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Abstract 
Biological extinction coefficient is calculated from measurments of energy and quantum of 
underwater light in the tropical North Pacific Ocean. Comparison of biological extinction 
coefficients, kaE based on energy and kbQ based on quantum, shows no predicated relations from 
kaE to kbQ at each light level but possible prediction of kbQ from kbE estimations for a water 
column. 

Introduction 

It has been proposed to normalize the primary productivity data so that chance variations in 

such environmental parameters as solar radiation do not interfere with the comparisons of 

interest. In order to persue this, biological extinction coefficient estimated with 14C uptake 

has been considered to be useful (PLATT 1969). This biological extinction coefficient can be 

calculated with either energy or quantum of light. However, the energy of light is dependent 

on wavelength of light. The energy of a quantum, E can be written as 

E= hC 
A 

where h is the Planck's constant, C is the velocity of light and i( is the wavelength of light. 

A small quantum in red part of the spectrum has the same effect in photosynthesis as a 

large quantum in the blue part of the spectrum, if it is absorbed by a photosynthetically fully 

active pigment. 

In past most of the biological extinction coefficient has been estimated with the energy 

measurement. There is little information on the relationship of biological extinction coef

ficient between energy and quantum measurements. In this paper we calculate the biological 

extinction coefficient with the energy and quantum, and compare them at each light level in 

a water column and for a whole water column in the tropical North Pacific Ocean. Particu

lar care was taken to :find the prediction of the biological extinction coefficient estimated with 

the quantum measurement from one estimated with the energy measurement. 
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Materials and Methods 

Measurements of Light and Primary Production 

Experiments were carried out during the cruise of R. V. OCEANOGRAPHER in the east 

tropical North Pacific Ocean in September and October, 1975 and February and March, 1976. 

The 21 and 17 stations was occupied in 1975 and 1976, respectively. 

Incident radiation was measured with a set of 180° pyranometers and a quantum sensor. 

One of the former measures a total radiation and the other of the former measures a 

radiation for infra-red light. The difference between readings of two pyranometers 1s 

considered to be the photosynthetically active radiation in terms of energy (W. m- 2) per 

incubation. The latter gives the photosynthetically active radiation (400-700 nm) in terms of 

quantum (Einstein. m- 2) per incubation. Separate measurements, employing similar quantum 

sensors (Lamda), were made of the downwelling and upwelling fluxes. For the former, the 

sensor was mounted on a bow pedestal approximately 1. 7 m above the cowl; for the latter, 

the sensor was installed on the end of a bow boom at a distance of 10 m ahead of the vessel. 

Both exposures were selected to minimize the influence of the ship on the radiation environ

ment. Outputs of the sensor, which were in continuous operation during, daylight hours, 

were recorded on analogue or digital acquisition systems, as well as magnetic tape, when 

possible. The net radiation, i. e., the energy made available to the water mass, is represented 

by the downwelling flux minus the upwelling, since the latter represents losses due to surface 

reflection and internal backscattering by the water. 

To establish the depths at which samples were taken for primary productivity study, a 

:filtered selenium barrier photocell was employed for underwater profiling. This gimbals

mounted submarine photometer is sensitive to radiation at 475 nm (in the blue portion of the 

spectrum) with a half-band width of 50 nm. The light levels were 100, 50, 25, 12, 6, 3 and 

1 % of the irradiance at sea surface. 

The measurement of vertical distribution of photosynthetically active radiation in the 

water were made with quantum sensors similar to those used for the in-air observations. 

The probes were tandem-mounted with the photometer. Values were obtained during the 

downward and upward traverses of the casts which usually made at mid - or late-morning 

in connection with the in situ experiments. 

Rates of carbon assimilation were estimated by the 14C method (Steemann NIELSEN 

1952, STRICKLAND and PARSONS 1970). Two light and one dark bottle (125 ml) were 

used for in situ experiments. The incubation lasted for about 6 hours from local noon to 

sunset except Stations C, A+ 3 and A in 1975. At these three stations the incubation lasted 

for about 12 hours from sunrise to sunset. At the end of the experiments, the samples 

were :filtered through an HA millipore filter (0. 45 µm pore size). All :filters were dried in 

desiccator. Their radioactivities were measured with a liquid scintillation counter (Packard 

Model 3550) using the channel ratio method. Ten ml of Beckman Filter-Solv solution was 

used as scintillation fluid. Each filter was counted twice for 20 min. 
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Calculation of Biological Extinction Coefficient 

The biological extinction coefficient (m-1) was calculated by the equation 

where lcz> is the light either energy or quantum at depth z and Pcz> is the production at 

depth z during the incubation period. The biological extinction coefficient calculated with 

the energy unit (W-h. m- 2
) and the quantum unit (Einstein. m- 2) during the incubation 

period are denoted as kbE and kbQ, respectivity. The visible part of radiation was obtained 

by subtracting the infra-red part of radiation from the total raiation. The average % for 

the visible part of radiation in the total radiation was 54. 4 % in the area studied. The ratio 

of the downwelling flux minus the upwelling flux to the downwelling fluxes was multiplied 

to the visible part of radiation to obtain the net radiation. The average of this ratio was 

about 0. 951 in the area studied. To convert the net radiation in terms of W-h·m- 2 

incubation-1 to cal·m-2 incubation- 1
, a factor of 0. 0858 was used. The factor 11. 2 kcal·gC- 1 

(PLATT and IRWIN 1973) was used to convert the production values from mg C·m- 3 

incubation - 1 to cal·m-3 incubation- 1 • The factor 8 Einsteins (mole C02)-1 (HALL and 

RAO 1972, Steemann NIELSEN 1975) was used to convert the production values from mg 

C·m-3 incubation- 1 to E·m-3 incubation-1 • 

Results and Discussion 

Vertical Distribution of kbE and kbQ 

The range of the kbE values obtained m this study is similar to one by PLATT (1969). 

The representative vertical profiles of the biological extinction coefficients, kbE and kbQ 

estimated with the energy and quantum measurements, respectively, are shown in Figure 1 

with chlorophyll a concentration and light penetration at St. A-3, 1975. Both kbE and kbQ 

are very low from the surface water to 25% light level. They strat to increase at 12% light 

level and then sharply increase with depth. Below 6% light level both kbE and kbQ are high. 

The kbE values are usually higher than the kbQ values except deeper depths, presumably due 

to experimental errors. The increase of the biological extinction coefficient with depth was 

also observed in a coastal water (PLATT 1969). 

Comparison of kbE and kbQ 

The linear regression line was drawn between kbE and kbQ for each light level. Table 1 

summarizes the average depth and the slope of the line with 95% confidence limit. In both 

years the subsurface maximum of the slope was found. However, the light level at which 

the maximum was found was different; 50% light level in 1975 and 25% light level in 

1976. This might be simply due to different penetrations between energy and quantum 

of light. Light penetration of energy is high at surface layers and then becomes low 

near the bottom of euphotic zone. On the other hand the light penetration of quantum 

is low at the surface layers and high below the half of the euphotic zone. LEWIS (1975) 
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St. A-3 1975 
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Fig. 1. Vertical distribution of kbE and kbQ with chlorophyll a concentration 
and light penetration at Station A-3, 1975. 

TABLE 1. SUMMARY OF LINEAR REGRESSION ANALYSIS BETWEEN kbE AND kbQ 

FOR EACH LIGHT LEVEL IN A WATER COLUMN WITH THEIR A VERA GE -

DEPTH IN 1975 AND 1976. 

1 9 7 5 
Light level 

(%) 
Average Depth 

(m) 

100 0 
50 24±12 
25 45±17 
12 61±19 
6 75±21 
3 86±24 
1 106±22 

* indicates significance at 95% 

5 

4 

,.., 
·~ 3 

o..c 
-" 2 

Slope 

0. 262±0. 146* 
0. 959±0. 302* 
0. 704±0. 445* 
o. 726±0. 304* 
0. 521±0. 349* 
0. 819±2. 31 

-1.72 ±6.22 

level. 

0 1975 

0 1976 

kE x 10-3 
b 

1 9 7 6 
Average Depth 

(m) 
Slope 

0 0. 248±0. 021* 
14± 3 0. 711±0.154* 
32± 6 0. 876±0. 306* 
48± 7 0. 668±0. 309* 
63± 6 0. 560±0. 347* 
79±11 0. 384±0. 524 

101±19 0.147±0. 498 

Fig. 2. Relationship between kbE and kbQ for a water column in 1975 and 1976. 
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concluded that energy is absorbed at a slower rate than quanta in transparent oceanic waters. 

It might be true in oceanic water with about 50 m for the bottom of the euphotic zone while 

the bottom of euphotic zone (assumed to be 1% light levdl) is about 100 m in the present 

study. The degree of difference in light penetration between energy and quantum varies 

spatially and temporally (El-Sayed et al. 1977). This variability cause almost no possibility 

to calculate kbQ directly from the kbE measurements. Although the ratio of quantum to 

energy could be defined for different water mass (MOREL and SMITH 1974), we feel that the 

kbQ values should be estimated with the quantum measurement instead of calculating from 

energy measurements in oligotrophic water. 

When the kbE and kbQ values are calculated for a water column, highly significant 

correlations are observed at 99% level in both years (Figure 2). The slope of the regression 

line are 0.320±0.034 for 1975 and 0.297±0.013 for 1976, respectively. No significant 

difference in the slope is observed between years. The kbE values are overestimated by 3 

times higher than the kbQ values for a water column estimation. This allowi us to calculate 

kbQ from the kbE estimation for a water column. 
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