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Abstract

The results of daily primary production determined by the 14C method in the
Gulfof Gdansk are presented. The amount of carbon released from phytoplankton
cells during photosynthesis was calculated from the difference between the daily
primary production of separate morning and afternoon incubations and that of all-
day incubation. The largest quantity of matter, ca. 25% of the primary production,
was released from phytoplankton cells in May, whereas during the other spring and
summer months (April to September) carbon release varied between 6 and 10% of
primary production.

1. Introduction

The isotope method of estimating primary production (Steemann
Nielsen, 1952, 1965) has been used for many years and basically measures
the carbon incorporated in phytoplankton cells. For years it has been stated
that some organic matter is excreted into the environment during photo-
synthesis (Fogg, 1977, 1983; Anderson and Zeutschel, 1970; Thomas, 1971;
Berman and Holm-Hansen, 1974; Sharp, 1977). According to Fogg (1966),
5-35% carbon photosynthetically fixed by phytoplankton may be released
almost immediately into the environment in this way. Carbon in the form of
organic compounds excreted by phytoplankton may become a feeding basis
for bacteria in the environment, thus starting a subsidiary link in the food-
chain (Larsson and Hagstrom, 1979, 1982; Laanbroek et al., 1985; Bratbak
and Thingstad, 1985). For this reason the amount of matter released from
cells during photosynthesis is of much interest to scientists. The matter
released from phytoplankton cells in the Baltic Sea has up till now been



almost an unknown link in the energy and marine organic matter balance.

There now follows an attempt to estimate the quantity of matter released
during photosynthesis.

2. Material and methods

The experimental material was collected during cruises aboard the re-
search vessels of the Sea Fisheries Institute, Gdynia. The results below
have never been published before and were obtained as a by-product of
other research programmes. This material comprises the results of primary
production measurements made during incubations in the morning - Pi,

afternoon - P2 and all day - P3 at three stations located in the Gulf of
Gdansk - Tab. 1.

Table 1. Sampling stations

Station Region Position Depth
N E [m]

G2 Gdansk Deep 54°50’ 19°20’ 116

J Puck Bay 54°35’ 18°45’ 55

H Hel 54°35'30” 18°45'36” 41

The primary production was measured by the radioisotope method
(Steemann Nielsen, 1952) at a depth of 0.5 m and, occasionally, also at
5 m, 10 m and 20 m. The details of this method are specified elsewhere
(Renk, 1983, 1990).

3. Results and discussion

The results of primary production measurements are shown in Tab. 2.
The expression Pi + P2 is the sum of the primary productions measured in
the morning and afternoon, whereas P3 stands for the primary production
measured during an all-day incubation. These results prove that the primary
production measured during two consecutive time intervals, in the morning
and afternoon, is greater than that measured during an all-day incubation.
The difference is presumably caused by carbon release from phytoplankton
cells.

At the initial stage of in situ phytoplankton incubation in the presence of
carbon-14 (14C) (in the bottle), the cells contain natural carbon; only after
some time do they start releasing 14C incorporated during photosynthesis
at the time of the experiment. The concentration of 14C in phytoplankton
cells depends on the incubation time, and the amount of 14C released from



the cells is proportional to its concentration in them. The differences in 14C
concentrations in cells caused by different incubation times may helpful in
calculating the amount of carbon released from cells during photosynthesis.

Table 2. Primary production and carbon released from phytoplankton cells

Date  Station E Pl+ P2 Pz 6 A
Incubation time (day length) D = 16 h
May 16 Gj 1.42 25.6 92 228 0.22
May 17 Ga 6.22 183 153 120 0.05
May 18 G2 19.54 39.1 114 3.43 0.36
May 19 G2 13.76 139 29 479 047
May 20 G2 21.36 19.8 47 421 042
May 24 H 1251 74.9 199 3.76 0.38
May 25 H 14.69 14.1 90 157 0.12
May 26 H 22.25 8.0 46 174 0.15
May 28 H 16.17 24.9 222 112 0.03
Incubation time (day length) D = 16 h
May 29 H 13.16  26.4 125 211 0.20
May 24 H *5m 38.5 174 221 0.22
May 25 H *5m 6.1 10 6.10 056
May 26 H *5m 9.0 46 196 0.18
May 29 H *5m 445 261 170 0.15
June 23 G2 17.27 55.4 480 115 0.04
June 24 G2 12.56 78.9 664 119 0.05
June 25 G2 22.4 81.6 595 137 0.08
June 28 G2 9.8 88.9 616 144 0.10
June 23 G2 *5m 37.1 196 189 0.17
June 23 G2 10m 13.8 108 1.28 0.06
June 23 G2 20m 15 10 150 0.10
Aug 15 G2 23.13 48.7 432 1.13 0.03
Aug 16 G2 16.96 58.8 398 148 0.10
Aug 17 G2 10.11 60.3 366 165 0.13
Aug 18 G2 8.27 87.4 69.6 126 0.06
Incubation time (day length) D = 14 h
Apr 9 J 2154 6515 4794 136 0.08
Apr 10 J 11.99 552.6 376.4 147 011
Apr 11 J 11.88 203.6 1204 1.69 0.16
Apr 12 J 18.49 124.2 79.3 157 0.13
Apr 13 J 1421 1456 126.6 115 0.04
Apr 14 J 7.31 100.0 56.1 178 0.17
Apr 15 J 17.32 44.7 436 1.02 0.01



Table 2. (continued)

Date  Station E P1+ P2 Ps 6 A
Apr 15 J 6.39 2515 1852 1.36 0.09
Apr 16 J 8.59 205.9 1914 1.08 0.03
Apr 16 J *5m 92.8 728 127 0.06
Sep 8 J 1221 101.2 720 1.43 0.10

Incubation time: (day length) D = 8 h
Jan 16 H 2.68 16.0 95 168 0.14
Jan 17 H 151 189 183 1.03 0.02
Nov 18 H 0.84 34 20 170 0.28
Nov 19 H 1.80 8.1 79 103 0.015
Nov 20 H 177 7.1 71 1.00 0.00
Nov 21 H 2.19 6.9 56 123 0.07
Incubation time (day length) D = 7.7 h
Dec 16 J 0.94 17.0 123 1.38 0.17
Dec 17 J 1.30 18.2 144 126 0.12

* measurement at 5 m, 10 m, 20 m depth, other measurements - in surface water,

E - diurnal dose of solar irradiance energy [MJ m2 day-1],

P1+P2 ~ daily primary production measured in two incubation intervals
[mgC m- 3d_1],

Px - from sunrise to true noon,

P2 - from true noon to sunset,

P3 - daily primary production measured during all-day incubation
[mgCm_3d-1],

6 = (Pi +JW ft,

A =

= quantity of carbon released from phytoplankton cells (relative to primary
production).

The following indices are introduced to calculate the relative amount of
carbon released from phytoplankton cells (with reference to phytoplankton
production) in unit time:

A - phytoplankton radioactivity after an incubation time t,

A A - loss of phytoplankton activity due to carbon release from the cells
in time At.

The relative amount of carbon released in unit time can thus be expressed
by



Changes in phytoplankton radioactivity during incubation are caused by
primary production [p™1(t) /a] and activity loss due to release [AA], i.e.

N —

= (2)
at a

where

Ph - the rate of primary production expressed as the amount of
assimilated carbon in 1 m3 of water at an irradiance of 1
[MJ m -2],

I1(t) - solar radiation dose in time t,

a — - the relationship betweeen primary production and phytoplank-

ton radioactivity in the experiment.

To make the calculations easier, it is assumed here that primary pro-
duction is a linear function of irradiance (of only limited validity). The
calculations are for a standard day, when the diurnal changes in irradiance
can be expressed by the function (Renk et al., 1983)

I(t) = i/m(1- coswt), (3)

where

Im - the highest irradiance intensity in this water layer at the Sun’s
culmination (at midday),

t - time measured since sunrise,
, 24
U - i1,

D - day length.

Substituting expression (3) in eq. (2) yields

dA. Phlm i VAN
-ft = ~M~(1- 008"*) - AA. W

This differential egation enables the activity of a phytoplankton filter after
a determined incubation time to be calculated. Since the filter activity is

known from the experiment, it is easy to calculate the unknown quantity A
(describing carbon release from phytoplankton cells).

In order to solve differential eq. (4) the integration limits for particular
experiments - the incubations (Tab. 3) - must be stated. The solution to
differential eq. (4), not given here, leads to the following algebraic expression
for filter activity after different incubation times:
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in whicli t, the incubation time, should be substituted by the appropriate
differential limits of integration (Tab. 3).

Table 3. Integration limits for eq. (5)

Measurement- Incubation start Incubation end
incubation Time Activity Time Activity
in the morning  t=0 A=0 t=f A=A
in the afternoon t= 4 A=0 t=D a=az2
all day t=0 A=0 t=D A=A3

An additional quantity 6 is introduced in order to establish A, the relative
guantity of carbon released from phytoplankton cells. It denotes the ratio
of primary production summed over two D/2 hour intervals to primary
production from one time interval of D hours and is expressed as

r Pl+ P2 + A2
, (6)
~ P3 ~ A3

Substituting expression (5) in formula (6) yields

()

or after transformation
f 2(A2+ u;2) 8
- 0>?/(| + e~§3}* ®)
A can be determined from eq. (8) as the other quantities are known. The
calculated values of A are given in Tab. 2 next to the primary production
quantities.

As Tab. 2 shows, the relative quantities of carbon released from phy-
toplankton cells axe within the range from 0 to 0.56, which means from 0
to 56% of primary production. Sorting these values according to months,
we obtain the following mean values for particular months: January - 0.08,



April - 0.09, May - 0.25, June - 0.09, August - 0.08, September - 0.10,
November - 0.09, and December - 0.14. The May results are distinctly dif-
ferent and indicate a threefold greater carbon release from phytoplankton
cells than in other months. So it is just after the spring phytoplankton
bloom that abundant release of organic matter takes place. During the year
nutrient concentrations, especially those of inorganic nitrogen, are lowest
during this period (Trzosinska, 1977, 1990), and then primary production
in the Baltic is usually limited by nitrogen deficiency (Renk et al., 1992).
The finding that organic matter release from phytoplankton cells is higher
when primary production is limited has been confirmed by other authors
in their papers based on observations made at times of nutrient shortage
(Wetzel, 1969; Myklestad, 1977; Bratbak and Thingstad, 1985). It has also
been noted that the release of matter from cells is relatively greater in olig-
otrophic waters (Anderson and Zeutschel, 1970; Thomas, 1971; Berman and
Holm-Hansen, 1974).

Harris (1978) states that the quantity of matter released from cells is
greater in bright light. Our results, however, do not confirm this hypothesis.
The mean values of A for May are 0.24 at the surface and 0.28 at a depth
of 5 m (the light intensity at this depth is less than at the surface). Slight
differences between the A values at various depths can be put down to ‘ex-
perimental error’. Shailaja and Pant (1986) observed, moreover, that the
light's spectral composition affects the intensity of release. Many papers
(Sharp, 1977; Fogg, 1983) point out that the release of matter from phyto-
plankton cells is increased under stress conditions. In the southern Baltic
such stress conditions occur, for example, when the summer N:P ratio in
the water is unfavourable. The normal N:P ratio is 16:1 whereas in summer

in the southern Baltic it often falls to 5:1 or less (Renk, 1983; Trzosinska,
1977, 1990).
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