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In the South Sea of Korea, in wvive fluorescence intensity (IVF) and extractable

chlorophyll a concentration were measured to determine whether there was significant

defference in in vivo fluorescence per unit chlorophyll @ (R) between netplankton and

nanoplankton size classes (less than 22wn). IVF and chlorophyll a were linearly related

for both size classes, but R’s were significantly different between two size classes. The R

of nanoplankton was about 7 times higher than that of netplankton. Therefore, the size

dependency of R must be taken into consideration when size fraction of phytoplankton

biomass is determined from the measurements of in vive fluorescence intensity.

Introduction

Techniques currently usued for the measureme-
nts of chlorophyll involve the filtration of samples,
extraction of pigment with 90% aceton followed by
either measuring the absorption of light by the tri-
chometric method (Richard and Thompson, 1952)
or by the fluorescence (Yentsch and Menzel, 1963;
Holm-Hansen et al., 1965). These two methods, ho-
wever, take time to extract chlorophyll and experi-
ments are not convenient on the shipboard. Loren-
zen (1966) described the use of in vivo fluoresce-
nce chlorophyll a technique to obtain the algal bio-
mass quickly and conveniently. The basic assump-
tion of the method is that there is a constant ratio
(R) between the observed fluorescence intensity
(arbitary units) of an in vivo sample (IVF) and the
extractable chlorophyll a (ug/D).

Numerous works have shown large variations in
R values of the natural phytoplankton population.
Strickland (1968) found that the ratio (R) could
vary 2-fold in the water off Peru and California.
Studies in San Francisco Bay (Alpine et al., 1979)

and Chesapeake Bay (Loftus and Seliger, 1975)
showed 10-fold variation in R’s over relatively short
time and distance scales. The variations in R were
attributed to the intensity of irradiance to which
the cells have been exposed (Kiefer, 1973a), the
difference in photosynthetic capacity (Vincent,
1983), the physiological condition (Kiefer, 1973b)
and the species composition or size classes (Strick-
land, 1968; Heaney, 1978; Vincent, 1983).

In Korean waters, there have been numerous
measurements of chlorophyll by the in vivo fluore-
scence technique (Shim and Yeo, 1988; Shim and
Shin, 1989; Shin ef al., 1990; Shim ef ai., 1991), but
there were no comments on the factors affecting
the R values. Moreover, most of those studies sho-
wed the biomass of netplankton and nanoplankton
size classes, separately. The purpose of this study
is to determine whether there is significant differe-
nce in i vivo fluorescence per unit chlorophyll a
(R) between netplankton and nanoplankton size
classes. If there is significant variation in R, the
size dependency of R must be taken into conside-
ration when using IVF to estimate size fractionate
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biomasses.

Materials and Methods

Field observations (Fig. 1) were performed du-
ring the day time in the South Sea of Korea on
August 16~17, 1993. Surface water samples were

129°41'E

34°2T N

Fig. 1. Location of sampling area. Surface water sam-

ples were collected at every 30 minute during
the cruise.

collected at every 30 minute during the cruise and
held for about 2 hours in darkness before measu-
ring in vivo fluorescence intensity (Heaney, 1978;
Alpine and Cloern, 1985). The measurements of
IVF and chlorophyll @ were made on an “unfractio-
nated” whole sample and “nanoplankton”, defi-

ned as the fraction passing through a 22wmn nitex
screen. Values for netplankton were obtained by
subtracting the values of nanoplankton from the
values of whole samples. All measurements were
made in duplicate and the averages were taken for
the results. Calculations of the IVF and chlorophyll
a were corrected by subtracting the values of the
filtrate, the fraction passing through a 0.45wm me-
mbrane filter.

IVF was measured with a Turner Designs Model
10 Fluorometer equipped with a 100m! cuvette hol-
der and appropriate filters (Lorenzen, 1966). Ext-
ractable chlorophyll a was determined fluorometri-
cally as described by Yentsch and Menzel (1963)
and Holm-Hansen et al. (1965). The samples were
collected onto 0.45pm membrane filter and then the
filters were soaked in glass tubes with 10ml of 90
% aceton for 24 hours in the dark refrigerator. Af-
ter extractions were completed, the fluorescence
were measured 30 seconds before and after acidifi-
HCl (to correct for
phaeopigments) on the same fluorometer used for

cation with a drop of 5%

IVF measurements, which was calibrated with pure
chlorophyll a (Sigma Chemical).

Results and Discussion

The IVF intensity of filtrate, the fraction passing
through a 0.45pm membrane filter, ranged from 1.2
% to 19.9% of total IVF with an average 7.3%.
Most of this filtrate IVF seem to be free from ch-
lorophyll @ because the filtrate chlorophyll a was
only between 0.3% and 1.3% with an average 0.6 %
(Table 1). Total extractable chlorophyll @ concent-
rations ranged from 0.50 to 13.59yg/l, while the co-
of netplankton

ncentrations and nanoplankton

Table 1. Comparison of 0.45,m filtrate and nanoplankton percentage (%) of total chlorophyll @ and total i vive

fluorescence (IVF)

chlorophyll a IVF
0.45um/total nano/total 0.45pm/total nano/total
Average 0.6 427 73 67.7
STD 04 240 53 17.7
Range 03~13 3.6~—92.0 12~199 31.1~97.2
n 6 32 32 32
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were in the range of 0.06~11.67ug/! and 0.19~1.92
ug/l, respectively (Fig. 2). Percent nanoplankton
chlorophyll @ of total ranged from 3.6% to 92.0%
with an average 42.7%, while percentage of nanop-
lankton IVF were between 31.2% and 97.2% with
an average 67.7% (Table 1). This implies that the
IVF of nanoplankton is larger than that of netplan-
kton.

There was good linear relationship between IVF
and chlorophyll ¢ (R=slope) for each totalplank-
ton, netplankton and nanoplankton. The coefficients
of determination (r?) were 0.55 for totalplankton,
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0.64 for netplankton and 0.41 for nanoplankton (n
=32, Fig. 2). However, there was significant diffe-
rence (p < 0.005) in slopes (R) for net and nanop-
lankton size classes (Table 2). The R value of na-
noplankton was about 7 times higher than that of
netplankton. These results are consistent with Lof-
tus ef al. (1972) who found that small sized phyto-
plankton have higher R values than large species
in a laboratory study of unialgal culture. Alpine and
Cloern (1985) also reported in the field study of
San Francisco Bay that ultraplankton R was twice
that of the nanoplankton which was in turn twice
the netplankton R.

It is generally believed that small cells have hi-
gher photosynthetic rates per unit chlorophyll a
than large cells (Taguchi, 1976) and fluorescence
yield might therefore be lower in smaller cells. Ho-
wever, we found that R was much higher in smal-
ler cells. If there is no difference in photosynthetic
rates per unit chlorophyll & between these two size
classes in the study area, which have not been re-
ported previously, our data suggest that the grea-
test influence on R in the study area is associated
with factors affecting the rate of the absorption of
light, such as cell size and species composition (i.e.
accessory pigment) as noted by Alpine and Cloern
(1985). According to Kirk (1975), small cells are
more efficient at capturing photons than larger
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Fig. 2. In vivo fluorescence plotted against chlorophyll ¢ for total (a), net (b), and nanoplankion (c) size classes.
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Table 2. Regression and coefficient of determination for the linear regression of i vivo fluorescence (IVF) against
chlorophyll @ for netplankton and nanoplankton size classes

size classes intercept slope (R) 95% C.L. r n
(IVF units) (IVF/chl. @) for R

netplankton 65.0 470 329~ 61.1 0.64 32

nanoplankton —15.6 3354 184.0~486.8 041 32

cells and this lead to higher R values.

Nutrient stress and photoinhibition, which may
cause the variation in R (Kiefer, 1973b; Heaney,
1978), are unlikely to affect the R values reported
in this study. Nutrients in the study area are gene-
rally exceed rate-limiting levels (Cho, 1985) and all
samples were dark adapted before fluorescence
measurements, Most of light-induced variations in
fluorescence yield can be eliminated with this pret-
reatment (Loftus and Seliger, 1975; Alpine and
Cloern, 1985).
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