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Article special n° 9

Vladimir Ivanovich Vernadsky
Originator of the Biosphere Concept®

Kiril M. KHAILOV **

Vladimir Ivanovich VERNADSKY (1863-1945)
is one of the most eminent investigators of the
Earth and Life. The Earth is an object of geol-
ogy, geography, geophysics, geochemistry and
of many other branches of science. Similarly
Life is an object of biology with all its branches.
V.I.VERNADSKY did not simply sum Earth and
Life knowledge, but elaborated very compact in-
tegrative concept with chemical interaction of
Earth and Life, and their interface became the
cenral problem.

Before the communistic upheaval he was a
professor of mineralogy and crystallography of
Moscow University. During the next years his
interests shifted to Geochemistry, Radio-
geochemistry, Biogeochemistry, History of
Natural Science. In 1912 he became a member of
the Russian Academy of Sciences, and in 1919
the first President of the Ukrainian Academy of
Science. VERNADSKY founded several new sci-
entific laboratories and institutions. However,
from 1936 and up to his death he was honoured
not so much in official scientific circles, but
mostly among freely thinking scientific “dissi-
dents”. For many years his name was not men-
tioned by officials of the Academy of Sciences of
USSR ; some of his ideas and works., especially
in philosophy of science were proclaimed as false
and covered by silence.

The reason for ignorance is obvious: V.L
VERNADSKY was an outstanding Thinker so
broad, so deep and interdiscriplinary minded, so
independent in philosophical imagination of the
World Ocean, Terra, Wild Life and Life of Man-
kind in their interaction (while communists sup-
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pose themselves to be the best experts of Man-
kind and even Life), that he did not correspond
to narrow limits posed on science by party ide-
ologists. And on the contrary, his mentality
was familiar to many, ignoring traditional
scientifice boundaries and looking ahead.
Beginning from 1965, long before the GoOR-
BACHEV’s “Perestroika”, when some of ideologi-
cal dogmas were rejected, the Academy of Sci-
ences of USSR revised former partial ignorance
of VERNADSKY, his main works were repub-
lished (VERNADSKY, 1965;1988), some of them
published for the first time. His treatise “Bio-
sphere” is the most well known and was trans-
lated into some languages (VERNADSKY, 1926).
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Vladimir Ivanovich VERNADSKY (1863-1945)

In a short paper it is impossible to give a re-
view of all of VERNADSKY's fundamental ideas.
Also I do not wish to present him as a giant of
Science History. Much more significant to every
working in natural science is that he is really a
giant of Contemporary Science.

However, not only by communistic ideolo-
gists, even by many biologists and ecologists,
the main VERNADSKY’s ideas were not accepted
and used broadly.

Which of V.I. VERNADSKY s ideas, concerning
Life on the Land and in the Oceans, may be con-
sidered as “the main”? And why was his concept
of Life on the Earth not accepted in its fullness
(but at the same time was not disproved; a
strange situation)?

1. First stumbling block was his central idea
of “living matter” (VERNADSKY, 1978). As an
Earth scientist he was a geochemist dealing with

chemical transformations and mass transfer
mediated by organisms (biogeochemistry). It is
the term “living matter”, used by him ordinar-
ily, that became a first source of misunder-
standing of his ideas by many biologists and
(suprising!) even by some ecologists.

For most biologists the main objects to be in-
vestigated and described in all details are the
definite individuals and biological species, not
the indefinite “living matter”. The term “living
matter” means (biologists suppose) that all the
details of species and individuals are ignored by
VERNADSKY (biologists: “the details of indi-
viduals and species are insignificant?----- It is
impermissible!”). That is why the term “living
matter” became odious to many. Being unable
to accept the term they did not accept the basis
of the biogeochemical approach as such.

However, the meaning of this term did not
contradict through and detailed biological
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investigations. VERNADSKY holds correctly
that the main biogeochemical functions of any
group of organisms. i. e., the flows, the fluxes
of matter, are influence by the organisms (“Liv-
ing Vortex” according to VERNADSKY and
“Tourbillon Vitale” according to CUVIER) may
be described without mentioning the many
traits of different species and sometime irre-
spective of species name.

“Irrespective ot species name” (?!) was unac-
ceptable to many biologists, because they were
educated in classical traditions.

Clearly in the first part of the twentieth cen-
tury the fluxes of matter in natural environ-
ments were not so interesting to biologists and
did not seem significant for mankind. They only
are at the end of this century, when the fluxes of
many atoms and complex natural compunds
changed dramatically as a result of total human
activity in biosphere. And it is just now that
biogeochemical thinking became essential for
the security of mankind itself.

2. Dealing with “living matter”, VER-
NADSKY looks first of all as a physist not in
the term of organisms, species and societies (as
biologists do), but in the term of “particles”,
biological “dispersion”, “patches of particles”,
and “layeres”. As a biogeochemist he realized
that in all, especially in lower organisms,
nurtrients penetrate the body via their surface
area. And the less their body size, the more
their relative surface area (S/V, where S is the
surface area, V is the volume of the body). And
the most intensive is chemical exchange between
the smallest organisms and surrounding water.

That is why VERNADSKY is interested first of
all in size distribution in aquatic life, especially
in oceans: “biological particles” there were the
smallest in size, the greatest in numbers and, as
we know now, organized in patches and layers.
It is not surprising, therefore, that oceanogra-
phers were the first who began to use size spec-
tra for the description of marine biota. Really,
they follow VERNADSKY’s ideology without any
mentioning of his name and often are even unfa-
miliar with his work. By means of size spectra,
interesting  comparison  of destructive
biogeochemical functions in Earth’s biota, in-
cluding mankind, was given (GorsHKOV, 1990)

as soon as comparison of different marine and
freshwater basins (for instance, Black Sea,
Ribinsk reservoir and some man-made aquatic
systems [KAMENIR, 1993]) ).

3. Dealing with organized life on the Earth,
VERNADSKY asked himself: What is the main
object of early Life from the biogeochemical
point of view? The answer given by biologists
(organisms and species are the main) did not
satisfy VERNADSKY. For the biogeochemist the
interaction between living (biotic) and dead
(abiotic) matter was the basic event, the main
process in Life. That is why “bio-abiotic bod-
ies” (“bio-abiotic systems” in recent terms) be-
came the central objects in VERNADSKY’s
concept of Life on the Earth. Any ocean with all
its biota, any sea or lake with all its biota, and
even any living body (the most of which is
abiotic matter—the water) are “bio-abiotic sys-
tems”. Quantitative comparison of these sys-
tems, so different in external appearance,
supports the idea of fundamental biogeo-
chemical similarity in them (KnxarLov and
SILKIN, 1986).

Interstingly,recently limnologists and oceano-
graphers describe living and dead particles and
even the lakes and seas in their series in form of
size spectra (KuaiLov and SiLkIN, 1986;
SCHWINGHAMMER, 1981), or with allometries.
By these means they follow behind VERNADSKY,
exactly as do biologists, when they wuse
allometries for the description of size series of
organisms. The same methodology was used re-
cently for the description of phytoplankton
patch size series (SuzukI and SExI, 1988). Such
broad comparison corresponds exactly to the
idea of “living matter”. Size spectra and
allometric analysis did not contradict obvious
external differences between dead suspended
particles, living organisms, lakes and oceans.
Even more: the numerical quotients of
allometric equations for the above mentioned
objects reflect clearly all their specificity as well
as general similarity.

4. 1If Life on the Earth is organized in bio—
abiotic systems of different levels of organiza-
tion from the living cell to the biosphere, then
all these systems have their specific (“private”)
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living space. And this space must be organized
by life and as life itself. Strangely, biologists
investigate external and internal structure of
the organisms, but do not investigate in term of
living space (volume and subvolumes). Space
and time in natural systems—one more problem
posed V.I. VERNADSKY-did not affect the minds
of his contemporaries. The problem is open for
future Science.

VERNADSKY’s ideas mentioned above are part
of scientific paradigms other than the classical
one. Classical, species—centric image of Life on
the Earth puts Life ahead of abiotic parts, em-
phasizing the “living”. The species—centric con-
cept corresponds to that state of mankind and
biosphere, when enviroments were relatively
clean and safe. Then organisms and species may
be regarded as the main natural objects. The re-
cent state of mankind and biosphere is ex-
tremely polluted and usafe. Therefore another
image of Life has become valuabel. VER-
NADSKY did not put Life ahead of the abiotic
parts of the Earth; he regarded both as of equal
significance in the biosphere. In recent times,
whole land regions, whole seas, oceans, big eco-
systems became the main objects in science and
in other human activities. My deep conviction is
that the main ideas of V.I. VERNADSKY will be
accepted broadly in the world and used for bio-
sphere management, right at the beginning of
the twenty first century.
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Amplification of long waves on a continental slope’

Motoyasu MIYATA "

Abstract:: A theoretical model is presented for investigating the effects of continental slope
on tsunami run-up height. The model consists of three regions: I. Deep ocean of constant
depth. II. Continental slope of varying topography. III. Beach and continental shelf of
uniform slope. Using hydrostatic approximation, standing wave solutions over these re-
gions are obtained and relative run-up heights are calculated. The results show that the to-
pography of continental slope is an important factor to determine the run-up.

I. Introduction

Since the first systematic work by KAPLAN
(1955), tsunami run-up has been extensively
studied especially in a laboratory (e.g. IWASAKI
et al., 1970; TocasHI and NAKAMURA, 1978).
Most of these experiments, however, were per-
formed on a uniformly sloping beach connected
to an open ocean of constant depth. This is not
only because the topography is relatively simple
but also because this is the only case for which
an explicit theoretical solution is available
(KELLER and KELLER, 1964; SHUTO, 1972).

It is certainly true that a uniformly sloping
topography approximates almost any beach in
nature and continental shelf within reasonable
accuracy. However, beyond continental shelf
break there usually exists a continental slope
where the bottom slope increases. In the present
paper, a theoretical analysis is made of a simple
model which contains continental shelf topogra-
phy, to provide information about the role of
varying bottom on the tsunami run-up. Appli-
cation of the theory to the real ocean will be
considered in a separate paper using a numerical
model.

Modelling and formulation will be explained
in the following section. The solutions are given
in Section III. Non-linear effect near shore will
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be discussed in Section IV.

II. Formulation

The two dimensional linear unforced equa-
tions under the hydrostatic assumption in a ho-
mogeneous inviscid non-rotating ocean are given
by:

o 8L’
ot Eox @.D
0¢ o (h'v)

o + T 0 2.2)

Where the x axis is taken perpendicular to the
straight coast line, u is the velocity in the off-
shore direction, {’ is the surface displacement,
h’ is the depth of the undisturbed ocean, and g is
the acceleration of gravity. We introduce the
non-dimensional variables as follows: x’= £x,

—Hh(x), t’Z% t, where £ is the width of
the continental shelf plus slope and H is the con-
stant depth of the open ocean (see Fig. 1). As-
suming perfect reflection at the coast, we seek
the standing wave solutions:

(W, &) =G gHu, iH{)el (2.3)

where u and ¢ are functions of x only and o is
the non-dimensional angular frequency. Then
the equations (2.1) and (2.2) become:

4 su=0 2.4)
dx
or -4 2.5)
Combmmg these two equations yields:
L iS40t —0 2.6)
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Fig. 1. Definition sketch.

Z4

Fig. 2. Examples of bottom topography for x,=0.5, ¢=0.5,1, 1.5, 2, 2.5 and 3.

The following non-dimensional bottom topog-
raphy is assumed.

1 1<x (Region 1)

h= {x“ xo < x< £ (Region 1)
bx(b=x°"" 0= x<xo (Region 1)

2.7

where & is an arbitrary constant and xo is the
non-dimensional width of the continental shelf.
(The width of the continental slope is 1—xo).
Some example profiles are given in Fig. 2.

Now the problem into solve Eq. (2.6) in the

three regions and match them at the boundaries.

III. Solution
In Region I, Eq. (2.6) is simply
d*¢

o To =0 @D
X
The solution is

Ci=Arcos(kx+ ¢) 3.2

where k is the non-dimensional wave number and
@ is the phase factor. Substituting (3.2) into
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(3.1) gives the well-known relationship for
shallow-water standing waves.

o=k 3.3
In Region II, Eq. (2.6) can be rewritten as:
2
e, Br0 @
dx*  x dx

where 0 has been replaced by k.
For 6 =2, the solution of this equation is

X_I/Z(AHXP+BHX p) 1*41{220
Cu= 1% V2{Aycos(q log x) +Bysin(q log x)}
1—4k><0
(8.5a)

where p=1/2+/1—-4k*, q=1/2+/ 4k*—1
For & =2, the solution can be expresses as fol-
lows:

Cu:XKS{AnJu(BXV)+BHNV(BX7)} (35b)

where J, and N, are Bessel functions of the first
and second kind with order v.a, 8 and 7 are
related to 0 by:

1-6 ., 2k ., , 1-8
g B=(g st vi=lg g )t

a =

In Region I, the equation becomes:

da*¢ | 1 d¢& _
o TX dx +b (=0 (3.6)

The solution in this case is simply:

Ca=A (21{\/;) 3.7

Once the surface displacements are given by
(8.2), (3.5) and (38.7), the velocity fields are
known from Eq. (2.4).

At the boundaries x=1 and x=x,, both dis-
placement and velocity must be continuous, so
that,

_ d¢: _d¢&n _
&=, dx  dx at x=1 (3.8)

_ dfs _d&a -
Co={n, dx  dx at x=x, (3.9)

At the coast, the tsunami run-up height can be
approximated by

R=Max {{x(0)} (3.10)

This approximation is consistent with the linear
theory, and its validity will be further discussed
in the next section.

From Eq. (3.8), (3.9) and (3.10) we can deter-
mine the phase factor ¢ and the tsunami run-up

factor a defined by:
R

Al

For 6 =2, and 4k*=1,

a= (8.1D)

k(xPo+sx07%)

& Jo(x) v % k(1 +s)*+ (m+ns)?
_ S k(+s)
0] k+tan mons
where m:%Ap, n —%—p, and x:=2k %

— B - ZmJo(Xl) +X1J1(X1)
An 2HJO<X1) +X1J1<X1)

For 8§ =2 and 4k*<1,

k{cos(q log xo) +s sin (q log xo)}
Vxo{k*+(sq—1/2)7%

¢ =—k-+tan™

ok
sq—1/2
where

_Bu_ {1+2qtan(qlog x)} Jo(xd) —x:1d:(x)
A {Zq—tan(q 10g XO)}JO(XI) +X1J1<X1)

For 6 =2

_ | x%sin(k+ @) J.(Bxs) +sN.(Bxy)
JO(XI) JU(B)+SNV(8)!
¢ =—k+tan!
k{J.(B)+sN.,(8)}
(a+yy){J.(B)+sNL(B)}Y—Br{d..(B)
+SN14*(B)}
where x;=2k x,=x} and

b!
_ By _ 25D {Cat+v 7)d.(Bx)
An 2J0(X1>{7X2NuA1(6X2)

- ’)’XzJuH(,BXz)} _X1J1(X1)J»(BX2)
—(a + v ’)’)N»(BXz)} *X1Jx(X1)N»(Xo)

IV. Discussions

The obtained results become particularly sim-
ple when & is equal to unity. In this case since
v =0, N, is no longer independent of J. so that
we can put s=0: Then, by using b=1, o =0,
B=2k, and v =1/2

_ Jo(2k)
2J:(2k)

a= sin tan

1
Jo(2K)

_ 1
ERVAC VR
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Fig. 3 Tsunami amplification factor for profiles in Fig. 2. The number indicates the value of & in
Eq. [2.7). The curve for 6 =1 correspond to KeLLER and KELLER (1964) result.

This result is in exact agreement with that of
KELLER and KELLER (1964), as expected.

In Fig. 3, values of the run-up factor a are
plotted as a function of k for xo=0.5,8 =0.5, 1,
1.5, 2, 2.5 and 3. It is seen that for small k, the
factor a is near unity for any &, indicating that
very long waves are not amplified at the coast.
As k becomes larger, a tends to increase steadily
but with minor oscillations. The oscillation is
especially conspicuous for larger 6. It is to be
noted that although the overall slope between
x=0 and x=1 is the same for every case (see
Fig. 2), the run-up factors for larger & are much
higher than for lower &. This implies that the
run-up height is determined more by the sea
floor depth itself than its gradient: the shal-
lower the continental shelf and slope, the
greater the run-up. Approximating the
bathymetry between the coast and the foot of
the continental slope by a straight line may
cause erroneous estimation of tsunami amplifi-
cation.

The theory so far discussed is realistic for the
region I and II where amplitudes of tsunami are
usually small, but may not be valid near the
coast where the non-linear effect becomes sub-
stantial. Fortunately, we have CARRIER and
GREENSPANS’ (1958) results of non-linear shal-
low water waves on a uniformly sloping beach
and can examine the validity of the linear the-
ory. It turns out that far from the coast, their
solution approaches the linear solution given by
(3.6). In the vicinity of the shoreline, the

solutions significantly differs from the linear
ones, but the maximum height to which the
water rises on the shore is found to be simply:
R=Ax

So the non-linear theory would give approxi-
mately the same result as the linear one as far
as the run-up factor is concerned. If the uniform
slope extended to infinitely far, the two results
would make no difference, as first pointed out
by KELLER (1964). Therefore, our results are
practically valid unless the shelf break x,is very
near shore. It is not surprising that numerical
experiments including non-linear terms show
fair agreement with the linear theory as shown
by Goro (1970) for the case of § =1.

V. Conclusions

It is found by using a simple theoretical
model that the varying bathymetry of the
continental slope may sometimes produce
much higher tsunami run-up than the conti-
nental shelf uniformly sloping down to the
open ocean. The theory remains to be tested
by laboratory experiments.
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Towing characteristics of T.S. Seiyo-Maru 1II,
Tokyo University of Fisheries”

Takatomo KOIKE**

Abstract: The training ship Seiyo-Maru II of the Tokyo University of Fisheries was built in
1987. Among its propulsion characteristics, only estimated power curves obtained through
water tank tests during construction are available, whereas its towing characteristics, re-
quired for the studies of fishing gears and oceanographic equipments and instruments have
been left unknown. Therefore, the ship speed Vs, rotational speed of the main engine N in
rpm and shaft horsepower SHP were measured to obtain the wake coefficient w, propulsive
efficiency 7 and effective horsepower curves (EHP curves) using propeller efficiency 7., all
of which are parameters required to determine the ship’s towing force. The relationships
were determined among the ship’s speed Vs, towing force in tonf, main engine power out-
put PS and main engine speed N.

The results of these calculations showed that the towing force of the ship is 5.6~6.8 tonf
at a propeller blade angle 6 of 20 degrees, a shaft horsepower of 800 PS and a ship speed of

3.0~6.0 knots.

1. Introduction

The T/S Seiyo-Maru was built in 1987, having
the gross tonnage of 167 t, the design full load
displacement of 385.6 t, the main engine horse-
power of 1,050 PS at 850/330 rpm, the diameter
of the four-bladed propeller of 1.85 meters, and
the skew angle of 25 degrees. Table 1 shows the
ship’s principal dimensions.

The estimated power curves were plotted by
West Japan Fluid Engineering Laboratory Co.,
Ltd., the propeller manufacturer, using effec-
tive horsepower EHP, wake coefficient w, thrust
deduction coefficient ¢, propulsive efficiency 7,
and thrust coefficient K¢ and torque coefficient
Kq of the manufacturer’s propeller. Howeve, the
towing characteristics required for the oceano-
graphic survey and the netted fishing gear were
not known. In 1992, as corrective measures for
the ship, rubber mountings were installed to the
main engine bed to improve vibration-damping
performance and noise levels in the hull.

To investigate the ageing after construction
and the towing characteristics, the speed Vs and

* Received December 20, 1993
** Laboratory of Fishing Technology and Engi-
neering, Tokyo Univeresity of Fisheries,
Konan 4-5-7, Minato-ku, Tokyo, 108 Japan

main engine horsepower SHP of the ship were
measured at sea by, taking propeller blade angle
0 and rotational speed N in rpm of the main en-
gine as parameters. The results of these and pro-
peller efficiency 7. were used to determine the
wake coefficient w, propulsive efficiency 7 and
effective horsepower EHP curves, all of which
are required for estimating the towing charac-
teristics.

The results of the estimation are reported in
this paper together with some technical exper-
tise gained.

2. Methods of measurements and results

Measurments were carried out in the sea area
near Ukishima in Tokyo Bay on 6 July 1993. Sea
conditions were calm and suitable during meas-
urements. The draft fwd was 2.40 m, and aft
3.47 m. The hydrostatic curves and Bonjean
curves show that the ship was approximately in
conditions corresponding to its design full-load
displacement.

Measurements were carried out at propeller
blade angles 6 of 14.0, 16.0, 18.0, 20.0 and 22.0
degrees at the indicator on the engine room con-
sole. For each of these blade angles, the ship was
tested at main engine speed N of 850, 800, 750,
700 and 650 rpm.
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Table 1. Principal dimensions of hull, engine and propeller.

Hull

Gross tonnage

Length over all

Length between perpendiculars
Breadth (moulded)

Depth (moulded)
Block coefficient

Main engine
Type

Max. continuous output

Propeller
Diameter

Expanded area ratio

Skew angle

Number of blades

GT 160.00 t
Loa 35.50 m
Lpp 31.00 m
B 7.00 m
D 3.40 m
Cb 0.653

NIGATA 5PASL
1,050 PS X 850/330 RPM

1.850 m
0.65

25°
4

Table 2.

Relationships among blade angle
6, ship speed Vs at the main engine rotational
speed N in rpm and measured values of SHP

(ps).
Blade angle N Vs SHP
(9) (rpm) (knots) (ps)
650 7.30 171
700 7.90 217
14.0° 750 8.40 967
800 9.05 295
850 9.40 400
650 7.95 919
700 8.65 9256
16.0° 750 9.15 333
800 9.60 414
850 9.95 510
650 8.75 %1
700 9.25 934
18.0° 750 9.70 493
800 10.05 599
850 10.40 651
650 9.30 398
700 9.75 129
20.0° 750 10.15 536
800 10.50 671
850 10.90 824
650 9.75 AL2
700 10.15 533
22.0° 750 10.55 676
800 10.95 843

The JRC’s Doppler log, model “JNA-761" and
the Furuno LORAN C “CI20H” were used to
measure the speed Vs of the ship. To measure
shaft horsepower SHP, the Soyo Engineering
Co.’s horsepower meter was used.

To mitigate the adverse effects of tidal cur-
rents during measurements, the ship was
maneouvred along the reciprocal courses be-
tween two points in the same sea area. Table 2
shows the mean values of the measurements.

3. Methods of analysis

Fig. 1 is a representative flowchart for deter-
mining relationships between ship speed, effec-
tive horsepower and main engine horsepower on
the basis of propeller data (Koke et al., 1992,
1993). When the ship proceeds at a propeller
blade angle 6 (degrees) and a speed Vp (m/s),

|4
1¢7p=V(1v w)
%: Vp/nD
Ii't I¢{q
’{L’:I{t'pn’D‘1 %=Kq',02D5
R=T(1—¢) P=27nQ
EIgP:RV/75 é‘HP:P/(%' n)

Fig. 1 Flowchart for determination of the rela-
tionships among parameters.
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Fig. 2. Typical curves of popeller efficiency 7..

the advance speed Vp (m/s) of propeller can be
determined from wake coefficient w, and the
propeller advance coefficient J, from propeller
diameter D (m) and rotational speed n (rps). In
these calculations, the propeller thrust coeffi-
cients Kt on the left and Kq on the right were de-
termined by polynominal of J and propeller
pitch ratio P/D (0.77 tanfo):

Kt='r% EO A; (D' (P/ D), ¢h)

1=v =

Kt:' ‘"% _SZO Aij (J)1 (P/D)’, (2)
=0 j=

where A; and B; are the coefficients of the
polynominals for Kt and Kq, r and s are the or-
ders of the polynominal for J and P/D (value=3
for r and s). Fig. 2 shows the coefficients Kt
and Kq used for the ship as propeller efficiency
7 o.

When the Kt value on the left is known, the
overall hull resistance R (kgf) can be deter-
mined from liquid density o0 (kg/m®), and n and
Dby way of thrust T (kgf) and thrust deduction
coefficient ¢. The values of overall resistance R
and ship speed V are used to calculate effective
horsepower PS.

When the value of Kq on the right is known,
torque § (kgf-m) and power P (kgf-m/s) can be
determined from Kgq, oand n, and furthermore,
shaft horsepower SHP (PS) can be determined
from propulsive efficincy 7.

Unkonown factors in the flowchart are wake
coefficient w, coefficients of thie propeller Kgq
and K¢, thrust deduction coefficient ¢ and pro-
peller efficiency 7.

Propulsive efficiency 7 is as below:

n=ner*1nNr €))
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Fig. 3. Relationships between the ship speed Vs and the propeller efficiency ratio 7 &,
transmission efficiency 7 r and thrust deduction factor (1—¢).

where 7 =: propeller efficiency ratio and 7 «:
transmission efficiency.

On the assumptions that the propeller blade
are intact, that propeller coefficients Kt and Kq
and thrust deduction coefficient ¢ during the
self-propulsion test remain unchanged, and that
the value of ¢ = 0.242 obtained from the full-
load water tank test can be used, the unknown
factors remaining in the flowchart are wake co-
efficient w and propulsive efficiency 7.

Thus, when ship speed V at a given propeller
angle 8, rotational speed of the propeller n and
shaft horsepower SHP are known from measure-
ments, wake coefficient w and propulsive effi-
ciency 77 can be calculated using the relational
expessions shown in the flowchart. Effective
horsepower curves can also be plotted.

For navigation at a given propeller blade
angle 6 and a given rotational speed ni, overall
hull resistance R: can be determined from

effective horsepower EHP curves. For towing an
object at a given constant ship speed V and pro-
peller rotational speed n., overall resistance R
for thrust T contains a resistance component of
the towed object Xr: and is expressed as a sum of
hull resistance R: and towed object resistance Xr

Hence, when towed object resistance Xr is re-
garded as towing force TF,

TF:Rz—R1 (4)

Because the maximum continuous rating of
the main engine of the ship is 1.050 PS, shaft
horsepowers of 1,000, 800 and 600 PS were se-
lected. For these horsepower levels, relation-
ships betweeen ship speed Vs, towing force TF
and rotational speed of the main engine N were
determined.

For practical reasons, various conversions
were performed: form V (m/s) to Vs (knots)
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TANK TEST
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EHP
?
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Fig. 6. Comparisonof EHP curves at low speed.

for ship speed, from kgf to tonf for towing
force, and from n (rps) to N (rpm) via the re-
duction ratio for rotational speed of the main
engine.

4. Results of analysis

Propeller efficiencies: The results of the full-
load water tank test showed a propeller effi-
ciency ratio 7n=r of 1.005 and a transmission
efficiency 7 of 0.98. Generally, the 7 r values
are approximately 1.0 and the 7 r values are
within the range from 0.98 to 0.95. Therefore 1.0
was adopted as the 7r value to simplify the cal-
culations.

Fig. 3 shows comparison of the results of the
calculation based on observations (solid lines)
with those obtained by the water tank test (dot-
ted lines). 7 r based on observations was 0.95 at
Vs of 11.75 knots and 0.98 at 8.00 knots.

Wake ratio (1—w): Fig. 4 shows a compari-

son of the wake ratio (1 —w) for given ship
speeds Vs. The wake ratio (1—w) based on ob-
servations (marked with circles) was 0.72 at Vs
of 11.75 knots and 0.75 at 6.0 knots. As the ship
speed 1s reduced, the wake ratio increases. In-
quiries of several shipbuilders about this ten-
dency were thus confirmed.

Effective horsepower EHP: Fig. 5 shows a
comparison of the effective horsepower based on
observations (marked with circles) in relation
to given ship speeds with that obtained by the
tank test (dotted curve). The solid line repre-
sents the effective horsepower determined by the
method of least squares.

The values based on observations were higher
than those obtained by the tank test by 30~50
PS, especially in the low speed range.

Fig. 6 shows the effective horsepower curves
for the low speed range. In the estimation, the
effective horsepower of 78.8 PS at 7.30 knots
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Fig. 7. Towing force curves.

was employed. The solid curve is estimated one
based on observations and the dotted curve is
that obtained by water tank test.

Estimated horsepower: The T/S Seiyo-Maru
Il usually navigates with a propeller blade angle
6 of 20 degrees and at a main engine rotational
speed N of 820 rpm. The water tank test shows
a shaft horsepower of 690 PS and a ship speed of
10.76 knots, while the present measurements
gave a shaft horsepower of 720 PS and a ship
speed of 10.68 knots.

Towing force TF: The EHP curves shown in
Fig. 6 were used to estimate the towing force TF
(tonf) and the main engine rotating speed N
(rpm) at ship speeds of 2.5~6.5 knots with the
normal propeller blade angle of 20 degrees.

For the estimation, shaft horsepowers of 600,
800, 1,000, PS, the wake ratio of 0.75 and the
propulsive efficiency of 0.95 (worse condition)
were employed as navigation conditions. The re-
sults of estimation are shown in Fig. 7.

The training ship is usually operated at 3/4 of
MCR of the main engine. At a shaft horsepower
of 800 PS, the ship speed Vs is 3.0 knots, the
towing force TF is 6.84 tonf, and the main en-
gine rotaional speed N is 770 rpm. The ship speed
of 6.0 knots corresponds to the towing force of
5.68 tonf and the main engine rotational speed
of 805 rpm. The ordinary towing force of the

T/S Seiyo-Maru 1 isestimated to be 5.6 to 6.8
tonf,
5. Conclusion

The ship speed Vs, main engine rotating speed
N and shaft horsepower SHP of the T/S Seiyo-
Maru I were measured at sea and the results
were analyzed to make clear the characteristics
required for towing various fishing gear and
oceanographic survey instruments.

In the analysis, propulsive efficiency 7 and
wake coefficient w were determined from thrust
deduction coefficient t obtained in the water
tank test. The estimated effective SHP was
higher than that obtained by the water tank test
by 30 to 50 PS. This demonstrates an increase in
overall hull resistance R as compared with that
at the completion of the ship.

The measurements and analysis showed that
for the propeller blade angle of 20 degrees and
main engine rotational speed of 820 rpm under
normal navigation conditions, the ship speed Vs
decreased by 0.1 knots and the shaft horsepower
increased by 30 PS for 6 years after the condi-
tion.

For a propeller blade angle of 20 degrees and
shaft horsepower of 800 PS, the towing force TF
was within the range of 6.84~5.69 tonf at the
ship speed of 3.0~6.0 knots and at the main
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engine rotational speeds of 770~805 rpm. Thus, power curves for the training Ship “Shinyo-
the normal towing force of the T/S Seiyo-Maru * Maru”. J. Tokyo Univ. Fish., 79, 144-145.
I was estimated to be 5.6 to 6.8 tonf. KOEKE, T., Y. TakAsU and H. Mocuzukr (1993) :

Correction to estimated power curves. Esti-
mated power curves for the Reseach/Training
Ship ”"Umitaka-Maru”-II. J. Tokyo Univ.
Fish., 80, 41-44.
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Use of pH to trace water masses in the Weddell Sea*

Chen-Tung Arthur CHEN*"

Abstract: When plotting the pH data obtained in the eastern Weddell Sea vs. potential tem-
perature (6), a distinct break exists in the slope near 6 =0.08°C and ¢ «=46.06. A less pro-
nounced break in slope occurs at 8 =—0.6°C and ¢,=46.16. Total CO., pCO: and silicate
data also show similar discontinuities. The breaks in the pH slopes probably result from,
and can be used to help identifying the lateral spreading of deep- and bottom-water masses.

1. Introduction

Deep waters from the three oceans move to
the Southern Ocean. The resultant relatively ho-
mogeneous water (MONTGOMERY, 1958;
CARMACK, 1977) becomes the major source of
the Antarctic Bottom Water (AABW), which
spreads back into the deep world oceans
(Wust, 1939; LynN and REmD, 1968). The
Weddell Sea is considered the major source of
the AABW (Deacon, 1937; REID and LyNN,
1971; CArRMACK and FostTER, 1975; CARMACK,
1990).

Relative homogeneity of the water masses,
however, results in small signals for traditional
tracers such as 6, S, and oxygen. As a result, it
is more difficult to clearly identify the end
members of the water masses.

On the other hand, it is not unexpected that
the deep Weddell Sea waters possess distinct re-
gimes despite of the relative homogeneity
(CaLLaHAN, 1972; REID et al, 1977;
SCHLEMMER, 1978; FosTER and MIDDLETON,
1979; GorpoN, 1978, 1982; CHEN and RODMAN,
1985, 1990; ORsI, et al., 1993). In this report I
will use pH, total CO., pCO: and silicate data in
addition to the traditional tools to identify in
more detail the water-mass characteristics of
the important end-members. These end mem-
bers constitute the water masses in the Weddell
Sea either directly or indirectly. Data were
mainly collected on the Soviet icebreaker
SOMOV during the US-USSR Weddell Polynya
Expedition in the late austral winter and early

* Received January 30, 1994

"* Institute of Marine Geology, National Sun
Yat-Sen University, Kaohsiung, Taiwan,
R.0O.C.

spring of 1981 (HUBER et al., 1983; CHEN, 1984).
Additional GEOSECS, AJAX and Polarstern
data (GEOSECS, 1981; CHIPMAN et al., 1986;
CuipMAN and TAKAHASHI, 1990) are also used.

2. pH, total CO., pCO:., and silicate signals
The study area and the cruise track are shown
in Fig. 1. The pH samples were all determined at
25+0.02° C with a combination electrode within
30 minutes. NBS 4.004 and 7.415 buffers were
used to calibrate the electrode. In addition, a
NBS 6.863 buffer plus three buffers 4.01, 6.86
and 9.18 prepared by V. FEDoOrROV (the Arctic
and Antarctic Research Institute of the USSR)
were measured. The results agreed with the pre-
pared values to 0.005 £ 0.005. The reproducibili-
ty of the pH measurements was better than
+0.003 units for 4 replicates of each sample.
The electrode drift was determined approxi-
mately every two weeks. The largest drift was
found to be 0.001 unit/day and the correction
was made to the measured values (CHEN, 1984).
Alkalinity was determined at 2510.02°C with
a Radiometer TTT61 Digital Titrator with a re-
producibility of better than *4 y mol/kg for
replicate samples. Some samples were also
measured using the method of CULBERSON et al.
(1970) with similar precision. No systematic
difference was found between these two sets of
data. All samples were stored in amber plastic
bottles, and the alkalinity measurements were
accomplished within 12 hours after samples
were aboard. Total CO; (TCO:) and pCO. were
calculated from pH and alkalinity with a preci-
sion of 5 umol/kg and 5 g atm, respectively. In
Fig. 2 is plotted potential temperature (8) vs.
pH for the deep SOMOV data (Curn, 1984).
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Fig. 2. Composite SOMOV potential temperature vs. pH diagram for data below the salinity
maximum; x’s are data above salinity maximum. Characteristics of a, b and c are listed in
Table 1 and discussed in the text.
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Table 1. Characteristics at the Deep-Water Discontinuities in the Weddell Sea
TOP-(a)® BREAK 1-(b)® BREAK 2-(c0)®
T (CCO® 0.19—0.2°C 0.05 to 0.08 —0.5 to —0.6
pH 7.13 7.750 to 7.757 7.779 to 17.789
TCO. (#mol/kg) 2282 2280 2268
pCO. (¢ atm) 520 510 460
S 34.680 34.683 34.660
Si (#mol/kg) 124.5 129.5 125.5
AOU (zmol/kg) 148 135 111
o 27.828 27.843 27.861
0, 37.123 37.158 37.219
o, 46.00 46.056 46.156
Av. depth (m) 312 £ 151 1241 £+ 131 3944 *+ 156

(1) TOP refers to the top of the deep water, see Fig 2. for locations of a, b, ¢
(2) The ranges recorded are due to slightly different values given when different parameters

are plotted.

There is a distinct break in slope near 6 =0.08
°C and a less pronounced break near 8 = —0.5
~—0.6°C. When o (Fig. 3; density reference
to 4000dB surface, REID and LynnN, 1971) is
plotted against pH, changes in the pH slope are
seen at 0,=46.06 and 46.16. The 0.=46.06 layer
separates the circumpolar water and the
Weddell Sea Deep Water (WSDW) whereas the
0+ = 46.016 layer separates WSDW from the
Weddell Sea Bottom Water (WSBW, OrsI et al.,
1993).

The deeper discontinuity, at c.=46.16, is
more distinctly shown in the silicate/pH dia-
gram (Fig. 4), than on the other figures. Table
1 gives the characteristics of the two disconti-
nuities determined from the complete SOMOV
data set. The depth, the ¢: (density reference to
2000dB surface) and the s surface associated
with the appropriate o:surface are average val-
ues computed from the total SOMOV data.
AOQOU is the apparent oxygen utilization which is
the difference between the measured oxygen con-
centrations and the saturated values calculated
using CHEN (1981).

TCO: of the Weddell seawater seems to mix
conservatively below the Sn.x layer. The nor-
malized TCO: (NTCQO.=TCO.Xx35/8) values cal-
culated from pH and alkalinity data for all
SOMOV stations below the Sw.x layer are plot-
ted vs. 6 in Fig. 5. A linear correlation is ob-
served with a standard deviation of 6 ¢ mol/kg.
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Fig. 5. 6 /NTCO: correlation below the

maximum salinity layer. Characteristics
of a, b and c are listed in the Table 1 and
discussed in the text. )

Since the standard deviation of the least-squares
fit is only slightly larger than our analytical
precision of =5 ¢ mol/ kg, station-to-station
variation is minimal. The change in slope at ap-
proximately —0.6°C is not apparent. No break
in slope near 0.1°C is observed.
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samples below the maximum salinity
layer.

The calculated pCO; values correlate with 0
(Fig. 6) in a way similar to the correlation be-
tween NTCO: and 6. There is a pCO:; maximum
near the Sn.x layer. Below it the pCO. decreases
roughly linearly with decreasing temperature,
but a steeper slope is observed below approxi-
mately —0.6°C. The shallower break is also not
as apparent. The pCO. data of the AJAX and
Polarstern expeditions (CHIPMAN et al., 1986;
CHIPMAN and TAKAHASHI, 1990) show the same
trends.

3. Discussion

The structure seen on the property diagrams is
not apparent in the vertical section of z/pH
(Fig. 7) and the reason for the breaks in slopes
on Figures 2 to 4 is not obvious from the verti-
cal distribution of pH. However, that the deep
waters possess distinct regimes (3 from the pH
analysis) is not unexpected. In the Southwest-
ern Atlantic, REID et al. (1977) have shown
that stability maxima associated with different
density surfaces exist in the deep and bottom
waters. They pointed out that the stability
maxima should be boundaries between core lay-
ers and that these maxima are maintained over
long  distances by lateral processes.
ScHLEMMER (1978) has made an extensive study
of bottom waters in the Antarctic ocean and

investigated the distribution of properties on
six 04 surfaces which marked the boundaries of
various abyssal water masses and/or were char-
acterized by changes in gradients. GORDON
(1982) has made a detailed study of WSDW
variability, FosTER and MIDDLETON (1979) and
Orst et al., (1993) analyzed the variability
within the bottom water of the Weddell Sea.
We believe that the pH slope breaks result from
similar lateral spreading of deep and bottom
water masses.

In Table 2 the water-mass characteristics have
been presented for the important end-members
which should affect this region either directly or
indirectly. It should be noted that the values
given for the Circumpolar Deep Water (CDW)
components represent a concentrated mass in
the Southwestern Atlantic. Also the WSDW
may have a relatively large non-steady state
temperature and salinity range (GORDON,
1982).

Significant dilution of these deep water end-
members has occurred in transit to the basins
near Antarctica, probably with a complex mix-
ing history (CALLAHAN, 1972). The CDW enter-
ing the Southwestern Atlantic has low oxygen
and high nutrients which originate from the Pa-
cific Deep Water, PDW. It encounters in the
same density range the higher oxygen, lower nu-
trient and markedly higher salinity North At-
lantic Deep Water (NADW) (REID et al., 1977).
The incorporation of the NADW into the CDW
results in a low-oxygen component above a
broader high-salinity component which becomes
decreasingly separated vertically upon ap-
proaching the Antarctic Continent (see for ex-
ample plates 110, 111, 113 in GorRDON et al.,
1982). The CDW undergoes further modifica-
tion in the Weddell Sea by the input of Antarctic
components, becoming considerably colder,
fresher, more oxygenated, and starting to show
traces of anthropogenic components such as
tritium, carbon 14, freons, and fossil fuel CO;
(WE1ss et al, 1979; CHEN, 1982; PoissoN and
Cuen, 1987; CuHEN and Ropbman, 1990;
ANDERSON et al., 1991). The CDW is now essen-
tially a new deep water mass frequently referred
to as WSDW (Gorpon, 1978; GorponN and H
UBER, 1984): however, the low oxygen signal
overlying a high salinity signal is still
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Table 2. Water Mass Characteristics in the Drake Passage, South Atlantic and Weddell Sea

0 CC) S 0:(ml/ D Sin(Mmol/kg)
Winter Surface Water (WW) te to —1.5" 33.8 to 34.6"" 6.9 to 7.5% 704
Summer Surface Water (SW) >t <34.2” >7.8% 70
Shelf Water t: to —1.5% 34.2 to 34.8" 7.1% 709
Modified Warm Deep Water® -1.6 to 2" 34.35 to 34.7" 5.5 to 7.2% 65 to 85"
Weddell Sea Deep Water (WSDW)® 0 to 2" 34.65 to 34.75" 4.3 to 5.3% 90 to 120%
Pacific Deep Water (PDW) 1.8 to 2.5"%  34.55 to 34.7%* 3.7 to 4.6"* 60 to 100“*
North Atlantic Deep Water (NADW) 2 to 3“®® 34.8 to 34.95%%Y 4.5 to 5.5Y% 50 to 70"
Weddell Sea Bottom Water (WSBW) <= 34.65" 6.57 95 to 115
Antarctic Bottom Water (AABW) —0.4° to 0°™ 34.6 to 34.68™" 5.4 to 5.8™ 110 to 125

(1) Carmack, (1977); the t: refers to freezing temperature

(2) Carmack, (1974)
(3) WeIss et al. (1979)

(a) These values have been taken from the temperature-minimum water

(b) Summer values

(4) GEOSECS Atlantic Expedition Vol. 2 (1981): plates 3, 5, 11, 15 are the Western Atlantic
and into the Scotia Sea; plates 55 and 59 are for the Drake Passage; oxygen values are

given in uM/kg and have been converted to ml/l.

(6) GorpoN et al. (1982)

(c) plates 184, 185, 186 are a detailed transect across the Drake Passage.

(d) plate 104 is for the South Atlantic

(6) Weddell Sea Deep Water is also sometimes referred to as warm deep water.

(7) Foster and MippLeETON (1979)
(8 Carmack (1973)

(9) The upper boundary of AABW has been somewhat arbitrarily chosen to be 0° to fit with

the lower boundary of WSDW.

identifiable. Within the shelf domain the
WSDW is further modified.

End-members were estimated from Table 2
and from Figs. 2-6. Because precise pH meas-
urements are non-existent for most of these
water masses, assigning end-member points in
these figures is somewhat tentative. In looking
for the end-member (Fig. 2) for the regime
denser than 0,=46.156 (Fig. 3), we note that a
shelf component at freezing temperature would

have a pH of about 7.80 to 7.81. This translates
from extrapolation on Figure 8 into a salinity
range of 34.65 to 34.66, easily within the shelf-
water range in view of the large salinity spread
it may have (Table 2). However, shelf-water
components in bottom-water formation must be
of these higher salinity varieties.

For the warmer end-member, the WSDW end
of this mixing line defined at a temperature of
0.8—1.2°C, we see a pH of about 7.76 and, thus,
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Fig. 7. Cross-section of the SOMOV pH data (at 25°C).

again by extrapolation on Figure 8, a salinity of
34.66 to 34.67. These salinities correspond to the
range of WSDW (Table 2). When this mixing
line is extended to 2.5 to 3°C the corresponding
pH of 7.73-7.74 gives a salinity of at most
34.69, much below that for NADW. However,
from the combined SOMOV 6 /S data (Fig. 8,
GORDON and HUBER, 1984) we can see that the
abyssal regime has a non-isopycnal scatter
which would also give significantly lower
salinities than NADW from a simple two com-
ponent mixing line, indicating a complex mixing
history for the predominantly isopycnally
spreading deep waters. Extension of the mixing
line for the second regime ( 6,=46.056 to 46.156)
to the warmer end-member WSDW component

at 0.8~1°C gives a pH of 7.71—7.72 and a corre-
sponding extrapolated salinity of 34.70 to 34.71.
Further extension of the line to 2.5° —3°C gives
a pH of 7.60—7.64 and a salinity extrapolated to
34.79 to 34.83, consistent with values for NADW
(Table 2). The cold end-member for this mix-
ture can be explained as Winter Water (WW) at
freezing, with a pH of 7.85 and thus an extrapo-
lated salinity of 34.60.

The upper regime between a ¢4 of 45.900 and
46.056 can be explained as a mixture of WW
(t: =freezing temperature, pH=7.92 — 7.94,
5=34.67 to 34.68) and the oxygen-poor compo-
nent of WSDW. For example, at t=0.6 to 0.8
°C the pH is 7.69 to 7.71 which then gives a sa-
linity of 34.68 to 34.69. Extending this mixing
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Table 1 and discussed in the text.

line to even warmer values of 2—2.5°C of PDW
will give extrapolated salinities in the range
34.68 to 34.70 from a pH range of 7.54 to 7.59.
Vertical convection of WW with entrainment
of WSDW at progressively more southern loca-
tions, or deeper convection by increasingly dense
WW, or a combination of these two effects, and
subsequent spreading of the mixture after reach-
ing their equilibrium density, may explain these
separate deep water regimes. The bottom-water
regime is similarly explained, but instead of
winter water entering directly into the mixing
processes, shelf water is entraining modified
deep water. Observed variability in the WSBW,
(Table 2), a subclass of AABW on a year’s time
scale, may in part be related to seasonal effects
(FosTER and MIDDLETON, 1979). It is signifi-
cant to this study that CARMACK and
FosTer (1975) note a @ /S discontinuity near
—0.5°C and 0. = 46.175 which they attribute to

either older re-circulated WSBW or an addi-
tional AABW component. Krysern (1992)
plotted carbon tetrachloride and methyl chloro-
form concentrations vs 6 and also found a dis-
tinct break at —0.5°C. The man-made che-
micals could only be detected in the cold bottom
waters with 8 <—0.5°C. This water is the
most ventilated of all subsurface waters with
the highest oxygen, tritium and C—14 (Table 2;
CHEN and RoDpMAN, 1990). CHEN and
RobpMman (1990) also reported that bottom wa-
ters denser than o, = 46.156 contain some
anthropogenic CO..

Shelf-water modified deep water mixtures and
subsequent spreading at depths have been ana-
lyzed off Wilkes Land by CARMACK and
KiLworTH (1978) and observed off Enderby
Land (Jacoss and GEORGI, 1977). In both cases
they observed plumes formed. But the data here
suggest a broader spatial effect, since the three
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SOMOV station 30 oxygen and potential temperature vs. salinity taken from the oxygen

probe and CTD. The o 1surfaces which encompass the two breaks (Table 1) are shown (taken

from HUBER et al., 1983).

regimes extend over several kilometers depth
and well north of the Antarctic continent. The
cyclonic circulation (KLEPIKOV, 1960; DEACON,
1976, 1979; CaArRMACK and FosSTER, 1975) in the
Weddell Sea may enhance and spread the effect
of plume injection by providing a longer path
for alterations to occur. Major injection of sur-
face water directly into the deep-water regime
via deep convection has been observed in this
region (GORDON, 1978), and modeling studies
(KiLworTH, 1979; MARTINSON et al., 1981)
have shown that large areas of the Weddell Sea
may be subject to this deep convection, called
chimneys. GoORDON (1982) hypothesizes that
chimney convection results in the significant
temporal and spatial thermal alterations (the
6 nax is lowered by as much as 0.4°C) observed
between 250 m and 2700 m over broad areas. It
is interesting to note that anomalously oxygen-
ated fresh water is observed well north of the
Antarctic continent in the deep water between
0. of 46.056 and 46.156. (Fig. 9).

Figure 10 shows a potential density section of
pH data for the eastern stations of the SOMOV
track. The mixed layer is at densities less than
a 0y of about 27.65, and the pycnocline extends
toa 0 of about 27.80. Few data points exist in
the pycnocline so the contour interval is

necessarily coarser and more subjective. Below
0o =27.8 the isopleths of pH become increas-
ingly level showing that the distribution of pH
is dominated by isopycnal spreading. Some
structure is seen in the 7.750 and 7.740 pH con-
tours where they bow slightly upward at sta-
tions 7 and 9 indicating some non-isopycnal
spreading. The density surfaces less than a os
of 27.82 curve slightly downward at these sta-
tions (see Fig. 2 in GorpON and HUBER, 1984),
and thus the pH contours lying more horizon-
tally with respect to density contours (shown by
GorpoN and HUBER, 1984) would account for
the observed bowing of the pH isopleths. The
minimum pH lies from a o of 27.82 to 27.84
which is the density range containing the oxygen
minimum. Thus the spread of pH in the deep
and bottom waters is very much isopycnal.

4. Conclusion

pH is easy to measure, has high precision and
accuracy, and the analysis for 12 Rosette sam-
ples (4 replicates for each sample) can be done
within 30 minutes (CHEN, 1984; BYRNE et al.,
1988). It proves to be very useful in studying
water masses in the Weddell Sea. Distinctive
breaks in the pH vs 6 plots at 6 =0.08°C and
—0.6°C were related to spreading of deep- and
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bottom-water masses in the Weddell Sea.
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Seasonal changes of the phytoplankton chlorophyll a
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Abstract : Standing stock and seasonal changes of phytoplankton chlorophyll a at seven
stations in Thale Sap Songkhla, Thailand, were investigated in relation to the Secchi disk
depth and suspended materials from August 1991 through November 1993. The lake water
was yellow-brown in color due to high concentrations of suspended materials throughout
the year. The difference in the Secchi disk depth was big in the dry season compared with
that in the rainy season. The levels of suspended solid in the lake were generally high dur-
ing the rainy season at most stations. However, the patterns of seasonal change in the
amount of suspended solid were not always the same among the stations. The ignition loss
of suspended solid was less than 40 % at all stations throughout the year indicating the high
proportion of the inorganic materials in the suspended solid in this lake. The amount of
chlorophyll @ in water seemed to be in the range from 1to 10 £ g/l in this lake except the
rare bloom of phytoplankton observed in December 1991. The level of chlorophyll a concen-
trations in Thale Sap Songkhla corresponds to those of mesotrophic and/or of moderately

eutrophic waters.

1. Introduction

Songkhla Lake is a lagoonal coastal lake in
southern Thailand, including three waters,
Thale Noi, Thale Luang and Thale Sap Songkhla,
from north to south between 7°50’N and 7°08' N
and from west to east between 100° 07" E and
100°37" E which are connected by narrow chan-
nels. A narrow canal connects Thale Sap
Songkhla, the southernmost lake, with the open
sea, the Gulf of Thailand, at its southeastern
end. Distinctive gradient of salinity is, there-
fore, a common phenomenon in this lake system.

Thale Sap Songkhla which covers an area of
176km?* is shallow with a mean depth of 1.4m
and filled with brackish water (LIMPADANAI,

*1 Received January 10, 1994

*2 College of Liberal Arts, Saitama University,
Urawa, Saitama, 338 Japan

*3 Department of Aquatic Science, Faculty of
Natural Resources, Prince of Songkla Univer-
sity, Hat Yai, 90112, Songkhla, Thailand

*4 Tokyo University of Fisheries, Minato-ku,
Tokyo, 108 Japan

1977; Lake Biwa Res. Inst. and Int. Lake
Environ. Com., 1988), however, the present
depth is probably less due to rapid sedimenta-
tion partly caused by soil erosion from nearby
watershed. This lake is known for its high pro-
ductivity of fish, shrimps and crabs, and now is
utilized intensively for the aquaculture of
seabass. The lake accepts much suspended mate-
rials and municipal drainage flowing in from
the surrounding area especially from the Hat
Yai area. Thus, the eutrophication of this lake
has been progressed rapidly and the lake is now
moderately eutrophic.

A series of research was carried out in the
framework of a cooperative research program
“Ecosystem Dynamics of Songkhla Lake under
Human Impact” between Japan and Thailand.
The present paper describes the results of three
years research concerning the standing stock and
seasonal changes of phytoplankton chlorophyll
a at seven stations in Thale Sap Songkhla in re-
lation to the Secchi disk depth and suspended
materials.
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Fig. 1. Map of Songkhla Lake and the sampling stations in Thale Sap Songkhla.

2. Material and method

Routine observations were carried out from
August 1991 through November 1993, every two
months in the first year and every three months
in the second year. In spite of its large surface
area, Thale Sap Songkhla is very shallow,
around 1m at most stations. Water samples
were collected mainly from the surface layer
(0.5m) with a Van Dorn type and/or Kitahara
type water samplers at seven stations (Fig.1).

Each water sample was. filtered through a
glass fiber filter (Whatman GF/C, 47Tmm in di-
ameter) which was precombusted at 450 °C for 2
hrs and weighed, and the filter with suspeded
materials on it was re-weighed after drying
overnight in a drying oven at 85 °C. The amount
of suspended solid (SS) was determined as the
difference of dry weights before and after the
filtration of water samples. After determina-
tion of SS, the filter was ignited again in a Muf-
fle furnance (ST-20, Thomas Sci. Co., Ltd,

Japan) at 450°C for 2hrs and weighed again
after cooling, and the percent decrease of dry
weight was regarded as the ignition loss (IL).
The amount of particulate organic material was
calculated by multiplying SS with IL.

As an index of the standing stock of phyto-
plankton, concentrations of chlorophyll a in the
water samples were determined. For this pur-
pose, water samples were filtered through glass
fiber filters (Whatman GF/C), and the filters
were kept in a deep freezer for later analyses.
Pigments were extracted from the filters with
909 acetone. Absorbances of the extracts were
measured at 750, 664, 647 and 630nm with a
spectrophotometer model LKB-ULTROSPEC
(Medico Co., Ltd., England), and the chloro-
phyll a concentrations were calculated by the
equation of JEFFREY and HumpHREY (1975).

The transparency of water was measured with
a Secchi disk (20 cm in diameter) at each sta-
tion.
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Fig. 2. Seasonal changes of the Secchi disk depth at Stns. 1-7 in Thale Sap Songkhla. The
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3. Results

The Secchi disk depth (transparency) was
highest, 1.5 m, in June 1992 at Stn. 1 and lowest,
0.19 m, in February 1992 at Stn. 7. Seasonal
changes of the Secchi disk depth at seven sta-
tions (Stns. 1-7) are shown in Fig. 2. Readings
of the Secchi disk depth was generally deeper in
the outer part (Stns. 1-2) than in the inner part
of the lake (Stns. 3-7). Differences of the Secchi
disk depth at the seven stations were big in dry
seasons while those in the rainy seasons were
relatively small. In average, the Secchi disk
depth ranged from 0.34 m to 0.89 m. Clear pat-
tern, higher in the dry season and lower in the
rainy season, was observed in average Secchi
disk depth throughout the year. These facts sug-
gest that much suspended solid inflowing in the
lake from surrounding watershed might
strongly affects reduction of Secchi disk read-
ings at all stations especially in the rainy sea-
son.

Seasonal changes of the amount of suspended
solid in the water at Stns.1-7 are illustrated in
Fig. 3. A clear pattern of seasonal change of
suspended solid, high in the rainy season and low
in the dry season, was observed at Stn. 1. The
level of suspended solid was generally higher

., no data due to strong wind.

(49.72-192.66 mg/1) in the rainy season and
lower (31.13-96.50 mg/1) in the dry season at
Stn.1. The trends similar tot hat of Stn. 1. were
obtained at Stns. 2, 4 and 6, but the trends were
different at Stns. 5 and 7. A Stn.7, the sus-
pended solid was highest, 152.4 mg/1, during the
dry season in 1992. Contrarily, the seasonal
change was not clear at Stn. 3 where the depth of
water was shallowest among the seven stations.
The ranges of variation were quite big at Stns.
1, 2, 5 and 7 as compared with those at other
stations.

Variations in the ignition loss of suspended
solid were big with stations and with seasons
ranging from 7.1 % to 38.6 % (Fig. 4), however,
the difference in the average values of ignition
loss at the seven stations was rather small
within the range from 17.9 % to 23.4 %. The
pattern of seasonal changes of the ignition loss
was also similar among the seven stations. The
ranges of variation during the first year were
relatively large compared with those in the sec-
ond year. In general, the ignition loss was
higher during the dry season copared with that
in the rainy season throughout the year.

Figure 5 shows the seasonal changes of the
particulate organic matter calculated from the
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Fig. 3. Seasonal changes of the suspende solid at Stns. 1-7 in Thale Sap Songkhla. Lines
are average values in the surface (@), middle () and bottom (()) layers at Stns. 1,
2 and 4, and values in the surface layer at other stations.

ignition loss and the amounts of suspended solid
at Stns. 1-7. Amounts of the particulate or-
ganic matter varied with stations and with sea-
sons ranging from 1.9 to 29.4 mg/1. The level of
particulate organic matter were slightly higher
at the stations located in the southern part of
the lake (Stns. 1, 2 and 7; 11.41-13.29 mg/1 in
average values) than those at other stations
(7.30-9.66mg/1 in average values). The seasonal
patterns were similar at Stns. 1 and 2 but differ-
ent from each other among the stations situated
in the inner part of the lake (Stns. 3-7). Sea-
sonal patterns of the particulate organic matter
were not always similar to those of the sus-
pended solid in the lake water.

Figure 6 illustrates seasonal changes of chlo-
rophyll a concetrations in the lake water at

Stns. 1-7. Trends of seasonal change were quite
similar at every stations even though a little
difference was observed at Stn. 5, where might
be influenced by a considerable amount of mu-
nicipal sewage flowing in from the Hat Yai area
through the U-tapao channel. A rapid increase
in chlorophyll a concetrations was occurred at
most stations in December 1991, and the values
exceeded up to 30 xg/l. In the succeeding sea-
sons, however, the consentrations of chlorophyll
a were less than 10 £ g/1, and no remarkable in-
crease occurred. The level of chlorophyll a con-
centrations was relatively higher in the first
year than in the second year even if the highest
values due to an extreme bloom were excluded.

Figure 7 indicates seasonal variations of the
percentage of chlorophyll a in suspended solid in
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Fig. 4. Seasonal changes of the ignition loss at Stns. 1-7 in Thale Sap Songkhla.

Symbols are the same as in Fig. 3.

water at Stns. 1-7. The seasonal patterns at
Stns. 1 and 2 were different from those at
otherstations. The percentage of chlorophyll a,
however, was quite low irrespective of the sta-
tions and seasons (0.002-0.064 9%). Higher pro-
portions of chlorophyll a were obtained in
December 1991 when considerable amounts of
chlorophyll a were detected at every stations.
Relationships were investigated between the
chlorophyll a concetration and the suspended
solid and the particulate organic matter in
water (Fig. 8). Positive correlations with con-
siderably scattered data points were detected be-
tween the concetration of chlorophyll a and
suspended solid, and the particulate organic
matter in December 1991 when an extreme
bloom of phytoplankton was observed at all sta-
tions. In other seasons, however, data points

were scattered disorderly and no clear relation-
ships were detected between the chlorophyll a
and the two parameters.

4. Discussion

Routine observations of seasonal variations
in the standing stock of phytoplankton as well
as the related biologically important parame-
ters are essential when one wishes to estimate
the primary production of phytoplankton in
combination with the data of photosynthetic ac-
tivity of phytoplankton and solar radiation by
the chlorophyll method (IcHIMURA et al., 1962).
The aim of the present paper is to show the
standing stock and the seasonal variation of
phytoplankton chlorophyll a in relation to the
changes of suspended solid as the first attempt
to describe the results of the routine
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Fig. 5. Seasonal changes of the particulate organic matter at Stns. 1-7 in Thale Sap
Songkhla. Symbols are the same as in Fig. 3.

observations which have been carried out in
Thale Sap Songkhla from August 1991 through
November 1993.

The lake water was yellow-brown in color due
to high concentrations of suspended materials
throughout the year suggesting that this lake
should belong to the lake type of so-called
“whitewaters” (SioLI, 1984).

The seasonal patterns of the Secchi disk depth
were similar among the seven stations (Fig. 2)
with higher values during the dry season and
with lower values during the rainy season. The
difference in the Secchi disk depth was big in the
dry season compared with that in the rainy sea-
son indicating that the Secchi disk depth at the
shallow inner part of the lake might be affected
strongly by wind mixing.

The levels of suspended solid in the lake were
generally high during the rainy season at most
stations. The patterns of seasonal change in the
amount of suspended solid, however, were not
always the same among the stations. This indi-
cates that the movement of suspended solid

might be different from station to station in
such shallw waters well mixed by strong wind
disturbance, especially in the inner part of the
lake.

The ignition loss of suspended solid was less
than 40 % at all stations throughout the yaer.
These low levels in the ignition loss could be due
to the relatively high proportion of the inor-
ganic materials contained in the suspended solid
in this lake. High proportion of inorganic mat-
ter in the total suspended solid should be proved
by low percentages of chlorophyll a in the total
suspended solid (Fig. 4). The variations in the
ignition loss of suspended solid were big and
showed no clear seasonal trend in their distribu-
tions. This suggests that there had been big
variations in the proportion of inorganic mate-
rial to the total suspended solid or to particu-
late organic matter in samples collected at
different stations and in different seasons.

The amount of chlorophyll a in water has been
measured as an index of standing stock and their
primary productivity of phytoplankton in
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freshwater lake as well as in marine waters
(GEssNER, 1944; ARUGA and Monst, 1963). Be-
cause of its shallowness, the vertical difference
of the amount of chlorophyll a in water was
small. The levels of the mean value and/or the
chlorophyll a concentrations of each station
were higher in 1991-1992 than in 1993. Ex-
tremely high concentrations of chlorophyll a
were measured in December 1991 although the
cause for this bloom had not been elucidated.
Except this rare bloom of phytoplankton, the
amounts of chlorophyll a observed in this lake
seemed to be in the range from 1 to 10 ug/l,
which corresponded to those observed in
inner lake, Thale Luan (NACHIANGMAI, 1979;
LUORSINSUP et al., 1986), and in the outer lake,
Thale Sap Songkhla (LUORSINSUP et al., 1986).
The level of chlorophyll a concentrations in
Thale Sap Songkhla corresponds to those of
mesotrophic and/or of moderatoly eutrophic
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at Stns. 1-7 in Thale Sap Songkhla. Sym-

waters (ARUGA and Monst, 1963; SAKAMOTO,
1966).
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Uptake kinetics of the microbial populations with
different redox pathways in the sulfuretum of Saanich Inlet”

Humitake SEK1**

Abstract: The uptake kinetics of amino acids by natural microbial populations in the redox
gradient of sulfuretum of Saanich Inlet, British Columbia, Canada, were studied based on
Michaelis-Menten kinetics. Models of the kinetics were statistically generalized with refer-
ence to the anoxic-hypoxic-oxygenic environments of outermost sulfuretum layer. The
classification of waters in this study were anoxic without dissolved oxygen, hypoxic with
dissolved oxygen between 0.006 and 0.456 mgO: and oxygenic higher than 0.5 mgO:, on the
basis of redox range where the metabolism of each natural microbial population functions
anaerobically, microaerophilically or aerobically. The kinetics in the anoxic environment
were shown to be less efficient than those in the hypoxic environment. The actual function
in the uptake kinetics took place only a few times inefficient in the order of micro-
aerophilic, anaerobic and aerobic microorganisms, although the maximum attainable ac-
tivities of the kinetic models in both hypoxic and anoxic environments were one order of

magnitude lower than those in the oxygenic environment.

1. Introduction

In relation to redox condition of the marine
environment, the predominant habitat segrega-
tion of marine organisms has been shown as;
anaeobes in anoxic region between 0 and 0.01
PDL (O: of the present dissolved level),
microaerophiles in hypoxic region between 0.01
and 0.1 PDL, and aerobes in oxygenic region be-
tween 0.1 and 1 PDL (SEk1, 1991; 1993). At all
these conditions, except in anoxic region of the
eutrophic environment, readily available or-
ganic nutrients are maintained in a steady-state
equilibrium (HurcHINSON, 1970; SEKI,1982)
usually below 20 zgl~'. Because of these low
nutrient concentrations, marine microorgan-
isms are chiefly responsible for the assimilation
and decomposition of these organic debris in the
marine environment (e.g., ZOBELL, 1946; PAR-
SONS et al., 1977; SOROKIN, 1978; RHEINHEIMER,
1980; SeKI, 1982;1992).

The first step in the microbial function of pu-
rifying the environment can be performed
through the assimilation of organic matter into

* Receive January 28, 1994
" Institute of Biological Sciences, University of
Tsukuba, Tennou-dai 1-1-1, Tsukuba, Ibaraki
305, Japan

microbial cells. This assimilation has usually
been described using Michaelis-Menten enzyme
kinetics, as originally been shown by PARSONS
and STRICKLAND (1962), as
Vit Sn
T e, (1)
Vv Kt+Sn
where Vt is the rate of microbial assimilation,
and Vis its maximum. Kt is the transport con-
stant of microbial assimilation, that is similar
to the Michaelis constant and is defined as the
substrate concentration when the rate Vt is half
of the maximum rate V. Sn is the nutrient con-
centration in the environment of microbial cells.

Once the nutrient substrate passes through
the cell membrane of a microorganism, it can be
oxidized efficiently through a series of bio-
chemical pathways. The rate of microbial
decompostion of organic matter is, therefore,
regulated by the rate of microbial uptake.

The uptake kinetics model of each microbial
group utilizing terminal electron acceptor dif-
ferently were determined at optimal condition
of the anoxic, hypoxic or oxygenic environment
inside outermost sulfuretum layer of Saanich
Inlet, with reference to evolutionary aspect of
the microbial energetics.
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Table 1. Statistical difference (F test) of each parameter value comprising microbial uptake
kinetics in different redox conditions in the deep water of Saanich Inlet, B. C., Canada.

Tt Sn \% Vit
Between oxygenic and hypoxic environments
58.14 * * 22.74 % x 83.23 % * 15.97 % * 64.71 % *
Foo aw =6.97 (degree of freedom: 1, 78)
Between hypoxic and anoxic environments
0.06 0.53 1.43 0.89

FFus ass =4.01  (degree of freedom: 1, 58)

* * highly significant

2. Methods

The waters in the sulfuretum of Saanich Inlet
has been shown as mesotrophic (SEKI et al.,
1984). In these waters with various redox char-
acteristics, the kinetic models of nutrient up-
take by natural microbial communities were
taken. Each kinetic model was analyzed with
special reference to the catabolic characteristics
of microbial population, using original data
SekT (1882) and Sek1 et al. (1984).

3. Results and Discussion

The statistical differences between parameter
values comprising the microbial uptake kinetics
of amino acids in different redox environments
are analyzed in Table 1. All the parameter val-
ues of uptake kinetics in the anoxic and hypoxic
environments were not statistically different,
whereas those in these environments and the
oxygenic environment were statistically differ-
ent at highly significant levels.

The uptake kinetics of amino acids by the
natural microbial communities were statisti-
cally generalized (Figure 1) in each redox type
of sulfuretum water by the following formulae:
(1) In the anoxic waters, the kinetic model could
be expressed as,

Vit Sn
0.028 33 +Sn
In this relationship, the actual microbial up-
take took place in a concentration range of

amino acids of 2.7£0.7 ugl™, with 95% confi-
dence limits. The actual uptake rate took place

in the range of 0.0023 +0.0011 g g1~ 'hr~'with
95% confidence limits. Therefore, the microbial
uptake in situ could function at the level be-
tween 6 and 13% of the maximum attainable
rate estimated from its Michaelis-Menten kinet-
ics, with a moderately large transport constant
of the natural microbial population (SEKI,
1992). This model is representing energetically
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Fig. 1. Range of the generalized model of
Michaelis-Menten kinetics for the assimilation
of amino acids by the natural microbial com-
munities (95% confidence limits) in the
sulfuretum of Saanich Inlet.

AW: in anoxic waters
HW: in hypoxic waters
OW: in oxygenic waters
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the nature of a moderately slow geochemical cy-
cling in the marine anoxically mesotrophic wa-
ters.

(2) In the hypoxic waters, the kinetic model
could be expressed as,

Vit Sn
0.048 40 +Sn

In this relationship, the actual microbial up-
take took place in a concentration range of
amino acids of 2.9£5.1 pgl™!, with 95% confi-
dence limits. The actual uptake rate took place
in the range of 0.0045+0.0026 ¢ g1~ *hr~*with
959% confidence limits. Thus the microbial up-
take in situ could have functioned at the level
between 6 and 9% of the maximum attainable
rate estimated from its Michaelis-Menten kinet-
ics, with a moderately large transport constant
of the natural microbial population (SEKI,
1992). This model is energetically well repre-
senting the nature of another moderately slow
geochemical cycling in the marine hypoxically
mesotrophic waters.

(8) In the oxygenic waters, the kinetic model
could be expressed as,

Vit Sn
0.12 8.9+Sn

In this relationship, the actual microbial up-
take took place in a concentration range of
amino acids of 11.6+3.7 pgl ™, with 95% confi-
dence limits. The actual uptake rate took place
in the range of 0.054£0.013 x gl 'hr 'with 95%
confidence limits. Thus the microbial uptake in
situ could have functioned at the level between
41 and 53% of the maximum attainable rate es-
timated from its Michaelis-Menten Kkinetics,
with a moderately small transport constant of
the natural microbial population (Seki, 1992).
This model is energetically well representing the
nature of the fastest geochemical cycling in the
marine oxygenic mesotrophic waters.

Models of the microbial uptake kinetics show
that those in the anoxic and hypoxic environ-
ments were similar statistically, but the most
inefficient nature of microbial uptake was evi-
dent in the anoxic environment. These kinetics
models show that these uptake efficiencies were
one order of magnitude less than that in the

oxygenic environment. Thus, with the function
of in situ substrate concentration in the ambient
water, the actual in situ uptake took place
greater by the natural microbial population of
aerobic, microaerophilic and anaerobic microor-
ganisms, in that order. From the energetic
point of view amongst these metabolic groups,
the difference in free energy yeild efficiencies
must be reasonable, as those efficiencies in fer-
mentation, anaerobic and aerobic respiration
are 25, 26 and 39 % for the procaryotic microor-
ganisms. The best efficiency in the redox path-
ways of a microbial group must have ruled the
theoretically appropriate order of the in situ
predominancy of anaerobic, microaerophilic and
aerobic microorganisms in the anoxic, hypoxic
and oxygenic environments of Saanich Inlet, re-
spectively.
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A simple integrating-sphere fluorometer for monitoring the growth
of benthic microalgae*

Kazuhiko KOIKE **, Takashi ISHIMARU ** and Masaaki MURANO**

Abstract : A new type of fluorometer was developed to monitor biomass of cultured benthic
microalgae which adhere firmly to culture vessel. The sample chamber of the fluorometer
consists of an integrating sphere which diffuses both excitation and in vivo fluorescence,
and thus the homogenization adhering cells is not required for the fluorescence monitoring.
Significant correlation was found between the relative in vivo fluorescence intensity and the
chlorophyll a concentration for a benthic diatom, Navicula sp. (r=0.987) and
dinoflagellates, Prorocentrum lima (r=0.974) and Prorocentrum sp. (r=0.966). This
fluorometer is reliable for biomass monitoring of benthic microalgae.

1. Introduction

The ratio of chlorophyll a fluorescence inten-
sity of intact plant cells (referred to as in vivo
fluorescence) to the unit amount of chlorophyll
a varies among algal species and with the
physiological state of the cells (ISHIMARU et al.,
1985). However, this ratio is constant during
the logarithmic growth phase of a clonal cul-
ture, because the physiological state of the alga
is constant. Thus, the direct measurement of in
vivo fluorescence can be used to provied a rapid
estimate of phytoplankton biomass in culture
tubes (BRAND et al.,1981; WATRAS et al., 1982).
In vivo fluorescence also has been used to esti-
mate biomass of benthic microalgae which can
be suspended homogeneously by agitation
(BOMBER et al., 1988). However, agitation is
thought to retard the growth of some species
(DURAND, 1987). Additionally it can be diffi-
cult to dislodge cells of some taxa, especially ad-
hering diatoms, from the wall of culture tubes.

We designed an integrating-sphere fluoro-
meter (abbreviated as ISF hereinafter) that can
be used to estimate the growth of benthic
microalgae without agitating the culture. A
culture tube is placed in the integrating sphere
that diffuses both excitation light and in vivo

* Received February 1, 1994
** Department of Aquatic Biosciences, Tokyo
University of Fisheries, Konan 4-5-7, Minato-
ku, Tokyo, 108 Japan

fluorescence.

2. Materials and Methods
2-1. Instrument

Figure 1 shows the diagram of the instru-
ment. A high pressure mercury lamp (SL-HG-1;
Toshiba Co.) was used with a starter (SLS-5;
Irie Manufacturing Co.) as a source of excita-
tion light and placed horizontally. A motor
cooling fan (MB6Z-B; Oriental Motor Co.) was
attached to the end of the lamp cover in order to
dissipate heat of the lamp. The light from the
mercury lamp was passed through a color glass
filter (V44; Toshiba Co.) which allowed the
transmission of 436 nm light for chlorophyll a
excitation. The excitation light passing through
the filter was introduced two the integrating
sphere via an acrylic light guide (opening 21 X
10mm, height 15mm). The integrating sphere
was assembled from two hemispheres made
from acrylic resin (inner diameter 150mm). The
inside of the sphere was painted with non-
reflective white (Acrylic Spray; Nippon Paint
Co.) in order to diffuse both excitation light
and in vivo fluorescence. A window for the ex-
citation light was situated at the bottom of the
integrating sphere for effective irradiation,
while a hole for the insertion of the culture tube
was made at the top. The bottom of the culture
tube where microalgae adhered abundantly was
positioned near the center of the sphere. A
photomultiplier (R-636; Hamamatsu Photonics
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Fig. 1. Schematic diagram of the integrating-sphere fluorometer (ISF).

Co.) was used to detect in vivo fluorescence.
This detector was wrapped with an acetate filter
(8C66; Fuji Photo Film Co.) to eliminate light
with wavelenghs shorter than chlorophyll a
fluorescence. The position of the photo-
multiplier was adjusted to receive minimum ef-
fect of excitation light. The signal from the
photomultiplier was measured using an ampli-
fier which also contains a high voltage source
for the photomultiplier (AT-100AM, Shimadzu
Manufacturing Co.). Every junction was sealed
with black PVC tape (Scotch Brand Tape; 3M)
or black silicone sealant (Bath cork; Cemedine
Co.) to prevent light leakage. The exterior was
painted with non-reflective black.

2-2. Performance test

Various species of benthic microalgae, includ-
ing Navicula sp. (a diatom), Prorocentrum
lima and Prorocentrum sp. (dinoflagellates)
were used to determine relationships between
relative in vivo fluorescence intensity obtained
by ISF and biomass. Patterns of their adhesion
differed among the three species: Navicula sp.
adhered uniformly around bottom of the culture

tube, Prorocentrum lima formed numerous
lumps consisting of dozens of cells that adhered
around the bottom of the glass tube, while
Prorocentrum sp. growth pattern was interme-
diate to those of the other two species. Each
microalga was inoculated into culture tubes (25
mm ¢,150mm L, screw capped; Pyrex) contain-
ing 25 ml of modified T1 medium (OGATA et al.,
1987; without nitrilotriacetic acid, but with am-
monium chloride and selenous acid). These cul-
tures were maintained for several days at 26.5
£0.5°C under an illumination of ca. 1.0Xx10'
quanta * cm”*sec”'with a 14:10 hr light-dark
cycle wusing cool-white fluorescent lamps
(FL40SS; Toshiba Co.). The culture tubes were
repositioned randomly once a day to minimize
the effects of environmental (mostly light)
variation.

Qauantity of chlorophyll @ was chosen as an
index of the biomass because increase of chloro-
phyll @ corresponds directly to increase of its
biomass during the logarithmic growth phase
(HANSMANN , 1977).

At each measurement, the signal reading of
ISF was set initially to zero by inserting a test
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Fig. 4. Relationship between chlorophyll a concentrations and relative in vivo
fluorescence intensity for Prorocentrum sp.

tube (same as the culture tube) containing fil-
tered (0.22 #m) and sterilized seawater. Signal
reading standardization was also done by insert-
ing a standard culture tube containing fluores-
cent acrylic resin.

Culture tubes were selected arbitrarily and
measured for relative in vivo fluorescence inten-
sity by ISF. Culture medium in each tube was
then filtered with glass fiber filter (GF/C;
Whatman) to collect cells in suspension. The
filter was put back into the tube, and 10 ml of
dimethylformamide was added to the tube to ex-
tract chlorophyll a (SuzUki and ISHIMARU,
1990) from cells both on the filter and attached
to the tube wall. Concentrations of chlorophyll
a were then determined by the fluorescence
method (STRICKLAND and PARSONS, 1972) using
a fluorometer (Type 10R; Turner Designs Co.).

Relationships of liner plots between relative
fluorescence intensity obtained by ISF and its
chlorophyll a concentration were determined
using the least squares method.

Triplicate cultures of each species were main-
tained in condition described above and meas-
ured for in vivo fluorescence by ISF every two

days to determine the growth.

3. Results and Discussion

Linear plots of the relative fluorescence inten-
sity obtained from the ISF and the chlorophyll a
concetration are shown in Fig. 2, 3 and 4. Typi-
cal growths of the three benthic microalgae
monitored by the ISF were also shown in Figs. 5-
a, b andc.

Coefficients of correlation between the rela-
tive fluorescence intensity and the chlorophyll a
concentrations were 0.987, 0.974 and 0.966 for
Navicula sp., Prorocentrum lima and Proro-
centrum sp., respectively. Furthermore, the
correlations were high between the relative fluo-
rescence value of 2 and 33 for Navicula sp., 10
and 32 for Prorocentrum lima, 6 and 38 for
Prorocentrum sp. At the time of growth rate
measurement, each intercept corresponded with
the logarithmic growth phase of each species
(Figs. 5-a, b and ¢), thus the increase of the rate
of the relative fluorescence intensity was a valid
measure of the rate of chlorophyll a increase,
which, in turn, corresponded to biomass increase
for determination of growth rate.
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Fig. 5. Typical growths of Navicula sp. Prorocentrum lima and Prorocentrum sp. in

All of the tests exmained showed reliable per-
formance of the ISF when determining the
growth rate of benthic microalga. In particular,
the strong relationship between the concentra-
tion of chlorophyll @ and the relative fluores-
cence value of the ISF was evident for a wide
range in biomass for Navicula sp. This resulted
because the benthic diatoms had a tendency to
adhere uniformly to the culture vessel, not mak-
ing lumps of cells which could be a cause of self-
absorption of in vivo fluorescence.

Meanwhile, correlation values between the
relative fluorescence intensity and the concen-
tration of chlorophyll a for other cultures
showed that differences in microalgal adhesion
patterns might yield less accurate estimates of
biomass because the diffusion of both excitation
light and in vivo fluorescence inside the inte-
grating sphere was less homogeneous. Further-
more, some of the fluorescent light coming
directly from the culture tube and received by
the photomultiplier may yield excessive values.
A method should be devised to eliminate the ef-
fects of direct light but enabling the photo-
multiplier to receive diffused light without any
interruption.
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A monitoring technique of offshore significant waves by using
foreward scattering of signal from a satellite*

Shigehisa NAKAMURA™**

Abstract: A proposal is introduced on a continuous monitoring of offshore significant
waves at a station on the coast or on board by receiving foreward scattering of signal from
a satellite. A general remark is given about foreward scattering of the signal from a satel-
lite first. An example of practice on board is cited to note what is the point of this monitor-
ing technique. Several problems should be solved for practical use even after finding an
appropriate station at planning and at designing.
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Life history of Porphyra suborbiculata Kjellman
(Bangiales, Rhodophyta) in culture*

Masashi MaTsuo**, Masahiro NoTova*** and Yusho ARuGga***

Abstract: Life history of Porphyra.suborbiculata Kjellman was completed in culture.
It was shown from the culture study that this species has the “P. lacerata type” life
history. Growth and reproduction were observed under various photon flux densities
(10-80 zmol m™*s™"), temperatures (10-30°C) and photoperiods (14L:10D, 10L:14D).
The optimum growth of conchocelis filaments occurred at 15-25°C. The conchocelis
filament produced conchosporangia at 20 and 25°C. Monospores were liberated from
the foliose thallus 2-3 weeks after conchospore germination at 15-25°C under 10L:14D.
Carpospores were liberated from foliose thallus 711 weeks after conchospore germina-

tion at 15-20°C under 10L:14D.
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Fig. 1. Porphyra suborbiculata Kjellman in culture. (A) Mature foliose thallus collected at
Enoshima, Fujisawa, Kanagawa Prefecture on December 16, 1990. (B) Free-living con-
chocelis colony of five weeks old at 15°C and 40 £ mol m’s"'(14L:10D). (C) Conchosporangial
branches on five-week-old conchocelis at 20°C and 40 £ mol m % '(10L:14D). (D) Conchospore
liberated from a cultured conchosporangium. (E) Conchospore germling of three days old at
20 °C and 40 £mol m*~' (10L:14D). (F) Conchospore germling of a week old at 20°C and 40
smol m~s7 (10L:14D). (G) Juvenile foliose thallus of two weeks old, liberating monospores
from the tip, at 25 °C and 40 zmol m ™% (10L:14D). () Surface view of antheridia. (I) Sur-
face view of carposporangia. (J) Immature foliose thalli of 18 weeks old at 10 'C and 40
¢mol m % ! (10L:14D). (K) Mature foliose thalli of 13 weeks old at 15 °C and 40 #mol m™*
s~ ! (10L:14D). (L) Mature foliose thalli of 13 weeks old at 20 °C and 40 g mol m™*s™'
(10L,:14D). (Scale bar: 1 ¢cm in A and J-L; 100 #m in B, C and G; 20 ¢m in D-F, H and D).
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Red tide of Gymnodinium mikimotoi at Gokasho Bay"

Tetsuo YANAGI*™*, Kenji HIRAO™**, Yukihiko MATSUYAMA ***, and Tsuneo HoNJYO***

Abstract: Weekly phytoplankton data from 1989 to 1991 were analysed in order to elucidate
the ecological process of red tide formation of Gymnodinium mikimotoi at Gokasho Bay
in the central part of Japan. Red tides of G. mikimotoi occurred in summer 1989 and 1990
when the cell density of diatom was low, average water temperature in water column was
higher than 25°C and the cell density of Prorocentrum dentatum decreased. On the other
hand, red tide of G. mikimotoi did not occur in summer 1991 when the cell density of dia-
tom was high, water temperature was lower than 25°C and the cell density of P. dentatum

did not decrease.
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Fig. 2. Species, cell density and ratio of diatoms and flagellates.
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Adoption of larvae escaped from the marsupium in four mysid species”

ke ok ok

Hiroyasu SATO and Masaaki MURANO™"

Abstract: Adoption by ovigerous females of larvae escaped from the marsupium was ex-
amined in natural populations and under laboratory conditions in four mysid species,
Anisomysis iyjimai, A. mixta, Nippponomysis misakiensis and Paracanthomysis hispida.
In natural populations, the adoption was found only in N. misakiensis, 9.7% of the total
number of females with larvae in their marsupium. In laboratory experiments, on the
other hand, the adoption was observed in all of the four species examined, 1.9-44.6% of the
total number. They, however, did not adopt the escaped larvae of other species at all. The
difference between the results in natural populations and under laboratory conditions is
probably due to the fact that in nature N. misakiensis lives closer to the seafloor while the
other three species not. The larvae adopted were at a later stage of development than those
of the female’s own brood in natural populations, whereas in laboratory the larvae at ear-
lier stages were also adopted even though it was less frequent. It was about forty seconds

from catching to keeping a larva in the marsupium.
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Table 1. Occurrence of adult females that adopted the escaped larvae in four species of mysids
under natural conditions. The number in parentheses shows the larva damaged partly.

No. of females No. of females that No. of larvae

Speci
pecies examined adopted larvae adopted

Anisomysis ijimai 218 0 0

A. mixta 136 0 0

Nipponomysis misakiensis 134 13 18(D)

Paracanthomysis hispida 85 0 0

Table 2. Adoption of larvae experimentally provided in laboratory in four species of mysids.

The number of parentheses shows the larvae damaged partly.

No. of females

No. of larvae No. of larvae

i No. of £ 1 th
Species o. of females af;(iggted provided adopted
Anisomysis ijimai 151 40 563 76(23)
A. mixta 103 2 303 2
Nipponomysis misakiensis 83 37 235 78(3)
Paracanthomysis hispida 138 14 435 18
Table 3.

O : Adopted. X : Not adopted.

Experimental results on the adoption of escaped larvae among four species of mysids.
— : No data.

Species of adult female

Species of larvae

A. ijimai A. mixta N. misakiensis P. hispida
Anisomysis ijimai O X X -
A. mixta X O X
Nipponomysis misakiensis X X O X
Paracanthomysis hispida - X X O
AR ES P OYHFNT D W TIE, Neomysis inter-
media DIREBNTOYEDTERLE 9 Bl I KR
L5 (1964, K1) 2FH L7, 38b5L, —D0 c

REBNIC 2 BEUEERERORS 2MENED Sh
Bicld, ThRNAEhAbDEHEL K,

2. fHEER

By »— 1L G00ml) Icfiichois Ah, BIES
Wik, MOEEXTWET IOEEE, SO HL Y
HEMA, 2 BE®RICEE L TIRYIASOEEEHE,
HWOAA DG HOHBNIERIRETCORAB OIS LF
BRTH %,

WO AHICBEL, MEORBEEPIEELE5Z 0L
I MEFERBERICBVTIE, SEOREBREE R,
i, B0 3BEEICAT, HVABOFEELFN

3.8 B
1. HRARETORYAS

Fig. 1. Body partsfound in the marsupium.
A: A single eye. B: A pair of eyes. C: Ante-
rior half of body. D: Body without a pair of
eyes. E: Body with only a single eye.
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Table 4. Adoption of older and younger larvae than those of the female’s own brood in four

species of mysids.

No. of larvae

No. of females No. of females

No. of : that adopted that adopted
Species females provided older larvae than younger larvae
those of female’s than those of
romw o our own brood female’s own brood

Anisomysis ijimai 78 90 9% 80 9 4
A. mixta 103 102 104 97 1 1
Nipponomysis misakiensis b o6 58 53 35 10
Paracanthomystis hispida 45 45 45 45 2 1

1) Stage I: Early embryo, egg-like.

2) Stage II: Larvae hatched from the egg membrane. This stage terminates in a moult.
3) Stage III: Moulted larvae having the eyes on stalks.

The classification according to Mauchline (1980).

Table 5.

Adoption of older and younger larvae than those of the female’'s own brood in

Anisomysis ijimai. For developmental stages of larvae see Table 4.

No. of larvae (Arabic)

and developmental . .
of larvae in their own

stage (Roman) brood (Roman)

No. of females (Arabic)
and developmental stage

Ratio of females

with adopted larvae

No. of females .
to females used in

that adopted larvae .

the experiment

(%)
100, III 6, 1+32, 1I 11 28.9
60, 1II 8, I+16, 1I 4 16.7
15, T+ 57, 11 34, I 6 17.6

FER% Table 11ZRT, HRRETOHAE DELD 1A
&L, FELAFOP T N. misakiensis D& THE
FEniz, WAH%E LHHOEA9.7% (n=134)
Thotee £, WMHRAATHOHWR I NN,
misakiensisid, $XTEEHERBLTWBEYELD
bREOEALYEZIMOIAA TV, 188, KO—E
DR U729 LEE O VAEFA TV,

2. FHEER

- RIEOSEEEZ AR, ERcH L4
BT NTTYEOR D AHHHERS N (Table 2),
Lo L, BiAs%z LUHHOEIGEREICK - TEMR
51, N. misakiensis Tid 44.6% (n=83), A. ijimai
T 26.5% (n=151), P. hispida Tit 10.1% (n=
138), A. mixta Ti31.9% (n=103) T&h -7, A.
yimai & N. misakiensis TEHEBOYIEDIR DAL
®, BoO—EBEELGEORVIAG RO, %
EOHE, MORAENIPEITRTRBEOHLBDEA
EboT, ZOMAIZER, Rk, BORMLLbOR
ETh o1 (Fig. Do

HHELIRTIBONEEERLLIBAIKE, A
yimaiXA. mixta (FBICEVTHIEHHE, RicEL
ThrEMNHNAE, UTEHE), A

misakiensis, A. mixtaXA. ijjimai, A. mixta X N.

yyimai X N.
misakiensis, N. misakiensis X A. ijimai, N.
N. misakiensis X P.
hispida, P. hispidaXA. mixta, P. hispida X N.
misakiensis DAEHLETRIMVAS ZLBEX
NEhote, 168, A ijimai XP. hispida, A. mixta
X P. hispida, P. hispida X A. ijimai O A EDLE
TREBRIIIT> TRV (Table 3), 1B, MBI Lo
YrEOPEIARE LIBOREI O, AROME LS
Eh SRREWNTHIM L7,

HOOYE LD AARGIHEORBBRIEE AR
% Table 4 & Table 5", MHIIBEOK &L B
ERFBLTORHEL D SRFOEAKXYEER DAL
HEB RS0, ducld, BREOENYHEEZDIA
ARG R ORI, T10bb, REORBOYE
b8, REON, THOYELELIBALRE

misakiensis X A. mixta,
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(1980) & Mysidopsis gibbosa, Neomysis integer,
Paramysis arenosa, Praunus flexuosus, P.
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CDTENEHEHRL, BTH, P. flexuosus & P.
neglectus IBHVDYER P. inermis OYEEE D
AL, P.inermis & P. flexuosus & P. neglectus
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BHOABTTEHZ LIEWEH 0 h, BREBTEGEERS
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Compte rendu

C.M. LaLLr and T.R. Parsons (Authors).
Biological Oceanography : An Introduction.
Pergamon Press, Oxford, U.K. 301pp. 1993.
ISBN 0 08 041014.

Price: US $37.50 (flexicover).

This is the most recent textbook to appear on
the biology of the oceans. The text covers some
aspects of physical/chemical processes in the
oceans, phytoplankton, zooplankton, nekton,
biological cycles, fisheries and mariculture.
There are comprehensive sections entitled
“Benthos” and “Benthic Communities” which
include subsections on intertidal environments,
kelp forests, estuaries, coral reefs, mangrove
swamps and deep-sea ecology.

There are a great many illustrations and dia-
grams; about 40 are coloured photographs of
marine organisms and satellite images. There is
a short history of biological oceanography and
the book includes both a Glossary and an Index.
As such, the contents are an excellent baseline
coverage of biological oceanography. Numerous
questions posed throughout the text assist in
further introducing the reader to this subject.

Persons who would be most interested in this
book will be undergraduate students, and pro-
fessionals trained in some other discipline. Be-
cause of the numerous illustrations, the book
will be particularly useful in non-English speak-
ing countries.

While the book is comprehensive in its cover-
age, one wonders why the authors did not go a
little further and include a section on marine
pollution. Although the word “pollution” is in-
dexed at the end of the text, there is no special
treatment of this subject as there is for “fisher-
ies” and “mariculture”.

In general, this is a highly recommended text
which is reasonably priced considering the vol-
ume of material covered.

H. SExI,

Institute of Biological Sciences,
University of Tsukuba,
Tsukuba, Ibaraki, 305 Japan.
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