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Cultural eutrophication of the Black Sea and other
South European Seas™

Yu. P. Zarrsev**

The increasing influx of nutritive sub-
stances both mineral and organic ranks first
among different forms of man-made impact
on seas and oceans. This process, having
received the name of eutrophication, pro-
motes in natural water bodies a series of in-
terrelated phenomena united under the title
"Syndrome of eutrophication” (Gomoru, 1985).
These include algal blooming or a according
to E. Opum (1975) cancerous rates of pro-
duction, oxygen deficiency in near bottom
layers (hypoxia), mass mortality of bottom
and near bottom organisms, and the produc-
tion as a result of protein desintegration of
hydrogen sulfide, decrease in water trans-
parency etc.

Eutrophication of coastal waters of seas
and oceans has been rapidly developing in the
last 20-30 years as a result of intensive agri-
cultural, industrial and other human activity.
Besides, the degree of eutrophication for each
water body depends on certain geographical,
physical, chemical and biological conditions.

The Black Sea as an object of the cultural or
anthropogenic eutrophication has attracted
the attention of specialists yet in the late 60’s.
In the north-western part of the Black Sea
into which three of the largest rivers-Danube,
Dnesrt, Dnepr flow, an increase in concentra-
tions of nutrients and in phytoplankton, es-
pecially peridinian algae was observed. These
processes quickly enhanced, and in the 1970’s
a distinct "syndrome of eutrophication”, in-
cluding "red tides” (Nesterova, 1979) and
mass mortality of bottom organisms (Zar-
TSEV, 1977) took place. Literature references
included many reports on the complex and
even critical conditions of the ecosystem of
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the Black Sea especially on the north-western
shelf, where the state of the pelagic and ben-
thic zones in comparison to the 1960’s has
changed greatly.

For a more complete and objective evalu-
ation of the ecological situation in the region,
it was necessary to make comparative inves-
tigations of different areas of the Mediterra-
nean Sea Basin, where during the same period
the same changes were developing. This
paper is the first attempt to comparatively
evaluate the level of trophicity of marine
waters according to chlorophyll "a” content in
wide spaces from the Alboran Sea in the west
to the Sea of Azov in the east. Chlorophyll "a”
is found in all live cells, and its concentration
thus reflects the amount of phytoplankton on
the sea surface.

The system of intercontinental seas con-
nected by the Mediterranean Sea Basin, com-
municates with the Atlantic Ocean through
the Strait of Gibraltar, and with the Indian
Ocean through the Suez Canal and Red Sea.
The water surface, including the Black and



Azov Seas makes up to 2,960,000 square Kkil-
ometres. The drainage area of all these seas
on the territory of Europe, Asia and Africa
exceeds 7,000,000 square kilometres. Thus
the relation of the surface of terrestrial drain-
age area to sea surface is close to 2.4. How-
ever, for certain seas of this basin this index
varies markedly.

Thus, for the Sea of Azov it exceeds 19.0, for
the Black Sea- 5.6, for the Agean Sea- 0.7,
Adriatic- 2.1, Ionian- 0.3, Tyrrhenian- 0.4. For
the rest of the Mediterranean Sea it is 2.6.
However, it should be noted that almost 80%
pertains to Nile River Basin which after the
building of the Aswan dam has greatly dec-
reased its influence on the Mediterranean Sea.

But, this index is non-absolute and not the
only criterion for the assessment of the degree
of dependence of the land on the sea through
surface run-off. However, at present, namely
the river waters represent the main source of
anthropogenic influence on marine ecosys-
tems. Drainage areas of different seas in the
Mediterranean Sea Basin are illustrated in
Fig.1.

The term cultural (known as man-made,
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anthropogenic, accelerated, forced)(Opuwm,
1971) eutrophication in special literature has
been a widely used syntagm for distinguish-
ing nutrient and organic water pollution
caused by human activity.

Data of remote measurements from satel-
lites (ARNONE, LA VIOLETTE, 1986, Ocean Color
from Space, 1989) and materials from trdit-
ional methods obtained by using ship and
buoy measurements (SERBANESCU et al., 1978,
ForTEsA et al., 1980, BorLoca et al., 1985, Est-
RADA, 1986, VepERNIKOV, 1987 CostE, 1987,
Dynamics of water, 1988, KovALEvA et al.,
1988, SouvERMEZOGLOU ¢t al., 1988) have been
used for making up schematic maps of the
seas of the Mediterranean Sea Basin accord-
ing to the concentration of chlorophyll "a¢” in
the surface water layer (Fig.2.)

Each of these methods has its advantages
and disavantages. Thus, contact ship and
buoy measurement help in obtaining a wide
range of information not only on chlorophyll
content, but on the carriers of this pigment-
pelagic unicellular algae, on their specific and
size composition, number, biomass on other
biotic and abiotic parameters of the marine
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Fig. 1.

Drainage basins (—:—:—- ) of different seas of the Mediterranean basin
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Fig. 2. Cultural eutrophication of the Mediterranean basin

Seas:
1. Sea of Azov
II. Black Sea
III. Sea of Marmara
IV. Aegean Sea
V. Levantine Sea
VI lonian Sea
VII. Adriatic Sea
VIII. Tyrrhenian Sea
IX. Ligurian Sea
X. Algero-Provencal Basin
XI. Alboran Sea
XII. Atlantic Ocean
XIIL. Red Sea
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environment. However, for this purpose len-
gthy expedition are necessary. During this
period of time the parameters of the marine
environment may change, and then the data
on the maps may prove to be tentative.
Information received from satellites is pra-

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Guadiana
Guadalquivir
Moulouya
Nile
Ceyhan
Sakarya
Kizil Irmak
Yesil Irmak
Coruh
Rioni
Inguri

ctically instant. For example, a two minute
satellite scene with help of a CZCS (Coastal
Zone Color Scanner) from Nimbus 7 contains
two million pixels that cover an area of two
million square kilometres. If the same meas-
urements were carried out on board ship,
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(speed- 11 knots), it would have taken more
than 11 years (Ocean Color from Space,
1989).

That is why when using modern methods
for studying seas and oceans and man-made
changes in their ecosystems, best results may
be obtained by combining the data of remote
and contact measurements.

The space survey of the whole Mediterra-
nean Sea which served as the basis for
making up the map, indicating eutrophicated
areas, was fulfilled in May, 1980 (Ocean Color
from Space, 1989). In the following 10 years,
in certain areas this process has been progres-
sing markedly. That is why materials ob-
tained from expeditions in many countries in
the last decade have been considered in the
map.

From Fig.2 it is clear that the greater part of
the Mediterranean Sea proper until the pres-
ent time remains oligotrophic with minimum
amounts of phytoplankton. This is especially
noted for the eastern part of the sea. In spite
of that the Nile enters at this point with its
drainage area exceeding 2,800,000 square
kilometres and annual run-off of 73 cubic
kilometres, the influence of this river on the
Mediterranean Sea, after the building of the
Aswan dam, in 1970, was greatly dimin-
ished. It has had a negative effect on biologi-
cal productivity and fisheries in this region
(SESTRINI et al., 1989) and on solid river load.

Large rivers such as the Ebro, Rhone and Po
with annual river run-off about 120 cubic
kilometres flow into the Adriatic and north-
western part of the Mediterranean Sea. As a
result highly trophic areas have been created
lately along the coast line of South Europe
(Catalonia, Provence, Coté d’Azur, Italian
Riviera). From the middle of the 1980’ s
hypertrophic areas have been formed along
the north and west coast line of the Adriatic
Sea causing a critical situation in these areas
in coastal waters and on the shore. The Po
River proved to be the main source of eutro-
phication in the Adriatic. Although it has a
compratively small drainage basin (75,000
square kilometres). It flows through a terri-
tory having intensive farming, animal raising
and industrial enterprises.

Mineral and organic nutrients enter the
Alboran Sea with surface and current waters
from adjacent Atlantic Ocean areas, where the
Guadalquivir, Guadiana and Tagus Rivers
enter from the Pyreneen peninsula.

On the opposite north-eastern line of the
Mediterranean, the highly trophic waters in
the region of the Iskenderun Bay are created
by waters of the Ceyhan and Seyhan Rivers.

Thus, it becomes clear that the most widely
eutrophic areas of the Mediterranean Sea are
near the estuarine river regions and adjacent
waters which carry nutrients of agricultural
and industrial origin, fortified with sewage
waters from largely populated habitats lo-
cated along the lower river currents.

The Mediterranean Sea with its area of
2,500,000 km? and volume of 3,700,000 km?
has 473 km? of river water entering annually
(SesTRINI et al., 1989). The Black Sea with a
surface area of 422,000 km? with a Slow
vertical turbulence of water masses, and lim-
ited water exchange through the Bosphorus
Strait has about 350 km?® of river run-off
entering, including 203 km? from the Danube,
annually (Skorintsev, 1975). That is why
the surface of the water of all the Black sea
pertains to mesotrophic and eutrophic, while
the zone of Danube water influence- to hyp-
ertrophic (Za1Tsev et al., 1989).

Finally, the Sea of Azov with its area of
39,000 km? and a maximum depth of 13
metres, in years of hevy rainfall receives more
than 40 km?® of river waters (BRONFMAN,
KuLEBNIKOV, 1985). For this reason the Sea of
Azov has undergo an ”eutrophication syn-
drome”, including mass mortality of bottom
organisms, many decades prior to the present
period of total eutrophication of coastal
marine waters (ZENKEVICH, 1963).

Thus space and ship measurements shows
that antropogenic eutrophication at present is
widely spread in coastal marine waters of the
South Europe. Its main source is river water
or according to Odum (1971)- outwelling.

As to degree of cultural eutrophication
some seas and areas of the Mediterranean Sea
Basin can be arranged in the following order,
decreasing: Sea of Azov, Black Sea, Adriatic
Sea, Sea of Marmara, Gulf of Lyon, Aegean
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Sea, Balearic, Alboran, Ligurian, Tyrrhenian,
Ionian and Levantine Seas, and central parts
of the Algero-Provencal Basin, and the east-
ern half of the Mediterranean Sea.

The whole area of the Sea of Azov, almost
one-quarter of the Black Sea surface, the
northern half of the Marmara Sea, almost
one-fifth of the Adriatic Sea and others are
subjected to algal blooming.

The largest hypertrophic area in the Medi-
terranean Sea Basin is located in the north-
western part of the Black Sea opposite the
USSR, Roumania and Bulgaria in the zone of
influence of the Danube, Dnestr and Dnepr
rivers. It takes up an area of 100,000 km?.
The largest abundance and biomass of pla-
nkton organisms, which react positively to
marine water eutrophication, have been noted
here. Thus the number of phytoplankton
cells (with peridinians predominating) rea-
ches up to 800,000,000 /1 with biomass of
1000g/m?® (SukuAaNOVA et al., 1988), while the
infusorian Mezodinium rubrum- 4,600,000/ 1
and 280g/m3, correspondingly (TUMANTSEVA,
1985). As to Noctiluca miliaris in neuston
layer (0-5cm) it may attain extreme indices
for the Seas and oceans, exceeding
6,800,000,000/m? and 500 kg/m® (ZArTsEv et
al., 1988). The highest number of the new
ctenophore species introduced from the At-
lantic Ocean Mnemiopsis leidyi was also noted
in the north-western part of the Black Sea.
The abundance of this animal in coastal
waters may exceed 500 specimens per cubic
metre.

Mass mortalities of bottom organisms
which at beginning of the 1970’s have been
observed in large areas of the north-western
Black Sea shelf, take up to 10,000 km? in the
economic zone of the USSR alone (ZAIrsev,
1989). Due to hypoxia, from 100 to 200 tons
of aquatic organisms die per one kilometre of
sea bottom. This includes 10-15 tons of fish-
both commercial and non-commercial, adult
and juvenile forms. Mass mortalities cease
when homothermal autumn sets in with
enhancement of turbulent water mixying.
Larvae begin to inhabit the bare shelf zones.
They are carried by water currents from
marginal biotops and shelf zones which do to

not undergo mass mortalities. Benthic popu-
lations are renewed, and this process contin-
ues until the next period of oxygen deficien-
cy, the cycle repeating once more.

Besides harming fisheries, cultural eutro-
phication of marine waters causes great losses
in other fields of economy. This is expecially
noted where coast zones are used for recrea-
tive and tourist purposes. Algal blooms
changes the usual organoleptic quality of the
water. It becomes brownish in colour, slimy
an unpleasant smell. Aerosol particlels enter
the atmosphere from blooming marine waters
containing toxic substances and microorgan-
isms. The decrease of water transparency due
to mass phytoplankton production lowers the
penetration of solar radiation to the bottom,
and hinders or exclude the development of
benthic macrophites. Mass mortality of ben-
thic organisms creates conditions for inten-
sive reproduction of pathogenic microorgan-
isms ‘and this is a direct hazard to human
health.

All these phenomena are more or less cha-
racteristic for many coastal waters of the
South Europe in the Black and Azov Seas, on
the northern shores of the Sea of Marmara
and Prince Islands, some bays of the Aegean
Sea, the north and westhern shores of the
Adriatic, the shores from Marseilles in France
to Valencia in Spain and others.

This man-made ecological situation occur-
ring along the densely populated coast of
Southern Europe reflects the necessity for
more close international cooperation. Only
with combined efforts can a multilateral
study of "the eutrophication syndrome” be
acheved, and as. a result joint practical meas-
ures can be taken for improving the condition
of coastal waters in the Mediterranean Basin.

Due to widely spreading eutrophicated
marine areas in the World Ocean, it should be
taken into consideration that surface water
containing large amounts of plankton and
neuston organisms has a temperature till 2-3
degrees higher than water depleted of sus-
pended hydrobionts. It is known also that
many plant and animal planktonic organisms
aids in evaporating water up to 2-3 times
more intensively with the help of flagella
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movements.

Such an influence on the mechanism of
climate forming processes is also a very im-
portant ecological consequence of eutrophi-
cation of seas and oceans. However, this
problem is beyond the scope of this paper.
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The eels of French Polynesia: Taxonomy,
distribution and biomass™

Gérard MarQueT* and René GavLzin™*

Abstract: Electric fishing carried out in the inland waters of the five archipelagos that constitute
French Polynesia has corroborated the presence of three species of eels: Anguilla marmorata, A.
megastoma and A. obscura. Meanwhile the altitudinal distribution of those three species in the visited
island has been established and their biomass assessed.

1. Introduction

French Polynesia (Fig. 1) covers a vast
oceanic region located at the eastern limit of
the Indo-Pacific province. The land masses of
Polynesia spread over an area situated be-
tween 134°W and 154°W longitude and 8°S
and 28°S latitude.

French Polynesia is made up of 118 islands
and islets, high volcanic islands (35) and low
coral islands or atolls (83) that represent, to-
gether, an emerged area of 4000 km? scattered
over 2,500,000 km? of ocean.

These islands form five archipelagos dis-
persed along a general north-west, south-east
axis:

* The Austral Archipelago (141 km?) in-
cludes 7 islands, one of which is an atoll.

* The Gambier Archipelago (23 km?) is
made up of 9 volcanic islands, surrounded to
the north and east by a barrier reef.

* The Marquesas Archipelago (997 km?)
contains 12 islands, one of which is an atoll.

% The Society Archipelago (1618 km?) is
composed of 14 islands: 9 high volcanic is-
lands and 5 atolls.

% The Tuamotu Archipelago (850 km?)
includes 76 atolls.

Apart from the Scumipt’s (1927) publica-
tion on the eels of Tahiti, the other publica-
tions deal with ichthyological fauna with few
references to freshwater fauna.

The Society Archipelago is the best known
so far. Its ichthyological fauna have been

*Received April 5, 1990
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d’Ichtyoécologie Tropicale et Méditerranéenne,
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described by KenparLL and GOLDSBOROUGH
(1911), Scamipt (1927), Fowrer (1932),
Herre (1931,1932), PorL (1942), Ece(1939)
and RanparL (1973).

The other archipelagos have been less in-
vestigated owing to their isolated situation.
However, the Marquesas Archipelago has
been studied by FowrLer (1932), PrEssis and
Mauce (1978) and Ranparr (1985). The
Gambier Archipelago has been prospected by
SEURAT (1934) and FourRMANOIR et al.(1974).
The Austral Archipelago has been particu-
larly neglected to the exception of Rapa
Island. Tubuai has been visited by PrLEssis
(1980). The brackish waters of the Tuamotu
atolls are still to be prospected, yet SEURAT
(1906) has reported the sighting of eels in
Fakarava.

This lack of information about freshwater
fauna especially where Anguillidae are con-
cerned is all the more regrettable that it af-
fects a zone of great geographical specificity;
indeed, French Polynesia is situated at the
eastern limit of presence of the genus Angui-
lla in the Indo-Pacific province.

2. Islands choice criteria

On account of their easy access and the
presence of a logistic support provided by the
Department of Rural Economy, 11 islands
(Fig. 1) have been investigated as part of this
study: Rurutu and Tubuai in the Austral Ar-
chipelago, Mangareva and Taravai in the
Gambier Archipelago, Hiva Oa, Nuku Hiva,
Ua Huka and Ua Pou in the Marquesas Ar-
chipelago, Moorea and Tahiti in the Society
Archipelago and finally Rangiroa in the
Tuamotu Archipelago.
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Fig. 1. General map of French Polynesia showing the position of the eleven relevant
islands.

3. Materials and methods
Taxonomy

Eels’ identification is based on the best
defined characters, as specified by ScuMIDT
(1927), Ece (1939), MarRQUET and LAMARQUE
(1986) and MarqueT (1987).

Catching methods

Two methods of capture have been used:
electric fishing mainly and rotenone poiso-
ning occasionally. Various generators have
been used: the "Cormoran” (GosseT, 1975), the
"Martin-Pécheur” (GosseT et al.,1971) and an
electrogen group "Cadmit Super Champ” (220
V AC, 300 Hz).

The "Cormoran” gives a polarised rectangu-
lar impulsions output, at 100 and 400 Hz, with
a cyclic ratio adjustable between 10 and 50%.
Five tensions are available between 100 and
400V. The power output is 1000 W. This
apparatus has been designed for brackish
waters within a 500 to 5000 #S cm ! con-
ductivity range.

The "Martin-Pécheur” is a portable, battery
operated apparatus, with a 180 W output,
weighing 12 kg, battery included. It gives

polarised rectangular impulsions with a
choice of two frequencies: 100 or 400 Hz with
a cyclic ratio continuously adjustable be-
tween 5 and 25%. Three tensions are avail-
able: 150, 200 and 300 V. This apparatus has
been designed for waters within a 50 and
1000 ¢S cm ! conductivity range.

Rotenone poisoning was used only where
the above generators were not suitable to the
conductivity of the investigated waters.

Stock assessment method

The De Lury method (1947) has been
chosen for its quickness and easy use. It
consists in performing several consecutive
fishing operations without returning the
captured eels to the river. The regression of
the number of catches allows the definition of
a ‘constant of efficiency’, which is necessary
for the computation of the initial stock. In the
present study, the fishing efficiencies were
always very high, especially for large sized
eels which constitute the main part of the
biomass. Therefore two consecutive fishing
sessions were more than sufficient to obtain
reliable results. Moreover, the constancy of
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the fishing efficiencies found in this way in
the various habitats allows, to a certain
extent, the extrapolation of the results obtain-
ed from a single fishing session. In effect, two
kinds of operations have been performed.

a) Operations involving two consecutive
fishing sessions. They have allowed not only
the estimation of the stock on each location
but also the calculation of the fishing effi-
ciency according to species and size classes.

b) Operations involving a single fishing
session. The efficiencies calculated previous-
1y have been re-used here. To make up for the
efficiency variations from one site to another,
the operator was led to introduce a correcting
factor based on experience. In that case, the
word ’appreciated’ stock will be used in op-
position to the word ’estimated’ stock utilised
for results obtained by the more reliable 'two
fishing sessions’ operations.

The first method has been used in the So-
ciety Archipelago but the second method had
to be used in the other archipelagos owing to
lack of time.

At first a stop net (0.5-cm mesh) was used
at both ends of the fishing site to prevent any
emigration or immigration during the fishing
sessions. As it appeared that this precaution
could be dispensed with, stop nets were not
used in the later fishing operations.

Prospection of the various types of habitat

In Tahiti island, numerous streams have
been investigated (Marquer, (1988): the
Ahonu, the Faatautia, the Fautaua, the
Moaroa, the Onohea, the Papeiti, the pk=14,5
km rivulet, the Punaruu, the Puorooro, the
Tiirahi, the Tuauru, the Vaihiria, the Vaipuu,
the Vaitaara, the Vaite and the Vaitoare.

On the other hand, stagnant waters have
been insufficiently prospected because, as a
rule, their high conductivity makes the use of
electric fishing impossible. Lake Vaihiria has
been visited three times: in May 1982, May
1983 and October 1984.

In Moorea island, much attention has been
devoted to the study of the Niuroa and Opu-
nohu rivers.

For the other islands, the prospected str-
eams are given below: Rurutu island: the

Puputa, the Tevaavai, the Tevaipa, the Vai-
oivi, the Vaipapa and the Vaipurua.

Tubuai island: the Hautara, the Taahuaai,
the Tamatoa, the Tehaunatieva, the Vaioh-
uru, the Vairani and the Matavahi swamp.

Mangareva island: the water catchment
rivulet and Gatavake rivulet.

Taravai island: the water catchment rivulet.

Hiva Oa island: the Faakuaa, the Taaoaa,
the Vaioa, the Vaipaee and the Vaiutu.

Nuku Hiva island: the Taiohae, the Taipi-
vai, the Tapueaho and the Vaipupui.

Ua Huka island: the Hane, the Vaikivi and
the Vaipae.

Ua Pou island: the Anakooma, the Mereka,
the Paaumea and the Paeoa.

In the Rangiroa atoll, rotenone poisoning
has been employed on the Hoa Vaimate
laguna and on the site of the disused fish
breeding station of Pavete.

Rivers’ zonation

A three zone river partition has been re-
tained to study and explain eels distribution
in French polynesian rivers: lower course,
middle course and upper course.

The lower course is short, being limited to
the littoral area. The estuary area, submitted
to marine influence, must be distinguished
from the river upstream with low conductivi-
ty waters.

The middle and upper courses run down
the original volcanic cone. The average slope
of the middle course is less than 10%. The
upper course has a steeper gradient, inducing
strong currents, a scarce aquatic vegetation
and a bottom of rocks and boulders. The
transition between the middle and upper
courses is often materialized by a high wa-
terfall.

Main physical features of Polynesian eels’ hab-
itats

Those features have been exhaustively
described, for the first time, in a study giving
rise to a Doctorate thesis (MARQUET, 1988).

The high islands sometimes have numerous
rivers and rivulets. This is the result of heavy
rainfalls and of intensive erosion of the vol-
canic cones constituting these islands.
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There were no hydrometric stations in
French Polynesia before the creation and de-
velopment of a network in Tahiti, in the early
seventies, by the O.R.S.T.O.M. The measure-
ments made by that office have shown that
the main streams have a typically torrential
rate of flow.

Apart from running waters, there are stag-
nant waters chiefly in the usually narrow
bands of littoral plains. In Tahiti island, an
altitudinal lake can be found: Lake Vaihiria
(470m).

The importance of the hydrographic
system in the various high islands depends on
their altitude and their surface area. The ratio
of flowing water to stagnant waters varies
from one island to another. Tubuai in the
Austral Archipelago shows an exceptionally
important amount of stagnant waters.

Physical and chemical data about the rivers
are few and mainly recent. The lack of geo-
logical diversity of high islands explains the
fairly uniform composition of their waters.

The waters of streams originating in bas-
altic rocks are weakly mineralised. Their
conductivity varies from 40 to 150 £ S cm ™'
Their pH is comprised between 7 and 8 rather
nearer 8 than 7. Oxygenation is very good,
especially in high ground waters (9 mg £ -t

on average). Waters are mainly bicarbona-
ted, and the main cations are calcium, mag-
nesium and sodium. The nitrate content is
low, and silicate content varies according to
the rivers.

Howevr on low ground, stagnant waters are
highly mineralised, owing to saline intru-
sions. Obviously, in contrast with high isl-
ands, atolls can have no hydrographic net-
work but only shallow lagunas and ponds of
highly conductive brackish waters.

4. Results
Taxonomy

Among the 16 eel species recorded by EGEk
(1939), three can be found in the French
Polynesian inland waters: Anguilla marmorata
(Quoy and GaiMARD, 1824), Anguilla mega-
stoma (Kaup, 1856) and Anguilla obscura
(GUNTHER, 1871).

Geographic distribution

A. marmorata (Table 1) is established eve-
rywhere except in the Taravai islet.

A. megastoma does not occur in the Marque-
sas Archipelago, in the most southern part of
French Polynesia and in the Rangiroa atoll.

A. obscura does not inhabit the Marquesas
Archipelago and the Taravai islet.

Table 1. Presence (1) or absence (0) of eel species in the eleven studied islands.

A. marmorata A. megastoma A. obscura

Austral Archipelago

Rurutu 1 1 1

Tubuai 1 0
Gambier Archipelago

Mangareva 1 1 1

Taravai 0 1 0
Marquesas Archipelago

Hiva Oa 1 0 0

Nuku Hiva 1 0 0

Ua Huka 1 0 0

Ua Pou 1 0 0
Society Archipelago

Moorea 1 1 1

Tahiti 1 1 1
Tuamotu Archipelago

Rangiroa 1 0 1




12

Altitudinal distribution

In the Society Archipelago (Scamipr, 1927;
MAaRrQUET and LamarQue 1986), A. marmorata
and A. megastoma occur in running waters.
The dominant species are A. marmorata below
the waterfalls and A. megastoma above. A.
megastoma is established in the Vaihiria lake.
A. obscura is restricted to estuaries and shal-
low stagnant waters.

The altitudinal distribution in other archi-
pelagos is mainly the same (Table 2). How-
ever, in some archipelagos one species be-
comes ubiquitous. Such is the case for A.
obscura in the Austral Archipelago and for A.
marmorata in the Society Archipelago.

A. marmorata cannot be found in the upper
course when the waterfall that separates it

La mer 29, 1991

from the middle course is too high. Such high
waterfalls occur in the Marquesas islands.

Biomass

The various species of eels are not distri-
buted uniformly throughout French Polyne-
sia (Table 3).

In the Austral Archipelago, A. obscura col-
onizes both running and stagnant waters.
Therefore, its biomass is relatively high (from
142 to 92 kg ha™1). In running waters, where
A. megastoma is present, its biomass is high
(291 kg ha™! in Rurutu). A. marmorata is
moderately abundant (80 kg ha™! on aver-
age).

In the Gambier Archipelago, the three spe-
cies are present. In running waters, the con-

Table 2. Distribution of the three eel species in the studied islands.

Running waters

Stagnant waters

High islands

High islands Atoll

Lower course

Estuary  Upstream

Middle
course

Littoral
area

Lac
Vaihiria

Upper
course

Anguilla marmorata
Rurutu
Tubuai
Mangareva
Hiva Oa
Nuku Hiva,
Ua Huka
Ua Pou
Tahiti
Moorea
Rangiroa

+ 4+ + ++ o+
A+ A+

A. megastoma
Rurutu
Mangareva
Taravai
Tahiti
Moorea

A. obscura
Rurutu
Tubuai
Mangareva
Moorea
Tahiti
Rangiroa

4+ o+t

++++++ o+t

+ + + + +

+

+ 4+ 4+ +++

+

+ 4+ + 4+ +
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Table 3. ’Appreciated’ biomasses (kg ha™!) for the three eel species in the five
archipelagos.
Austral Gambier Marquesas Society Tuamotu
Rurutu  Tubuai Mangareva Taravai Hiva Nuku Ua Ua Moorea Rangiroa
Oa Hiva Huka Pou and
Tahiti
together
A. marmorata 96 65 54 0 221 94 226 291 261 +
A. megastoma 201 0 559 267 0 0 0 264 0
A. obscura 98 142 129 0 0 0 0 135 +

Table 4. Estimated biomass (kg ha ') of the three eel species in Tahiti-Moorea rivers.

Lower course

Middle course

Upper course

Estuary Upper waters
Number of investigated rivers 4 6 6
A. marmorata 191 424 139 60
A. megastoma 0 0 2 397
A. obscura 7 0 0

cept of biomass, as expressed in kg ha™!, is

not very significant because of the scarcity
and narrowness of the rivulets that make up
the hydrographic system. The dominant
species is A. megastoma with a high biomass
(559 kg ha"!in Mangareva). A. marmorata is
much rarer (54 kg ha™'). In stagnant waters,
A. obscura is well established with a biomass
of 129 kg ha™! in Mangareva.

In the Marquesas islands, the only species
that can be found is A. marmorata. Its average
biomass over the four studied islands is 208
kg ha™ L.

In the Society islands, the three species are
present. A. marmorata and A. megastoma are
predominant with a biomass of 261 and 264
kg ha™ ! respectively. A. obscura has shown a
much lower biomass (13.5 kg ha™!).

In the Rangiroa atoll, the generators avail-
able were not suited to the conductivity of the
water. Therefore, it was not possible to ap-
preciate the biomass of the two species that
were found, namely A. marmorata and A.
obscura.

Owing to the greater number of data con-
cerning the Society Archipelago, it has been

possible to 'estimate’ the biomass of the three
species in the Tahiti-Moorea rivers (Table 4).

In the lower course and the middle course,
A. marmorata is by far predominant with a
biomass varying from 139 kg ha™! to 424 kg
ha™!. In the upper course, its biomass drops
to 60 kg ha™ .

A. megastoma, scarcely present in the lower
and middle courses, becomes predominant in
the upper course with a biomass of 397 kg
ha .

A. obscura is restricted to estuaries with a
low biomass (7 kg ha™').

5. Discussion and conclusion
Taxonomy

The presence of three eel species in French
Polynesia is consistent with ScumIDT’S results
(1927), taken up by Ece (1939) for the Soci-
ety Archipelago only.

However, Ece (1939) mentions that speci-
men of a fourth species, captured in Tahiti
and labeled A. australis, belongs indeed to the
subspecies A. australis schmidti. No such eel
has been found among the few thousands that
were caught in the course of this study. In
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fact the known distribution of that species,
limited to New Zealand and New Caledonia,
suggests that French Polynesia is situated too
far from its usual habitat. Nevertheless, it
may be that the eel mentioned by Ece (1939)
became lost by accident, just like A. anguilla
bas been reported by Ece (1939) in Kenya
and A. obscura in South Africa by Juss
(1957). However,it remains possible that the
eel seen by Ece (1939) in the Hamburg
Museum had been wrongly labelled as
coming from Tahiti.

Geographic distribution
A. marmorata

In French Polynesia: The presence of this
species has long been known in Tahiti as well
as in the Marquesas islands (Ecg, 1939;
FowLER, 1932; Herrg, 1936). The present
survey has extended the known distribution
area of A. marmorata towards the east as far
as Mangareva (135°W). A. marmorata may
now be considered as ubiquitous in French
Polynesia. Its absence from the Taravai islet
can be explained by the lack of any signifi-
cant river. In any case, the Taravai islet can
be considered as part of the nearby Manga-
reva where A. marmorata is present.

In the Indo-Pacific province: This ubiquity
in French Polynesia is in agreement with the
wide Indo-Pacifique distribution of A. mar-
morata. In the Indian Ocean: It has been re-
corded in South Africa by Juss (1964), in
Madagascar by KieNer (1965) and in the
Reunion island also by Kiener (1981). In the
Pacific Ocean, it can be found from the Phil-
ippines (EGE, 1939) to Japan (Nisur and Imar,
1969) and from New Guinea to Polynesia
(EcEg, 1939).

A. megastoma

In French Polynesia: This species has been
observed (EcGE, 1939) in the Society Archi-
pelago (Tahiti, Moorea and Raiatea) and in
the Gambier Archipelago (Mangareva). The
present work has shown that A. megastoma
does not occur in the Marquesas Archipelago
and in the Tubuai island. This means that the
distribution of this species is restricted to a
narrow range of latitude.

In the Indo-Pacific province: This distribu-
tion in French Polynesia can be paralleled
with the general distribution of A. megastoma
in the Indo-Pacifique province. Indeed, A.
megastoma is known from the Solomon is-
lands to Pitcairn island (Ecg, 1939).

A. obscura

In French Polynesia: The presence of this
species has been recorded (Ece, 1939) in
Tahiti island and in the Austral Archipelago
(Tubuai and Rapa). The present work shows
that A. obscura is absent from the Marquesas
Archipelago. The distribution of this species
is roughly that of A. marmorata, minus the
Marquesas islands.

In the Indo-Pacific province: This distribu-
tion in French Polynesia again can be paral-
leled with a relatively wide distribution of A.
obscura in the Indo-Pacifique area. Indeed, A.
obscura is known in Australia (BEUMER et al.,
1981) and from New Guinea to Polynesia
(Eck, 1939).

The present paper advances the knowledge
of the Polynesian eel distribution in an area of
scientifing interest. Indeed, it is situated at the
eastern limit of presence of the genus Angui-
lla in the Indo-Pacific province (Fig.2).

In that area, the number of eel species de-
creases sharply to the north. In the Marqu-
esas islands (9°S), a single species (A. mar-
morata) has been captured, and in Hawai (24°
N) no eel has ever been reported (ScuMmIDT,
1925).

Conversely, to the south, three species have
been captured in Rurutu (22° S), two in
Tubuai island (23°S) and the same number
(Pressis, 1987) in the Rapa island (27°S).
Rurutu and Tubuai are two neighboring
island, however the former has a more pre-
cipitous character. This difference could ex-
plain the absence of A. megastoma in Tubuai.
On the other hand, Rapa similar to Rurutu in
its relief shows no trace of A. megastoma.
Since the absence of this species cannot be
attributed to the morphology of the island, it
is likely to be related to its more southerly
latitude.

At the extreme east of French Polynesia,
three species can be found in Mangareva
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Fig. 2. Number of eel species in the East Pacific Ocean.

(135° W), a single species (Ece, 1939), A.
megastoma, in the Pitcairn island (130°W)
and none (Scumipt, 1925) in Easter island
(109°W). The precipitous character of the
Pitcairn shoreline could explain the absence
of A. marmorata and A. obscura from this
island. The absence of any species of eels in
the Easter island must be attributed to its
state of isolation.

Altitudinal distribution

The present research has shown, for the
first time, the presence of A. marmoraia and A.
obscura in a Polynesian atoll. This result was
foreseeable because eels are euryhaline.

A. marmorata. As a rule, in high islands, it
can be found in stagnant waters, as well as in
running waters. In the latter case, it is present
all the way from estuary to upper course. This
adaptability is specific of that species. In
Madagascar, it settles within 500m from the
sea (KIENER, 1965). In South Africa, it occurs
in coastal areas (Juss, 1964). However, it has
been seen in Rhodesia as far as 1000 km from
the estuary (Frosrt, 1957) and in the Philip-
pines at more than 1530 m above the sea

(Scumipt, 1927).

A. megastoma: In high islands, it inhabits
the upper course of streams. No reference has
been found about the distribution of A. meg-
astoma in territories other than French Poly-
nesia.

A. obscura: In high islands, it is usually re-
stricted to lower freshwater reaches and to
estuaries. This distribution seems to charac-
terize short finned eels; for instance A. bicolor
bicolor in Madagascar (KIiENER, 1965) and A.
australis schmidti in New Zealand (BURNET,
1968).

Biomass

A. marmorata:. The biomass is very high in
the Society Archipelago, and to a lesser
degree in the Marquesas islands though A.
marmorata has no other species to compete
with in that archipelago. In the east, the bio-
mass drops considerably, and to the south it
decreases gradually. Out of the three species,
A. marmorata spreads the most to the north;
on the other hand, its extension eastwards
and southwards is limited.

A. megastoma: Wherever it exists, its bio-
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mass is always high. This result is in con-
formity with the fact that where ecological
conditions are difficult, the surviving species
meet few competitors.

A. obscura: The biomass of this species is
certainely undervalued because it lives in
strongly conductive waters. Therefore, elect-
ring fishing was too often impossible with the
available generators. Out of the three species,
A. obscura seems to reach furthest to he south.

The ’appreciated’ or ’estimated’ biomasses
are generally high. By way of comparison,
BurneT (1952) gives average values in the
range of 100 kg ha ! for A. dieffenbachi in
New Zealand rivers. TescH (1977) finds var-
iation from 3 to 50 kg ha™! for A. anguilla in
German rivers. SLoaNE (1984) gives a range
of 0.4 kg ha ! to 230 kg ha™! for the biomass
of A. a. australis in Tasmanian rivers.

Several reasons explain the high values
obtained in Polynesian rivers:

— The rate of growth seems higher for
species living in tropical conditions than for
those in temperate countries.

—The practice of eel fishing is little spread
in French Polynesia and elvers are not fished
at all.

— There is little or no competition from
other fish, especially for bigger specimens.

The importance of the existing stock of
Polynesian eels is such that the possibility of
drawing a moderate amount of elvers or
young eels with fish farming in view could be
envisaged without the risk of affecting the
overall population. The atolls would furnish a
suitable site for aquaculture.
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Abundance and Growth Characteristics of the Bacterioplankton
inside and outside the Hydrothermal Vent Plumes
in the North Fiji Basin™

Takeshi Nacanuma**, Humitake Sek1*** and Hiroshi Horra**

Abstract: Bacterioplankton were studied from the deep waters near the boundaries of hydrothermal
vent plumes in the North Fiji Basin with special reference to their chemosynthetic sulfur-utilization.
The bacterial abundance inside the plumes was greater than that outside the plumes. However,no
clear difference in their growth rate was evident for samples collected inside and outside the plumes.
The addition of thiosulfate had little influence on growth rate, because the population density of
thiosulfate-utilizers near the boundary of hydrothermal plumes occupied only a small fraction of the

bacterioplankton community.

1. Introduction

Active hydrothermalism in the rift of the
North Fiji Basin has been intensively studied
(Karyo 87 Shipboard Party, 1988; Honza et
al., 1989),and typical vent fauna composed of
Bathymodiolus, Alviniconcha, Munidopsis,
Bythograea, etc. were observed by the deep-
towed TV camera (Hasuimoro et al., 1989),
and the long-term observation system (Mit-
suzawaA ef al., 1989) both developed by Japan
Marine Science and Technology Center. An
active “white smoker” chimney and other
vents in the area were carefully observed by
the French submersible Nautile in 1989
(URABE et al., 1990). Chemical studies show
the vent plumes rising up to hundreds of
metres and the occurrence of a “megaplume”
in the North Fiji Basin (Nojr1 et al., 1989).
The occurrence of chemolithotrophic sulfur
bacteria in the vent plumes was determined,
with their active growth and CO, - uptake
being certified experimentally (NAGANUMA et
al., 1989; Sex1 and Nacanuma , 1989; SekI et
al, 1991).

This study aims at evaluating the abun-
dance and growth characteristics of bacteri-
oplankton communities inside and outside
the boundary of vent plumes,with reference

*Recieved May 22, 1990

**Deep Sea Research Department, Japan Marine
Science and Technology Center, 2 - 15
Natsushima-cho, Yokosuka, 237 Japan

*** Institute of Biological Science, University of
Tsukuba, 1-1-1 Tennoudai, Tsukuba, 305
Japan

to their chemosynthetic sulfur-utilization.
This research was part of “The Joint Research
Program on the Rift System in the Pacific
Ocean” funded by the Special Cooperation
Fund of the Science and Technology Agency
of Japan (STA) and the Institut Francais de
Recherche pour I'Exploitation de la Mer of
France (JFREMER) in cooperation with the
Committee for the Coordination of Joint Pro-
specting for Mining Resources in South Pa-
cific Offshore Areas (CCOP/SOPAC).

2. Materials and Methods

In November and December 1988, an int-
egrated research program of geophysics, ge-
ology, geochemistry and biology was condu-
cted along the rift axis during the KAIYO 88
cruise with R.V. Kaiyo (Honza et al., 1989).
Bacteriological samples were collected at 12
sites along the rift axis by using Go-flo bottles
and sterile Niskin bags (Go-flo samples and
Niskin samples; Sek1 ef al., 1991). The sample
depths were from the bottom to more than
1000 m above the bottom. The sample local-
ity, i.e. inside or outside plumes, could be
precisely indicated by manganese concentra-
tion.

Immediately after collection, portions of the
Go-flo samples for counting bacterial cells
were fixed with 0.2 g m-filtered formalin at a
final concentration of 2%. Bacterial cells in
each 5-50 ml of the samples were counted by
the combination fo membrane-filtration and
epifluorescence microscopy (NAGANUMA et al.,
1989). Separate counts were made for: the
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total cells, growing cells (with diameter
larger than 0.3 £ m; Morita, 1982), and div-
iding cells. The frequency of dividing cells
(FDC; HagsTrOM ef al., 1979) was also estim-
ated from the separate counts; this FDC value
gives the in situ FDC.

The number of thiosulfate-utilizers was
counted by the spread-plate method using
1.5%-agar plates (of TB medium; TurTLE and
JannascH, 1972). The agar plates were ino-
culated with the Niskin samples, and kept in a
cold room (at about 4°C) in the dark for more
than 4 weeks. The number of colonies cou-
nted represents in principle the abundance of
thiosulfate-utilizers.

Growth rates of the bacterioplankton were
determined immediately after the sampling,
from the changing rate of bacterial cell num-
bers during the chemostat culture (JANNASCH,
1969). Vent plumes should be associated
with chemosynthetic activity by sulfur oxi-
dation; thus two media with reference to sul-
fur-utilization were used for the chemostat
culture. The media for this purpose were: 1)
thiosulfate-enriched TB medium, a liquid
medium containing 1% of sodium thiosulfate
in 75% aged seawater diluted with distilled
water (TurrLe and Jannasch, 1972); and 2)
thiosulfate-free TB medium. The chemostat
cultures with two media were conducted in
parallel at 1-2°C, in the dark at 1 atm and
with a dilution rate of 0.2-0.3 hr™!. The FDC,
as well as growth, was determined during the
first 12 hours of the chemostat culture. Thus
the FDC-growth relationship in the chemo-
stat culture was determined and converted to
in situ FDC values which were used to calcu-
late the in situ growth rate.

3. Results and Discussion
3.1. Bacterial abundance

Total cell counts were within the range of
X 10%-10* cells ml™! throughout the water
column in the bottom 1000 m, and no obvious
relationships between depths and counts
were shown (Fig. 1). Higher counts, however,
were mostly found for the samples collected
inside vent plumes, where the manganese
concentrations were higher than the back-
ground concentration of 1-2 nM. Actually,
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Fig. 1. Vertical distribution of total cells,

growing cells and dividing cells of
bacterioplankton in the bottom 1000 m
layer of the North Fiji Basin. Closed and
open circles indicate the bacterial
abundance inside and outside the
hydrothermal vent plumes, respectively.

the highest manganese concentrations of 5-
16 nM were associated with the highest total
bacterial counts of 1.0-2.1x10* cells ml™!. A
relationship between manganese concentra-
tion and total cell counts was evident for the
bottom-most samples. and was expressed as
follows (Fig. 2):
log[cells m1™ 1]

=3.74+0.54 log[manganese nM]
with a statistical significance of ¥»=0.74 (n=
10, significant at 2.5% level). Hence, the
bacterioplankton densities greater than 5.5-
8.0%x10% cells ml~! had a linear relation with
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Fig. 2. Relationship between the manganese
concentration and the total cells of
bacterioplankton in the
water of the North Fiji Basin.

bottom-most

the manganese concentrations above 1-2 nM.

The counts of growing cells were almost
within the range of X 10°% cells ml~}, and the
higher population densities were mostly obs-
erved inside the plumes (Fig. 1). The ratio of
total: growing cell counts was 0.52 on an av-
erage. This means that about half of the total
bacterioplankton were in the growing phase.
No clear difference in the ratio was found
among samples collected inside and outside
the plumes.

The counts of dividing cells were within the
range from X10' cells ml™! to X10% cells
ml !, and they were higher inside the plumes
(Fig. 1). Thein situ ratio of total: dividing cell
count was 0.013 on an average, while the in
situ ratio of growing: dividing cell counts was
0.024 on an average. No obvious difference in
the FDC values was calculated between sam-
ples collected inside and outside the plumes.

There was an evident difference of bacterial
abundance inside and outside vent plumes, as
bacterioplankton occurred more abundantly
inside the plumes. On the other hand, the
ratio of total: growing cell counts and the in
sttu FDC estimations showed no difference for
bacterioplankton inside and outside the
plumes.

The fraction of thiosulfate-utilizers was
found to be less than 1% of the total bacteri-
oplankton. A previous study showed that a
considerable fraction of the total counts was
composed of thiosulfate-utilizers (NAGANUMA

et al., 1989). All the previous results were
obtained from samples collected at plume
centers where the manganese concentrations
were higher. A lower abundance of thiosul-
fate-utilizers in this study indicates the sam-
ples were collected at locations closer to the
edge or boundary of plumes.

3.2. Growth characteristics
Growth rates of the bacterioplankton, est-
imated from on-board cultivation immediate-
ly after sampling, ranged from nearly zero to
0.17 hr ! (a generation time of 4.2 hrs).
There was no clear difference between
growth rates inside and outside vent plumes.
The addition of thiosulfate had little influence
on their growth, at least at the concentration
used. Higher FDC values were, however,
enumerated for the thiosulfate-enriched cul-
ture than in the non-enriched culture (Fig. 3),
and the FDC-growth relationships were exp-
ressed as follows:
thiosulfate-enriched
[FDC %]=0.89+4.56[growth rate hr ']
r’=0.54(n=8, significant at 20% level)
non-enriched
[FDC %]1=0.61+4.45[growth rate hr ']
r*=0.93(n=8, significant at 0.1% level)
total
[FDC %]=0.70+5.26[growth rate hr ']
r*=0.49(n=186, significant at 5% level)

F D C (%)

1 F
0 0.06 0.12 0.18
Growth Rate(h?)

0 ol ]

Fig. 3. Relationship between the growth rate
and the frequency of dividing cells (FDC)
measured by the chemostat culture. Clos-
ed and open circles indicate the thiosul-
fate enriched culture and non-enriched cul-
ture, respectively.
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These equations and the iz situ FDC values
of bacterioplankton were used for estimating
the in situ growth rates. With an average in
situ FDC of 2.4%, the overall average in situ
growth rate was calculated to be 0.32 hr™!
(generation time of 2.1 hrs), whereas the
growth rate was 0.33 hr ! (2.1 hrs) for the
thiosulfate-enriched culture and 0.40 hr™!
(1.7 hrs) for the non-enriched culture. These
estimations suggest that the thiosulfate-
utilizers found near plune boundaries form a
minority of the bacterioplankton community.
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Design of the simple towed vehicle, “EIKO”,
for the acoustic Doppler current profiler™

Tsutomu Hor1**, Masahiko Nakamura***, Wataru KoTEravama**

* * ok ok x

and Arata KANEKO

Abstract: A fundamental study is described on the dynamics of a submersible towed vehicle with a
design which is light and stable to house an acoustic Doppler current profiler. A practical method
of calculating the towing cable tension and profile, the attitude and submerged depth of the towed
vehicle is proposed. Experimental studies were carried out to obtain the hydrodynamic coefficient
of the vehicle to estimate its performance. On-site experiments of the resulting simple and high
performance vehicle EIKO confirmed that the purpose of the design was well achieved.

1. Introduction

Ocean tides and currents are important be-
cause of their great effect on the global envi-
ronment, fishery and transportation on the
sea. Measured data of the distribution of flow
velocity in ocean currents, however, is ex-
tremely limited compared with data on the
waves, water temperature and salinity be-
cause of the lack of a simple and accurate
measuring method. Though the conventional
geometric electro kinetograph (GEK) is
simple and popular, it is not capable of mea-
suring the ocean currents because it is often
disturbed by wind-affected local surface flow.
A submerged buoy system with current
meters is used to obtain a vertical profile of
the current, but it is difficult to maintain
many submerged buoy systems in the sea and
an extremely large scale system is necessary
when data is desired over a wide area (TAKE-
MATSU et al., 1986).

Recently an acoustic Doppler current pro-
filer (ADCP), which can measure the vertical
distribution of current velocity in the sea, was
developed with the progress of acoustic tech-
nology (Jovceetal., 1982, IsHi et al., 1986, and
KANEKO et al., 1990, etc.) This revolutionary
instrument instantaneously measures current

*Received August 30, 1990
**Computer Science Center, Nagasaki Institute
of Applied Science, Aba, Nagasaki 851-01,
Japan (Research Institute for Applied Me-
chanics, Kyushu University during this work)
***Research Institute for Applied Mechanics, Kyu-
shu University, Kasuga, Fukuoka 816, Japan.
****Interdisciplinary Graduate School of Engi-
neering Science, Kyushu University, ditto.

velocity from the sea surface to a depth of 400
m in each of 128 layers. The measured data of
each layer is transformed into the absolute
velocity of the current at that depth by au-
tomatically calculating the speed of the ADCP
relative to the earth if the ocean floor is
within acoustic measuring range (400 m).
Although this instrument can be directly
installed on a research ship, motion of the
ship caused by waves have great effect on
accuracy of the measurement and installation
on a ship hull is difficult. If, however, ocean
currents are measured by an underwater
towed vehicle on which an ADCP is installed,
such a problem can be avoided because the
motion of the underwater vehicle
is much less than of the research ship (KoTE-
RAYAMA el al., 1988 & 1989), and installation
of the towing cable in the ship’s hull is very
easy.

In this paper, the design of an underwater
towed vehicle which carries an acoustic
Doppler current profiler and maintains a
stable attitude at a constant depth beneath
the surface of the water is described, and the
results of experiments at sea are reported.

2. Design of underwater towed vehicle

A schematic diagram of the designed
system is shown in Fig. 1, in which the flow
velocity relative to the towed vehicle is mea-
sured by ADCP. The obtained data are trans-
mitted to the research ship through a con-
ductor cable attached to the towing cable and
processed in real time by a computer on the
research ship. If the water depth is 400m or
less, the measured relative velocity of ocean
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Fig. 1. Concept of the towed vehicle system
with an acoustic Doppler current profiler.

currents to the towed vehicle is transformed
into the absolute velocity relative to the earth
by bottom tracking. If the water depth is over
400m, the measured relative velocity is trans-
formed into absolute velocity using the ship
speed which is obtained by the global posit-
ioning system (GPS) or the Loran-C naviga-
tion system. When the ADCP is located on
board the research ship, the motion of the

Frame
(Stainless Steel)

Depressor
Vertical Stabilizer

Horizontal Stabilizer

ship induced by surface waves and noise and
bubbles generated by the ship’s hulll have the
serious adverse effects on the instrument’s
accuracy.

2.1. Design condition and structure

The towed vehicle must be lightweight and
small in size for simple operation, but it
should have adequate strength. It is also de-
sirable that the vehicle have excess buoyancy
so that it can be retrieved if the tow rope is
accidentally cut. For accuracy of the profiler,
the ship should generate minimum noise and
bubbles ; therefore the length of the towing
cable should be sufficient to maintain the
towed vehicle at a depth of 10m below the sea
surface.

In consideration of these design require-
ments, we decided on a 50m length of cable
and a total vehicle length of 2m with a shape
as shown in Fig. 2 ; we called it EIKO. The
weight of the acoustic current profiler is

| )
78

( Unit in Cm )

Fig. 2. Design of the towed vehicles (nicknamed EIKO).
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about 70kgf, and total weight of the towed
system is about 160 kgf ; EIKO’s buoyancy is
maintained by filling her body with a buoy-
ant material. Though excess buoyancy is an
asset in deployment and retrieval, if it is too
great the motion of the underwater vehicle is
negatively influenced, because its surge and
heave is coupled. We therefore designed the
vehicle to maintain a neutral buoyancy.

The lower part of the fore body which
houses the transducer of the ADCP is open so
as not to interfere with the acoustic beam. A
depressor made of fiberglass reinforced plas-
tics (FRP) is installed in the aft part of the
body for use in lengthening the moment lever
to the towed point, and this can be fixed at an
arbitrary angle to adjust the lift force to a
desired depth. A horizontal stabilizer made of
FRP is equipped to prevent pitching and
minimize the trim angle. Stainles steel verti-
cal stabilizers minimize the roll and yaw and
improve course stability. The main body is
also made of FRP and has a shape designed to
protect the current profiler and reduce fluid
drag. The frame is made of stainless steel acts
to further protect the porfiler from the shock
of collision with the hull of the towing ship
during retrieval and deployment. Two sleigh-
type runners have the longitudinal strength
and act as buffers when the vehicle is lifted
onto the deck of the research ship.

2.2. Experiments on hydrodynamic char-
acteristics in towing tank

Experiments were carried out in a large
towing tank created for sea disaster research
(LXBXDXd=80X8x%Xx35%X3 m) at the Tsu-
yazaki Sea Safety Research Laboratory,
which is part of the Research Institute for
Applied Mechanics of Kyushu University.
Hydrodynamic force was measured with a six
component dynamometer as shown in Fig. 3.
To avoid the free surface effects, the towed
vehicle was submerged to the greatest depth
possible. The hydrodynamic force acting on
the vehicle was are obtained by subtracting
the force acting on the strut from the total
measured force. During these experiments,
the depressor’s attack angle 8, of which the
normal sense is counterclockwise, was fixed

i
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Fig. 3.
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Experimental setup in the towing
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Fig. 5. Down lift coefficients C; of a towed
vehicle versus ship speed for various trim
angles.
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at 4°. This angle was decided by the condi-
tions that length of the towing cable was 50m
and submerged depth of the vehicle was 10m.
The calculation method will be described in
the next chapter. To examine the dependence
of hydrodynamic coefficients upon the
vehicle’s trim angle @, of which the normal
sense is clockwise, experiments were done for
four cases ®=—57,0°,5° and —10°. The case
of ®=—5° corresponded to the actual towed
attitude of the vehicle in the ocean. Towing
speeds were 0.6~1.6m/s. We define that the
direction of drag force is same as that of
uniform flow, and that of lift force is perpen-
dicular to the drag force.

Figure 4 shows that the drag coefficient Cp
of the vehicle is normalized by the front pro-

jectional area {—Dz, where D is diameter of

the body shown Fig. 2. Figure 5 shows lift
coefficients normalized by the wing area of
the depressor ; the direction of the lift is pos-
itive downwards. These figures indicate that
the drag and lift coefficients do not depend on
the towing speed U,,. The drag coefficient Cp
is roughly proportional to @2 and the lift
coefficient C;, linearly increases with the in-
crease of ®. However, C, is not zero at ®=0(°
as shown in Fig. 5, because the vehicle is
asymmetrical around the horizontal plane as
shown in the front view of Fig. 2. We obtain
C.=0 at ®=2° by the interpolation in Fig. 5.
The reason Cp increases with the increase of
trim angle @ as shown in Fig. 4 is that the
induced drags acting on the depressor and
horizontal stabilizer increase as shown in Eq.
(28) of the next chapter. The value of Cp
reaches about 1.6 even at ®=0°, which means
that the drag forces acting on appendages
such as the frame of the vehicle, the trans-
ducer of the profiler and others account for
most of the total drag of the vehicle; the ind-
uced drag of the wings is not large at ®=0° as
denoted in Eq.(28), and the drag coefficient of
the main body is estimated as only 0.6. This
fact is important because the tension of the
towing cable is due primarily to the drag
coefficient of the towed vehicle when the
weight and length of the cable are small.
Figure 6 shows the heel moment coefficient

Cu, = Heel M"/%PU.?AM...L

( Awies is area of the depressor )

/v‘“v-- Q=+5°

0.006
0.004
0.002+
0 -
0.002-

06 08 10 12 14 16 U= (m/sec.)

01 02 03 04 Fa=U//8L

1.0 2.0%10° Ra=UoL/D

Fig. 6. Heel moment coefficents Cy, of a

towed vehicle versus ship speed for
various trim angles.

Cux Which is normalized on the basis of the
depressor’'s wing area and the vehicle’s total
length. The value of Cy is usually not zero
because of unstable hydrodynamic force.
Even small values of Cy, cause the vehicle to
capsize in high speed towing when BG of the
towed vehicle is small, where BG is the dis-
tance between center of buoyancy and that of
gravity. The dependence of Cy, upon the
towed speed is unstable as shown in Fig. 6 ;
therefore it is actually not possible to adjust
the body shape and the angle of wings in
order to minimize Cy,. It is thus essential that
that the vehicle be stabilized by increasing
the restoring force.

3. Theoretical calculation method
3.1. Profile and tension of the towing cable
The towing cable used in this study is short
and neutrally buoyant in the water, therefore
the dynamics is not important. On the con-
trary, when the cable is long and heavy, its
dynamic analysis is important in estimating
the performance of the towed system (KoTe-
RAYAMA ef al., 1988 & 1989). The calculation
method of the tension and the profile of a
mooring cable, which is neutrally buoyant in
the water, was shown by Pope (1951) in his
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Fig. 7.

Forces acting on the differntial
element of a zero weight cable in the
water.

study, but the same method is not practical
for the towing cable. The purpose of this
section is to develop the method of calcula-
tion for obtaining the depth of submersion.

As shown in Fig. 7, we take the o-xy co-
ordinate system in which ds is the differential
element of the cable and U, is the uniform
flow velocity. The frictional resistance acting
along the cable is neglected because it does
not contribute to the profile of the cable. We
assume that the weight of the cable in the
water is zero, then

dT=0 D

Consequently, the tension T along the cable
becomes constant

T=T, (=Const.) )

Since the drag force acts on the cable in the
normal direction and the cable deflects as
balancing with its force, the following differ-
ential equation is obtained.

do
sin?§ 0 ®
in which 8 is the slope angle of the cable,
and A is the parameter governing the de-
flection shape of the cable and is defined by
_ 27T,
= o U%b-Cy @
where b is the diameter of the cable, Cy is
the drag coefficient and p is the density of
the water.

Since s=0 at 6 = 8, the length s of the
cable is obtained as the function of the cable
slope 8 in the following form by integration
with Eq. (8)

s= A -(cotB —coth) (5)

ds+ A -
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Equation (5) can be rewritten as :
cot@ =§+cotd, (6)
where § is the dimensionless cable length as
§=s/ A. If we use the normalized cable length
§ and the cable slope 8 at the towed vehicle’s
side, we can estimate the cable slope 6 at the

end of the side of the research ship.

Since it is not easy to obtain the profile of
the cable from Eq.6), we transfrom the co-
odinate system from (s, ) to (x, ¥). By
differentiating the equation of cot 6 =dx/dy,
we find that

do dx

sinf6  dv® & ™

and from the definition, we get

/ dx \2
ds= /[ 1+ el dy (8)
dy

Eliminating s and 6 from Eq. (3) by subst-
ituting Eqgs. (7) and (8), the profile of the cable
can be written in the following form,

£=cosh {§+sinh™ '(cot 8}
—cosh {sinh™!(cot 8y} 9)

wherez=x/2,¥=y/ A.From Eq. (9), we find
that the profile of the towing cable of neutral
buoyancy is a reverse catenary curve, and we
can obtain the profile by replacing the hori-
zontal co-ordinate x with the vertical one 3.

The submerged depth ¥ of the towed vehi-
cle can be obtained as follows:

y=sinh '(cot ) —sinh !(cot 8, (10)

and substituting Eq. (6) into Eq. (0, we
obtain

g=sinh™'(s+cot 8, —sinh '(cot 8,)
an

Eliminating # from Eq. (9) by using Eq. (10),
the horizontal distance £ between the re-
search ship and towed vehicle can be written
in the following form

£=cosh {sinh '(§+cot 8,)}
—cosh {sinh !(cot 0} 12

Consequently, if the cable length § and the
cable slope 8, at the end of towed vehicle’s
side are known, we can estimate ¥, £ and g at
the cable end of research ship’s side. Equation
(11, which explicity gives the submerged
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Fig. 8. Deflection shape of the zero weight
cable in the water.

depth of the underwater towed vehicle, is es-
pecially helpful.

3.2 Attitude and wing angle of the towed
vehicle

From the study of the former section we
can evaluate the submerged depth of the ve-
hicle when the cable slope at the cable end of
the towed vehicle's side is known. In this
section we explain the method of estimating
the static attitude of the towed vehicle and
this gives the condition of the cable end at the
towed vehicles’s side.

The noations of forces and their directions

T

i Uncos®

La

Fig. 9. Coordinate system and forces acting
on the towed vehicle.

are defined as shown in Fig. 9. We take a
Cartesian co-ordinate system o-xy, where the
x-axis is positive in the longitudinal direction
and the y-axis is in the transverse direction.
As shown in the figure, the vehicle is towed at
point T of the bow where the tension is T, and
the angle is 8 at this point. Then the weight
W in the water of the acoustic current profi-
ler, the net buoyancy B of the vehicle’s body
and the drag force X, Y in the x, y direction
respectively act on the main body of the
towed vehicle. Also, the lift L,, L; and the
induced drag D,, D; act on the depressor and
horizontal stabilizer. The towed vehicle thus
maintains a condition of static equilibrium as
a result of these various forces. Since we
consider only a two dimensional problem in
the vertical plane, the contribution of the
vertical stabilizer is not considered in the
static analysis.

The static equilibrium equation of the trim
moments about towing point T can be ex-
pressed as follows:

X- (yT”YC)+Y'(XT“Xc)+B' E. L &
+Df'7]f+Da'7ia:W'fG+La’fa (13)
where £;, 7, are the horizontal and vertical
distances from the towing point (x, y1) to
each point, respectively, and are defined by
£=(xr—x%x.)cos® —(y; —y. )sin® } (14)
7,=(yr—v.)cos® + (¥ —x.)sin@®

In Eq. 13, X, Y, L;, D, are the function of the
speed U, the trim angle @ of towed vehicle
where L, and Da depend on U,, the attack
angle 8 — @ of the depressor. Then, by
Prandtle’s lifting line theory L, D, are ex-
pressed as the linear or quadratic function of
the attack angle f—@ in the following form,
respectively

LaE f‘ a” (B - d))
S Y (15)

We then compare each degree of the term
B—® and rewrite it in the form of a quadratic
equation

Ky (B—0)?—K,  (—®) +K,=0 (16)

in which K, K, and K, are given, respectively,
by
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KZ:Da'na
Klzf—‘a' Ea
Ky=X-(yp=y)+Y-(Xr—x) +B- &

—W- Eg+Li E4+Ds 1

an

For Eq. (16) two solutions exist as follows:

K, K} — 4Ky 'K,

2K,

The coefficient K, of Eq. (I7 corresponds to
the induced drag of the depressor and is much
smaller than the other coefficients K,, K; (as
shown by Eq. (28) in the next section). In-
vestigating the asymptotic behavior of the
solution obtained in Eq. (18 as K,— 0, we find
that

B—0= (18)

K,
K,
J— —~ 2 *
B ¢Kz_)() E(l_*,fKi]K +O<K2) <19)
K, K :

The lower solution of the double sign in Eq.
(18 is obtained as the perturbation with K,/K,,
which is the solution to the linear equation
putting K,=0 in Eq. (1. The upper solution
has a large value because it diverges to the
order of 1/K, and so is not adopted. Then the
angle B of the depressor is obtained as follows:

K,—yK:—4K,'K,
=0+ 2K, (20)
Thus if the speed U, and the trim angle @
of the towed vehicle are known, the wing
angle B of the depressor is determined as
written in Eq. Q0. The tension T, and the slope
0, at the end of the cable are obtained from
the equilibrium condition of the forces in the
horizontal and vertical directions, respective-
ly.
The equilibrium equation for the forces in
each direction are:

Tocos 6y=X cos @+Y sin @
+Di+D,=Fy (21)

Tysin 8 ,=X sin ®—Y cos @
+W-B—-L;+L,=F,

From Eq. (21), we can easily determine T,
and 6, in the following form

T= VﬁFé‘*" F\3 } (22)

6, =tan " '(F,/Fy)
where Fy, F, are the horizontal and vertical
components of T, as defined by Eq. (21).

As mentioned above, if the tension T, and
the slope 6, of towing cable are obtained by
the analysis of static equilibrium at the side of
the vehicle, the submerged depth of the towed
vehicle can be obtained. Since we actually
need to set the wing angle of the depressor to
maintain the required submerged depth of the
vehicle to correspond to the towing speed, the
calculation must be carried out with an iter-
ative procedure. A chart helpful in estimating
the wing angle of the depressor is presented
in section 3. 4.

3. 3 Hydrodynamic coefficients of the
towed vehicle

In the static analysis of the towed vehicle
described in section 3.2, the hydrodynamic
coefficients acting on the main body and the
two wings need to be determined. Experi-
ments show that the coefficients of drag Cy
(Fig. 4) and lift C; (Fig. 5) for the vehicle are
roughly constant versus the towing speed U...
In this section, we derive the method for det-
ermining the hydrodynamic coefficients
acting on the main body and the two wings as
functions of the trim angle @.

The drag forces X, Y in the x and y-
directions acting on the main body of the
vehicle (except two wings) are expressed in
the following form,

1

2
X= 5 P -(Uy cos @)2- D

4CX

(23)
Y:%mrUiﬂnélgnQILDCy
in which C,, C, are the drag coefficients based
on the frontal projective areas.

Next, we examine the lifts and the induced
drags acting on the horizontal stabilizer
(fore) and the depressor (aft).

The lifts of L; and L, are respectively noted
in the form

1l zpe. 27K
Li= 5 pUsber 7o @
27k 24
Tk,

D T S (R—
L= 5 pUsrbic, 1+2/Aa(5 )
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where k;, k, are the correction factors from
Prandtle’s lifting line theory, b b, are the
breadth of the wings, and C;, C, are the chord
length of the wings, respectively. The aspect
ratios of each rectangular wing are defined as
A(=Db¢/cp) and A, (=b,/c,).

The induced drags of D;, D, can be written
by

_1 2,2, 4m 4o
D; 5 o Uz, -cf o2/ A (1) o)
o pee AT
D=5 0Ue G ripgayyr (B9

in which ey, e, are correction factors.

Using the expressions for hydrodynamic
forces shown in Egs. (23), (24) and (25), we
obtain the equation of Cy and C; for the main
body with wings.

3.4 Results of computation and discussions

We calculate the submerged depth and trim
angle @ of the towed vehicle shown in Fig. 2
as the function of the angle 8 of the depressor
and the required towing speed U.. The res-
ults shown in Fig. 10 reveal that the depth of
the towed vehicle decreases with the increase
of B because the increase of 8 results in an
increse of @. This fact indicates that the wing
fitted to the vehicle’s aft portion performs the
role of a controller of the trim rather than a
“depressor”. Figure 10 also shows that the
depth of the vehicle decreases with the in-

Zr(m)
157

D (deg.)

O
N

-— 8 knots
— 6knots
4 knots

20 B (deg.)

10 A

Fig. 10. Trim angles and submerged depths
of a towed vehicle versus the attack
angles of depressor for various ship speed.

Depth(m) @ (deg.)
204 51 '

~10-

4,

Fig. 11. Trim angles and submerged depths

of the towed vehicle versus ship speed in
the case of 8=4°.
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T T 7 ~ Us (knots)
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Fig. 12. Tension of the towing cable versus
ship speed in the case of f=4°.

crease of U, because of the increase of @ and
the vertical component F, of the towing ten-
sion T,. This knowledge is helpful when the
wing angle and towing speed must be decided
to realize a required submerged depth. We
determined that wing angle 8 of the depressor
is 4° for the desired submerged depth of 11m
at the towing speed U, =4 knots, and in this
case the trim angle @ is 2°.

Figure 11 shows the trim angle and the
submerged depth of the vehicle versus towing
speed U, when B8is 4°. The increase of the
angle of the depressor and that of the towing
speed have the same effect on the submerged
depth of the towed vehicle. Both cause the
trim angle @ to increase and it results in a
decrease in the depth of submersion. Figure
12 shows the tension T, of the towing cable
and we find that this cable tension grows in
proportion to the square of towing speed.
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Since the towed vehicle has an excess buoy-
ancy of bkgf for the convenience of operation
on the sea, it cannot maintain the static stable
towing condition appearing in Fig. 11 when
the towing speed approaches to zero.

In numerical simulations of motions of the
towed vehicle, a quasi-steady solution is int-
roduced in which the variations of attitude
and submerged depth of the vehicle and the
tension of the towing cable are determined on
the basis of the static calculation developed in
sections 3. 1 and 3. 2.

4. On-site experiments

Experiments were conducted in the Genkai
Open Sea around OKi-no-shima off Fukuoka
prefecture in August 1987 to confirm the
performance of the towed vehicle “EIKO” on
which the acoustic Doppler current profiler
was installed. State of sea on the day of the
experiments was calm and the height of ocean
waves was about I m. EIKO was towed by the
research ship using a 50 m long and 16 mm
diameter towing cable made of polypropylene
and with a nearly zero weight in water ; a
conductor cable was fitted along the towing
cable. Items to be measured were the vertical
distribution of the current velocity in the
ocean, by the ADCP ; the rolling and pitching
angles of EIKO, by a clinometer installed in
the ADCP ; the motions of the research ship
with six degrees of freedom, by a gyroscopic
measuring instrument ; and the tension of the
towing cable. The experiments were perfo-
rmed under various conditions of towing
speed, point of cable attachment and wing
angle of the depressor. The confirmed al-
lowable towing velocity of EIKO in these ex-
periments was 2~8 knots ; at higher speed
the vehicle capsized because of its unstable
heel moment. One example of the experi-
mental results is given ; the vehicle was towed
at 4knots with the wing angle of depressor
fixed at 4°.

In Fig. 13 the time records of surge, sway
and heave of the research ship measured by
the gyroscopic measuring instrument suggest
that the wave height was about 1 m and the
period more than 8.5 sec. Thus the sea wea-
ther was calm and the conditions were not the
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Fig. 13. Time record of the surge, sway and
heave motions of the towing ship.

most suitable for the performance test of the
towed vehicle, because measurement of the
ocean flow by the towed vehicle and the
ADCP system would be more informative
under severe sea conditions. Figure 14 shows
the time records of pitch, roll and yaw of the
research ship.

In Fig. 15, we show the time records for the
motion of the towed vehicle. The quality of
the data obtained is not the best because pitch
and roll were measured by a clinometer of the
gravitational type and the sampling period of
data was about 4 sec because of the limita-
tions in the processing ability of the portable
computer on the deck of the research ship.
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-24
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""""Yy""""’ "“" VV""V

-34

o

Yaw'(deg )
0L

N

—> t (sec)
0 60 120 180 240 300

Fig. 14. Time record of the pitch, roll and
yaw motions of the towing ship.




32 La mer 29, 1991

Depth (1

——o—— measured
Pitch(deg) = - calculated

— t (sec.)
0 60 120 180 240 300

Fig. 15. Time record of the submerged depth
and pitch, roll of the towed vehicle.

The characteristics of the oscillation of the
towed vehicle, unfortunately, cannot be ade-
quately evaluated with the data at hand. The
calculation results of pitching angle shown by
the broken line in Fig. 15 were obtained using
the quasi-static technique on the basis of the
static calculation shown in chapter 3. We
have developed a full dynamic calculation
method for a vehicle towed by a long and
heavy cable, but lengthy computer times is
required, making it impractical for calcula-
tions on a short, light cable. The calculated
pitching angle of the vehicle is obtained by
substituting the sum of the ship’s mean speed
of 4 knots and the fluctuating velocity in-
stead of the steady towing speed U.. As
shown in Fig. 15, the mean value of pitching
angle obtained from the quasi-static calcula-
tion is about 2° which coincides with experi-
mental findings. The results of the quasi-
static calculations of the variation of pitching
angle show good agreement with experi-
ments. We suppose that the large fluctuati-
ons in the pitch appearing in the measured
values are due to measurement errors because
such a phenomenon is not possible in the
towed vehicle system.

Experiments show that the rolling angle
fluctuates slowly and may be caused by the
unstable heeling moment shown in Fig. 6.
This problem cannot been avoided so long as
the rolling motion is not controlled. The short
periodic amplitudes of the pitch and roll are

kept within a 1 degree range, so that we can
conclude that EIKO is comparatively stable.

The measured value of the submerged
depth shown in Fig. 15 is obtained by subtr-
acting the distance between the towed vehicle
and the sea bottom measured by ADCP from
the sea depth measured by the research ship’s
depth finder. The value of the submerged
depth indicated by the broken line is obtained
by quasi-static calculation. From a compari-
son of calculation and experiment of the
submerged depth, we find that the heave
fluctuation of the vehicle can be simulated by
quasi-static calculation in which the subme-
rged depth varies corresponding to fluctuati-
ons of the towing speed caused by surges of
the research ship. Although large fluctuati-
ons occasionally appear in the measured time
record of the submerged depth, theoretical
calculation suggests that such a phenomenon
cannot occur, and it is supposed that those
shown on the record were caused by a meas-
uring error due to the difference in extension
of the acoustic beam of ADCP and the depth
finder of the rearch ship. The results of the
quasi-static calculation on the heave show
fairly good agreement with the measured
results.

Figure 16 shows the time record of the
tension of the towing cable measured at the
end of research ship’s side. The calculated
tension shown by the broken line is obtained
by adding the frictional resistance acting
along the cable to the time record of the cable
tension obtained by quasi-static calculation.
The tension variations obtained by the cal-
culation coincide with those of experiments,
and we find that the variations in tension are

T (kegf)
100

, measured
NIV NNV o mA R\ P i ]

5044 e
calculated
0- — . —
0 60 120 180 240 300
— t (sec.)
Fig. 16. Time record of the tension of the

towing cable.
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dependent upon the surging velocity of the
research ship. The difference of the mean
value of the measured and calculated findings
might be due to the effects of an appendage
such as the conductor cable which we did not
take into account.

Next we show the experimental results of
measurements of the ocean flow field by the
ADCP installed on EIKO. The depth of the sea
area was about 100 m ; current velocities were
sampled at every 8 m of the water depth.
Figure 17 is an example of the vertical pro-
files of the velocity and direction of ocean
currents measured at latitude 34° 04’ north
and longitude 129° 32’ east. For comparison,
measurement data obtained by the subme-

Viem/s) DIR(*)

0 R T T
50+ ° 50
— —ADCP .
E o ACM
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8 ]
l0o - ° 100 - °
Fig. 17. Vertical profiles of velocity and

direction of sea currents obtained by
ADCP and ACM at 34°04’ N, 129°32'E.
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Fig. 18. Vectors of the current sea velocity
at various depths.

rged buoy system with current meters
(ACM) are shown by circles in the figure.
The data of the two systems coincide, confi-
rming that the measuring system of ADCP
proposed in this paper does provide accurate
data of the ocean flow field. In Fig. 18, the
time record of the current velocity at every 16
m of water depth is presented. These current
vector data were sampled by traversing the
Tsushima-East Channel from Tsushima-
Izuhara to a spot 10 km to the north of Iki
island.

The system of measurement using a towed
vehicle mounted with an ADCP thus can col-
lect ocean data over a wide area with high
accuracy. The pitch and roll of the short
period of EIKO were kept within a 1 degree
range. The motions of EIKO were almost
same as those of the research ship, however,
because these experiments were done under
conditions of following waves and the en-
counter period was comparatively long. The
damping force for motions acting on the
towing cable in the region of low frequency,
therefore, could not expected. However, the-
oretical analysis has shown that the motion of
the underwater towed vehicle is much less
than that of the surface ship in a severe sea
state, especially where waves come with high
frequency (KoTERAYAMA et al., 1988 & 1989).

5. Concluding Remarks

For the purpose of developing an under-
water towed vehicle to carry an acoustic
Doppler current profiler, we carried out the
fundamental study of a tank test, theoretical
calculation and the result was to design a
small, lightweight vehicle. On-site experi-
ments confirmed the performance of the ve-
hicle, and we found that the system developed
has the ability to carry out practical and in-
formative ocean measurements. We also
measured the tension of the towing cable and
confirmed that it was within a permitted
limit.

The superior characteristics of the towed
vehicle suggested by theoretical analyses
could not be thoroughly evaluated, however,
because the wave height was extremely low
and the encounter period comparatively long
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in the area of the sea where the experiments
were performed. This thus remains to be
done in future, but sufficient information was
obtained to make the prospects very opti-
mistic.
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Morphological and chronological tables
of embryonic development in fish*

J. DepecHE®* and R. BiLLarp™ **

This is a brief presentation of some refer-
ences in embryonic development of fish in-
cluding some species of agnatha. Numerous
papers describe some morphological aspects
of embryogenesis and the list below give
several of them to show the variety of species
studied and the long history of this discipline.
Some works from the last century are very
detailled, accurate and sometimes the draw-
ings are colored by hand. Most of the recent
papers give informations on chronology and

Table 1. Some references of morphological

embryonic development

details on the incubation conditions (tem-
perature and sometimes dissolved oxygene
and other compounds).

Several works were conducted in a pros-
pective of ecological and evolutionary em-
bryology and some were recently edited by
BaLon (1985). A significant contribution
came from Japanese scientists in the frame-
work of trials to breed fish in sea ranching
programmes.

and sometimes chronological tables of

Abramis brama (hybrids)
Acipencer transmontanus
Adinia xenica

Amia calva

Anguilla japonica
Aphyosemion calliurum
Aptocyclus ventricosus
Barbus barbus

Brachydanio rerio

Carassius auratus
Chondrostoma nasus nasus
Dicentrarchus labrax
Dorosoma petenense
Dorosoma cepedianum
Eopsetta grigorjewi
Ernogrammus hexagrammus
Esox lucius

Fugu poecilonotus

Fugu rubripes

Fugu stitonotus

Fundulus heteroclitus
Gobius niger jozo
Heterandria formosa
Hypophthalmichthys molitrix (hybrids)
Ictalurus nebulosus
Inimicus japonicus
Labeotropheus

Lampetra lamotteni and others

RyaBov, 1973
BEER, 1980
CUNNINGHAM, 1982
DeaN, 1895; BALLARD, 1986
Yamamoro 1981-1982, Yamamoro et al., 1975
PETERS, 1963
KyosTIN, 1975
PeEnaz, 1973
Hisaoka and BArTTLE, 1958; LaALE, 1984
KajisHima, 1960
Depuatr, 1990
BARNABE, 1976
SueLTON and STEPHENS, 1980
”
Fujra, 1965
Funrta and UsHiTa, 1959
LinproTH, 1946; GiHr, 1957
Fujira, 1956a
Funra and Ueno, 1956a
Fujsira, 1956b
OPPENHEIMER, 1937; ArRMSTRONG and CHILD, 1965
BALLARD, 1969
Fraser and ReNTON, 1940
Ryasov, 1973
ArMsTRONG and CHILD, 1962
Funra and NAKAHARA, 1955
Bavon, 1977
SMITH et al., 1968

*Recieved November 26, 1990

**Laboratoire de Physiologie de la Reproduction. Univ. P. and M. CURIE F. 75005 Paris. (Deceased)
***Laboratoire d’lchtyologie, Muséum National d’Histoire Naturelle, 43, rue Cuvier F. 75231 Paris
Cedex 05. To whom correspondense should be addressed.
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Lepomis macrochirus and hybrids
Micromesistius poutassou

Nibea argentata

Nothobranchuis guntheri
Nothobranchuis korthausae
Oncorhynchus keta

Oncorhynchus mykiss (S. gairdneri)

Oncorhynchus nerka
Ophiocephalus striatus
Oryzia latipes

Percina caprodes semifasciata
Platypoecilus and Xiphophorus
Platypoecilus indicus
Platypoecilus maculatus
Poecilia reticulata

Polyodon spatula
Pseudoblennius percoides
Salmo trutta fario

Salmo salar

Scyliorhinus canicula
Sebastes oblongus
Sillago sihama
Sphyraena pinguis
Tanakuis kitaharai
Thymallus thymallus
Tinca tinca

Trichogaster trichopterus

HeckerMmaN, 1969

Coomas and Hisy, 1979

Furra, 1956¢

PETERS, 1963

Wourwms, 1972

MaHoN and Hoar, 1956

PasTEELS, 1936; BALLARD, 1973,
WitscHi, 1956-1962; VERNIER, 1969,
K~iGHT, 1963

VELSEN, 1980

Y apcHioNgco and DEMONTEVERDE, 1965
Gam0O and TErRAJIMA, 1963

Hisaoko and BATTLE, 1958

PaINE and Baron, 1984

TavoLrca, 1949

Funra and Ueno, 1956

Tavorca and Rucs, 1947

Bui, 1963 in CHAMBOLLE, 1963
BaLLarDp and NEeDHAM, 1964
Fugira, 1957

HeNNEGUY, 1888; KorprscH, 1898
TriFoNA et al., 1959; KLINKHARDT, et al, 1987;
BATTLE, 1944

BALFOUR, 1978; MELLINGER et al., 1986;
Furira, 1958

Uneno and Fujirta, 1954

SHojimA et al., 1957

Fujira, 1965

BIELEK, 1974; ZaYTSEV, 1986

PENAzZ et al, 1981

Hisaoka and Firvit, 1962
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Underwater Sliding Vehicle System (USV)
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Towing Vessel/' -

Horizontal Tail

Faired Cable

Electrode

VA \
_ , inductive Couplling
a2l RN \H J(__ Tansformer

Hydrodynamic Depressor
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! | The USV system
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SPECIFICATIONS GEERERAT S 2 — By DAREEHRMIBE £ L 1)

Towing Speed :0~8knots

Operation Dapth:Max.400m Holizontal Distance(m)
G 00 200 300 400 500 600 00 800 906 1000
Tow Cable :8mm hydrodynamically fared stainless steel L S
wire rope with polyurethane coating

Sensor Range Accuracy <o

Conductivity 20~70ms #+0.05ms €

Temperatune —2~35C +0.05C \5; e

Depth 0~-400dbar 0.5%FS 8

Data Transport :Inductive Coupling Data Communication System .

Sempling Rate  :5times per second

Sensor Battery :50hours )
Life

Trajectory of the USV

N # T30 #EISHRHERKESRBR2-2-20
[Tr S KJ TEL. (045) 521-5252 FAX.(045)521-1717
° * B A T T969-03 BEREAABAEHATNIHTIFE
TEL. (0248) 46-3131 FAX.(0248) 46-2288
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