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Introduction. Knowledge on the physiol-
vgy of phytoplankton species is important
for better understanding of dynamic of phy-
wuplankton communities and the bloom phe-
nomenon in particular, Beside chemical and
physical environmental factors the specific
bhiological features seem to be of cquat sig-
nificance for the dominance of a given phy-
toplankton species on a space-time scale.
The chlorophyll a content per cell and its
diel dynamics has been considered an im-
portant physiological characteristic as the
chlorophyll synthesis lies behind the
photoadaptation potential of phytoplank-
ton (Shiyk, 1965, Yorgensen, 1969).
The ability of some species to change their

chlorophyll a content during one photocy- .

cle could be of ecological advantage for an
optimum light utilization under turbulent
conditions (P 1 a t t, 1981). The variability
of chlorophyll a per cell could be crucial in
modeling primary productivity too.

The diatom Sceletonema costatum is one
of the most common winter-spring bloom-
ing species in Black Sea (Petrova-Ka
radjova,1973; Ncsterova, 1987
Bode¢anu, 1984). The recent alteration in
the annual reproductive cycle with the oc-

currence of summer blooms of this species has
been attributed to the increased eutrophica-
tion of the basin {Secnicheva, 1980;
Mihnea, 1985, Nesterova, 1987;
Mon cheva,1991) Hulbertand
Guillard (after R ound, 1982) however
have considered the existing of two differ-
ent ecotypes - cryofile and thermofile - that
could be responsible for the two bloom out-
bursts of this species during the annual cy-
cle. '

While there are a lot of field and labora-
tory investigations on the response of Scele-
tonema costatuin (division rate, nutrient up-
take etc.) to different environmental condi-
tions (Conway, 1977, Mihnca, 1980,
HorriganMcCarthy 198, Mon
ch eva, 19914, b) the variability of chloro-
phyll a content is a less exploited arca (G 1
ooshenkoetal,1972; Yorgensen,
1977; Hitch c o ¢k, 1980).

The subject of the present paper is to study
the pattern of the dicl dynamic of the spe-
cific chlorophyll a content of autochtonous
(Black Sea) culture of Sceletonema costatum
as a function of temperature and light varia-
tion and its possible relation to the blooms
of this distom in Black Sea.



Matertals and Methods. An autochtonous
Black Sea culture incculum was studied,
maintained in a Stosh (1964) nutrient medi-
um under 12h light:12h dark (12L:12D)
photoperiod of cool-white illumination. Al-
though day-length at 42-44° N ranges from
8h (March) to 15h (June-July) a constant
12h photoperiod was sclected for the labo-
ratory experiments so that variations in chlo-
rophyll & content would be attributable to
changes in the examined factors.

Several sets of experiments were conduct-
ed: the influence of temperature was exam-
ined under light saturation intensity for this
species (3000 1x, as reported by Joder,
1978) in a temperature range between  12-
26 C. The co-influence of light and tem-
nerature was studied at temperature 120 C
and 22 C and at low light intensity (LI) -
_uulx and at high Light intensity (HI) -
#0001x (equal to the average light intensity

~uing winter-spring and summer).
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Fig. 1. Log-plot of chlorophyll a concentra-
tion {mgfl) versus cell density (celll} of Scele-
tonema costatum for all experimental media

Cultures were transferred to experimen-
tal conditions a weck before experiments
were imitiated. Experimental bottles were
inoculated with log-phase stock culture to
yield an initial density of about 0.8x10° cells/
1. The chlorophyll a content was measured

following SCOR-UNESCO (1966) method
and the cell counts - under an inverted mi-
croscope (U t e r m o 1, 1958) at a 6h fre-
quency from the beginning of the experi-
ment. The measurements during three diel
cycles of 3 treatments were averaged. For
all experiments the culture cell density was
within the range for which the relationship
between chlorophyll 2 and cell density was
linear, e.g. 6x10° - 1x10° cells/l (Fig.1). Anal-
ysis of random samples by acidification
showed that phaeophytin was virtually ab-
sent during the experiments.

All the results were processed by a spe-
cial computer program in he Department of
Physics and Biophysics.

Results and discussion. As depicted on
Fig.2. at light intensity close to the satura-
tion intensity (30001x) the chlorophyll a con-
tent per cell increases with a maximum (0.93
pg per ccll) at temperature 22-24° C and
decreases therecafter.
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Fig.2. Influence of termperature {C"] on chlo-
rophyll a content [pgicell] of Sceletonema
costatum at light saturation intensity

At both cxperimental temperatures (12°
and 22°C) and light intensities (2000 Ix and
6000 1x) a change in the chlorophyll a con-
tent is evident during the diurnal cycle. The

-general trend is an increase during the pho-

tophase and a decrease during the sc-
otophase (Fig.3, 4). A departure from the
general trend is registered only at a temper-
ature 12°C amd L} (Fig.3), probably due to
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the specific circadian cycle of this species
(Platt, 1981).

The analysis of the two curves on Fig.3
reveal that at temperature 12°C and LI, the
specific chlorophyll a content per cell dur-
ing the 24h period increases about 1.6 times
(from 0.5 to 0.81pg per cell), the shift being
evident during the first 12h.

o™
!
!
i
3

—e— 2000 Lx
- k- - 6000 Lx

K.

- N

chlorophytl a [pp/osli]

i

o o
E
chiorophyl = [polcsil)

o
>
»

e
a

18 24 8 12 18

o

Time fhours]

Fig.3. Diel dynamic of chlorophyll a con-
tent [pgicell] of Sceletonema costatum at ¢
12¢C under two light intensities: 1- 2000, 2-
60001x.

The experimental curves at temperature
22¢C although following a similar pattern of
changes differ both by the extent and the
rate of the diurnal variability. At LI the in-
crease in the chlorophyll a content per cell
is better expressed - about 3 times in the
photophase (from 0.4 to 1.4 pg per cell) in
the first 6h and about two fold during the
diel cycle (0.4 - 1.05 pg per cell) (Fig.4).
At HI the increase is less well expressed (0.4
- 0.7 pg per cell} during the photophase and
after a decrease during the scotophase to
almost the initial value, increases again to
0.7 pg per cell (Fig.4). '

The analysis of the co-influence of the two
factors (temperature and light) on the diur-
nal dynamic of chlorophyll a content per cell
reveal a more significant shift at the higher
temperature (22°C) and the LI (2000 1x).

Similar results have been reported for
Rhodos and Pacific ocean inoculum of the
same species under similar experimental
conditions (Glooshenko, 1972, Hitc

h cock, 1980).

Obviously temperature has a dual effect
on chlorophyll a synthesis of Sceletonema
costatum culture. First the increase in the
temperature results in an increase in the
chlorophyll a content per cell, and second
the difference between the two light intensi-
ties was greater as temperature increases.
This response most likely reflects the Q
(temperature coefficient of Eppley, 1972)
effect of temperature on enzyme mediated
biochemical processes regulating growth.
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Fig 4. Diel dynamic of chlorophyll a con-
tent [pgicell] of Sceletonema costatum at 1°
22°C under two light intensities: 1- 20000x; 2-
6000Ix.

As synthesis and turnover of chlorophyll
a are mediated by enzymes (S h1yk, 1965)
temperature influences the rate at which cells
alter their chlorophyll a, as well as the spe-
cific chlorophyll a content per cell, e.g. these
two processes, which are of basic importance
for the photoadaptation potential of phy-
toplankton are temperature dependent. The
results of the co-influence of temperature
and light experiments support the statement
that the rate of adaptation to light intensity
and its variability could very seasonally
{(Harris, 1973; M ar a, 1978). The great-
er variations at LI in comparison to the HI
suggests that during winter-spring the tem-
perature mediated adaptation response to
light could be less affected by daily varia-
tions than during the summer, e.g. the rate
at which Sceletonema costatum shifts its
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chlorophyll a synthesis copes with the rate
of variability of temperature and light as
cnvironmental factors, the rapid change at
11 giving an advantage of the species to ef-
fectively utilize the light in a turbulent me-
dia. The latter suggestion is well supported
by the pattern of variability of another en-
zyme mediated process - the specific growth
rate. As reported by Hit ¢ h ¢ o ¢ k (1980)
at jow temperature the fluctuations in light
intensity have a limited effect on the growth
rate of Sceletonema costatum as the low tem-
perature impose a low growth rate and low
saturation intensity, while the most rapid
response to a change in light is at 20°C, near
its temperature optimum. Our laboratory
results reveal a temperature optimum at 22-
24" Cand p changing from 2.23 to 3.27 div/
day in a temperature range 12-22° C, for
which Q, is 1.74 (M oncheva, 1991).
According to Sma y d a (1973) p of 2.0
div./day at 10° C nearly equaled the maxi-
mum reported for Sceletonema costatum for
this temperature.

On the other hand Glooshenko
{1968) found no evidence of phasing in the
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Bupxy AeHoHOWHaTa aMHamMKKa Ha xnopodun a npu mopckara
pmatomen Sceletonema costatum (Grev. ) CL. noa

BANAHNE Ha NpOoMeHn B TemMneparypHna n CEeTnnHed PeXxnm
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(Pesome)

MSCJ’ICJIBEIHO € BIIHAHHUCTO Ha TEMIICPATYRaTa ¥ CBETIHHATA BBEPXY AMHAMHKATA HA Ch-

ABPHAHUETO HA XTIOPOGHT a Ha KIETKA B
AEHOHOLIEH 2CNEKT IIPH MOPCKaTa AMATO-
Med Sceletonema costatum (Grev.) CL. (as-
TOXTOHEH YepHOMOPCKH M307aT) 8 nabo-
P4TOPHH YCIOBHA.

YcTaHOBEHO e, Ue ¢ YBeIHIaBaHe HA TEM-
MEPaTYpaTa HAPACTBA U CHIBPXAHHETO HA
XNOpOQUI &, KATO MAKCHMYMBT MY € TIpH
TeMInepatypa 22-24° C, OCHOBHUAT TpeHK
B ACHOHOIUHATA NPOMAHA NMOK BIUSAHHC Ha
CKCTIEPHMEHTANHUTE YCIOBUA ¢ VBETHYe-
HHC NIpe3 CBETNUHHATA $aza H HaMaslsiBa-

He npes TbMHMHHATA daza, JeHoHomHa-
Ta JMHAMHKA € [I0-SCHO H3Pa3cHA PH CHB-
MECTHOTO BBIICHCTBHE HAa BHCOKA TeMIIe-
patypa (22-24°C) u HHCKa OCBeTeHOCT
(2000 1x).

HUCKYTHpAHO € 3HAYEHMETO HAa Tazu
$usnonormuna ocobenocr Ha Sceletonema
costalum 3a NMPOsABATA Ha JBA NBOTEKHH
MaKCHMMYMa Ha BHAA (3UMHO-TIPONETEH H
TICTEH) B €CTECTBEHH YCITOBMSL
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