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Article spécial n°4

Varieties and properties of three recruitment curves*

W. E. RICKER**

In any population of animals some relation
must exist between the abundance of the re-
producing stock and the number of recruits it
produces. A number of expressions have been
proposed to describe this relationship. Three of
them have only two parameters. These are the
inverted parabola, Beverton and Holt’s hyper-
bolic curve, and Ricker’s exponential curve
(Fig. 1).

Throughout this paper recruitment (R) is de-
fined as the number of members of a year-class
that survive to the age of first maturily, or that
would survive to that age (at the natural sur-
vival rate) if they had not been captured at
some earlier age. Such fish are called adults.
When first maturity may occur at different ages,
recruitment to the median age of first maturity
can be used as an approximation to R. The
number of fish in the adult stock that produced
any year-class is represented by P. When desi-
rable, both P and R can be weighted by the
number of eggs produced by an average fish of
each of the ages represented.

In addition to P and R, the parameter symbol
a appears in one or more of the expressions for
all three curves. Its significance is the same in
all cases, namely, the rate of recruitment, R,/ P,
as P approaches 0. For the Beverton-Holt curve,
the symbols a and S are the same as used in
RICKER (1975; see especially Appendix III).
For the Ricker curve note the following equiva-
lents:

1975 a B a
Here a b
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Fig. 1. Examples of the three curves considered,

having an initial slope of 5 and a replacement

abundance and recruitment equal to 1 in each

case.

For the parabola, a=5, c=4; for the

Beverton-Holt curve, a=0.8, $=1/a=0.2; for

the Ricker curve, a=5, 5=1.609.

Maximum

surplus recruitment positions are indicated by
arrows.
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The inverted parabola

The inverted parabola has not often been used
as a recruitment curve, although it is well known
as the Graham-Schaefer curve of surplus pro-
duction of biomass, or sustainable yied. It is
usually written:

R=aP—cP?, 1

a=R,/Ps, which is the rate of recruitment as
P approaches 0.
c¢=a parameter with the dimensions of [1/P].

The positive portion of this curve, which is what
interests us, starts at the graph’s origin (P=0)
and ends on the abscissa at P=a/c. Between the
above positions there are 3 points on the curve
that are of special interest.

(1) Because parabolas are symmetrical about
a central axis, the point of maximum recruit-
ment (R, Pn) must lie half way between the
two zero points on the abscissa, i.e. at Pn=a/2c.
Maximum recruitment is then:

Rn=a%/4c. (2

(ii) When R and P are in comparable units
such that R=P at the replacement level of stock,
that replacement point is found by putting R=P
in expression (1); hence it is:

R,=P,=(a—1)/c. (3)

(i11) With R and P in comparable units, the
maximum surplus recruitment (MSR) is the
maximum value of R—P. This occurs at the
point where the curve has a slope of +1, and
its parameters will be identified by the subscript
s. The slope or differential of expression (1) is
a—2cP. Equating this to 1 we obtain P;; putt-
ing Ps in (1) gives Rs; and their difference is
the MSR:

Py=(a—1)/2¢, (4)
Rs=(a*—1)/4c , (5)
MSR:RS_Ps:<a—l)2/4C- (6)

A preliminary or approximate fit of a parabola
to recruitment data can be made by eye. Choose
what seems the best position for the maximum
point, and equate its parameters to a/2¢ and

a?/4c, respectively.
Expression (1) can be fitted mathematically
by solving the simultaneous equations:

ay P?—cY P*=% PR
aY PP—c¢Y Pt=3Y PR (62)

for @ and ¢. This procedure assumes that Pis
without error, so that all the variability in the
data is in the recruitment observations; but this
is usually at least approximately true.

The Beverton-Holt curve

A hyperbolic recruitment curve introduced by
BEVERTON and HOLT (1957) has been written
in several forms, some of which are:

R:a—;gﬁ;, P)
- aPerﬁ ’ (8
—}{—zaﬁ-—ﬁ?, (9
R:l—g}f, (10)
R:m(liw s an

Expressions (7)-(9) are merely algebraic trans-
formations using the same parameters. Expres-
sion (10) has the form of the 3-parameter curve
proposed by SHEPHERD (1982), with his f=1.
Expression (11) was suggested by RICKER (1958)
as a form of the Beverton-Holt relationship in
which replacement abundance (P,) would appear
explicitly and the single parameter A would
describe the shape of the curve with values
ranging from 0 to 1.
The parameters used above are as follows:
a=the reciprocal of maximum recruitment,
1/Rn.
B=the reciprocal of the slope of the curve at
the origin, 1/a.
a=the slope of the curve at the origin, Ro/P;.
K=the magnitude of P if recruitment were
linear and R=aP/2.
A=the complement of the reciprocal of the
slope of the curve at the origin, 1—1/a.
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P,=stock size at the replacement level, if
R=P at replacement.

Table 1 gives the corresponding values of the
parameters for the three notations used in ex-
pressions (7)-(11). In a stock that conforms to
the Beverton-Holt relationship maximum recruit-
ment would occur only if the stock became
indefinitely large, but for practical purposes a
finite value of P can be used, corresponding to
(say) 0.95R.

Expressions for replacement (P,) and the point
of maximum surplus recruitment (P;, Rs) are
found in the same way as for the parabola. P
is obtained by putting R=P in any one of ex-
pressions (7)-(11), and the result is shown in
line 6 of Table 1. To obtain maximum surplus
recruitment, the differential of, for example,
expression (8) is:

B/(B+aP). d2)

With R and P in comparable units this can be
equated to 1, giving:

Pyi=(+4/3—8)/a. a3
Substituting this in expression (8):
Ri=(1— yB)/a, a4

MSR=R;—Py=(1— /§)*/a. (15)

‘Corresponding expressions for expressions (10)
and (11) are obtained by substituting the equiva-
lent parameters from Table 1.

For an approximate fit of a Beverton-Holt

Table 1. Relationships among the parameters of
3 forms of the Beverton-Holt curve; also the
maximum value of recruitment (obtained when
P—co0), Expressions for or containing A and
Pr require that R,= P, at the replacement level

of stock.
Corresponding symbol

Symbol for expression Line

No. 7-9 No. 10 No. 11 No.

Expressions(7)-(9) a — 1/aK A/Pr 1
8 - 1/a 1-A 2

Expression (10) a 1/8 — 1/1—-A) 3
K  Ble — P(1-A)A 4

Expression (11) A 1-8 1—-1/a — 5

Py 1-8)/a Kla—1) — 6
Maximum R R 1/ aK P /A 7

curve to data it is usually easiest to estimate by
eye the level of maximum recruitment (=1/a)
and the slope of the curve at the origin (=1/8).
However, if the maximum is not available be-
cause the R observations are not close to con-
stant at the largest observed P values, it may
be possible to estimate the replacement point,
which is R=P=(1—8)/a provided R and P are
in comparable units.

The simplest way to fit a Beverton-Holt curve
mathematically, if P is substantially without
error, is to use expression (9) and regress 1/R
on 1/P. The slope of the line is an estimate
of the quantities in line 2 of Table 1, while the
ordinate intercept gives those in line 1. How-
ever, an R value computed from such a fit is
the harmonic mean of actual values of R at the
given P. This can be adjusted to an arithmetic
mean by multiplying each of the computed
values of R by the ratio of the sum of the
observed values to the sum of the computed
values.

The Ricker curve

A possible type of recruitment curve for animal
populations was suggested by RICKER in 1954.
The same curve was discussed by BEVERTON
and HOLT (1957), using different parameters, and
RICKER (1958) introduced still another version.
In order of appearance these three forms of the
curve were:

_%: PP o ~FiPm | (16)
m m

R=aqPe™?, an

R = Pen(1—P/Py) , as)

Table 2. Relationships among the three forms of
the Ricker curve shown in expressions (16)-(18).
Exgression (18) requires that R=P at replace-
ment. (In=natural logarithm)

Expr. Symbol Corresponding parameter

in symbols of expression Line

No. No. 16 No. 17 No. 18 No.
16 Rm — albe Pre"Y/n 1
P - 1/b Pr/ﬂ 2
17 a Rme/Pn — en 3
b 1/ Pm — n/ Py 4
18 n 1+In(Rm/Pmn) Ina — 5
Pr Pn(+In{Rn/Pm)) (In a)/b — 6
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Rp=maximum recruitment,

P, =parental stock needed for
recruitment,

a =Ry/P,, the rate of recruitment as P—0,

P, =stock size at the replacement level, if
R=P at replacement,

b =1/Pp,

n =P;/Pn.

maximum

The relationships among the three pairs of pa-
rameters above are shown in Table 2. Note that
the quantities Pp, Rn, and P, are all included.
The point of maximum surplus recruitment on
a RICKER curve is found, as usual, by equating
the differential to 1, provided R=P at replace-
ment. In the symbols of expression (17) this is:

(1—=b6P)ae?*=1. 19

Unfortunately this expression can be solved for
P only by iteration (successive approximations).
The P value obtained is substituted in (17) to
get R, and MSR is Rs—Ps.

Expression (16) can often be used for pre-
liminary or approximate fitting of this relation-
ship to data. On the graph of R plotted against
P, simply select a best position for the apex of
the curve by eye, and read Rn and Pp from
the axes. The other forms of the curve can
then be written, using the transformations in
the No. 16 column of Table 2. Your eye will
presumably endeavour to select an arithmetic
mean position for the maximum point in the
vertical direction, so the result will be an AM
curve (see below). This method is of course
not available if the data do not include a recog-
nizable maximum.

However, the usual way of fitting any of these
expressions has been to compute the ordinary
regression of the natural logarithm of R/P
against P. The slope of this line is negative;
with sign changed, it is an estimate of the
quantity represented by the symbols in line 4
of Table 2. The ordinate intercept of the fitted
line is an estimate of the quantity represented
by the symbols in line 5. This method implies
that P is known without error, so that all the
variability in the data is in the recruitment R.
This will usually be at least approximately true;
but if not, it means that the estimated slope is
numerically too small (i.e. it should be steeper),

so that both & and a are underestimated.

The R values computed by this method of
fitting are the geometric means (GM) of R at
any value of P. The corresponding arithmetic
means (AM) can be computed by one of the
methods described in RICKER (1975, Section 11.
4.2). Simplest is to compute for each observed
P the GM value of R, then multiply these by
the ratio of the sum of the observed values of
R to the sum of the computed values.

A method of fitting the curve directly by
iteration, using a computer, was used by CUSH-
ING and HARRIS (1973), which provides an AM
curve. It of course weights the observations
somewhat differently, but it too assumes that P
is free of error. Other computer programs are
available, for example by P.K. TOMLISON in
ABRAMS (1971). If a computer program is used,
care should be taken to discover what kind of
curve it estimates (AM, GM or other), and on
what basis.

Discussion

1. For most fish stocks the point of maxi-
mum surplus recruitment (MSR) is not the same
as the point of maximum sustainable yield (MSY),
the principal exceptions being Pacific salmon
(Oncorhynchus) that are fished only in or near
their spawning river. To estimate MSY, the
gains made by the growth of the fish during
each year, or part thereof, must be balanced
against the losses from natural mortality during
the same period, in order to identify a best rate
of fishing. For example, one of the methods
suggested by BARANOV (1918), RICKER (1945)
or BEVERTON and HOLT (1957)—all described
in RICKER (1975)—can be used to estimate the
rate of fishing that will produce greatest yield
per unit recruitment. However, the rate of
fishing that produces maximum yield per recruit
is not necessarily the one that will generate the:
abundance of spawners that produces MSR.
Thus to estimate the rate of fishing that gives
a true MSY there will usually have to be a
trade-off between having most recruits, and
getting maximum yield from a unit number of
them.

2. SCHNUTE (1985) showed that all three of
the curves described above, as well as inter-
mediate types, can be represented by a single
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3-parameter expression:
R=aP(1—ByP)Vr. 20

‘When y=+1 this becomes a parabola; when
y=—1 it is the Beverton-Holt hyperbola; and
when y=0 it is the Ricker exponential curve
(because (1—pfyP)!r—e #P as y—0). By using
3 parameters a much greater variety of shapes
can be obtained than with only two. For ex-
ample, the maximum level of recruitment, re-
lative to the replacement level, can be made
independent of the initial slope (@), whereas with
the Ricker curve R;/R, has a minimum value
of 1 when a=e=2.718 (provided R and P are
in comparable units), and increases when a is
either larger or smaller.

Unfortunately, even with a good computer
the mathematical fitting of a 3-parameter curve
can be tedious, and it may pose serious problems
because the observed values of R at a given P
usually vary widely, and because the data may
include only a part of the total region of interest.
It may be necessary to put constraints on one
or more of the parameters to avoid obtaining
There is of
course no objection to doing this; if a 2-pa-
rameter curve is chosen it automatically puts a
major constraint on the kinds of results obtain-
able. However, it may come to a point where
a freehand curve is about as representative as
anything fitted mathematically. In fact, SHEP-
HERD (1982) has described an empirical method
of fitting an expression somewhat similar to
expression (20) that differs little from a freehand
approach. With a mathematical expression, how-

a biologically ridiculous result.

ever, it is possible to compute limits ot variability
about the central trend.
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Comparison of Lagrangian and Eulerian
diffusion near the bottom*

Takashi ICHIYE** and Shoichiro NAKAMOTO**

Abstract: About 360,000 barrels of brine per day were discharged from a diffuser at 22 m.
deep 20 km south of Freeport, Texas, during 1980 and 1981. Salinity plumes near the diffuser
were measured once a month with a towed sled equipped with a sensor fixed 0.8 m high from
the bottom. Currents near the diffuser were measured with moored current meters continu-
ously once every four minutes. On nine occasions of plume monitoring the moments of the
salinity profiles lateral to the mean current are computed at three distances from the diffuser
for each plume. The skewness and kurtosis of the salinity profiles seem to indicate the
Gaussian distribution of the profiles. The lateral diffusivity is determined by comparing the
second moments with a theoretical solution of the Fickian diffusion equation. The Eulerian
correlation function is determined from the current data collected during the period of plume
monitoring. The ratio of the Lagrangian to the Eulerian integral time scale is determined
by comparing the Lagrangian and Eulerian eddy diffusivity. The Lagrangian time scale is
larger in general, but more variable than the Eulerian one. Truncation of the integration
limits for calculating moments from salinity profiles reduces estimated values of kurtosis and
standard deviation (nominal width of the plume) from the theoretical values obtained for the

Gaussian distribution.

1. Introduction

Diffusion in the ocean has been studied for
decades in relation to pollution problems. Field
experiments were carried out by using dye or
drifters in the upper layer of the ocean. This
is essentially a Lagrangian approach which pro-
vides data related to diffusion processes. How-
ever, the Lagrangian type field experiments are
difficult to carry out for a long period of time.
Further data process and analysis are intricate
and the procedures are not well established.

On the other hand, in recent years many
projects have been launched to measure currents
with moored current meter arrays, particularly
in shallow waters for monitering environmental
problems in various parts of the world. These
programs were mainly devoted to determine cur-
rents of tidal and infratidal frequencies. Current
spectra in the shallow waters contain substantial
energy between the inertial-tidal frequencies and
the surface wave frequencies (ICHIYE & TSUJI,
1984). Therefore, the diffusion of pollutants,

* Received April 2, 1985
** Department of Oceanography, Texas A&M
University, College Station, Texas 77843, USA

temperature, salinity or nutrients depends on.
turbulence of such frequency ranges. However,
there is no definite theory which rationalizes.
relationships between Eulerian correlation func-
tion (CF) or spectra with Lagrangian equivalents,
though a number of attempts were made to
determine such relationships (LUMLEY, 1962;
CORRSIN, 1963: KRAICHNAN, 1964) in the
inertial subrange.

In order to determine the relationships between
Lagrangian and Eulerian CFs, some experiments
were carried out in the atmospheric boundary
layer (HAY and PASQUILL, 1959; HANNA, 1980).
These measurements were for a high frequency
range between 107° sec™! and 1sec™, where the
ocean turbulence contains relatively low energy.
Further, these data did not seem to provide
universally applicable relationships, though some-
speculation of such relationships was applied by
OKUBO et al. (1983) in order to explain dye
diffusion data and current data collected with.
moored current meters. There is an urgent
need for conclusive oceanic experiments.

The results discussed here are of preliminary
nature, since the data were not collected for the:
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specific purpose of comparing the Lagrangian
diffusion with Eulerian current measurements.
However, it shows some direction for future
study.

2. Data source

The Strategic Petroleum Reserve Program of
the U.S. Department of Energy has discharged
brine from a diffuser at the bottom of 22m
deep water about 20km south of Freeport,
Texas, almost continuously at a rate of 360,000
barrels a day since 1980. Currents were measured
with a moored current meter array near the

1 ] .
~—2000 —1000 0 1000 2000 m

Fig. 1. Salinity contours of a brine plume on
August 26, 1980 (Run 3). Brine pit salinity is
216 %o and bottom ambient salinity is 34.4 %e.
The direction of the bottom current (speed 27
cms™) is shown with the arrow in the direction
of the z-axis. The distance between transverse
sections is 488 m (Randall, 1983; lower panel).
The transverse profiles are shown in the upper
panel at three distances (488 m, 976 m and
1464 m).

diffuser and other hydrographic data were col-
lected by a group of Texas A&M University
researchers. Once a month horizontal and ver-
tical distributions of salinity were measured with
a salinity sensor attached to a sled which was
towed by a small boat (RANDALL et al., 1981).

The horizontal salinity distribution was de-
termined at a height of 0.8 m from the bottom
with this sensor within about 8 to 10 hours.
An example of the salinity concentration above
the ambient salinity is plotted in Fig. 1 with
location of sampling stations.

3. Diffusion of brine

Since the brine plume is much larger than
the diffuser as indicated in Fig. 1, the source is
considered as a point. An approximate solution
of Lagrangian diffusion of the brine plume for
the continuous point source can be expressed
from equation (4.18) of FRENKIEL (1953) in
dimensional terms as

S/xy y )= o7 2
(%9, 2) rLyv%rx

Ul ¢ | 22
wen{~ (o) | 0

where S is the salinity concentration above the
ambient value, Q is the brine discharge rate per
unit time, x, ¥ and z axes are parallel to and
lateral to the mean flow U, and vertically up-
wards, respectively, #?, ©?, and @? are mean
squares of z-, - and z-components of turbulent
velocity, respectively. Parameters L,, L, and
L, represent x-, y- and z-components of the

Lagrangian integral scale of turbulence defined
by, for instance,

L= SooRx(a)da, (2)
0

with R.(a) being the Lagrangian CF of turbulent

velocity in the z-direction and

72 =(V"Ly/ L), (3)

which represents a ratio of vertical to horizontal
diffusivity. An impermeable boundary is at z=0.

Frenkiel’s (1953) model was derived for the
isotropic turbulence L,=L,=L, and #?=v%= @2,
His approximate solution (4.18) was obtained by
neglecting the effect of the longitudinal turbulent
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velocity (#%)!/? against the advective effect of U.
Solution (1) can be compared to the solution
of the Fickian equation of diffusion

aS 02S 02S
ng—Ky‘azz—-f— Pl (4)

which yields a solution for a point source at the
origin with the impermeable boundary at 2=0 as

_ Q
Sz, y, 2)= (R, x
Uy? Uz? _

Therefore, the eddy diffusivities K, and K,
in the Fickian equation are expressed with the
Lagrangian parameters as

La mer 23, 1985

4, Horizontal diffusion of brine

As shown in Fig. 1, salinity distributions at
about 0.8 m from the bottom were determined
every month from April 1980 through March
1981. During salinity sampling, currents were
measured with a moored current array near the
diffuser at four depths (3.7m and 77 m below
the surface and 0.5m and 7.8m above the
bottom). The current meter at 7.8 m yielded
most consistent data during the salinity monitor-
ing and thus these data are utilized for this study.

For each salinity sampling the mean current
is determined from the current data and z- and
y-axes are taken parallel to and perpendiculas
The salinity
profiles along the y-axis are determined at three
distances from the source as shown in Fig. 1.

to the mean current, respectively.

Ky=v’L,, K,=w?L,. (6a),(6b) The theoretical distribution along the y-axis are
Table 1. Moments of salinity concentration profiles across a brine plume.
Run § Date z ¢ mo ms 73 71
(m) (hrs) (ppt) (m?
£l 4/10/80 244 .5 58.1 17Xx10° 6Xx1073 2.39
488 1.04 57.5 18x10° 2x107° 2.39
732 1.56 47.9 11x15° 2x1078 2.68
$2 8/1/80 488 3.39 25.05 81x10* 2x107° 2.33
976 6.78 23.15 95x10* 2x1073 2.36
1464 10.17 16. 35 70x10* 5x10* 2.37
#3 8/26/80 488 .50 31.55 39x10* .19 2.59
976 1.00 27.3 53x10% .26 2.48
1464 1.51 25.6 49%10* .03 2.55
$4 10/1/80 244 .85 87.9 84 x 10* 1x107° 2.57
732 2.54 7.2 90x 10* .03 2.997
1464 5.08 64.2 99x 10* .02 3.00
#5 10/22/80 244 .45 32.9 64x10* .01 2.34
732 1.36 23.7 54X 10* 1Xx1072 2.42
976 1.81 25.2 60x10* 7x107* 2.34
#6 12/29/80 244 .48 53.2 12x10° 17 2.60
732 1.45 55.5 17x106° .34 2.76
2196 4.35 41.1 16 X 10° .02 2.43
$7 1/28/81 732 2.5 59.9 16X 10° .017 2.44
1464 5.1 64.1 21x10° 8x10™* 2.26
2196 7.6 50.8 19X 10° . 068 2.48
#8 2/25/81 244 .97 93.2 14x 108 2X107* 2.12
732 2.90 78.5 14%10° 8x1073 3.24
1464 5.81 55.1 15X 10° .14 2.45
#9 3/31/81 244 .42 38.6 77%10° . 288 2.67
499 .84 36.4 81x10° .299 2.73
732 1.27 26.1 69x10° 7X1073 2.52
x : distance from the source ms: the second moment or nominal width squared
t : z/U (U, mean speed) 73 : skewness
mo: the mean concentration across the profile ra :  kurtosis
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determined from the relations

mozg Sdy, mlzg vSdy, (7)

—c0 -

=" wmmyis/mady, (8

for i=2 to 4. Then skewness 73 and kurtosis
74 are determined from

rs=ms+ me%, ra=ma e me™2. (9)

In Table 1, mq, ms, 73 and 74 are listed at three
distances from the source for nine runs. The
time ¢ is defined as x/U. For the Gaussian pro-
file, 73=0 and r4=3. In general 73 is small
compared to unity and 74 is close to 3. Skew-
ness shows a degree of deviation of the actual
profile from the Gaussian. However, deviation
of r4 from 3 may be partly due to the trun-
cation of the integration limits of the observed
profiles (see Appendix).

Significant deviations from the Gaussian distri-
bution were observed within 100 m from the
source (not shown), where processes near the
diffuser have strong effects on the salinity distri-
bution. ZURBUS and MAMEDOV (1976) also
observed a tendency that profiles of dye plumes
near the surface become more Gaussian as apart
from the source.

The value of ms corresponds to the square of
the standard deviation ¢ if the salinity profile
along the y-axis is represented by the normalized
‘Gaussian distribution such as

f@)=(V2r0) exp{—7*/(20)}. (10)

‘Then 20 represents a virtual width of the brine
plume. Solution (5) averaged with z becomes
equivalent to (10) and

0=Q2Kyx/U)'2=m,'/2, an
{(Salinity profiles are almost uniform with height

up to 3m from the bottom.)

Therefore, m» should increase linearly with .
However, Table 1 indicates that m. is almost
constant for each plume. On the other hand,
the mean concentration along y is given by

S=mo=U"(zzK,K,)~/2
X exp{—U,%/(4K x)}, 12

if Equation (5) 1s applicable. This equation
indicates that mo decreases with . The values
of mo determined from the data generally show
such a tendency with three exceptions among
18 pairs of profiles. However, since (12) contains
an exponential form depending on the vertical
eddy diffusivity K., K, cannot be determined
from decrease of m; with a distance x unless
K, is known. Relation (11) can be used to
determine K, when ¢% or ms is computed from
the observed data. Many values of horizontal
eddy diffusivity quoted by OKUBO (1972) were
obtained in this way.

Determination of mq and m,; depends on trun-
cation of integration limits for the plume, since
it is impossible to integrate a salinity profile to
infinite values of y. Effects of this truncation
on the estimation of ¢2 is also shown in the
Appendix. The estimated o2 decreases with trun-
cation factor k which is defined as the ratio of
an estimated integration limit a to the theoretical
0. The salinity decreases in general as a distance
from the source increases. Therefore, the esti-
mated value of the limit a decreases as the
distance x increases. Thus, ms determined from
the data is smaller than the theoretical value
of a2,

5. Comparison of the Fickian and Lagrangian
eddy diffusivity

Equation (6a) shows that the K, can be de-
termined from the CF of the Lagrangian turbu-
lent velocity v. This velocity can be obtained
by use of drifters in the upper ocean layer but
it is almost impossible for the bottom boundary
layer unless new techniques for tracking the
drifters near the bottom are developed. On the
other hand, the current near the bottom was
monitored within the current meter array as
described above. Therefore, if the relationships
between the Eulerian and Lagrangian CFs are
known, the current meter data can be used for
determining K.

There is no convincing theory for relationships
between the two CFs. HAY and PASQUILL
(1959) assumed that the two functions have
similarity with different time of ¢z and #; for
Eulerian and Lagrangian processes and determined
the ratio ¢1/tz as 4 from experiments using pollen
dispersion in the atmospheric boundary layer.
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Table 2. Comparison of the Fickian and Lagrangian diffusivity.
Ky at a distance of n
Run$ Date U 2 244 m 488 m 732m  976m 1465m 2196 m Tr mean S.D.
cms™! cm®s? m?s™! 10%
1 4/10/80 .13 4.26 458.02 234.08 100.81 1.66 357 199
2 8/1/80 .04 3.84 33.21 19.57 9.67 3.46 16 7
3 8/26/80 .27 7.13 106.62 79.40 45.43 4.32 25 8
4 10/1/80 .08 2,33 136.99 49. 03 27.12 2.62 117 78
5 10/22/80 .15 7.08 198.18 55.60 46.30 3.45 41 28
6 12/29/80 .14 7.40 340. 55 167.21 51.52 3.46 73 46
7 1/28/81 .08 2.24 86.03 56. 31 34.03 2.59 101 37
8 2/25/81 .07 2.73 203. 66 67.54 34.99 4.32 87 64
9 3/81/81 .16 9.93 25. 38 13.35 7.54 5.19 3 1
U : mean speed, n : ratio of the Lagrangian to Eulerian time for correlation
©° : mean square turbulent velocity, function,
Tg: Eulerian integral time scale, SD: standard deviation.
Tsujr (1978) confirmed this estimation by com- 6. Discussion

paring the current determined with a drifter and
a current meter for several hours in the surface
layer of the coastal water of Seto Inland Sea.
When the two CFs have similarity with different
time related by #;=ntg, then the Lagrangian
integral scale of the turbulence L, can be esti-
mated from the
Ry(tg) as

Eulerian correlation function

L= go RLuL)dzL:nj; Re(ts)dts.  (13)

The Rp(ty) is determined by use of the current
meter data sampled every 4 minutes at 1.8 m
above the bottom. The calculation of Rg is
based on a method of DAvVIS (1976) and the
averaging time of the data is taken from 9a.m.
to 9p.m. of each salinity monitoring which was
carried out only during the daytime. Therefore,
calculation used 180 data points. The eddy
diffusivity Ky calculated by Equation (11) from
my determined by salinity profiles is listed as
K; in Table 2 which also includes v? and

TE:S Ry(tg)dtz with the time interval of 12
0

hours. Then 7z can be determined from the

formula

n=K;(v*Tg)™". 14)

Since Ky has different values at different distances
from the source, the mean value and its standard
deviation are determined from each plume and
listed also in Table 2.

Values of n listed in Table 2 are much larger
than 4 except for Run 9. Therefore, contention
of HAY and PASQUILL (1959) and Tsuji (1976)
is not verified. In fact, » is much larger than
unity. Since v? is within a range of 2 to 10 cm?
s72, and the Eulerian integral time scale Ty
(=L,) within 2x10° to 5x10%s, Lagrangian
time scale 77 must be much larger and is more
variable than T%. These facts indicate that the
particle can in general preserve its identity much
longer than the current measurements at a fixed
station or the FEulerian CFs suggest, but the
duration time of such preservation varies more
widely than that determined by Eulerian measure-
ments.

An example of the Eulerian CF determined
by use of the current meter data of Run 5 is
plotted against A(=t¢z/Tg) in Fig. 2. An ex-
pression which is determined by curve fitting is
given by

R(h)=exp {b—(m;—f‘lrl—)} cos (%) . (15

This expression was derived theoretically under
the assumption of the Markov process of diffusion
for a periodic current (FRENKIEL, 1953; ICHIYE.
and CARNES, 1981). The theoretical equation
has b=1, whereas the curve fitting yields 6=1.1.
Therefore, the Eulerian CF for the tidal current
seems to be expressed by a universal relationship.

The above argument is based on the assump-
tion that the Lagrangian and Eulerian CFs have
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Rk 9

Fig, 2. Eulerian correlation function with A=
tg/Tg. Dotted line: from Run 5 (October 22,
1980). Full line: theoretical curve of Equation
(14) with 6=1.1, m=1.5.

similarity. This might be valid because CF
determined from the current meter data can be
approximately expressed with a universal formula.
However, this should be verified both by more
rigorous mathematical derivation and with field
experiments consisting of simultaneous current
measurements with the Eulerian and Lagrangian
methods, that is, with moored current meters
and with drifter tracking. Computer modeling
can be used for tracking particles released in the
prescribed current fields which nave mean cur-
rents and random components with known spec-
tral features. Such modeling will fill the gap
of the analytical method and the experimental
results.

Appendix. Effects of truncation in concen-

tration profiles

To compute the moments of a concentration
distribution S along the y-axis from (7) and (8),
the integration limits can not be extended to
infinity but must be truncated. This truncation
may cause kurtosis different from the theoretical
value of 3 even if the distribution is exactly
Gaussian as given by (10). On the other hand,
the skewness estimated by use of the observed
profiles represents deviations from the Gaussian.
The effect of truncation on kurtosis can be esti-
mated for the Gaussian distribution by introducing
the truncated integrals g2 and g4 for ms and muy,
respectively, where

ko
pi=\ SO mmydy. A

The kurtosis determined from the truncated

integrals is defined as 74’ which can be expressed
as

7o =pse po? =3{exl (k/v/2)—+/22/3)k*

X @+kexp(—k?/2)} - {erf(k/v/2)

— v2/nkexp (—k*/2)} 72, (A.2)

by introducing (10) for f{y) and using the defi-
nition of the error function (erf), after the integ-
ration limits are taken as y==+ko. For k=1 to
5 the values of 74/ are as follows:

k=1 2 3 4 5
rd’=0.462 2.469 2.836 2.986 2.9997

Therefore, the truncation effect may be negligible
if the limits are taken 3 times the nominal width
of the plume or standard deviation of the concen-
tration .

The standard deviation ¢ estimated from the
observed concentration profile also is modified
by the truncation. Again, for the Gaussian
distribution the estimation of ¢ can be obtained
from the observed distribution as

ko

ko -t
lo=| F=mra | Foaw) a9

By introducing (10) for f(y), this ratio yields

to/ o= N=0c*{1— v2/z k

X exp (—k2/2) erf e/ v/2)} (A.4)

instead of ¢%, where N 1is a correction factor.
Values of N for k=1 to 4 are as follows:

k 1 1.5 2 25 3 3.5 4
N 0.291 0.552 0.774 0.873 0.973 0.994 0.998

This indicates that the truncated integration
yields smaller values than ¢ for the Gaussian
distribution. This explains the approximate
constancy of ¢ in the plume at different distances
from the source, since the integration limits
become smaller because of lower salinity as the
distance from the source increases.
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Response of shallow water current to a storm

Shigehisa NAKAMURA and Shigeatsu SERIZAWA

Abstract: A current response to a local storm is studied by using a simple shallow water
model. A linear differential equation is derived to describe the relation between a given
unidirectional surface wind stress and the resulting current velocity. The current response
to the wind is governed by both the surface wind stress and the initial condition for the
current. The model accounts, to some extent, for an observed response of the current and

the sea level in Tanabe Bay.

1. #
WA TOEBIICL > THEINDARKNOEE & HE
AU R, ol 2R (1985) ABuEE TR K
S TRALT B, © o Tl RBICKT 2BRAEDK
OFAMIEFIC DOV THEHBNE T IO RBELEA 2,
— R CHHE YT A /R ER ofEHic oW T
BIOFIRIZ T TIR19204E R & B 5 (PROUDMAN and
DOODSON, 1924; PROUDMAN, 1929; NOMITSU, 1935
E) . &R, BRALEELBEET D W TR E
(1938) oflxHIF B T L R TE D, HANSEN (1956) O
BiieF vtk 2O ERMOM L ®ikic, SHAICK
HEHOEME Y 2 v—v s VATRDRB L DI S
7 (CHARNOCK and CREASE, 1957; MIYAZAKI et al.,
1961; MIYAZAKI, 1963; JELESNIANSKI, 1965, 1970;
REID and BODIN, 1968; SOBEY et al., 1977; TANAKA
and ONO, 1978), & O#A#EIE NAKAMURA (1981) %
DEACON and DEACON (1982) ItbA bbb, ZOH
BAOEMEY 2 v —y 2 YOI, BHELERGETT
OREOAEK ST TEABLERN TS, —71, #
SO NFHBEL R T DR B U BT E
FNaERDDRFEIRT EBE 0,

il

* Received April 3, 1985, revised Aug. 10, 1985
o RS R IR e R BT
LV 2R ST ) o T EX AR
Shirahama Oceanographic Observatory, Disaster
Prevention Research Institute, Kyoto University,
Katada-Hatasaki, Shirahama, Wakayama 649-22
Japan.

U, BEKNEECETAMMTD, Ere Hlo
IoeEFar—r vy — DB G (SCHWASB,
1982) TR a VA ) HEBEZDLERD D5, ARO AT
— i tF e 4 — b VIEEE OB4E (HEATHERSHAW,
1982; THOMPSON, 1982) 12t 2 Y 4 Y OZIHRIZER T
E5bDEEZON, ThEIDBERLEBEDOEIDOD
JCHMEEC B, fF, TRDOMETR, HEDE
BB OWEZANTWEbI TR LW, ik, &t
%, BEMH_LC oo a5 & BB & LSRRI
CHRELTWT S, FOIENFRIREZ SRS
DTRTIEHICHZ D (BUCHWALD and SZOEKE,
1973; LAVELLE et al., 1975),

ChETRIR, BRA (1982) 13, HUETHIEND
425 M DKM B QR A TS, BT RMERTIC L
» THIBNTOREAR TR BT H LB (BR
GRA)ER 7 v—7, 1983; i) « FER, 1984), £ @
ERAPRFILCAHDLE, ZOR5FEMORLEDTTH
HAREET AEITCENoLECT b0 (T,
1985) Li3E 2 M, HIED << ON10F a X —
FAEREEOBRO KRR BHLCLIDDELLN
%, HiR - FER (1984) 13, HWEOH 30km EEAIC
b5 AR TEBLEL TH bR B K129 EE O KM
Bk A TE-x, i (1983, 1984) 13, ThEEHRR
REEMEOEMOBERE ZE2 7, TOXDAEREL
THILE DAY BEH OB Y ¥R L B2 5T &b
Brlk3ThD,

L= AT, TOMINAGA (1982) &, HLIE#DKNEE)



166 La mer 23, 1985

RS S T T 2 BEERE CHT2/RE L
THAL I, T OFERELHEEESEEREEOKNERIC
DHMAT DI EEB 2z (EAMER 2, 2oLk
ERWCELAHFCOWTIR, T TR, Ez
W AT —VDRKREVWEIATI, ¥4 71 vk b
rove v EE (FANDRY et al., 1984) & SHFEX
NTWBER, KT, 2 —r& L T10kmod—4&
~DRFTKBOEL LT, RoZlkicd bk 5K
BOKOEBORMELBE L 7 MC X 5 TRET 5,

2. EBFERX

W, EIERE U TERES R YR 2, EASICoH,
SE LA 2 #E & D, EHHT KBLEBERE AT
BadboL L, HERIELALLTIENR (K 2IEE
HK) TWT i ERXLTCWAEEYEL S, ZTT
MEOHFERE LT, AL EHHER L EROH
BREEEZD, Thbb,

0w _ 00,10

ot~ 9%z 5 bz (1)

¢

o

Il

~<C+h»%%. (2)

ZZE, KER R (—E)EL, uwid x HAHORE, €
WBEKE X R L 5 IKEOENL, 0 1ZEBKOER,
FUT et BREHE, s RENNEETH D, T, v ZN
BT S TH B, T 2T, BHEDIhbY KFEE
UESC_

Ludz (3)

ZRWEE, Lo (1) XK@ LY,

Loy ern ot ()
oo
e ox (5)

ZCT, BERTORK L ZIENE w5, RMOBEICKIE
TEIDNE T 5,

7)1l (1932a, b, ¢) I X iE, #EOFIRTIZ, RIED
WEICHT 20 THOTRRIBNTH B, i, sNE
KZHLTHWSEOEIRBICIARCEERTAD bR D,
CHRAFHECL 2D LEZERETHD (B,
1980), Z TR, UTOMITxtHe 3+ 5%kD, BH
e

p=kU

(k: FoFE¥E) (6)
LEIBIBECONWTEZ S, &LIC,

E<h (7)

B0 b e TR, @) &b

oy _ .00 (
or = Ity T TEU . (8)

e, 8) & (B) &b lREETIDL,

FU | 0U U 0 .
o TE T IR T (9)

Thid, BEHOBDIERN s THIHBAOREU 5
25X Th %,

3. BRICHITBIANDIEE
O EBRIZ—BICHREOBERTH Y, Lich- T,
T IDWNWT D

Te=1s(2)

WSz liind, Lnl, TOBERBRLTL IEH
TR W, T2 Tk, ¥F, #lfoEEL

7s=0 <0,
=79 (=const.) 0, 10)

LETDHEEHEZ D,
ZTTC, x DB Ax) B 2>0 KFLTHZHNT
WaEE, floy ©5 75 AEHRIZ

f(f):S;o e 35 f(x) dx
ThHbH, ThEREHIK
f&)=LAx)
r#EL, i, (10) &b

9
L<7£L>:ry5@L
P L, 68 BT 4T v I OFNVEERTH B,

LR, BLEOBESRHEE L HITHEIRD,

7s=0 <0,
=at+7y 0, (107

THX bh 3 HAITIZ

Oz \_
L< % )-a

WSz kit d,



RACKHT 5 RABHEDIEE 167

T, JEKBRTORES
U=U,exp (px) P WER
L5, TOLE,

ik U—p U. an

2T, Q05T AERY DL, (100 H5
Wiz (100 & (11D 3wz (A1) &nb,

£f(0)+ £7(0)+ sf(0)

=T (12)
S+ es+pigh

LidiaT, (12) 0775 2FHC LD

<6*>+fmfﬂ@

oy [exp (—az) —exp (—b8)]

SO
+_b——a

[aexp(—ad)—bexp(—b)]. (13)

7HEL, a BET b RRRORTH %,
s+ ks+p’gh=(s+a)(s+5)=0. 14)
Lichts T
b—a=—2ii poh— K", (15)

xR, f0)=0, f1(0)=0 OHFAHICIZ
<a“>

BorwniE, (11) & 15) AWT, (16) 25 (9) of
BOEDL A HEI NG,

— % 7 Texp (—at)—exp (—b5)] . (16)

exp(lct +px+ —z
¢4pgh 2
Xsin (VAP gh—£7+2) an

ZorE, 17) ORCEIH U OEHORHT &, 2
MEHOBAI

Z = VipuhR, (18)

Thbb, TRADENp BLFERL-TEESZ
LB, T, UOEENAEMSY b OdItiZE
FpeHLT

4p%gh—E*>0 19

THLTRAEDEV, TOHA, RO o KHLT

B U RS2bh3zbiiikd, EEOHARTH,
BOERCEE LRtk oZEB1d bbbl
ThENnD, p KEAIENELTEZLHOREZTHE
XEIThH Do

LU 4p%gh—K2<0 7B (17) @ vAp'gh—r" 1 XEE
LB, zokE, (7)) Orbh i

_(%—?—)exp (kt+px)
T VapPoh—#

X sinh ( V/4p*gh—K+1) 17"
LEID, DED, T TEALEOERT T oM
12, B S (2 BFE) b ERENoZL
R LD, REMELRBIDR . Ll
(Brs/00) WM EBRS A H T, ThedlLTUb
RET2EELONDTHSD,

o, UIDkbbE->TEDE, UDEERET
ZEFE LT, AOERAQERNT, BOKRZIZLDOM
NOWHIZEE F0) BLK FO0) BNEELILHDND,
ToBATY, UoEHoBRHcHL TRU8)EB LN
W,

4. FEEKAIEORR
s AR (B) I (I7) R2RALT, TofRErEH
THEURCHELTLRbEED, Tabb,

7< O )p exp(lct-l—p:c-!- —z)

Vap*gh—K*
X sin( VAP Gh—K -t—¢). (20)

r
&=

rL,

tan 99:%??;}1——_&;
LU p BEHCTHRTIE, Lo U Rk RN EH
WEE TR EAFTDI EThH D, ThTH, UD
L (20) LB,

g: — sin( \/‘TPE!L]'L—?' ) D
¢ psin ( VAp*gh—K*t— @)
EWS—EDOMBRRE D,

TZT, kX p OENRT, b ¢ LED LI ERI
HBEMTONT, LEBLhBRICHEITVTERT
BB, ¥F, (18) & (21) &b

Tk=2r tan ¢ (22)

EWSEERET NG, LT, T & ¢ &b



168

HPRIZEIZ@DI L - THREIND RS, ¥,
e,

&' —4p*gh=— (2z/T)*, (23)
(1— 1 /tan’0) k2 —4p*gh=0, (24)
THDILDL, o (23) & (24) &%, £2 & p* 2ikD
WCOEY AFERE UTH#EL &,
2
K= w<2—;) tan’e, (25)
. Y 2r \2
p=0-tante)(E) )/ agh, @6)

EWNAH T EIRD, &2 BEKpPIZ (25) LT (26) I©
Yo b T, c OBHER S Z bRNIFRETED Z
Pl (s

7, (A7) O U LK 20) 0L 2HEbndk
3T V2 h—k® REEOBALYHFRSY B EERC,
IRIBOHELEO BRI HBFEL TV, p BEROEHE
BHEEENLCR, p PEROHARER AN E 2
bbb, TOZENRDLEZT, p KWEZEOHECIHE

BRI LR 5250 LIk D LADBRELDTEASD
e UUFITRWT, ZEMNDAT, T TELIZET IV

CHIET D EEHLRBFIODNTOREET 5,

5. REDLHICHFNORICHT BIEE

% (Gih) Bl v—7 (1983) 1219814E 7 B4 5
19834E 7 H £ To 24, HABEBHRERAE O 500
m P&, KIER 15m OFE L ZHST, BEelid
RIEREBELC, MEoSEGEHHAT - o, HMoMrER
Fig. 11iend, HARLOERRPEERER 0N
BAHThHONBLI3CEMTH B, i, MEDLIRY
BBHE, HASRSYOEERIEE Th D, mEms
BB THD, COLIRBEREND, DHRINHEED
HWEEEa%Y, ECEZ ke F VvORBEORS & &3
T LT NIT, EFNMCE - TEDRBERFO ENE
WROEEIRFTED DD EHEZ K,

TeERE, ZOHATIR, 19814E10822H, A#/ES8124
BORELY S Fin O MENRERAE Dk, B
DREFME, [EFRITOBHERXEX L) A B AN
X Fig. 2 &7t%, +72bb, 10 H22H 9 BicMEMT
#9500 km 12 & - fc BB, OREEREAE E R AL
U, 22H2IR I3 FRHEBARICAE LT\ 5, 19814F
108 22H o MEDBRAFTSRD — 8 (6-241F) A HIMA XAk
Sy up &ALME RSy uy EICDWT Fig. 3 IRl &

La mer 23,

1985

© TOWER

® OFF TOWER
O HOSOURA

m 0BSERVATORY

32N

Fig. 1. Coastline and bottom topography of
Tanabe Bay—Dotted lines for 20 m depth
and a full line for 50 m depth.
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Fig. 2. Synoptic weather chart of surface at
09h 00m JST on October 22, 1981 (taken from
the Far East Weather Chart published by Japan
Meteorological Agency)—Typhoon 8125 track
is shown by a dotted line from 18h 00m JST
Oct. 17 to 18h 00m JST Oct 23, 1981.
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Fig. 3. Wind speed and direction recorded at
the Shirahama Oceanographic Tower, eastward
and northward currents observed at a station

off Tower by an ultrasonic type current meter
and tides observed at a station off Tower and
at Hosoura.
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Application of infrared absorption spectrometry for
measuring the photosynthetic production of phyto-
plankton by the stable “C isotope method*

Hiroo SATOH**, Yukuya YAMAGUCHI*** Nobuhiko KOKUBUN****
and Yusho ARUGA**

Abstract: The application of infrared absorption spectrometry was examined for measuring

the photosyntetic rate of phytoplankton by the stable **C isotope method.

In laboratory

experiments using the cultured marine diatom, Skeletonema costatum, the photosynthetic
rates obtained by the present method showed good agreement with those by the !*C method,

indicating the usefulness of infrared absorption spectrometry.

The advantage of the present

method is its ease of use and effectiveness of saving labour and time for the analysis of *C
abundance in samples, compared with those by mass spectrometry or by nuclear magnetic
resonance. Some technical problems in the application of stable **C isotope for measuring
the photosynthetic rate of phytoplankton were also examined.

1. Introduction

Since the epoch-making work of STEEMANN
NIELSEN (1952), the **C method has long been
applied for measuring the photosynthetic rate of
natural phytoplankton in the agquatic environ-
ments. The high sensitivity of the *C method
extended the possibility of measuring the phyto-
plankton production even in waters of low pro-
ductivity, and our global knowledge of primary
productivity has been constructed (e.g. KOB-
LENTZ-MISHKE, 1965; ARUGA, 1973).

Despite of its ease of use and its sensitivity,
the use of “*C radioisotope in the natural environ-
ment has been severely restricted, particularly
in Japan, mainly due to its radioactivity hazards.
Thus, it is better to use stable isotopes, which
have no hazardous radioactive problems, instead
of radioisotopes. The stable *C isotope for the
determination of the uptake rate of carbon in
photosynthesis was first introduced by SLAWYK
et al. (1977) using cultured phytoplankton. Re-
cently, HAMA et al. (1983) demonstrated the
usefulness of application of stable '*C isotope

* Received August 15, 1985
*#* Tokyo University of Fisheries, Konan-4, Minato-
ku, Tokyo 108
#4% College of Liberal Arts, Saitama University,
Shimo-ookubo 255, Urawa-shi, Saitama 338
*kkk Japan Spectroscopic Co., Ltd., Ishikawa-cho
2967-5, Hachioji-shi, Tokyo 192

for measuring the photosynthetic rate of natural
phytoplankton. Although it has gradually been
adopted (e.g. MIYAZAKI et al., 1985a, b), the
13C method has been used not so widely yet for
determining the photosynthetic activity in natural
waters. One of the main reasons is the difficulty
and complexity of working with a mass spectro-
meter (MS) or with nuclear magnetic resonance
(NMR). Technical skill is needed for operation
and maintenance of these instruments. The
incidental and most practical problem of handling
these instruments is that a considerable length
of time is required for analyzing a sample.

To overcome these problems, infrared absorp-
tion spectrometry, which was first proposed by
MCDOWELL (1970), has recently been developed
for measuring the #C abundance in plant
materials or in exhaled breath using the JASCO
EX-130 C analyzer (Japan Spectroscopic Co.,
Ltd., Tokyo) by several investigators (KOKUBUN
and SASAKI, 1979; KOKUBUN and YANAGISAWA,
1982; YANAGISAWA and KuMAzAWA, 1982).
The instrument is easy to use and enables the
researcher to save labour and time in the analysis.

In this paper we describe the results of ex-
periments conducted to show the usefulness of
infrared absorption spectrometry for measuring
the ®C abundance in phytoplankton for the
calculation of photosynthetic activity.
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2. Material and methods

The concentrations of organic carbon and the
isotopic ratio of 2C and *C of the phytoplankton
samples were determined by infrared absorption
spectrometry using the JASCO EX-130 ©C
analyzer (Japan Spectroscopic Co., Ltd., Tokyo).
Details of this system were described by KOKU-
BUN and SASAKI (1979), KOKUBUN and
YANAGISAWA (1982) and/or YANAGISAWA and
KuMAZAWA (1982). The phytoplankton samples
collected on glass fiber filters (Whatman GF/C)
were automatically dropped into the combustion
furnace where the samples were immediately
oxidized to carbon dioxide at 900°C with O,
gas inflowing continuously (100 ml/min). The
carbon dioxide evolved was introduced into the
absorption cell in the system with a carrier gas
and the absorption intensity of infrared radiation
by 2CO; or ¥CO; was measured in two different
infrared regions. Time required for the analysis
of one sample was only about 3 minutes. The
calibration curves for the determination of *C
content were made according to the method
described by OKANO ez al. (1983), and the atom
percent of *C was calculated using the following
equation:

13C

weg g <100

BC atom %, =

The photosynthetic rate of phytoplankton was
calculated with the following equation in the
same way as HAMA er al. (1983):

, , POCX (d:’y"dm)
P{mgC/m?3/hr)= m X,
where a;s is the atom % of *C in incubated
sample, ans the atom 2, of *C in natural sample
(natural abundance), a;. the atom % of *C in
total inorganic carbon, POC the particulate
organic carbon in incubated sample (mgC/m?),
T the duration (hours) of incubation, and f the
discrimination factor of “*C (f=1.025).

The marine diatom Skeletonema costatum
(GREVIELLE) CLEVE was cultured in the medi-
um (SW-II) of IWASAKI (1961) under illumi-
nation of 100 pE/m?/sec (L:D cycle of 14:10 hr)
and 20°C. The cells in their logarithmic growth
phase were harvested and diluted with the filtered
seawater, and used for the experiments.

First experiment: The time course of *COs

uptake by the alga was examined under the
same conditions as in culture. Samples were
transferred into the 300 ml BOD bottle, added
with Nap*CO; (6.78 % of ai.; Prochem, UK)
and incubated for 1, 2, 3 and 4 hours. After
incubation, the samples were filtered immediately
through precombusted glass fiber filters (What-
man GF/C) and stored at —20°C until analysis.
The samples were completely dried at 60°C and
the concentrations of organic carbon (*?C and
BC) were measured by the infrared absorption
spectrometry mentioned above.
To examine the enrich-
ment effect of inorganic carbon on the estimation
of photosynthetic rate, samples were added with
different concentrations of *C, 5.51 and 12.6 %
of aie, and incubated under the same conditions
After incubation,
the samples were treated with the same pro-
cedures as described above.

Third experiment: The effects of washing
with filtered seawater or exposure to HCI fumes
for removing inorganic carbonate from the

Second experiment:

as in the first experiment.

samples retained on glass fiber filters were ex-
amined. The loss of organic *C by the fixation
with chemicals (0.04 95 HgCls) was also examined.

All these experiments were followed by ex-
periments using the *C method. The samples
were filtered through Millipore RA filters (pore
size, 1.2 pm), solubilized with acetone, and then
added with Dimilume-30 (Packard, USA) as
liquid scintillation cocktail with chemilumines-
cence inhibitor. Their radioactivities were count-
ed with a Mark-III liquid scintillation counter
(Seale Analytic Inc., USA).

The concentrations of chlorophyll @ in the
samples were determined according to the method

in" SCOR-UNESCO (1966).

3. Results and discussion

Table 1 shows the natural abundance (atom 9;)
of ¥C in cultured Skeletonema costatum de-
termined by infrared absorption spectrometry
(IR). Even though the carbon content in the
samples varied considerably from 26 to 602 ug,
the natural abundance of *C was almost constant
with the mean value of 1.098 2/ (S.D. 0.006, C.V.
0.55 9).
than 25 pug, the natural abundance obtained was

In samples of lower carbon content
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Table 1. Natural abundance (atom %) of **C in
cultured diatom Skeletonema costatum.

Sample nC(ug  NC(ug  MMZ
1 26.07 0.290 1.100
2 84.89 0.953 1.110
3 89.79 0.986 1.087
4 151,78 1.695 1.104
5 152.03 1.686 1.097
6 240. 60 2.683 1.103
7 365. 10 4.027 1.091
8 548. 22 6.061 1.094
9 557. 74 6.169 1.099
10 588. 40 6.534 1.098
11 595. 46 6.620 1.100
Mean 1.098
S.D. 0. 006
C.V. (%) 0.55

fluctuated. Although the natural abundance of
BC is fluctuated within several percents in
natural samples depending on the species and
environmental growth conditions (FONTUGNE
and DUPLESSY, 1981; OKANO ef al., 1983), the
natural abundance of *C is generally about
1.10 9. Thus, the natural abundance of *C
obtained in the present measurements is con-
sidered to be reasonable, indicating that the
present IR method is reliable enough to determine
the *C abundance in phytoplankton samples for
the calculation of their photosynthetic rates. In
addition, it is noted that the sensitivity of IR
must be maintained for obtaining the accurate
value of 3C abundance. It is also advisable to
prepare the samples containing at least more
than 25 pg of carbon.

A linear relationship was obtained between
the ¥C abundance in Skeletonema costatum and
the incubation time when S. costatum samples
were incubated with an ai of 6.78 % (Fig. 1).
The regression obtained under the light was

Y=0.12X+1.06 (r=0.964, n=12),

where Y is the ®C abundance in samples and
X is the incubation time. The mean photo-
synthetic rate calculated from this equation was
2.03 mgC/mg. chl. a/hr. The rate coincided well
with that measured by the *C method in the
same samples. This result indicates that the
sufficient increase of **C abundance in the samples
for measuring their photosynthetic rate can be
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Fig. 1. Relationship between the incubation time
and the *C abundance in Skeletonema costatum
(@ic=6.78 %). Solid circle, ais of the light
bottle. Solid triangle, ass of the dark bottle.

Table 2. Effects of different concentrations of
aie and chlorophyll @ on the determination
of photosynthetic rate.

aic Chl. a Photosynthetic rate
(%) ‘mg/m? (mgC/mg. chl. a/hr)
5.51 (n=3) 0.4 2.01£0.17% (8.5)%*
5.51 (n=3) 4.0 2.34£0.22% (9. 4)%*
12.6 (2=3) 4.0 2.08%£0.11% (5.3)**

*S.D., ** CV. %)

obtained within the incubation time of 2 to 4
hours.

In the ¥C method, it is required to add more
isotope-containing carbon than in the *C method
because of its lower sensitivity. This enrichment
might accelerate or reduce the activity of carbon
uptake. Table 2 shows the results of enrichment
experiments for the carbon uptake under different
concentrations of a;c and chlorophyll a. The
photosynthetic rates obtained at two concen-
trations of ai, 5.51 and 12.69;, were 2.34
mgC/mg. chl. a/hr (S.D. 0.22, C.V. 9.49) and
2.08 mgC/mg. chl. a/hr (S.D. 0.11, C.V. 5.3 %),
respectively. No marked difference was observed
in the photosynthetic rate obtained in the sample
of reduced chlorophyll @ concentration (0.4 mg/
m?). Thus, it is concluded that the enrichment
of 13C-bicarbonate in such an amount can be
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Table 3. Effects of washing the filter with filtered
seawater (F.S.W.) or exposure of it to HCI
fumes for removing inorganic carbonate.

Washing with F.S.W. Exposure to HCl
(mgC/mg. chl. a/hr} (mgC/mg.chl.a/hr)

BC (n=4) 2.690.77* (29)** 2.36+0.18%(7.8)**
“C (n=4) 2.63:£0.25% (9.4)%*  2.36:£0.12%(5.2)**
* 8.D., ** C.V. (%)

considered to have no significant effect on the
carbon uptake of natural phytoplankton. Similar
results were demonstrated by HAMA ez al. (1983)
with the marine phytoplankton and also by
MIYAZAKI et al. (1985a) in the lake.

It is absolutely necessary in the !*C method
to remove completely unused !C-bicarbonate
because a large enrichment of ¥C is needed.
In the ®C method, unused "C-bicarbonate
can be removed generally by ‘‘fuming’’ the filter
over HCl (STRICKLAND and PARSONS, 1972).
Similarly, unused *C-bicarbonate can be removed
by ‘“‘washing”’ the samples with filtered sea-
water (MCMAHON, 1973). To check these
problems, the effect of ““washing’”’ with filtered
seawater or ‘“fuming’’ over HCl was examined.
Samples of cultured Skeletonema costatum (chl. a
2.0 mg/m?®) were incubated with *C or “C for
3 hours under the same conditions, and used
for the different treatments after filtration. The
value obtained by both treatments was determined
with 6.4 % of the coefficient of variation (Table
3). The results indicate that unused bicarbonate
can be removed adequately by ¢
“fuming’’

‘washing’’ or

There exists another unavoidable problem ac-
companying in the ¥C and *C methods. Several
researchers have argued over the problems of
““losses” of fixed carbons from the cells; the
loss during chemical fixation (SILVER and DA-
VOLL, 1978; SHIMURA et al., 1978) and the
loss through cellular damage during vacuum
filtration (ARTHUR and RIGLER, 1967). The
most serious cause of loss can be considered to
be chemical fixation at the end of incubation.
To check this problem, losses of 3C and “C
activity after chemical fixation of the algal cells
were examined. The cells which took up *C
or “C tracer were fixed with mercuric chloride
(0.04 %), and filtered through Whatman GF/C
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Tig. 2. Decrease of the retained **C (solid tri-
angles) and “C (solid circles) in Skeletonema

costatum cells due to the loss caused by fixation
with HgCls (0.04 %).

filters (for *C) or Millipore RA filters (for *C)
at intervals of one hour. The amount of ¥*C
or C retained in the fixed cells was expressed
relative to the levels found in the unfixed cells
(Fig. 2). In the cells filtered immediately after
fixation, the amount of both *C and '“C retained
was almost 100 %. However, it decreased to
64 9% and 41 9%, respectively, after one hour of
fixation. Thereafter, only a slight decrease was
observed relative to the time of fixation until
the final level of about 46 % in *C and about
40 % in *C was reached (Fig. 2). A little
difference observed between the results in ¥*C
and C might be attributed partly to the differ-
ence of filters used to filtration. Losses in the
samples treated with such a strong fixative as
mercuric chloride were two times higher than
those of the unfixed samples when filtered im-
mediately after incubation. The extracellular
release in Trichodesmium thiebautii treated with
a similar fixative was reported to be 3 to 6
times higher than that in the unfixed samples
(SHIMURA et al., 1978). One of the reasons for
this difference could be attributed to the fact that
Skeletonema costatum cells used in the present
study form their skeleton tightly. In any way,
13C or “C incorporated in the cells can be partly
lost by chemical fixation. Hence, it is empha-
sized that the best way to perform the experiments
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is without chemical fixation. In addition, it is
best to conduct a filtration immediately after
incubation and wash the cells sufficiently with
filtered seawater or expose them to HCI fumes.

In conclusion, the results of the present study
suggest the effectiveness of infrared absorption
spectrometry to determine the *C abundance in
phytoplankton samples for calculating the rate
of photosynthetic carbon uptake. The simplicity
and briefness of this method will save labour
and time in analysis.
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Influence de la salinité sur la composition corporelle des
acides aminés libres dans les oeufs et les premiéres
larves de Dicentrarchus labrax (LiINNAEUS,
1758) (Pisces, Teleostei, Serranidae)*

Christakis MARANGOS**, Hiroki YAGI** et Hubert J. CECCALDI**

Résumé: Les concentrations des acides aminés libres (AAL) totaux, AAL non-essentiels et
AAL essentiels ont été mesurées par chromatgraphie liquide haute perfomance (HPLC) chez
les larves du poisson Dicentrachus labrax en fonction de la salinité 3 la température 17°C.
La salinité varie de 11% 2 47%o suivant des intervalles de 9%o. Les concentrations moyennes
d’AAL totaux des larves varient de la valeur minimale A la valeur maximale de 26,534, 96
#mol/g poids frais pour une salinité de 11% de 44,97=0,86 #mol/g poids frais pour une
salinité de 47%o.

Les concentrations d’AAL diminuent lorsque la salinité décroit et leur variation est plus
prononcée entre 20 et 29%. La composition ’AAL totaux a été également mesurée dans les
ceufs de la méme espéce; pour une combinaison de 14°C et 38%, la concentration d’AAL

totaux est de 1,57 #mol/g poids frais. Chez les larves et dans les ceufs, la concentration en

AAL non-essentiels est toujours supérieure & celle des AAL essentiels.

1. Introduction

Le loup, Dicentrarchus labrax est un poisson
relativement courant sur les cotes méditerranéen-
nes et atlantiques de la France (Fao, 1973),
Depuis quelques années, cette espéce fait I’objet
de nombreuses recherches du fait de la rentabilité
potentielle de son élevage. Sa biologie a été
bien étudiée récemment (BARNABE, 1976). De
nombreuses études sont faites aussi sur les con-
ditions de son élevage intensif (TESSEYRE, 1979)
et 1’écologie trophique de ses larves (IIZAWA,
1983). Plus tard, ALLIOT et al. (1983) ont
étudié 'influence combinée des facteurs salinité
et température sur la croissance et la composi-
tion corporelle d’alevins de D. labrax Gréce a
ses travaux, on se rend compte que la biologie
et la physiologie de cette espéce sont trés influ-
encées par les facteurs du milieu. Les acides
aminés libres (AAL) participent en effet de
maniére importante aux mécanismes d’osmo-
régulation des animaux marins et le degré d’

* Manuscrit regu le 10 aofit 1985

** Laboratoire de Biochimie et Ecologie des In-
vertébrés marins, E.P. H. E. Centre d’Océano-
logie de Marseille, U. A. C.N.R.S. -41, 13007
Marseille, France

euryhalinité de ces derniers peut étre limité par
la capacité de la réserve (“‘pool”) d’AAL a
répondre aux fluctuations de la salinité. Clest
la raison pour laquelle, dans ce travail, nous
avons étudié leur role dans la régulation osmo-
tique chez les larves de D. labrax en évaluant
leurs compositions qualitatives et quantitatives
en fonction de la salinité.

2. Matériel et méthodes

Les larves de D. labrax utilisées pour Panalyse
des acides aminés libres (AAL) ont été obtenues
auprés de D’écloserie de Delta-aquaculture
(Martigues-Ponteau) en mars 1985 et trans-
portées dans un sac en plastique rempli & moitié
d’eau de mer et gonflé & oxygéne. Les larves
provenaient d’ceufs pondus sans injection hor-
monale par quelques femelles. Leur éclosion
avait eu lieu la nuit précédente.

Pour I’étude de Vinfluence de la salinité sur
la concentration des AAL, les larves sont ré-
parties dans 5 bacs dont la salinité a été pro-
gressivement ajustée a différentes valeurs de 11
a 47%0 a des intervalles de 9%.. La plus faible
salinité a été atteinte en 3 heures. La témper-
ature de 'eau a été fixée a 17°C. Les ceufs
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Tableau 1. Concentrations (en #mol/g de poids frais) des acides aminés libres
dans les ceufs du loup D. labraz. A, total des acides aminés libres non-
essentiels; B, total des acides aminés libres essentiels; (les chiffres entre
parenthéses indiquent la déviation standard).

Acides aminés libres #mol/g Acides aminés libres #mol/g
Non-essentiels Essentiels
ASP 0,03 (0,01) HIS 0,03 (0,01)
GLU 0,07 (0,01) ARG 0,07 (0,01)
ASN 0,04 (0,01) THR 0,06 (0,01)
SER 0,15 (0,02) TRP Traces
GLN 0,06 (0,01) MET 0,06 (0,01)
MSO Traces —— VAL 0,11 (0,02)
GLY 0,09 (0,01) PHE 0,10 (0,02)
TAU 0,04 (0,0L) ILE 0,14 (0,02)
ALA 0,15 (0, 02) LEU 0,53 (0,10)
AABA 0,03 (0,01) LYS 0,42 (0,03)
ORN 0,25 (0,04)
TYR 0,05 (0,01) B Total 1,52 (0,16)
A Total 0,95 (0,12) Total global 2,47 (0,27)
Tableau 2. Concentrations (¢#mol/g de poids frais) des acides aminés libres
chez les larves de Dicentrarchus labrax en fonction de la salinité. (Les
chiffres entre parenthéses indiquent la déviation standard).
Acides aminés Salinité (%o)
11 20 29 38 47
ASP 0,53 (0,11) 0,64 (0,03) 0,94 (0,12) 1,03 (0,01) 0,98 (0,0L)
GLU 1,94 (0,43) 2,51 (0, 05) 2,86 (0,17) 2,74 (0,03) 3,02 (0,07)
ASN 0,38 (0,12) 0,59 (0,02) 0,63 (0,09) 0,79 (0,01) 0,99 (0,02)
SER 1,14 (0,29) 1,22 (0,02) 2,13 (0, 26) 2,95 (0,05) 1,83 (0,01)
GLN 1,04 (0,26) 2,04 (0,06) 1,61 (0,10) 1,75 (0,04) 2,54 (0,02)
MSO 0,26 (0,09) 0,30 (0,01) 0,42 (0,03) 0,41 (0,01) 0,53 (0,01
GLY 1,32 (0,27) 1,61 (0,05) 2,20 (0,24) 2,58 (0,22) 2,61 (0,01)
TAU 5,34 (1,08) 6,15 (0,13) 7,78 (0,57) 7,44 (0,31) 8,34 (0,15)
ALA 0,51 (0,11) 0,52 (0,02) 1,23 (0,05) 1,54 (0,02) 1,31 (0,13)
AABA 0,27 (0,04) 0,30 (0,01) 0,35 (0,03) 0,34 (0,01) 0,37 (0,12)
ORN 0,88 (0,05) 1,13 (0,04) 1,32 (0,03) 1,38 (0,05) 1,52 (0,03)
TYR 2,37 (0,47) 2,56 (0, 05) 3,84 (0,12) 3,62 (0,02) -+ 3,54 (0,14)
Total 15,97 (3,33) 19, 57 (0, 33) 25,32 (1,80) 26,55 (0,76) 27,59 (0, 16)
HIS 0,68 (0, 20) 0,74 (0,01) 1,00 (0,14) 1,10 (0,01) 0,97 (0,01)
ARG 0,47 (0,10) 0,41 (0,02) 0,65 (0,03) 0,78 (0,01) 0,54 (0,01)
THR 0,53 (0,11) 0,52 (0,02) 0,85 (0,04) 1,04 (0,02) 0,84 (0,02)
TRP 0,60 (0,09) 0,66 (0,12) 0,91 (0,01) 0,92 (0,07) 1,01 (0,23)
MET 0,83 (0,13) 1,08 (0,05) 1,29 (0, 04) 1,30 (0,01) 1,49 (0,09)
VAL 1,01 (0,18) 1,06 (0, 05) 1,52 (0,05) 1,66 (0,01) 1,55 (0,09)
PHE 1,75 (0,29) 2,20 (0,05) 2,73 (0,08) 2,68 (0,01) 2,98 (0,10)
ILE 0,85 (0,14) 0,91 (0,01) 1,24 (0,01) 1,31 (0,01) 1,29 (0,01)
LEU 1,82 (0,23) 2,17 (0,06) 2,49 (0,13) 2,43 (0,02) 3,22 (0,20)
LYS 2,01 (0,06) 2,40 (0,05) 2,34 (0,13) 2,08 (0,15) 3,50 (0,03)
Total 10,56 (1,57) 12,16 (0,12) 15,01 (0,40) 15,30 (0,17) 17,38 (0,71)
Total global 26,53 (3,96) 31,73 (0,11) 40,33 (2,20) 41,85 (0,93) 44,97 (0,86)
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ont été incubés dans des tubes de 200ml con-
tenant 150 ml de 'eau de mer filtrée a 0.45p
aux salinités de Iexpérience. La durée d’incu-
bation était de 3 jours afin de permettre aux
larves de s’adapter aux différentes salinités.
Cela permettait aussi d’éviter tout cannibalisme
par ouverture de la bouche, qui se produit
4 a 5 jours aprés léclosion de lceuf. Au
bout de 3 jours les larves ont été prélevées
et une fois leurs poids frais mesurés, elles ont
été gardées au congélateur, avant que leurs AAL
ne soient analysés. Pour chacune des salinités,
2 échantillons ont été préparés.

Pour mesurer la concentration d’AAL, nous
avons utilisé la méthode de SCHARFF et WOOL
(19645 qui consiste a précipiter les protéines
par Pacide sulfosalicylique et & récupérer les
AAL du surnageant. Les échantillons frais,
larves ou ceufs, ont été broyés a 0°C avec 4 ml
de tampon phosphate 0,01 M (pIl 7,0) et 1 ml
d’acide sulfosalicylique a 3 9.
fugation a 6000 g pendant 30 min, le surnageant a
été recueilli.

Aprés centri-

Pour ’analyse en chromatographie
liguide haute performance (HPLC), le sur-
nageant peut étre utilisé directement. L’étalon
externe était de 50 pml/pl.

La technique de HPLC est basée sur les
travaux de Lindroth et MOPPER (1979) et JONES

et al. (1981).

3. Résultats

Dans cette expérience, nous avons identifié
22 AAL dont 12 non-essentiels qui sont: acide
aspartique (ASP), acide glutamique (GLU),
asparagine (ASN), sérine (SER), glutamine
(GLN), méthionine sulfoxyde (MSQO), glycine
(GLY>, taurine (TAU), alanine (ALA), acide
a-aminobutyrique (AABA), ornithine (ORN) et
tyrosine (TYR) et 10 AAL essentiels qui sont:
histidine (HIS), arginine (ARG), thréonine
(THR), tryptophane (TRP), méthionine (MET),
valine (VAL), phénylalanine (PHE), isoleucine
(ILE), leucine (LEU) et lysine (LYS).

La concentration de chaque acide aminé (#mol/
g, poids frais) dans V'ceuf de D. labrax est
donnée dans le Tableau 1.
montrent que le total des concentrations d’AAL
essentiels des ceufs est d’environ 2 fois plus
grand que celui d’AAL non-essentiels. La con-
centration moyenne d’AAL non-essentiels est de

Ces résultats nous

0,90+0,11 #mol/g et celle d’AAL essentiels
est de 1,57+0,17. La concentration moyenne
d’AAL totaux dans Pceuf est de 2,47+0,27
pmol/g en poids frais. Parmi AAL non-essen-
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tiels, les plus fortes concentrations sont observées
pour SER, ALA et ORN, et parmi AAL es-
sentiels, ce sont VAL, ILE, LEU et LYS.

Les concentrations moyennes de chaque AAL
pour les larves de D. labrax a 5 salinités
différentes, sont données dans le Tableau 2.
Pour une salinité de 11%., la concentration des
AAL totaux est de 26,58+3,96 umol/g, poids
frais, 31,73+0,11 pour une salinité de 20%o,
40, 3342, 20 pour une salinité de 29%., 41,85+
0,93 pour une salinité de 38% et 44,97=+0, 86
pour une salinité de 47%o.

Ces résultats nous montrent également que la
concentration totale d’AAL non-essentiels est
supérieure 4 celle des AAL essentiels, et cela
pour toutes les salinités.

La Figure 1 illustre la variation des concent-
rations moyennes d’AAL totaux, AAL non-
essentiels et AAL essentiels en fonction de la
salinité. Sur cette figure, nous pouvons observer
une diminution des AAL quand la salinité décroit
et que les variations d’AAL totaux, AAL non-
essentiels et AAL essentiels sont plus prononcées
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Fig. 3. Concentration de chaque acide aminé
libre essentiel (#mol/g de poids frais) chez
les larves du loup D. labrax en fonction de
la salinité.

entre 20%0 et 29%o.

Les concentrations de chaque acide aminé
données dans le Tableau 2 sont représentées sur
la Figure 2 pour les AAL non-essentiels et sur
la Figure 3 pour les AAL essentiels. Ces figures
montrent que tous les AAL ne subissent pas
les mémes variations en fonction de la salinité,
certains varient plus que d’autres, mais la ten-
dance générale est orientée vers une diminution
des AAL lorsque la salinité diminue. L AAL
dont la concentration est la plus forte est la TAU
quelle que soit la salinité. Les AAL non-
essentiels qui présentent les plus fortes variations

Tableau 3. Compositions en acides aminés libres
des ceufs et des larves de Dicentrarchus labrax
(#gmol pour 100 #mol d’acides aminés libres
totaux). A, ceufs a 14°C et 38%; B, larves
2 17°C et 11%0; C, larves a 17°C et 20%o;
D, larves & 17°C et 29%; E, larves & 17°C

et 38%; F, larves a 17°C et 14%o.
Acides ceufs Larves
aminés A B C D E F

Non-essentiels
ASP 1,29 1,98 2,01 2,34 2,45 218
GLU 2,79 7,32 7,92 7,08 6,54 6,7
ASN 1,62 1,42 1,87 1,57 1,86 2,21
SER 5,87 4,28 3,85 5,29 7,06 4,07
GLN 2,22 3,92 6,44 3,99 4,17 5,65
MSO traces 0,99 0,95 1,05 0,98 1,18
GLY 3,48 4,97 5,08 5,45 6,17 5,79
TAU 1,70 20,14 17,37 17,29 17,78
ALA 5,95 1,92 1,62 3,04 3,69 2,91
AABA 1,21 0,99 0,93 0,8 0,80 0,81
ORN 10,20 3,31 3,55 3,28 3,29 3,38
TYR 2,14 8,93 8,07 9,51 8,64 7,86
% % % % % %
Total 38,47 60,17 59,66 60,75 63,42 61,30

Essentiels

HIS 1,13 2,57 2,33 2,47 2,64 2,16
ARG 2,79 1,79 1,30 1,62 1,87 1,20
THR 2,35 1,98 1,63 2,10 2,47 1,87
TRP Traces 2,27 2,09 2,25 2,19 2,25
MET 2,47 3,14 3,42 3,20 3,09 3,30
VAL 4,61 3,79 3,35 3,76 3,97 3,44
PHE 4,09 6,61 6,92 6,76 6,41 6,62
ILE 5,75 3,21 2,87 3,08 3,13 2,87
LEU 21,25 6,84 6,8 6,18 5,81 7,15
LYS 16,92 7,57 7,56 5,79 4,96 7,78

% % % % % %
Total 61,53 39,83 40,34 39,25 36,58 38,70
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Fig. 4. Compositions en acides aminés libres non-essentiels et essentiels des larves

et des ceufs du loup D. labrazx.

sont SER, GLN, TAU, ALA et TYR. Parmi
les AAL essentiels les plus fortes variations sont
observées pour LEU et LYS.

Pour mettre en évidence la représentativité
de chaque AAL par rapport au total des AAL,
nous avons présenté dans le Tableau 3 et la
Figure 4, les résultats des Tableaux 1 et 2 en

#mol/100 d’AAL totaux. Cette représentation
nous montre que certains AAL, malgré leur
diminution avec la dessalure, peuvent &tre pro-
portionnellement plus importants dans les faibles
que dans les fortes salinités.

La Figure 4 nous permet aussi de mieux ap-
préhender ’évolution des AAL & partir de Uceuf
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Jjusqu’aux larves élevées a différentes salinités.
D’aprés cette figure, nous pouvons observer que
les plus fortes variations concernent les acides
aminés suivants: TAU, GLU, GLN, ALA,
TYR, LEU et LYS.

4. Discussion

Au cours de cette expérience, nous avons
observé que la salinité & une influence importante
sur les concentrations des AAL chez les larves
de D. labrax lors de Déclosion. D’aprés ces
résultats, nous observons que la concentration
en AAL diminue de fagon importante avec la
salinité. La régulation osmotique, par le jeu de
la composante amino-acide, semble se faire de
fagon plus importante entre 20% et 29%.. La
salinité voisine de 29%, peut étre considérée
comme un seuil critique pour cette espéce. Ces
résultats concordent avec ceux obtenus chez la
truite arc-en-ciel, Salmo gairdneri (KAUSHIK,
1977) et sur Penaeus kerathurus (RICHARD,
1974, 1982).

La teneur en TAU modifie considérablement
la somme des AAL. Malgré de nombreuses
observations sur les modifications de la teneur
de cet AAL chez les poissons, les invertébrés
ou d’autres animaux, la fonction exacte de ce
composé sulfurique chez les poissons est encore
mal connue. Les formes marines en ont une
teneur beaucoup plus élevée que les formes
d’eau douce (SIMPSON ez al., 1959) ce qui
permet de supposer son importance dans I’osmo-
régulation,

Contrairement a4 ’ceuf embryonné, les larves
de D. labrax sont trés sensibles aux agressions
mécaniques et physicochimiques (BARNABE,
1976). Cela peut expliquer le fait que dans
I'ceuf les AAL essentiels sont presque deux fois
plus importants que les AAL non-essentiels et
chez les larves, les concentrations d’AAL non-

essentiels sont plus importantes que celles des
AAL essentiels,

Bibliographie

ALLIOT, E., A. PASTOUREAUD et H. THEBAULT
(1983): Influence de la température et de la

salinité sur la croissance et la composition cor-
porelle d’alevins de Dicentrarchus labrazx. Aqua-
culture, 31, 181-194.

BARNABE, G. (1976): Contribution a la connais-
sance de la biologie du loup Dicentrarchus labrax
(poisson serranidé) de la région de Séte. Thése
de Doctorat, Univ. des Sci. et Tech. du Langue-
doc, Montpellier, 426pp.

FAO (1973): Fiches FAO d’identification des especes
pour les besoins de la péche. Vol. 1. Méditer-
ranée et Mer noire.

JONES, B. N., S. PAABO et S. STEIN (1981): Amino
acid analysis and enzymatic sequence determina-
tion of peptide by an improved phtaldialdehyde
precolumn labeling procedure. J. Liquid Chro-
matogr., 4, 565-586.

lizawa, M. (1983): Ecologie trophique des larves
du loup Dicentrarchus labrax (L) en élevage.
These. 3éme cycle, Univ. des Sci. et Tech. du
Languedoc, Montpellier, 140pp.

KAUsHIK, S.J. (1977): Influence de la salinité sur
le métabolisme azoté et le besoin en arginine
chez la truite arc-en-ciel (Salmo gairdnerii).
Thése Doctorat es Sciences, Univ. de Bretagne
Occidentale, 227pp.

LINDEROTH, P. et K. MOPPER (1979): High per-
formance liguid chromatographic determination
of subpicomole of amino acides by precolumn
fluorescence derivatization with  o-phthaldi-
aldehyde. Anal. Chem., 51, 1667-1674.

RICHARD, P. (1974): Contribution 3 1’étude du
développement larvaire de [’organogenése chez
Palaemon serratus et du métabolisme des acides
aminés libres chez cette espéce et Penaeus kera-
thurus. Theése 38me cycle, Univ. Aix-Marseille,
I1, 139pp.

RICHARD, P. (1982): Role biologique et écologique
des acides aminés libres chez quelques crustacés
décapodes marins. Thése Doct. es Sci., Univ.
Aix-Marseille, II, 192pp.

SCHARFF, R. et I. G. WooL (1964): Concentration
of amino acids in rat muscle and plasma. Nature,
London, 202, 603-604.

SIMPSON, J. W., K. ALLEN et J. AWAPARA (1959):
Free amino acids in some aquatic invertebrates.
Biol. Bull,, 117, 371-381.

TESSEYRE, C. (1979): Etude des conditions d’éle-
vage intensif du loup (Dicentrarchus labrazx).
Thése 3éme cycle, Univ. des Sci. et Tech. du
Languedoc, Montpellier, 140pp.



Influence de la salinité sur la composition corporelle des acides aminés libres

33— a5 SGEZ X5 BHaSE Dicentrarchus labrax (LINNAEUS,
1758) OINKR O IILER D ShEENICIS T 2T 2 2 &
BRIz RIFTESOLE

FIVARFA =T IA, JURER, 23— ] LTy

BES. 9—0 .y SR XF Dicentrarchus labrax DII% R7t - TS T L X R B A DY
HEERICRE 5 22 BOBET 3/ BETERSLOCEEHAOE R, BRElEs v 57 (F
HE1LT) HPLC #AWTHE L, ERIZAR 17°C KH\WT, W% 1% 25 47% OFH
T 9% BB TEIRTHEbhk, FOME, BERORBHEOERNICER SN HHEET
I/ ENL, H4 1% TR BAEEME, KE1g H72D 26.53+3.96#mol %, B
A% TIMES BB ACEREE, HKE lg 570 44.67+0.86¢mol ZIRL, HADRP L L biT
T BEEE (WHT I/ BEICHRT I BL) BB T IEENBEIN
GBI HT I ) BEER L HET A0, ABORRINCOVWTDT I/ BEFEN 14°C
—38% DT ClEIR, TI/BBERlg b 1.57pmol THo7e, HEINICLAT
BIOEEAXRT I/ BIZBEOET I/ BCOWT, EALEREFEOBRRREZRI NG



La mer 23: 184-187, 1985
Société franco-japonaise d’océanographie, Tokyo

Visit to Chinese oceanographic establishments*

Takashi ICHIYE**

1. Introduction

During June and July of this year, I visited
six main oceanographic establishments in four
cities in China by invitation of Academia Sinica
(AS) through efforts of Dr. Hanli MAO, Deputy
Director Emeritus, Institute of Oceanology (OI),
AS, Qingdao. We (invitation was extended to
my wife who had lived in Manchurian District
for more than 16 years) arrived at Beijing on
May 31, then visited IOAS from June 4 to June
8. We went through Shanghai to Hangzhou
from June 9 to 14, visiting the Second Institute
of Oceanology, NBO there. On June 13 we
flew to Gangzhou, visiting the South Sea Institute
of Oceanography, AS from June 14 to 17, then
we flew to Dalian, visiting Institute of Marine
Environmental Protection, NBO from June 19
to 28. Then we returned to Qingdao, staying
there until July 23, while I worked at IOAS
and also visited Shangdong College of Oceanog-
raphy and the First Institute of Oceanography,
NBO. My purposes of visit are to present
seminars and lectures mainly on my current
research subjects and to prepare joint research
programs to be submitted to USNSF mainly
on dynamics and hydrography of the East China
Seas and other adjacent seas of China. A more
detailed report will be published in this journal
after 1 collect sufficient materials through cor-
respondence with various oceanographers who
cordially treated me during my visit.

2. Outline of oceanographic establishments

in China

It seems to me that in China oceanography
becomes one of prioirity sciences as a part of
the national modernization programs which in-
clude improving people’s living standard and
developing science in general. Therefore, oceanog-
raphy is not only considered as one field of

* Received Oct. 14, 1985
** Department of Oceanography, Texas A&M Uni-
versity College Station, TX 77843, USA

science, but as contributing to economical develop-
ment by helping marine transportation, fisheries,
petroleum production, etc. State organizations
supervising oceanography are AS which empha-
sizes oceanography as academic science and NBO
which is more or less mission-oriented, though
at most institutions the boundary is not so sharp
as Japanese agencies such as Japan Meteoro-
logical Agency, Hydrographic Department or
Japanese Fisheries Agency. Unlike US or Japan,
very few universities offer
program per se. Only exception may be Shang-
dong College of Oceanography (SCO) which was
established as the college for ocean sciences only
but has expanded its scope recently to include
even humanity programs.

an oceanography

3. Qingdao

Qingdao may be considered as the center of
oceanographic activities in China with three
institutes mentioned above with an additional
fishery institute which I did not visit. Among
the three institutes, IOAS seems to be the center
of academic oceanography with more than 600
scientific and technical persons operating three
research vessels of 3300, 1100 and 720 tons each.
It covers all phases of oceanography but right
now is rather heavily involved in geophysical-
geological oceanography. Prof. MAo, Prof. G.
GUAN and others are working on hydrography
of the Yellow and East China Seas. Prof. MAO
and his group have been working for some years
on meso-scale eddies south of Cheju Island. My
former colleagues at my Department, Mr. G.
FANG and Mr. F. ZHANG are continuing their
previous research topics with expanded scopes,
the former on numerical modeling of tidal current
in the Bohai and Yollow Sea with non-linear
bottom stresses and the latter on hydrographic
measurements of the Yantze River effluent for
applying his models of diffusion in a shear current.

My discussions with Dr. MAO and Messrs.
FANG and ZHANG have resulted in two joint
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projects. One is to study bottom dissipation
processes in the Bohai for tidal and wind-driven
currents using analytical and numerical modeling.
The results will be calibrated by analyzing his-
torical current data of the Bohai for tidal and
wind-driven currents using analytical and numeri-
cal modeling. The results will be calibrated by
analyzing historical current data of the Bohai
collected by Chinese oceanographers. The other
project is to study the exchange of the Kuroshio
with the shelf water over the shelf break in the
East China Sea. Three approaches will be tried.
One is two-layer numerical modeling in a rec-
tangular sea with the Kuroshio flowing in the
upper layer with appropriate boundary conditions
on open and solid boundaries. (This approach
will be pursued also jointly with Mr. L. LI of
Dalian).  The other is stability analysis of the
baroclinic Kuroshio along the curved shelf break.
The third is EOF analysis of hydrographic data
and IR images along the Kuroshio from north
of Taiwan to its turning point west of Kyushu.

We also discussed with Dr. MAO about the
Fourth JECSS (Japan and East China Seas Study)
Workshop. The JECSS III was convened in
May this year at Tsukuba University with co-
conveners Prof. Kenzo Takano and myself and
its plenary session decided that the JECSS IV
will be held in China in 1987. I recommended
Qingdao as the meeting place, since half of the
oceanographers in China are working there and
also good lodging facilities are available. Later
Prof. TAKANO concurred with this proposal.
Dr. MAO gracefully accepted the recommendation
and will head the organizing committee for this
meeting. He has started to solicit funds for the
workshop from Academia Sinica, NBO, Ministry
of Education and others.

The First Institute of Oceanography, NBO is
comparable to IOAS in size of personnel and
facilities including research vessels but it empha-
sizes on applied sciences, particularly providing
basic data for port and harbor construction in
the Bohai, and the Yellow Sea and studying
resources and environmental problems of coasts
of Jiangsu and Shandong Provinces. It also
participated in international programs such as
FGGE and Antarctic programs. Mr. Z. XIA is
active in analytical and numerical modeling of
the Yellow and East China Seas. Shangdong

College of Oceanography (SCO) includes under-
grade teaching of oceanography, but its faculty
members engage in research often jointly with
those of other insitutes. Dr. Z.H. JING 1s active
in theoretical work on circulation of the Yellow
Sea and upper ocean dynamics.

During my stay in Qingdao I discussed at
three institutes about possible field experiments
by use of current meters offered by Prof. TAKA-
NO on board Chinese ships to be deployed on
the edge of the Kuroshio in the East China Sea.
I also discussed a scheduled visit of the R/V
Keitenmaru of Kagoshima University in early
next year and probably in summer too. I sug-
gested a preliminary experiment of deploying
Takano’s current meters on the first cruise of
this ship with some Chinese scientists on board.

My two lectures at IOAS were on dynamics
of the circulation of the northern East China
Sea, particularly branching of the Tsushima
Current and review of recent researches of the
marginal seas in the U.S. About twenty to
thirty audiences attended. 1 also gave two
lectures at SCO on oceanic turbulence and dif-
fusion and on dynamics of Langmuire circulation.
Some students and faculty from other depart-
ments attended these lectures.

4. The Second Institute of Oceanography
The Second Institute of Oceanography, NBO
is located in Hangzhou which is famous for scenic
West Lake nearby and also has many historical
sites because it was the capital of Sung Dynasty.
Hangzhou is not a sea port and the research
vessels of the institute are berthed in Shanghai.
Closeness to Shanghai and the Chanjian delta
stimulate the institute’s activities on the marine
pollution and delta formation. Prof. Y. YUAN
and his several students are active in numerical
modeling of the circulation of the East China
Sea. Although mixing of the large-scale effluent
from the Chanjian with the shelf water may
change the circulation on the shelf and provides
a unique example in the world ocean, systematic
field study of this subject by measuring currents
and hydrography is yet to come. Also change
of the delta by fluctuations of the Changian
transport and by wind, wave and tidal current
will be an important topic both in scientific
merits and environmental and economic aspects.
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Some monitoring of the delta by aerial photog-
raphy seems to be started but the results are
not published yet. I gave a talk on the Tsu-
shima Current and circulation in the Japan Sea
for audience of about 20 scientists. I also dis-
cussed some of physical oceanography problems
studied there with Prof. Y. YUAN and Prof. J.
SU who are intensively working on circulation
of the East China Sea. Mr. S. MURATA from
Tsukuba University is also working on modeling
at the Institute since last year.

5. South Sea Institute of Oceanography in

Guangzhou

South Sea Institute of Oceanography in Guang-
zhou belongs to AS. Tts size seems to be al-
most the same as IOAS in Qingdao, with about
300 scientists and technicians and two large
research vessels. Their activities are focussed
on the South China Sea, though the tropical
Pacific Ocean is also included. Moreover, since
the sea off the Pearl River delta has been found
to store a large amount of petroleum, exploration
and extraction of this resource are going on
extensively as a joint enterprise with Britain,
the United States and Japan. Thus the institute
seems to devote its efforts to this direction
mainly in geological and geophysical fields but
also in physical and chemical oceanography,
particularly for wave measurements and predic-
tion, hurricane forecast, hydrography near the
delta and others, Prof. J. GAN was a student
of Prof. MAO and has worked on statistical
analysis of hydrographic data of the East China
Sea. Mr. T. YANG, Chief of Physical Oceano-
graphy Division, also a student of Prof. MAO
has been active on various analytical modeling
of wind-driven circulation of the Bohai, currents
induced by a hurricane and others. He is
currently preparing three dimensional numerical
modeling of the circulation in the South China
Sea jointly with Canadian oceanographers at
Institute of Ocean Sciences. Prof. GAN and
Mr. YANG recently moved from Qingdao to
Gangzhou to start physical oceanography pro-
gram there.

Both reminded me that the South China Sea
is similar to the Gulf of of Mexico in a sense
that the Pearl River delta corresponds to the
Mississippi delta with rich petroleum reserve

offshore and the circulation is strongly influenced
by the Kuroshio or the Gulf Stream, though the
Gulf of Mexico is actually the latter’s origin.
The circulation and the hydrography of the
South China Sea may become closer to those of
the Gulf of Mexico if the former is rotated by
90° clockwise. Therefore they asked me to give
a lecture on the circulation and hydrography of
the Gulf of Mexico and the Caribbean Sea which
I obliged.

6. Institute of Marine Environmental Pro-

tection

Insitute of Marine Environmental Protection
at Dalian belongs to NBO and is mission-oriented
as other institutes of NBO. It is relatively new
(about 6 years cld) but expanding rapidly. Mr.
L. L1 studied at my department in 1932-83 and
worked on numerical modeling of the northern
East China Sea with me. He arranged my visit
there. He and Mr. Dou, Chief of Physical
Oceanography Section asked me to give three
lectures on three days on topics related to the
marine pollution. I chose diffusion and dis-
persions of pollutants in the ocean, scientific
results of menitoring ocean dumping in the U.S.
and shallow water dynamics and physical ocea-
nography related to pollution control. At present
the institute’s primary interest is focussed on the
Bohai and the northern Yellow Sea. Particular-
ly the Bohai is now in the stage of rapid develop-
ment in both industrialization and petroleum
exploration. Also Dalian and Tienjin are both
among the busiest ports in China, only second
to Shanghai. Therefore, a number of problems
occur in relation to the marine pollution. As
the basic problem for pollution caused by oil
spill, Mr. DOU and his group are developing
numerical models mainly for wind-driven circu-
lation in the Bohai. These models are baro-
tropic but they will expand these to two-layer
or three dimensional models because the Bohai
is influenced by effluents from three rivers.

The Tienjin-Lyuda districts seem to be most
concentrated industralized area in China. Their
industrial wastes are now discharged into the
Bobai which has a narrow mouth connected with
the Yellow Sea. Therefore, eventually the Bohai
will be highly contaminated. The government
is planning to prevent this by introducing the
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ocean dumping. The plan includes barge dump-
ing in the northern Yellow Sea. Unlike the
US practice, they are considering to use a barge
which dumps the wastes almost instantaneously
by pressure discharge from the barge tank. In
the US a barge dumps the waste continously
for tens of kilometers while cruising with a speed
of several knots. In order to determine the
most efficient monitoring scheme of dumping,
a laboratory experiment was started by simulating
an instantanecus dumping in a tank.

7. Concluding remarks

Due to excellent arrangements through Dr.
MAO, our trip was very successful not only for
scientific purposes, but also in familiarizing with
both historical and recent cultures of China.
‘We experienced throngs of modernization pro-
cesses everywhere we visited. At the same time
in many places other than mentioned above,
such as Beijing, Shenyan and Shanghai, historical
relics and sites of more than 5 thousands years
old are well-preserved or restored by national
and local gevernments. So we were always
thrilled with fast development side by side with
the old tradition which could be traced back
thousands of years ago.

In oceanography many institutions’ attention
seems to be focussed on geological and geo-
physical problems and on fisheries. This is
understandable because oceanography also should
serve to the people’s living and offshore oil and
mineral resocurces as well as living resources in
the sea are very important to the Chinese.

Physical oceanography seems to be lagging
behind these disciplines because it cannot provide
immediate solution for economical development,
though basic data for coastal development, marine
transportation and harbor construction are sought

mainly through physical oceanography techniques.
Also pollution aspects of industrial development
has begun to be recognized, thus physical ocea-
nography serves to this purpose extensively.

In practical aspects, scarcity of modern instru-
ments of physical oceanography such as current
meters, profiling instruments, and others may
hamper extensive field works, although there are
a number of research vessels with modern navi-
gation equipments. Also difficulty in access to
computers both small, intermediate and large in
size is a hindrance to numerical modeling.

Many Chinese scientists including oceanog-
raphers repeated to us that one common pro-
blem in development in science now is shortage
of experienced researchers and qualified teachers
of age from 35 to 50 years old, because many
researchers and scholars of the age range suffered
from the Cultural Revolution during their forma-
tive years. However it is emphasized here that
the scientific community is well aware of this
fact.  Particularly in physical oceanography
recent graduates from major universities in
physics, mathematics and engineering in Beijing,
Shanghai and other big cities have been employed
in most institutions I visited. These students
are mainly doing research at graduate levels of
MS or PhD of the US standard under tutelage
of some researchers. If this practice is fortified
with introduction of some formal courses on
basics of physical oceanography at each institution
or nearby institute of higher education, the
future of Chinese physical cceanography will be
bright.

We express our gratitude to Dr. MAO who
arranged our trip and also to Messrs. F. ZHANG,
L. L1, M. ZHOU and X. ZHANG who accompa-
nied us in Beijing, Shanghai, Hangzhou, Shen-
yang and in between.
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