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A COEFFICIENT RELATING TO THE PHYTOPLANI{TON IN THE SEA*
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;
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ABSTRACT

The changes in the phytoptankton crop of the sea havg been viewed from a
physical stand-point. A coefficient has been developed which is reljted to the quantity of
phytoplankton in the sea. The changes in the coefficient are relatei with the supply of
nutrients and the availability of sunlight. The nutrient and optical donditions required for
optimal occurrence of the coefficient have been derived. It is ful@lher inferred that the
optimal occurrence of the coefficient takes place at relatively greaﬁ; depths for relatively
clear waters. In case of turbid waters, the optimum is very cloje to the sea surface.

INTRODUCTION

ABOUT nine-tenths of the food of the ocean is provided by the microscopic plants,
the diatoms which occur in large numbers in the plankton (Bafakrishnan Nair,1970).
Most of the production lies within the euphotic zone and therg is a gradual decrease
until the extinction of the phytoplankton at the beginning of the aphotic zone, The
greatest production, however, lies several metres below the 5urface (Davis, 1955).

It is well known that sunlight and dissolved nutrients ; ,are essential for the
growth of the phytoplankton. The changes in the phyto#[ankton crop of the
sea have been viewed from a physical point of view. i

A COFFFICIENT RELATING TO THE QUANTITY OF PhYTOPLANKTON

LetQ be the phytoplankton ‘density’ (either the numbel of live cells per unit
volume of sea walter or the mass of live phytoplankton per wnit volume) at level z
at a given instant t. Let Q<+ dQ be its value at the same lew!el at time t-+dt. The
value of dQ does not include any changes in phytoplankton that are brought by
advectional effects. The production, dQ, depends upon the time interval dt, the
initial value of Q and also upon the availability of nutrients 4nd light at that level.
Thus it is reasonable to assume, to start with, that

dQ=k Q I ¢ dt o ()

where 1 is the intensity of light, c is the concentration of dlSSD]VCd nutrients and k
is an arbitrary constant. From eq. (1),

4Q ——=klIc S (2)
Qdt
The term, dQ/Qdt, may be described as “the coefficient oﬁ phytoplankton”, G,
which may be defined as the rate of change of phytoplankton pﬁ:r unit time produced
by a unit amount of phytoplankton. ‘

*Presented at the ‘Symposium on Indian Ocean and Adjacent Seas 4 Their Origin, Science

and Resources’ held by the Marine Biological Association of India it Cochin from January
12 to 18, 1971,
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During the International Indian Ocean Expedition, R. V. ANTON BRUUN has
made oceanographic and biological collections along two meridional sections
passing through 70°E and 80°E during May-July, 1963 (Woods Hole Oceanographic
Institution, 1964). The in sitn values of CH4, chlorophyll 4, sunlight intensities and
inorganic phosphates at various depths are some of the data presented in that report.
Fig. I is based on those data for stations 110 to 144, falling between latitudes 10°N
and 40°S. The following points are noteworthy here. The in situ C'* values which
are taken here for the time rate of production of phytoplankton, were obtained
from sea water samples incubated for 24 hours on deck in water cooled cylinders
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Fig. 1. Light intensity x PO,. Fig. 2. Variation of *G™ with depth,

covered with suitable filters. There was much controversy as to what exactly is
being measured by C'* method even though it has been made clear that in long-
term experiments the net production is measured by the method (Ramachandran
Nair, 1966). The chlorophyl! a is taken as a measure of the phytoplankton crop.
Phytoplankton is composed of diatoms, dinoflagelates, coccolithophores, silico-
flageilates, cryptomonads, chrysomonads, green algae and blue-green algae (Bala-
krishnan Nair, 1970). Chlorophyl a is contained only by the major groups of
the phytoplankton. The advectional (both horizontal and vertical) processes and
the bacterial action would affect the phosphate values during the day-fong periods.
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Now, coming to eq. {2), as [ and ¢ are functions of depth in the sea, it follows
that G is also a function of depth. The general relation be een I and depth z in
the sea is given by (Murty, MS)

p ]
I = 1o e_*oCZ :
i

&)

where 1, is the intensity of sunlight at the sea surface and !oc and p are positive
constants (p = 1 for pure water and p== 3 for sea water in gcneral)

For the mid oceans, the supply of nutrients to the uppkr layers of the sea is
made by eddy diffusion processes from the deeper layers whin organic matter gets
decayed and converted into soluble inorganic substances by bacterial action, Phos-
phate and nitrate values at 1,000 m depth are of the order of P-3 pg at/1 and 30 pg
at /1 respectively (Sverdrup ef al, 1934). Theirslopes are;more or less alike.
in the upper 1,000 m. The phosphate concentration at th¢ sea surface is abou
0.1 pg at /1 although the nitrate value ingeneral is zero ai] the surface,

The nutrient concentration c, at level z in the upper laydrs may be represented
by ‘
¢ = mz + <o . 4)

where m is the increase of concentration per unit depth and Co is its value at the
surface. Hence from eq. (2}, (3) and (9

G=kloe =2 (mztc) )

The vertical variation of G, with reference to its surface valuei is presented in Fig, 2,
for average oceanic water (oc-—-o 8) while the values of m; and Co are 1/150 and
0.001 respectively.

From eq. (5
P
dG e Z p—1
—az—'—-"kloe {(—=c)pz (mz+c,) (6)
P
—_—cZ

+ kI, e m

from which the depth where G is maximum is given by
1

p—
 pz (MZ4+C,) = m
p p—1
i€, «wpmz +ewpcez —m=20 o (N
In case of pure water (p=1), the depth corresponding to thegmaximum value of G
is given by: :
m— cc. C, ;
z = e - (8)

o I

In case of sea water (p==1), the depth of maximum occurrbnce of G is governed
by the relation
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o« o -
—2“2 (mz+c,) —m =0

i .
i.e, o«mz—2mzZ + «¢, =0 9
4
let z = x, then
o M —2mX + «cCy =0, e (10)
the solution being,
] {1 ey
- — % — - ° ..M
R Ve m h

Hence the depth in the sea corresponding to the maximum value of G is governed
by: :

2 Co

— 2 /1 C
zZ = ool m + °<‘~/c;,-—3_ — »—I—-;:— (12)
z would be real only when
L - L < 0
2 m
i e m 1 e (13)
Coom —

When the nutrient concentration at the surfaoe is negligible, eq. {(9) gets simpli-
fied to

7 = _'z_ or . . (14
ol
z = 0 .. (15

Under the above conditicns, the depth of maximum occurrence of G for
didfferent types of sea water (eq.14) may be readily obtained. Thus, for pure sea
water (c=04), za=25 m,; clear oceanic water («c=0.5), z=16 m; average
oceanic water (c =0.8), z=6.2 m; average coastal water (e =1.5), z=1.8 m and
turbid coastal water (o =19}, z=1.1 m. It is interesting to infer from this that
the optimum occurrence of the coefficient, (G), takes place at relatively great
depths for relatively clear waters, under the same conditions of nutrients. In
case of turbid waters, the optimum is very close to the surface.
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