%
1944—4 38.7%
1945—9 3.2%
1950—2 5.7%
1968—9 5.8%

Thus the period 1930-44 was one of high re-
capture rate at Iceland. The fishery declined
in the late sixties.

The West Greenland stock lies downstream
of the Icelandic in the Irminger and the Fast and
West Greenland currents. The high rate of
return between 1930 and 1944 suggests perhaps
a strong Irminger and a strong countercurrent.
The period of the fishery lasted from 1912 to
1970 (however it still persists at a low level).
Before that period cod did not reach West Green-
land and did not survive on the offshore banks.
Then the loss point may have been in the
Denmark Strait, but in the thirties it must have
shifted westward. As the climate ameliorated,
cod (perhaps as larvae and immature fish as
well as adults) colonized West Greenland and
a spawning ground was established there, down-
stream from Iceland; in other words the im-
migrants survived on the new feeding ground

and they returned to
Iceland at a high rate. The migration and the
establishment of a new stock may have been
an abnormal event.

for a significant period

5. Natural mortality

Taning’s figure (Fig. 1) shows the spread of
distant recoveries from Newfoundland to Nor-
way, tagged on the Icelandic spawning grounds;
it was reproduced in Russell’s (1937) paper on
fish migration. The extensive migration to
West Geenland was also shown. The proportions
recovered were not shown and one might have
believed that the emigration was significant.
Any student of populations hopes that loss by
emigration is balanced by a gain in immigration,
but in fishes such a balance depends on the
distribution and strength of the currents. DBut
if either immigration or emigration were high,
the stocks would not necessarily be genetically
distinct. :

However, an opinion emerged — that any
estimate of natural mortality may include a com-
BEVERTON and HOLT’s
(1957) estimate of natural mortality from the
transwartime year classes of Southern North Sea
plaice (0.1) was and remains the only well
established measure, but such animals were not
visualized as particularly vigorous migrants.

The genetic studies on North Atlantic cod

ponent of emigration.
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Fig. 1. The distant recoveries of cod from liberations on the Iceland
spawning ground (TANING, 1937).

stocks (summarized in JAMIESON and TURNER,
1979) showed that the chance of mixture was
low. There is no conflict between this result
and that of the low recovery rates (In Table 1)
— even if the number of tags returned is very
low. The high recoveries between Iceland and
Greenland and vice versa are probably the result
of a temporary colonization; because of such an
exchange, a genetic distinction would not be
expected until many generations had elapsed i. e.
towards the end of the period of the fishery.

The results of the genetic studies was a
change in opinion, that emigration need not be
considered a necessary component of natural
mortality. Then such death is due to disease
or predation. If we except the recorded dis-
asters due to disease (see SINDERMANN, 1971).
the predators take amongst their prey, the
normally sick, and the problem of natural
mortality becomes a study of predation. Even
senescent fish may be killed by predators and
need not die of old age.

6. The unit stock

In any population study the stock under ex-
amination must be defined. In the early days
of fisheries research a common sense approach
sufficed. For example, the cod stocks in the
North Atlantic were separated from each other
by deep water, which a demersal fish would not
cross. But cod crossed the Denmark Strait in
numbers and TANING (1937) quoted examples
of the pelagic capture of cod. SIGURDSSON
(1982) makes the same point for the plaice.

However, the need for stock definition differs
with circumstance. BEVERTON and HOLT (1957)
devized a model for the mesh regulation of cod,
haddock and plaice in the North Sea. In other
words, the stock with respect to a given mesh
size comprised a number of species. In the Gulf
of Thailand the ‘‘stock’” comprises a much
larger number of species. But the more usual
problem is to define stocks at a subspecific level,
such as the cod stocks in the North Atlantic.
To understand the dependence of recruitment
on parent stock, the stock must be properly
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defined or the estimates of recruiment will he
biased. So long as recruitment is estimated
quantitatively by cohort analysis, the stock must
be properly defined — for the same reason.
There is a difference between evidence from
the distribution of fish tagged on the spawning
ground and that from genetic evidence. The
spread of tags describes the stock area on the
feeding ground (provided that fishermen are
there) and the genetic evidence provides evidence
of the discrete nature of distinct stocks, that is,
The evidence of the
low rate of mixture from tagging is of the same
order (always excepting the West Greenland
colonization) but that from tagging is more ex-
pensive: ten tags recovered from distant grounds

a low rate of mixture.

require 100, 000 released on the spawning ground.
From the nature of the hydrographic contain-
ment of the stock, it is possible that the distant
recoveries are distributed by the differences in
current and counter-current.

7. Discussion

The purpose of this paper is to portray a
change in opinion. Taning’s chart of distant
recoveries from Iceland (with no indication of
the proportion recovered) appeared to be a
picture of emigration. Despite BEVERTON and
HoLT’s (1956) estimate of the natural mortality
of plaice, gossip on the natural mortality of
other species always included the possibility of
emigration.

The genetic estimate of mixture in the North
Atlantic cod stocks showed that emigration and
immigration need not be considered wunder
normal circumstances: the colonization of West
Greenland is seen as an anomalous event. Then
the central problem in the estimation of natural
mortality becomes the measure of predation.
The genetic study of stocks has not developed
as might have been expected, perhaps because
the dramatic results for the North Atlantic cod
stocks have not been repeated in other species,
possibly for technical reasons. It is possible, of
course, that such differences do not exist in
other species. It is however, my view that
population studies will remain for ever suspect
unless supported by studies on genetics and
migration.
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Video activity counter (VAC) for monitoring fish locomotion

Takafumi ARIMOTO and Makoto INOUE

Abstract: Locomotory activities of fish were monitored by means of a VAC (Video Activity
Counter) equipped with VTR system. The apparatus consists of a couple of borderline
system electronically generated on TV image. When the fish crosses the borderline, the
intensity of contrast to the background changes, so that the passing direction and frequency
are registered by VAC. This method can be applied to the automated long-term experiments
on the diurnal activity of fish, free from disturbance caused by the observer himself.

Preliminary tests were conducted on the variations of locomotory activities of a group of
five individuals of Tilapia nilotica in an experimental tank with controlled water temperature
(16.5-27.06°C) and illumination (0.01-75.0 Lux). In each experimental condition, the recorded
frequency of fish locomotion was compared to the one observed with VTR. Fish swam
actively as a school for high temperature and illumination. The success proportion for
locomotory registration by VAC ranged from 60 to 90 %. This variation was due to both
‘school'mg behaviour and swimming speed of cach individual.
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Characteristics of the upper ocean thermal structure
with its variations around Japan

—from records of Ocean Data Buoys obtained by J.M.A.—

Yoshihiro YANO, Kimio HANAWA and Yoshizki ToBA

Abstract: Characteristics of the thermal structure and its variations of the upper ocean
around Japan were investigated by using the data obtained at three Ocean Data Buoy Stations
(Nos. 3, 4 and 6) which had been operated by the Japan Meteorological Agency. Buoy Nos.
3, 4 and 6 are located at 25°40’N, 135°55’E (south of Honshu), 28°20’N, 126°05’E (eastern part
of the East China Sea) and 37°45’N, 134°23’E (in the Japan Sea), respectively. Two time
series with the length of about one year were selected for each buoy. Though water tempera-
tures were usually measured at three depths shallower than 50 m, depths of the sensors were
different case by case. After proper corrections were made for the data, the time series were
reproduced and their spectral analyses were made.

Our conclusions are as follows:

(i) Every time scries of water temperature shows the abrupt changes which can not
be explained as the result of the air-sea heat exchange and/or the vertical mixing in the sea.
Therefore, these variations seem to be due to the passage of water masses with sharp fronts.

The water masses have various vertical structure and passing time and spatial scales.

(ii) In summer, diurnal variations dominate in sea surface temperature and their maxi-
mum amplitude is as much as 0.5°C (at Buoy No. 3). Rapid drops of the temperature in
the upper layer are found in the warming season when the wind is strong, but in the lower
layer there are considerable variations which are not associated with the storm. At Buoy
No. 6, after the storm events, there are sometimes variations with near-inertial periods in the
lower layer; inertial gravity waves may be propagating downward.

(iii) Semidiurnal variations are dominant in the thermocline below the mixed layer at
Buoy No. 3 and this seems to be the internal tide. At Buoy No. 4 there are temperature
variations which are caused by tidal excursion in the upper 50 m.
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Table 1. Location of Ocean Data Buoy Stations, the depths of water at stations,
observational periods obtained (a) and used for calculating spectra (b), and the
dEpths of water temperature sensors.
, . Observational period Sensor
Ii\‘?gy Location Dér[l))th Series No. Depths
’ (a) (b) (m)
3 25°40'N, 135°55’E 3470 1 1976/10/17-1977/10/13 1977/ 5/ 1-1977/10/13 3, 20, 50
I 1981/ 8/26-1982/ 9/17 1981/ 8/26-1982/ 5/ 8 2, 20, —
4 28°20'N, 126°05'E 115 I 1974/ 9/ 5-1975/ 5/ 9 1974/12/ 1-1975/ 5/ 9 3, 10, 25
I 1980/10/19-1981/ 8/31 1980/10/19-1981/ 7/ 2 2, 20, 50
6 37°45'N, 134°23'E 2570 I 1978/10/14-1979/ 8/11 1978/10/14-1979/ 4/30 3, 20, 50
Jil 1979/11/ 3-1980/10/30 1979/11/ 3-1980/ 7/15 2, —, 50
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Table 2. Values of correction for water temper-
ature. Three time series were corrected.

Buoy No. WT1 WT2 WT3

Series No. &) (°C) (&)
3, 1 +0.1 - —
3, I — -
4, 1 — +0.3 +1.5
4, 1 - -
6, I — - -
6, 1 +0.5 — -
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Marks at_even intervals in
12.42 hours) in (a) and 95 %

Temperature variations with semidiurnal period

are dominant in (a), and they are not associated with any storms, as the wind was weak
during the period. There is a drop in sea surface temperature (WT1) on June 12 caused

by weak wind mixing, and WT2 fluctuations,

which have a slightly shorter period than

the inertial period, continue for a week (b).
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Same as in Fig. 4 except
Note that the spectra are

variance conserving plots.

The period of each

series used to calculate the spectra is shown
in Table 1.
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Studies concerning the fishery biology of the sea urchin
Hemicentrotus pulcherrimus (A. AGASSIZ)
in Kaji, Fukui Prefecture—V.

Gonad index of the sea urchin population*

Takashi NANBA**, Kuniteru MAEKAWA*** and Naonori [SHIWATA*#%*

Abstract:

coast of Kaji, Fukui Prefecture, during the 1968 fishing season.

The gonad index of the sea urchin population is studied in six stations on the

The gonad weight GW

increases in proportion to the body weight W as given by GW=pW —¢q. The gonad index
varies with differences of habitat, and may be correlated with the amount of food available

per individual.
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Fig. 1. TFive (a-¢) western and one {f) eastern
stations for sampling of the gonads of the sea
urchin on the coast of Kaji, Fukui Prefecture.
a-d and f, in waters shallower than 2m; e, in
waters deeper than 3m.
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Fig. 2. (A) Relationship between body weight
(W) and gonad weight (GW) of the sea urchin
at station a (Fig. 1) on the coast of Kaji, Fukui
Prefecture, during the 1968 fishing season.

GW=0.129 W—0. 226.
(B) Relationship between reciprocal of body
weight (1/W) and gonad index (GW/W) in
the same condition as seen above.

GW/W=0.129—0.226 1/W).

Table 1. Values of constants p and ¢ in equation
(GW=pW —gq) for the relationship between
body weight (W) and gonad weight (GW) of
the sea urchin at stations (a—f) on the coast
of Kaji, Fukui Prefecture, during the 1968
fishing season.

Constant
Station Body weight

? q g

a 0.129 0.226 3.4~24.9

b 0.157 0.119 2.1~54.7

¢ 0.128 0.110 3.9~44.4

d 0.196 0.714 3.3~33.2
a~d 0.153 0. 308 2.1~54.7
e 0. 086 0.071 3.6~18.5
v 0.110 0.205 1.9~18.6

GW/W=0.129—0.226 (1/W) (2
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Fig. 3. Relationship between mean density (number
of individuals/4 m?) per station and approximate
value of gonad index (p) of the sea wurchin
population on the coast of Kaji, Fukui Prefec-
ture, during the 1968 fishing season. Circle,
for western stations (a-d); square, for another
western station (e); triangle, for eastern station

.
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On historical documents of tsunamis around
Hidaka River in Wakayama-ken

Shigehisa NAKAMURA*

Abstract:

Historical documents of tsunamis around Hidaka River in Wakayama-ken were
reviewed with recently found documents on 1854 Tsunami.

Comments are made upon the

urban design and the flood control for future possible tsunamis of 1854 Tsumami’s magnitude.
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Fig. 1. Affected area of 1854 Tsunami around
Hidaka River, Wakayama (33°53'N, 135°10’E).
Hatching: no eflect.

Numeral: present elevation in meters. (after
the National Geographical Institute)
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Livre

Ocean Hydrodynamics of the Japan
and East China Seas.

T. ICHIYE, editor, Elsevier, Amsterdam, xviii,
423 pp., illus. US$ 71.25/Df. 185.00
Elsevier Oceanography Series; 39.

The reviewer had once been stationed to a
marine observatory facing on the Sea of Japan
for almost seven years more than 20 years ago.
Making oceanographic investigation in the sea,
he got gradually amazed by and interested into
differences between oceanography of the Sea of
Japan and that of the Northwestern Pacific;
for instance water characteristics, biological
population, tide ranges and geophysical features.
Then, in order to compare them to those of
other marginal seas he tried to expand the
research area from the Japan Sea to the adjacent
marginal seas; those are the Sea of Okhotsk
and the East China Sea, later to the South
China Sea and further to the Sulu and Celebes
Seas.

From the results of his investigations, the
reviewer has believed that there should be
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another branch of ocean science for margina
seas or semienclosed seas, say Oceanomargology,
derived from the general oceanography. However,
in the 1960s interest of oceanographers in the
world was mainly focused to problems of open
oceans, such as general circulation, dynamics of
ocean currents and sea-floor spreading. Thus
few of oceanographer had payed their attention
to his proposal of establishing new field of ocean
science for the marginal sea.

In 1980, the reviewer was surprised with
great pleasure by hearing that Prof. Ichiye was
intending to initiate a new international project
to investigate the oceanography of the western
marginal seas of the north Pacific; that is the
JECSS (Japan and East China Seas Study) Pro-
gram. Although the present JECSS aimed only
at hydrological and dynamical studies of the two
adjacent marginal seas, he felt that the program
might be an origin of the Oceanomargology
wishing the area of investigation will be ex-
panded to the further marginal seas and the
disciplinary field will also be extended to others
such as chemistry, bioclogy and geology.

Since then, the JECSS Program has had slow
but steady progress through the workshops in
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1981 and 1983, although internationally cooper-
ative study at sea has not yet been activated
very much because of lack of financial support
by governments due to unfortunate world-wide
economic depression.

This volume is a kind of the proceedings of
the second JECSS Workshop held in late April,
1983 at Tsukuba, Japan. In the preface, Prof.
Ichiye, the convener of the workshop and also
the editor of the volume, outlines the back-
ground and development of the JECSS Program
including historical role of the seas in culture
exchange and political discord between the sur-
rounding countries and then summarizes the
proceedings of the meeting. A paragraph of
historical aspects of the seas is worth reading and
very interesting even for the reviewer, of course,
japanese, who cannot help admiring erudition
of the convener.

Then follow 29 papers, among 37 presented at
the workshop, under general subject headings:
Hydrography of Open Ocean; Cecastal Phenom-
ena; Analytical Modellings; Numerical Model-
ling; Hydraulic Modelling; Measurement Meth-
odology; Sea Levels and Tidal Currents; Remote
Sensing; Tarbidity; Wind Waves. The papers
are of great variety: Geographically from the
Taiwan Strait through the region outside of the
Tsugaru Strait; technically from classical hydro-
logy to contemporary satellite oceanography and
numerical experiment; phenomenally from gener-
al circulation to coastal waves. As a matter of
fact, the reviewer cannot properly comment on
each individual paper of such wide variety.

Allotment of pages to each paper is geo-
graphically and technically uneven, although
each paper is very interesting as an independent
paper. Therefore, the volume seems to be rather
a collection of independent contribution papers
under topics which the authors are most inter-
ested in or studying right now than of those
invited by the convener under subjects which he
considered as musts for developments of the
JECSS Program. The general subject headings
might be put for reader’s convenience afterward.

If the second workshop of JECSS aimed to
publicize the present activity in countries of
participants on study of dynamics in the Japan
and East China Seas, this volume will be suc-
cessful. If the aim of the workshop were to

assist establishing the investigation program in
the framework of the JECSS for the next several
years, papers reviewing what the recent studies
could elucidate and what remains still unsolved
Only one of this
kind is the convener’s paper entitled ‘‘Some
Problems of Circulation and Hydrography of the
Japan Sea and the Tsushima Current’’, although
some of the papers include concluding remarks
proposing what they should study on their sub-
jects for the future. However, this does not
mean the volume has little value for future
development of the program, but makes partici-
pants to the program a little confused in using
the volume as a guide line for planning the
next stage of the program. Literatures referred
in the papers have great value and are impor-
tant in the future development of the Program.

It is noted in the preface that the four main
decisions were made during the workshop. Those
are (1) Study of behaviour of the Tsushima
Warm Current and other coastal currents by
means of drifters (2) Co-ordination of on-going
and being planned hydrographic surveys carried
out by internationally different organizations (3)
Further advanced usage of satellite remote sensing
by utilizing SODC (Specialized Oceanographic
Data Center) and by standardizing image data
with the sea truth around Japan (4) Syntheses
of modelling for the seas by different theore-
ticians. The decisions seem very adequate from
the point of view of practical advancement of
the program under the present economic con-
ditions.

would be of most importance.

A more ambitious proposal seems to
be much more brilliant but may be hardly
achieved. The participants were clever enough
in adopting very realistic choices.

The reviewer expects the Program will steadi-
ly developed under the excellent leadership of
both of Profs. T. ICHIYE and K. TAKANO and
also expects we could have more valuable col-
lected papers from the third workshop for
JECSS Program scheduled to be held in May,
1985.

Masashi YASUIL
Meteorological College
Asahicho-7, Kashiwa
277 Japan.
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