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SUMMARY

The techniques ang equipment at present used by
the C.5.I.R.0. Division of Fisheries and Oceanography,
for the measurement of GO uptake by the 14C methas
are-described in detall. " This method was used in the
recent Equapac expedition in conjunction with the _
Instltut Francais d*Ocdanie, Noumea, on the "Orsom III,"
A new sampler consisting of twin "light" and "dapk"
perspex tubes is desecribed, This permits incubation
without transferring or agltating the sample.,

In reporting measurements of co uptake by the l4%c
method, f’ corrections.aré made for discrimination
against or for respiration. It -1s felt that .
presentation of direct experimental results ‘under
specified conditions Lsipreferable to:that of results
transformed by the use of.iquestlionable empirical forme.
ulas. This permits more direct comparison with data
from other sources. A N S

A review of the evidence available suggests that
the 14C method measures net, production during photo-
synthesis, and can be used as such as a rather crude

index of the relative productivity of different
waters, ,

In citing this report, abbreviate as followss:
€C.5.I.R.0, Aust., Div. Fish. Oceanogr. Rep. No. 8,



7uE_14C METHOD FOR MEASURING COo
. UPTAKE IN MARINE PRODUCTIVITY. STUDIES i :oiit +.

By H. R. Jiﬁts.f-

I. INTRODUGTION

. ... Many empirical attempts have been made in the past. to
““‘agsess oceanic production of organlc matter. : Measurenments
have been made of the variations of such-quantities-as ..
_plankton volumes, nutrient content of the sea-water, pH, i
oxygen content, and many.other quantities connected with. the
production of organic matter. Perhaps the most-useful:iwork
-.on organic production. has .been done: in attempts:to measure
directly the rate of photosynthesis in sea-water. The: ..
, #1ight and dark bottle® method.of Gaarder and Gran {(1927).for
" the measurement of.photosynthesis by oxygen evolution has "
been successfully used by several workers (Riley 1941; -
Riley et al. 1949). The more recently.introduced method .of
Steemann Nielsen (1952) whic? measures photosynthesis by the
rate of uptake of COp using;,4C has given a:needed impetus
¢ 't these .studies. ~An important feature of this method 1s
- that it cen be more efficiently and conveniently carried out
‘in research vessels at sea. Whilst the relative -merits.of
the two methods of Gran and Steemann_géelsen might. still be
an open gquestion, without doubt the 140 method has certain
distinct advantages over the Op evolution method. -I¥ 1S.
more practicable as & routine method. . It also . permits the
measurement of photosynthesis in waters where this 1s low.
As there is evidence that a low rate of photosynthesis is
characteristicof & major part of the oceans, thls latter
advantage is of great lmportance. -  The work of Ryther and
Vacears -(1954) sugpestethat for éxpériments over short
. perlods the two.methodsﬁgive_comparable_results;nanupg

.. From the Tesults. of.'the cruise of the "Galatheal,.' - .
. 'vSteemann Nielsen (1952) has made an estimate of global oceanic
" “produgtion which differs considerably from a like estimate
(Rabinowitech, 1945) made -on results obtalned by Riley. :
Steemann Nielsen's estimate. has been. criticized on varlous:
grounds. . The main.criticism is directed at his adjusiment
of .the G0y uptake, as determined by the 4G method, for
losses by resplration.. - THis adjusted figure was taken as 'a
_ measure of M"gross production" or ofganic matter. Ryther :-
(1954, 1956b) has, presented evidence that it 1s more a )
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”_ggmféﬁggigffﬁﬁ§ughutﬁlgmﬁ;éfbeen denied
by Steemann Miﬁ&ﬁﬁhi{l&iﬁ&i;gLA;monemimportantucriticism,
which can also be levelled with equal justification at other

of the euphotic zone, and on'the:depth variations of photo-
synthesis, Until these are avallable, ‘estimates of global
oceanic production must be only of incldental interest,

Whilst one must agree with R zgr'(lgseg) that the
physiologicalisignificance. of the L -method requires furthe:

Fr T

‘investigation,.there are good reasons for believing that "
.evenzinatts;present'form_thefmeasurement of COo uptake by’

this methdd-ean: give reliable measures of -the relative pro-

wduetivity .of “oceanic waters, = With this in mind, as the .

wéquipment - be-given. : S

.. The methods used by this Laboratory, as detailed b

s~method becomes more wldely used, 1t is:important that the

results obtained by different workers be as directly ‘compar- -
ableﬁgs possible; ~ This could perhaps best be'done by ‘the

<. “universal adoption of standard-techniques-and egulpment, but

as thls is not feasible at present it is -essential  whenever
this.method=is~used, that precise details of techn;que and

elow
were.adapted from those of Doty (1956). ° They differ main1§

~.in "the -methods of sampling and incubation, They have been

-developed for the meassurement of CO5 uptake in coastal waters

Resultsvob;ained will be publisth,elsewperexﬂ""

‘of £ Sydney - and were also’ used (in. conjunction with the Institut

Francais ‘d*Océanie, Noumea) on the "Orsom III" in a study of .
equatorial waters during the Equapac joint exp dition, -

Wi YT 0 IL. METHODS AND EQUIPMENT o
‘;“?}}.];é::(h)-cdllégtionvand-Treatment'of'Samglesj?fj*fJ
Sea-water sanples:are’ taken with the samplers deseribed
below. Into each duplicate "light" and "dark" sample is in-
Jected”thefconténts:of'an-ampoulefcontaining ninimal amount

- -of -NaHCO3' labelled ‘with a known quantity of 1%0- . The samples

are-exposed to light for.s measured period of time and are
then filtered through a Miiliporeffilter.w{'The~filters are
washed with iO'ml?bffO.OOl=N;HCljinVa'3 per cent, solution

of NaCl, -dried by sucking air thfough them, and preserved in
& deslccator over sildea gel.. Thé~activiéy:of”each filter
is'measured.subseqUEntl?@ - The'total CO5- content of sach -
sample is measured Ol & separate sample of the same sea-water.
The rate.of CO, uptake is'determined as detailed below.

Exposure to light of the labelled samples is done elther
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Ssup
g the two perspex tubes which are detachab
from the.central clamp and tripping mechenism,.

1ing bottle assembly,

and "dark®:

Showin

- Pwin "Light"

Flg. 1a,
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‘Pig. 1b.~ Close-up of the twin ler in the open position.
' Showing the perspex emi-flaps with neopreme O-ring.
seals, and a central plug for introducing ly and

' . for emptying the sampler.
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by resuspending: the samplers in the ocean.at.the ;depths from

... which they were taken, or by placing them-1n-g.light bath.at
.. I-a fixed temperature andalight,intensity.;-gIn'the:first,gage
"~ :,:the-samples are suspended in.the ocean from.sunrise tec..noon
(local time) .or-from noon to.sunset, - The -resultant. uptake

of CO» by-.the sampleis miltiplied by two.-- This gives;the
COo uptake per unlt volume:of .sea water per day at the -

depth sampled.and.under the conditions of light and tempera-

ture prevalling at that depth on the day of sampling.

ffhen the light bath method is used, the samples-are: 6x-

posed for about four hours. In this case the resultant COp
uptake 1s divided by the number of -hours of exposure; This
gives the CO, uptake per unit.volume per hour of the sea-water’
under the cofiditions of light and temperature of the light
bathe: - - . .. . o SUTRER I

Doty and Oguri (1957) have presented some evidence that
there.is a diurnal cycle in the rate-of photosynthesis of

.marine: phytoplankton in Pacific Equatorial waters, Whilst

the form and magnitude-of this cycle: have yet to be determined
in other localities, the magnitude of variation they have. -
shown is so great that 1t cannot be neglected. For this

- - -Teason- the;time-of sampling must always be recorded and when-

ever possible should be fixed at 0800 -hours local time. Thils

.time has been chosen arbitrarily to conform with the -method

of -Doty and also because his results suggest that photosyne

".thesis is then at a -maximum. .

(b) Sampling Bottles

‘A special Sampling Bottle (Fig. 1) has been designed -
and constructed for the measurement of COp uptake by sea-
water. It consists of two perspex tubes each of 400 ml .-
capacity, one clear and the other painted black. The ends
of -the tubes can-be closed by means .of hinged perspex end~
flaps with neoprene O-ring seals... The end-flaps close under
tension from threé external rubber. bands. ~ The two tubes are

.. attached by -wing nuts to a tripping mechanism which can be.

clamped to normal hydrological cable. ".This mechanism holds
the:end-flaps;open,untilractuated-byva,messenger.,.;s§veral

samplers can be clamped one above:the-other .on the same .. -

.ggble~to”permit,simultaneous;samplingmat several -depths.
A11 metal parts, are made of nickel-plated brass.. S

... . The end-flaps are.provided.at top.and bottom with:threaded
perspex plugs. _-Removal of ‘the top plug permits-the intro-
duction of the tracer carbonate by means of a long~needled
hypodermlc syringe. TFor incubation, the closed tubes are
detached from the tripping mechanism and placed in a light




‘perspex and to a very small extent,

4

bath. Altermatively the sampler is‘reattacHed ‘to''the cd
‘end- lowered into the sea to the required depth fo¥ incuba
under natural light conditions. After incubatiof. the to
is replaced by a threaded-perSpexfﬂippleﬁtb;whichjis atts
a rubbei tube with a suitable clamﬁ,“‘"Theitpbefis“then;i
verted and the other plug removed to:'gllow entty of air.
The sample can then be run directly ‘intg'the ‘filtration. -
apparatus -for collecting the now radioactive phytoplankto

These samplers present several advantages over other
methods of collection.- ERGEaES 5

(1)'There is no transferring of the water sample,’

which is disturbed as little as possible, .

(2) The water sample comes into contact mainly with-
. with neoprene,

© (3) The twin "light" and "dark" Sampling tubes permif

simultanecus sampling at: any depth. and facilitate resuspe:

lon of the samples in the sea for incubastion under natura:

conditions. L I S

i to

With very little altér?ﬁibﬁ;'%Hé}deeiﬁnfbfipﬁese~sém1

. would permit the automatic Introductidnm:of ‘the “tracer ..
- carbonate into the sample whén ‘the sampler I's'tripped. T

would ‘avoid any possible effects of ‘changs, In-pressure anc
light intensities when the sampler is brought to’ thd surf:
for the injection of the tracer carbonate.

(c) Incubation Light-bath ..

QiiDﬁring the Equapac cruise of the "Ofsbm?IIIﬁfanfin-j‘
cubation light-bath as shown in Figure 2 was ‘used. . . This.
bath was built by the Institut Frangais 4'Océanie, Noumea.

It éonsisted of a square-sectioned metal-framed ‘glass tank

‘“dlluminated by eight 20 watt "daylight" type fluoréscent -
tubes. This was contained in a lightproof box, -dnd 'all *:

the 1interior parts were painted white. Seg-water was' pun
continudusly into the bottom of the tank and overflowed. at
the outlet plpe shown near the top. This kept the temper
ature.in the tank within 1°C of the surface temperature of
the -water through which the ship was salling.. The 1llumi
gtion in the tank was 1200 foot csndles, This- Incubsator
took four of the sampling tubes deseribed above: . two. "lig

-and-two "dark". The "1ight" and "dark" tubes-were placed

inrglternate corners so as to obtain as evep a distribiitio

. oflight as possible,

PP R
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- Tpcubation light bath, Used aboard the "Orsom III".
Showing the glass tank aurrounded by eight 20 watt

Fig. 2.

#luorescent tubes. Sea~water 18 pumped continuously
into the bottom of the tank end overflows through

the central pipe shown.
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3 Te;: © (d) Filtration and Counting of Samples

L After incubation the samples are filtered with a
: Millipore Filtration Apparatus, Type XX10/100/00, and.a - -
i ' rotary. high-vacuum.pump. Millipore membrane filters, Type
; HA :(15/16th inch diameter), are used. : These are rated to:
retain all particle sizes above 0.5 micron in diameter. '
The filteréng surface area obtalned with this arrangement
is 2,54 cm Filtration 1s very rapld and a 400 ml ‘oceanic
sample is normally passed . through 1in less than five minutes.
The filters are washed with 10 ml of 0.001 N HC1l in 3 per cent,
NaCl to remove excess.labelled carbonate unassimilated by the
phytoplankton, The filters are then dried by further-  suc-
tion and stored in a: desiccator over. sillca gel pending
subsequent counting. -

All counting of the activity of the filters is done :
ashore In thls Laboratory at Cronulla. It is carried out
-with EHM2 (G.E.C.) mica end window counters shielded with
1% inches of 1sad. - The scaler used:is:an "Austronic"
SC3/100 with a resolving time of 20 .4sdcs The overall -
-counting efficiency of this equipment:is-7.5 per cent..of the
" theoretical number: of. disintegrations.:” This is considered
unsatisfactory, :and -1t 1s intended to: replace the end window
epunter: with a windowless gas flow couhter in the near future. |
??is should increase the efficlency by a -factor of ‘more than !

ve, :

-~

L Each sample is counted for at least 1o minutes. ' With
the activitlies used, this gives a probablie error of less tHan
5 per cent. .for the majority of the samples. ‘ All counts ‘are

corrected for background : -w,_ R

(e) The_EE_neration of Ampo :'es of~140 1 SR
W Estimation of their eir:Act vitx B *'fﬂf:

The 140 used is obta*ned in 1 millicurie. ampoules from:
the Radiochemical Centre, Amersham, England. It is in the
form of sodium bicarbonate, 14 mg NaHCO3 in 0.,83'ml of
solution., - This is diluted with 3 per cent. NaCl to give a
solution of 30 microcuries (uC) per ml, The dilute SOuCJhl
solution 13 dispensed in 1 ml aliquots into.clean 2 ml-
ampoules by means of a tuberculin syringe The ampoules are
sealed and then autoclaved at 10 1lb/in for 40 minutes in s
dye- solution (Steemann Nielsen, personal communication). ‘
Thls:ensures that.the ampoulés are properly sealed; they can
thef be kept indefinitely. The ampoiiles thus contain 30 uC

4C in the form of NaHCOx in 1 ml of 3 per cent. NaCl.
The contents. are emptied, w%th subsequent washing, 1nto the

FO 235

samples for CO, uptake measurements.




,_Thé_filter'areagog

- Of 2 mg BaCO3/c

.Whilst_thg_activity”con$ained,in-each;gppople is non-
inally 30 HC, it is nécessary t0 measure 1fs actual count
rate under the same -conditions of counter.efficlencyiste, as
1s used .for the counting of “sample filters. - This. permits
the direct comparison of theSe.two.activities"ﬁoﬂbefusedfin :
seribed in; the

next section. _ . o TR
" In the measurement of sample filtér;éétivitiséviﬁiigT}
-assumed that there is no self absorption of the l4gp . parts

-, lcles, as.the number of organisms on the filtep is. compara=
tively small and their density is low, . However when. - .

measuring -the activity contained in the ampoules-the tracer
carbonate is precipitated as an .appreciable quantity of = . -
barium carbonate and the activity must be corrected-to zero
thickness of sample. This is ecarried out in the following
manner, S L : S ,

.- The contents of an ampoule are transferred with washing
into a.selution.containingm136;mg NarCO3/1 and made .up to . .
1 1 with the same solutlon, . 10 ml glijuots of this active
-Solution are treated with 1 ml of 0,1N Ba(OH)» and the RaC 3
precipitate .is filtered off with a Millipore membrane, - .-
-using the same equipment-ag in the CO> uptake megsurements,

b 2454 cn= gives @ precipitate thickness of
,l_mg_BaGO3:perucm . o ' =

To other 10 ml aliquots of the active solution ape
gdded a further 10 ml of the tracer free solution of 136 m§

Na. qo;/i.L ‘Precipltation of these with 2 ml of 0.1N Ba(OH)»

Itration g%ves filters with precipitate  thicknesses
m In the same way, by the addition of -
sultably larger volumes of the NaoCO solution and Ba(CH)5,
fllters are_obtainsd_with precipi‘até thicknesses of 5 ng
and 10 mg BéCO'/cm'kafAlthough these filters are of vary-
ing thicknessed of FaC0,, they all sembiicoiis same amount
of activity,-i.e.~l/1ooéh of the activity in an ampouls.

The activities of the various filters obtained above.
are measured in the same way and with the same equipment as
are.the activities of the samples for COp uptake measure--
ments, The logarithms of these activities are plottea -
agalnst the precipitate thickness, ' If the absorption of
8 particles by BaCO; is assumed - to fall exponentlally with
the thickness of thg precipitate, then extrapolation to

- Z2ero thickness of the straight 1ine connecting these resul;s

glves the activity of 1/100th of an ampoule.

. This estimation of the zero thickness activity of the -
contents of the ampoules.has*been made and the results are -
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ggte measurable_from;the 30 uC. would be.-

7
given~¢p.Figure 3. The extrapolation to .zeru thickiess of

" the . line of best fit, determined:by tge method: of least=-: .

squares,. gives an activity of 25.%.109 counts per minute
(¢c/min).. . Thus when the contents of an a.?poule are added - .
to:a‘sample the added activity is 25 x 107 ¢/min. oo -

. The above estimation can also be used for the cal-
culation of the‘efficien?yLQQﬂphe counting system used. -
Each ampoule is known tof contain 30 pC of activity. With
end-window counting a maximum of only half the total. number

of disintegrations can be counted. Thus the maximum count

B o7 o/mi
5 X 1900 xl3f7 x 60 x‘lo c/min

| 1.6, 33,3 % 106 o/min
. Wi%ﬁbtﬁqﬁCBﬁnfiﬁé%é§éﬁ§m uéedJiﬁhﬁhis iabogatory, the
30 uC of activity gilves a count rate of 25 x 10 e/min.
The efficiency of the counting system 1s therefore

25 % 107 x 102 &
33.3 x. 10 -
| . i-éo ! 2.5% - .'

. (£) The Calculatlon of COp Uptake
7 " When the meaéﬁgéﬁgéétiﬁity of the filter from the. t'dark"

" tube of the sampler.is subtracted from that of the "light"

tubefﬁthe_ﬂnengqtnﬁ;tyﬁ'thus‘obtained is proportional.iy: -
soleiythAthe,amountxpfhco taken up by the organisms imithe
sample.during the peried o% incubation. The "dark" tube. -

corrgcts for any cOo uptake by .the filter or the organlsms -

'V'“"Fﬁﬁéﬁéﬁpéféﬂgiﬁﬁecifiéﬂégﬁiﬁity of the COp in the sample

can be determined from the kmown nadded activity" and COp con-
tent of the sample. Thus-the rate of photosynthetic uptake
of COp.by. the. organlsms, under the conditions of light etc;
used, is calculated by means of the following formula, as . .
given by Doty (1956).- - - R

 Rate of Photosynthetic,upteke of COp

= UNet Activity" X Total CQ2... . « 12 x 1000 mgC/hr/m3
Tadded Activity" ; Hours, of-incubation 44 - SR

- Py
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n-units oficounts per minute, - - "Total

cofitent of COp:in all forms in the -
sample in-mg COp/l.  The factor: - 12'x'1oooacOnvertSVthe-i
COz2 content to its equivalent’in=§§ C/m3, -. R -

-The results obtained by the"us&idf the above formula
are subjeect to corrections due to Tstabolic discrimination
agalnst 120 as ecompared to normal 1<C ang also- due to loss
of part of the assimilated due to respiratién by the -
organisms.during photosynthesis, . Unfortunately the nagni-
tudes of these two factors are still disputed. - Rather tha
apply questionable enplrical corrections, none are used,

III, DISCUSSION
(a) Comgafisoh“of‘lﬁﬁﬁﬁétion under Natural
v .. .. Conditilons and [din.a Light Bath o

In the previous section two methods were described for
the incubation of the Samples. The first was to resuspend
the samples in the ocean for half the daylight period at the
depths from which they were taken, .the second to expose ther
for a measured period in a light bath. As a measure of

CO2 uptake by a particular water mass, the first is certaini
preferable. Tt wmeasures the actual: uptake of COo by the
water under study on the day of sampling, How represent-
ative this measure is depends only on the day to day
variation of the Cnguptake'itselfudndmoﬁgpoqgiticns in the
water mass. The"any"EBﬁdition‘1Ikely"to'vary considerably

"-1s the light_intensityft"Steemann-Nielsen {1954) has sugges

ed’ that even this would not.-have any great influence in
tropical. and subtropical waters, . Two .criticisms of the -
method are .that it entalls incubation of the sanple for a - .
longer period and that multiplicdtion of the resultant COs*
uptake by two to obtain the dally -aptake may not be valid, -

the water sample,  The suggestion by Doty and Oguri- (1957)
of a diurnal variation of the. rate of photosynthesis would "™
mean that CO, uptake during the first half of the daylight
period would differ from the second., This could be answerec
by extending ‘the incubation to the whole daylight'period.’;
Unfortunately, the main disadvantage of this method is that
it entails keeping the research ship hove to for extended

" periods which is often not feasible and is certainly costly,

_1: The alternative method of incubation of the sample in
a light bath is much simpler and less time consuming than

the first method, but the results obtained can not be so
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Fig. 3.- Determination of zero thickness activity of 1.
‘The log of the activity of several samples of BaCO3,
. 11 containing the same amount of 14, is plotted
against the thickness of the samples. The line of
best £it is extrapolated to zero thickness of BaCOsx.
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readily used,: In this method. alli-saiples are subjected to
the same conditions of .light inténsity and temperature; The
method measures the abllity. of-~-the: samples-to photosynthesise
under the specific conditions of light and. température of .. ..

.the light bath and can be used as such for rather crude

comparisons of the relative productivities: of-different. ,
water masses. If 1t is to.be used to estimate the actual -
rate of photosynthesis of a water mass it would be necessary
to know both light intensity and temperature at the position
of sampling and their:diurnal variations. It 1s also nec-
essary to know the variation of the rate .of photosynthesis
of the sample with light intensity and temperature. :The
effect of temperature variations is largely éliminated- by
the:system.of keeping -the light bath-at the. temperature of
the - sea surface waters.. In oceanic waters, temperatures
within the upper part of- the euphotic zone, and those en-
countered ‘at .the surface during six hours. steaming, do
not.differ- usually by more thanl.or-2°C.. The diurnal
variation of light intensity at the depth from which the
sample .is taken carn be estimated if one measures. the ‘ex-
tinetion coefficient of  the water concerned (see Ryther 1956a).
However, in the.case of the eéffect of light variations on -
photosynthesis nuch work is still needed. Steenann
Nielsen-(1952) has presented a relationship between light
intensity.and photosynthesls for tropical surface plankton :-
and Byther (19563 end b), one for pure cultures of various
marine phytoplankton. .. There ls 1ittle evidence that a
general relationship can be used.

TN : .

The above con51derations suggest that, at the present
stage, ‘the methed of incubation under natural conditions in'.
the sea should be used whenever possible; preferably the -
two methods should be used simultaneously., When more
information is obtainable, it should be possible ‘to relate
the. results obtalned by the two methods. This would permit
the use of the second method:- of light bath incubation for -

easier. eollectlon of supplementary data.

(b) The, Significance of . COg Uptake as Measured
o bV :the 140 Method - -

From,theoretical con51derations, Steelann Nielsen (1952)
applied a cerrection of + 6 per-cent. to his results to
account for metabolic discrimination against 14¢. * Van Norman
and Brown (1952) estimated this. disc¢rimination and obtained
a figure of 14 per cent. Steemann Nielsen (1955) has -
criticized this figure, and using some of their dafa has re-
calculated 1t as 5 per cent, However his recalculation is
baged on certain assumptions concerning dark fixation and
the relation of photosynthesis to respiration. In view of




beforerany:figure“for5discrimination‘againstf;g-fcanlbe?uée
with reasonable &Ssurance,’ = e LUV OR RN

gre :High
It is evident however that the use of the *+*¢ method for the

.{Intensities, 1t wiiy obviously inarease with falling 1~1g'r;t5-7-;'-'.;

;Rythfﬁ (1956 b and ¢)-has presented evidence to show.”--
that the 1% method measures the rate of net photosynthesis,”
l.e. the rate of .CO ‘Uptake due,to:phdtbsynthesis less the -
simultaneous loss-og CO2 due to respiration, He suggests .-
that this may be due to the preferential.use=of'reSp1ratory¥P
COo for Photosynthesis, He points out (1956b) that this
is g measure of net production'during Photosynthesis only,
as-mh&;methodaean_give No estimate of the loss due to -regs i
piration at night. SRR L R,

ed. Basically, in g study of the productivity of the oceans -
information‘iSqrequired on-two subJectsg.flthe'size of the

‘A tHE FAES BE hidy . ‘ 1.6, the
Slanding crop and the net produgtan " Estinates o gross
prqductiqpiqu give only Lndirect,information; - In its:
present. form the. 14G. method can: give a measure of net pPro-:
duction,du;ihg'photosynthesis;,-;ngmeasure-total net. - ... -
production, :Lnfq-rmati_on;.i:a-.-s.tillf:necessary on the rate-of - .
phy%d—ﬁlgnktpnLr@sp;ration.- I£,~however,;the;method:is:uSed
iqﬂgqnég@éﬁ;bp}w;ph,sgme”ather-method which-could_gyveua'tf'
R N T i
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measure of standing crop of photosynthetic organisms, €.g.y
the. me4surement- of chlorophyll content, a close approx-
imation to a neasure of Rceanic productivity could be
obtained., Alone, the ; C method measures one of the vital
factors in produc%ivity and as such’ can be used; 1ln g more:’
1imited way, -as a relative index of productivity. e
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