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LIGHT ABSORPTION AND MAXIMUM QUANTUM YIELD OF PHOTOSYNTHESIS
DURING AUTUMN PHYTOPLANKTON BLOOM IN THE WESTERN BLACK SEA

In the frame of GEF/UNDP Black Sea Ecosystem Recovery Project the effect of nutrient availability on phytoplank-
ton light absorption and maximum quantum yield of carbon fixation (¢max) has been investigated. It has been found
out that chlorophyll a concentration (Chl a) varied from 0.3 to 10 mg m™ increasing from deep-water region to shelf
waters. At the shallow stations, where upper mixed layer spread deeper the bottom of euphotic zone, the homogenous
pigment distribution was observed. In the deep-water region the Chl a profiles showed the presence of a deep Chl a
maximum (DCM) below a seasonal density cline. The functional characteristics of phytoplankton showed depth-
dependent variation. The phytoplankton from DCM was characterized 20 % lower values of spectral averaged Chl-a

— specific light absorption th (0.016+0.0025 m* (mgChl)™) and more than in two times higher values of ¢max
(0.070£0.012 molC (mol quanta)™) compared with the surface phytoplankton gph (0.0210.0035 m? (mgChl)™) and
dmax (0.030+£0.0078 molC (mol quanta)™). From offshore to shallow stations the increasing of surface Chl a concen-

tration was accompanied with slight decrease of gph (on ~20 %) and significant increase of ¢pmax UP to its theoretical

limit - 0.1 molC (mol quanta)™*, which were caused by an increase in nutrient supply across the shelf.
Key words: Chlorophyll a, phytoplankton, light absorption, maximum quantum yield, nutrients.

Productivity in the Black Sea is known to
vary strong in time and space, what is caused by
variation in the main environmental factors such
as nutrients, radiance and temperature. The spatial
productivity heterogeneity is related to a differ-
ence in nutritional status between shelf and deep-
waters, which is more pronounced in the western
part of the sea. The productivity values in the
north-western shelf waters differ on three orders
from deep-water region because of the input of
nutrients by three big rivers flowing in. It results
in that a strong nutrient gradient is observed in the
direction from offshore to shore zones [7]. Waters
nutrient status controls intracellular pigment con-
centration, relative abundance of accessory light
harvesting pigments and phytoplankton taxonomic
and size structure, consequently, the nutrient con-
© T. Churilova, Z. Finenko, S. Tugrul, 2008

centrations effects on phytoplankton chlorophyll a
— specific absorption [1, 25]. The maximum quan-
tum yield of photosynthesis depends on nutrient
concentration [1, 5], because the photochemical
activity of photosystem reaction centers is de-
pressed by nutrient limitation [11, 28]. The Chl a —
specific absorption coefficient and especially
maximum quantum yield of photosynthesis are
found to be more sensitive to nutrients and could
be the indicators of physiological state of phytop-
lankton community. However, for the Black Sea
there are rather limited amount of maximum quan-
tum yield of photosynthesis measurements. Only
using of recent-day method of phytoplankton ab-
sorption measurement [3, 4] allowed to quantum
yield estimation from efficiency of photosynthesis
(initial slope of photosynthesis light -

75



T. Churilova, Z. Finenko, S. Tugrul

curve) [9]. Two-year monitoring of bio-optical
characteristics of surface layer in central western
part of the Black Sea showed a relationship of ab-
sorption coefficients with chlorophyll a concentra-
tions and revealed seasonal variability in chla-
specific phytoplankton absorption coefficients [4].
The depth-dependent variability in phytoplankton
absorption features and its relationships with nu-
trient concentrations have not been still investi-
gated, although such data would be important for
estimation of physiological characteristic within
euphotic zone.

The investigation aimed to estimate the
variability in phytoplankton light absorption coef-
ficient and maximum quantum yield of photosyn-
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thesis during the autumn phytoplankton bloom and
their relationships with nutrient availability.
Methods. The investigation of pigment
concentration, photosynthesis-irradiance relation-
ships (P-E) and phytoplankton light absorption
(apn) were curried out on a few cross shelf tran-
sects from Ukrainian, Bulgarian, Rumanian and
Turkish coasts to the deep-waters region (Fig. 1)
from 20 September to 15 October 2005 during a
cruise on R/V “Vladimir Parshin”. Sampling was
generally performed at from dawn to midday.

28.5 29

Fig. 1 Location of the biological stations in September (Leg 1) and October 2005 (Leg 2)
Puc. 1 Cxema OHOJOTHYECKUX CTaHIMA B CeHTA0pe (3Tam 1) u oxTs10pe 2005 (3Tam 2)

Pigment concentrations. The sampling for
pigment concentrations and light absorption mea-
surements were done at 39 stations shown on
scheme of stations (Fig. 1). Chl a and Phaeo con-
centrations were analyzed by the fluorometric me-
thod [13]. The fluorometer was calibrated using
solution of purified chlorophyll a (Chl a) which
concentrations were determined with spectropho-
tometer using the equations recommended by [14].
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Water samples for pigment measurements were
collected using 5-L bottles of CTD cassette at the
7 — 10 depths chosen based on a fluorescence pro-
file to describe correctly vertical pigment distribu-
tion. Water samples (0.2 — 0.5 L) were gently fil-
tered on 25 mm Whatman GF/F filters under ~0.2
atm. vacuum. Filters were folded in half twice and
wrapped in aluminum foil, labeled, and stored in
liquid nitrogen (to avoid formation of degradation
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products) until shore analysis. After removal from
liquid nitrogen, the pigments were extracted by
placing the filters in 5.0 ml 90 % acetone. The
samples were allowed to extract overnight in 90 %
acetone in the dark refrigerator (~ 6°C). The sam-
ples were vortexed to break cell walls, and spun
down in a centrifuge for 5 min to remove cellular
debris and glass fibers and then measured before
and after acidification. The sample was acidified
with 2 drops of 1.2 M HCI. All procedures were
conducted under subdued light in order to prevent
photodegradation of pigments.

Particulate and phytoplankton light ab-
sorption. The sample processing was performed
respecting the ocean optics protocols recommend-
ed for satellite ocean color sensor validation [6].
Water samples (0.5 — 1.0 L) were gently filtered
on 25 mm Whatman GF/F filters under ~0.2 atm.
vacuum. Filters were placed in special plastic cap-
sule and then stored in liquid nitrogen until analy-
sis in the laboratory. The particulate absorption
was measured by method [27] in modification
[21]. The optical density of the filters was meas-
ured relatively to a seawater reference saturated
blank filter with dual beam spectrophotometer
(SPECORD-M40, Carl Zeis Yena). All spectra
were offset to zero optical density at 750 nm, and
corrected for the path-length amplification effects
as described in [20]. The total particle absorption
(@(A)) was separated into phytoplankton
(am(A4)) and non-algal particles absorption
(anap(A4)) by the methanol extraction method
[15]. The measurement made before methanol ex-
traction provided a,(A) while ayap(A) was ob-
tained after the extraction. a(A) was derived
from the difference between a,(4) and ayap(A).

To calculate Chl a-specific coefficient (a’;h(k))

phytoplankton absorption coefficient ag(4) was
divided by a sum of Chl a concentration with
phaeopigment concentration (TChl a).

Maximum quantum yield of carbon fixa-
tion. The photosynthesis — irradiance (P-I) curves
and phytoplankton light absorption spectra were
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used to calculate maximum quantum yield of car-
bon fixation (¢max). P-1 experiments were carried
out at 23 stations (23 experiments — for surface
samples (where photosynthetic available radiance,
PAR = 100%) and 7 ones - for deep samples (~1
% PAR). The depths to which 1 % of surface ir-
radiance penetrated were determined based on
PAR profile measured by PAR sensor attached to
CTD-rosette. The method of P-1 curve measure-
ments and the results were described in [9].

The maximum quantum vyield of carbon
fixation (¢pmax) Was determined by the formula:

Oma= K /8, (1)

where o is the efficiency of photosynthesis,
normalized to unity of Chl a concentration (initial
slope of P-I curve); k is the coefficient for dimen-

sional consistency of this equation, éph is the

amount of absorbed quanta, which is normalized
to unity of incident quanta in visible diapason of
wavelengths from 400 to 700 nm (photosyntheti-
cally available radiation):
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Spectral distribution of the light energy in
the experiments (Q(A)) was determined as the
product of the energy spectrum of the lamp (E._(A))
and light transmission spectrum of 10 % water
solution of CuSQO, - T(L):

QM=EL(M*T() @)

Nutrient concentration. Nitrate, nitrite,
phosphate, and silicate concentration were meas-
ured on the board of R/V “Vladimir Parshin” just
after the sampling with the autoanalyser by the
standard techniques [26].

Results and discussion. The surface chlo-
rophyll a concentrations varied from 0.3 to 10
mg m™ increasing from deep-water region to shelf
waters. Vertical chlorophyll a profiles were ob-
tained based on fluorescence profiles and
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correlation between chlorophyll a concentration
and fluorescence of chlorophyll a (Flu):
Chl = 0.00154xFlu, n=101, r*= 0.92 (4)

The chlorophyll a concentration, phytop-
lankton absorption coefficient (ap(A)) and maxi-
mum quantum yield of photosynthesis (¢max) Va-
ried in a wide range along the transects from off-
shore to shore regions and with depths.
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Depth-dependent variation of ay(A) and
Omax IN deep-waters region. In the investigated area
euphotic zone was deeper than mixed upper layer.
Photosynthetically available radiance attenuated
up to 1 % of surface PAR value within 35 — 58 m
layer (Fig. 2). Seasonal density stratification lo-
cated at 14 — 22 m depth (Fig. 2).

Fig. 2 Typical for the
deep-waters region vertic-

1214 16 St g profiles of chlorophyll
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a concentration (Chl a,
mg m?), temperature (T,

°C), nitrate and nitrite
concentration (NO3;+NO,,
pM) and relative density
(0w, kg m?) — A, B (Hori-
zontal line shows depth of
1% PAR, A — the depths

of P-l experiments); Phy-
toplankton absorption
spectra, normalized on
coefficient at 678 nm
(apn(1)/ apn(678)) — C, D.

Puc. 2 Tunuunoe s
r1yOOKOBOJHOTO paifoHa

BEPTHKAJIBHOE pacIpese-
JeHHe KOHLICHTPaLUH
xnopodumna a (Chl a, mr
M), Temmeparypei (T, °C),
KOHIICHTPAIIMH HHUTPATOB
u HutputoB (NO3+NO,,
pM) H OTHOCHTENBHOMH
wiotHocTH (0, KT M)
(Topu3oHTANBHOM JINHH-
el otmedeHa rinyouna 1%
OAP, A — riryOuHBI IKC-
NEPUMEHTOB 10 OIIpese-
JICHUIO CBETOBBIX 3aBH-
cuMocTeil  poTocuHTE3a)
— A, B; Cnexrpsl norio-
HIeHMs cBeTa (UTOILIAHK-
TOHOM,  HOpPMAaJHU30BaH-
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The stratification was found not to be
strong, which was typical for autumn. The maxi-
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HbIC Ha BCJIMYUHY MpHU
678 uM (apn(A)/agn(678)) —
Wavelengths, nm C,D.
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mum density gradient was equal 0.03 — 0.06 (kg
m?®) m™. The density-cline divided the euphotic
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zone into two quasi-isolated layers with different
environmental factors. Upper mixed layer was
characterized by higher temperature and light in-
tensity than the layer below the thermo-cline. It
resulted in pronounced depth dependent variability
in phytoplankton pigment concentrations and light
phytoplankton absorption spectra shapes within
the euphotic zone. The surface Chl a concentration
varied from 0.33 to 0.85 mg m™. In the upper
mixed layer the Chl a concentration distribution
was rather uniform. In the deeper layer located
below the seasonal density cline Chl a maximum
was observed (Fig. 2).

To estimate spectra shape variation the ab-
sorption spectra were normalized to red peak ab-
sorption value. The phytoplankton light absorption
within the upper mixed layer was characterized by
identical spectra shapes (Fig. 2C, 2D). The spec-
tral distribution of absorption coefficient depends
on phytoplankton pigment composition [24].
Therefore similarity in spectra shape reflects that
pigment composition was similar within the mixed
layer and the species composition and cell size
structure of phytoplankton community is unlikely
to vary within this layer. In the deeper (30 — 60 m)
layer the shape of absorption spectra markedly
changed (Fig. 2C, 2D). Near the bottom of euphot-
ic zone in the absorption spectra local maximum at
~ 550 nm became visible. It is well known that

| Parameters | Surface (n=7) | 1-5%PAR(n=8) |
Chla 0.55 (< 31%) 1.4 (+ 85%)
a*,,(678) 0.0181 (+15%)  0.0172 (+ 14%)
R 2.70 (+ 17%) 2.15 (+ 10%)
a 0.0205 (£20%)  0.0157 (+ 21%)
Omax 0.030 (£26%)  0.070 (+ 18%)

this capability to absorb green wavelengths (~550
nm; Fig. 2C, 2D) is owing to phycobilins, which
are pigments — markers of cyanobacteria [22]. The
domination of cyanobacteria in phytoplankton in
the layer below the seasonal thermo-cline seems to
be reasonable. Within the euphotic zone spectral
features of irradiance change with depth, and
mainly green light penetrates down to the euphotic
zone bottom [19]. Cyanobacteria due to the phy-
cobilins absorb more effectively green light than
other taxons.

Chl-a specific absorption coefficients

(a;h(l)) decreased with depth, especially in the

blue part of spectrum. It resulted in the decrease of
blue (at 438 nm) to red (at 678 nm) peak ratio, R

(Fig. 2C, 2D). The mean values of a*ph (678) and R

varied from 0.0181 (£15%) m* (mg Chl)™* and 2.7
(£17%) at the surface to 0.0172 (£14%) m* (mg
Chl)* and 2.15 (£10%) at the 1% PAR depth (Ta-
ble 1).

As result of variation in both specific ab-
sorption coefficient and spectrum shape the spec-

trally averaged Chl a — specific coefficient (gtgh ),

decreased within the euphotic zone from 0.0205
(#20 %) to 0.0157 (21 %) m® (mg Chl)™.

Table 1 Mean values and standard deviation (in a
bracket) of some biooptical parameters in the deep-
waters region.

Tabn. 1 CpenHee 3Ha4eHHE W CTaHIAPTHOE OTKIIOHE-
Hue (B CKOOKax) OMOONTHYECKUX TTapaMeTpoOB B IIy0o-
KOBOJHOH 4acTu MOps

Comments: Chl a - chlorophyll a concentration, mg m™; a?,h (678) - chlorophyll a - specific absorption coefficient at

red peak, m? (mgChl)™; R - blue to red peaks ratio in absorption spectra; Z;h - spectrally averaged chlorophyll a-
specific coefficient, m® (mg Chl)™ and ¢max - maxim quantum yield of carbon fixation, mol C (mol quanta)™

Ipumeuanne: Chl a - konnenTpamus x1opoduia a, mr M, a oh (678) - HopMupoBaHHbIiT Ha XJIOPOUILT @ KOIDPU-

LMEHT MOTTIOIIEH s CBeTa (PMTOIIAHKTOHOM B KpacHOM Makcumyme, M> (MrChl)™; R — otHomenue kodddurmentos

—*

TMOTJIOHNIEHHUA B CHHEM U KPAaCHOM MAaKCUMYyMax; aph - Cp€AHs IO CHEKTPY BEJIMYMHA HOPMUPOBAHHOT'O Ha XJIOPO-

2 -1 . .
¢bun a koaddunuenTa nornomeHus ceeta GUTorIaHKToHOM, M~ (MrChl)™ 1 ¢max — MaKCHMaNTbHBIA KBAHTOBBIH BBbI-

-1
xo1 porocuHTe3a, MOJILC (MOJIb KBAHTOB)
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Chl a- specific absorption coefficients de-
creased slightly with depth within the euphotic
layer. It could be explained by low pigment pack-
aging degree in phytoplankton cells of surface
layer and relatively high Chl a- specific coeffi-
cients at the bottom of euphotic zone due to domi-
nation of cyanobacteria, which is known [22] to be

characterized by relatively high a’;h(x) in blue

part of spectrum due to higher accessory pigment
to Chl a ratio than in other phytoplankton taxon

groups. The variations in a’;h () values are caused

pigment composition and intracellular pigment
packaging [23]. Recent investigations [2, 17]
showed that package effects were responsible for
up to a 62 % reduction in the chla-specific absorp-
tion coefficients at the blue part of spectra, par-
ticularly for populations dominated by larger phy-
toplankton. On the other hand variations in pig-
ment composition due to change of phytoplankton
taxonomic structure were also found to have
smaller impact (10 — 28 %) on variations in total
absorption.

The pigment packaging degree is well
known to depend on intracellular pigment concen-
tration and cell size [23]. The pigment concentra-
tion in cells is changed to acclimate to main envi-
ronmental factors as irradiance, nutrients and tem-
perature. The physiological acclimation of plank-
tonic algae to a decrease of irradiance and to an
increase of nutrients concentration is accompanied
with an increasing of intracellular chlorophyll to
organic carbon ratio [10], which results in reduc-

tion of a’;h(k) values. The size-dependence of ab-

sorption was shown to be a pronounced characte-
ristic of phytoplankton under low light conditions,
but under high light conditions, size-dependence
of absorption at 440 nm weakens due to the effects
of absorption by photoprotective pigments in the
blue region of the spectrum [11]. These results
explain what might cause the rather vertical ho-

mogeneity in a’;h () obtained in our study.
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This vertical stability of aj, (1) allowed

combining data from all depths to get relationships
between light absorption coefficients and TChl a
concentrations described by power functions: for
the blue peak

a,n(440) = 0.0451 x*** , n=39, r*=0.83 (5)
and for the red peak

a,n(678) =0.0181 x*% | n= 39, r*=0.91 (6)

High values of power coefficients (close
to 1) show, that Chla-specific coefficients were
practically constant for that range of pigment con-
centrations (from 0.16 to 2.3 mg m®). The ob-
tained relationships differ (by higher power coef-
ficients) from results of two years long monitoring
of surface phytoplankton absorption characteris-
tics [4]. During that bio-optical monitoring the
chlorophyll  concentration reached maximum
(about 2 mg m®) in winter-spring bloom of di-
atoms. The difference in power coefficients is
likely to reflect the seasonal variations in chla-
specific absorptions due to package effect resulted
from photo physiological response of phytoplank-
ton to different environmental factors.

The maximum quantum yield of carbon
fixation increased significantly with depth in stra-
tified waters from 0.030 (26 %) to 0.070 (+18
%) molC (mol quanta)™ on average (Table 1). The
phytoplankton near the bottom of euphotic zone (~
1% PAR) acclimated to ambient environmental
conditions was characterized by ¢max Values closed
to upper theoretical limits of photosynthesis quan-
tum yield (0.1 moIC (mol quanta)™).

The low values of onax in the surface layer
are caused by the high phytoplankton pigment ab-
sorbance in blue part of spectra, which could be
related with the presence of pigments-
photoprotectors. The dmax CO-varied with depth at
the oligothrophic site in Ocean and decreased with
increasing of relative concentrations of non-
photosynthetic pigments [1]. In that study was
shown that the variable contribution of non-
phototsynthetic absorption could explain 3-fold
variation in the dmax. At the same time nutrients
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availability factor was responsible for 2-fold varia-
tion in the dmax [1]. In our study the ¢max Was de-
termined as an assimilation of organic carbon di-
vided by photons absorbed by all pigments includ-
ing both photosynthetic and photoprotective pig-
ments. The spectral averaged absorption coeffi-
cient decreased from surface to the bottom of the
euphotic zone on 20 % (Table 1). This decreasing
could be caused by both reduction relative content
of accessory pigments (including photoprotective
pigments) and increasing of pigment packaging
degree. The contribution of absorption changing to
the depth-dependent ¢nax Variation was equal ~
20%. Consequently, a 2-fold variation (80 % of
total 2.3-fold variation) in the ¢max could be caused
by an effect of ambient environmental factors
namely nutrient concentration and light intensity.
Laboratory studies on quantum efficiency of pho-
tosynthesis of planktonic algae cultures demon-
strated that nutrient stress can markedly reduce an
activity of photosystem reaction center and conse-
quently ¢max [5, 16]. Value of ¢nax declines at high
irradiance in nutrient-replete cultures, because of
the increasing of photoprotective pigments contri-
bution to total absorption [18]. In our study high
incident solar radiation and nutrients limitation
(occurred in subsurface layer) could effect the
photochemistry efficiency reaction centers and
subsequently decrease ¢max. Obtained results that
near the bottom of euphotic zone phytoplankton
utilized the absorbed photons with yield closed to
its potential maximum value allow making a con-
clusion about high nutrient availability of phytop-
lankton in this deep water layer. For this deep wa-
ter layer the correlation between ¢n.x and nitrate
concentrations was not revealed. But values of
dmax decreased with increasing of a distance to the
depth with maximum gradient of nitrate concen-
trations. This distance indirectly characterizes dy-
namics of nutrient upflow from nitro-cline to the
deep layer of euphotic zone. Consequently, for the
deeper phytoplankton (below the seasonal thermo-
cline) maximum quantum yield of carbon fixation
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was rather high and depended on nutrient availa-
bility namely - dynamics of nutrient upflow.

Variation of ay, and ¢nax along transects
across the shelf. In the shore zone in contrast to
the deep-waters region the euphotic zone was
equal or shallower than the mixed layer. In the
shelf waters the euphotic zone was in a range 15-
55m in opposite relation to surface Chl a concen-
tration. The mixed layer was characterized rather
uniform distribution of pigment concentrations
and similar shape of absorption spectra (Fig. 3),
which are caused by an intensive mixing in au-
tumn. It is suggested to be accompanied with ho-
mogenous phytoplankton distributions. In the shelf
waters the P-1 experiments were done generally
from the surface samples and only at two stations
from depths near the bottom of euphotic zone. The
character of changing ¢max values with depths was
different. On the station 2 ¢max increased from
(0.027 to 0.069 molC (mol quanta)™), but on the
other station (st.16) ¢max Value at the surface was
relatively high and close to those for deep phytop-
lankton (0.073 and 0.063 molC (mol quanta)™)
(Fig. 3). This difference is likely to be related with
different size structure of surface phytoplankton
community, because nutrient availability was the
same.

The mean values of the parameters for the
stations where P-l experiments were carried out
(Table 2) showed that in the shelf waters Chl a
concentration and ¢y were higher (2.6 £74% m®
(mgChl)™ and 0.049+68% mol C (mol quanta)™),

but light absorption characteristics a’;h(678), §;h

and R were lower (0.0164+17%, 0.0158 +21% m?
(mgChl)™ and 2.31+17 %) compared to deep-
waters parameters. The high standard deviations
obtained for Chl a concentrations (74 %) and for
Omax (£68 %) reflects that these parameters were
more variable increasing across the shelf and they
could characterize the physiological heterogeneity
of phytoplankton community (Fig. 4).
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Chla 2.6 (£74%)
* :l: o,
aph(678) 0.0164 (=17%)
R 2.31 (£17%)
—% + 0,
Ao 0.0158 (+21%)
Omax 0.049 (+£68%)

Fig. 3 Typical for the shelf
zone vertical profiles of
chlorophyll a concentration
(Chl a, mg m™®), temperature
(T,°C), nitrate and nitrite
concentration  (NO3+NO,,
uM) and relative density (o,
kg m®) — A, B (Horizontal
line shows depth of 1%
PAR, A- the depths of P-I
experiments);  Phytoplank-
ton absorption spectra, nor-
malized on coefficient at
678 nm (apn(1)/ amn(678)) —
. C,D.

100 ———7— Chla

B
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0 510152025 T
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Puc. 3 Tunmunoe s
menb(oBOil  30HBI  BEPTHU-
KaJbHOE paclpe/eicHue
KOHIICHTPAITUH XJIOPOQHIIIa
a (Chl a, mr M), Temmepa-
typsr (T, °C), xommentpa-
MM HUTPATOB M HHUTPHUTOB
(NO3+NO,, uM) u otHOCH-
TenbHON MI0THOCTH ((Of, KT
M?) (CopH3OHTaNBHOM -
HHEH oTMedeHa rioyonHa 1%
OAP, A — rmyOHMHEI dKCITe-
PHMEHTOB IO OIPENEIICHHUIO
CBETOBBIX  3aBUCHMOCTEH
(doTtocuHTE3A) A, B;
CHexTphl MOTJIOIIECHUS CBe-
Ta (QUTOIUIAHKTOHOM, HOD-
MaJM30BaHHBIC HA BEIHYH-
HY npu 678 HM
(aph(A)/ap(678)) — C, D.

a,,(1)/a,,(678)

300

400

500 600
Wavelength, nm

700 ¢

Table 2 Mean values and standard deviation (in a bracket) of some bioopti-
cal parameters in the shelf waters.

Tabn. 2 CpenHee 3HaYCHHE M CTaHAAPTHOE OTKJIOHEHHE (B CKOOKax) Owo-
ONTUYCCKUX MapaMETpPOB B IHGJ'IB(i)OBLIX BOgax

Comments: Chl a - chlorophyll a concentration, mg m™; a:)h (678) - chloro-
phyll a - specific absorption coefficient at red peak, m? (mgChl)™*; R - blue

to red peaks ratio in absorption spectra; gph - spectrally averaged chloro-

phyll a- specific coefficient, m* (mg Chl)™ and ¢y - maxim quantum yield of carbon fixation, mol C (mol quanta)™

*
Ipumeuanne: Chl a - KoHLeHTpawus x1opoduiia a, Mr M, a oh (678) - HOpMHUPOBAHHBINA HA XJIOPODUILT @

K05(Q(UIHEHT TOrONIEH s CBeTa GUTOIUTAHKTOHOM B KpacHOM Makcumyme, M~ (MrChl)™; R — otHomenne koshu-

—*

HUCHTOB NOIJIOIIECHUS B CUHEM U KpaCHOM MAaKCHUMYMaXx; aph - Cpe€AHsAd 1O CIICKTPY BECJIMYMHA HOPMHUPOBAHHOI'O Ha

XIopopuiT @ K03 UIMEHTA TOTIIOMICHUS CBETa (PUTOILIAHKTOHOM, M2 (MrChI)'l U Qmax — MAKCUMAITbHBIN KBaHTOBBIH

BBIX0[ (hoTOCHHTE3a, MOMBC (MOITb KBAHTOB)
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2 30 3
Fig. 4 Spatial distribution of maximum quantum yield
of carbon fixation at surface (symbols sizes are pro-
portional to values from 0.009 to 0.107 mol C (mol
quanta)™)
Puc. 4 IIpocTpaHCTBEeHHOE paclpesiesieHue MaKCcH-
MaJIbHOTO KBAaHTOBOT'O BbIX0/1a (hoTOCHHTE3a (pa3mMep
CHUMBOJIOB - TporniopunoHanes 3HadeHusM ot 0.009 no
0.107 Mos C (Moub kBanTOB) ™)

For the wide range measured pigment
(TChl) concentrations (from 0.3 to 12 mg m™) the
chla-specific absorption coefficients were found to
change. For the shelf waters the relationships be-
tween ay, in blue (a,,(438)) and red (ayn(678)) ab-
sorption maximum and TChl a are described by
power function:

a,n(438)=0.042 x*"" , n= 61, r’=0.78 (7
a,,(678)=0.0178 x>®  n=61,r’=0.94 (8)

The increasing of TChl in direction from
offshore to shore zone was accompanied with a
reduction of chla-specific absorption and smooth-
ing of spectra, which resulted in pronounced de-
creasing of spectrally averaged chla-specific ab-
sorption coefficients. Obtained for shelf waters re-
lationships between ay,(A) and TChl (equations 7
and 8) differ from those for deep-waters region
(equations 5 and 6) due to relatively higher range
of TChl and more stronger pigment packaging in
phytoplankton cells when TChl concentration in-
creased up to 12 mg m™.

The ¢max Values depended on nutrient
availability (Fig. 5).
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Fig. 5 Relationship between maximum quantum yield of
carbon fixation (¢max) and nitrate and nitrite concentra-
tion (NO3+NO,) - A; and distance to maximum gradient
of nitrate concentration (Hgag) — B.

Puc. 5 3aBucUMOCTb MEXy MaKCHMaJIbHBIM KBAHTOBBIM
BBIXOJIOM ({max) ¥ KOHIICHTpANEH HUTPATOB U HUTPH-
ToB (NO3 +NO,) — A, 1 pacCcTOsSTHHEM 10 MAKCHMAIBHO-
ro rpaauenta HUTPaToB (Hyg) — B.

The surface phytoplankton ¢m.x Were corre-
lated with nitrate and nitrite concentrations. The
relationship between these parameters describes by
Michaelis-Menten function with maximum value
0.11 molC (mol quanta)™ and with half-saturation
concentration of NO; +NO, - 0.38 uM. In fact the
photochemical assimilation of absorbed quanta was
limited by inorganic nitrogen concentration up to
0.76 uM NO; +NO; and reached its potential max-
imum under higher NO; +NO, concentration
(>0.76 uM). Analysis of silicate concentration ef-
fect on quantum efficiency of photosynthesis
showed the positive co-variation between these
parameters that apparently, reflects the presence of
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diatoms in phytoplankton community, photosyn-
thesis of which requires silicates. Similar character
of the dependence of ¢max ON nitrate concentrations
was observed for summer phytoplankton in the
Black Sea [9], but half saturation constant was
lower (0.1uM). In [9] the relationship between ¢max
and nitrate (+nitrite) concentration was analyzed
based on data obtained within euphotic layer. Con-
sequently increasing of ¢max Values was related to a
rise of nutrient availability and decreasing of light
intensity. The effect of light on ¢max i likely to de-
termine lower value of half saturation constant in
comparison with those obtained in our investiga-
tion, where the relationship between ¢ and nu-
trients was retrieved only for surface samples to
minimize the light effect. Our results are in a good
agreement with numerous data obtained in the re-
cent laboratory studies, which showed that the rela-
tionship between the magnitude of the quantum
efficiency of Dunaliella tertiolecta and nitrate con-
centration was described by Michaelis-Menten
function [28]. The positive correlation between
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Bricaud A., Kobler Z. Nitrogen- and irradiance-
dependent variations of the maximum quantum
yield of carbon fixation in eutrophic, mesotrophic
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dmax @and nutrients concentrations was outlined in
Babin et al. [1]. They showed the increasing of ¢max
in the surface layer from oligotrophic to meso-
trophic and then to eutrophic site.

Conclusions. Investigations in the western
part of the Black Sea during autumn phytoplankton
bloom showed high physiological heterogeneity of
phytoplankton. Maximum quantum yield of photo-
synthesis is considered to be the sensitive indicator
of physiological status of phytoplankton communi-
ty related to its nutrient availability. During autumn
phytoplankton bloom quantum efficiency of photo-
synthesis and consequently phytoplankton produc-
tivity was limited by nitrate and silicate concentra-
tion.
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IHorauHaHHA cBiTIa i MakcMMaJbHMIi KBAaHTOBHH BHXiA (oTocuHTe3y B mepiog OCiHHBOro UBITIHHA
¢ironnankrony B Yopnomy mopi. T. SI. Uypinosa, 3. 3. ®inenko, C. Tyrpyu. B mexax npoexty GEF/UNDP
«Black Sea Ecosystem Recovery» mpoBe/ieHi BU3HAYCHHS BIUTMBY 3a0€3eUeHOCTI OIOTCHHUMH €JIeMEHTaMH Ha IOT-
JUHAHHS CBiTJa ()ITOIUTAHKTOHOM I MaKCHMaJbHAN KBAaHTOBUH BHXiN (poTOCHHTE3Y ($max). KOHIIEHTpAaLis Xopodiry
sminroanacs Bix 0.3 10 10 Mr M, 3pocTaroun y HanpsMKy 10 Gepera. Ha MiNKOBOIHIX CTaHI(isIX, A¢ BEpXHiil mepe-
MIITAaHUH Map IepeBUIyBaB 30HY (GOTOCHHTE3Y, OYB OHOPIAHUI po3moain xiopodin a. Jns npodini xmopodiny a B
rIMOOKOBOHOMY paiioHi MOpsI XapakTepHHUil HasiBHICTh MakcumyMmy (DCM) Himkde ce30HHOTO TepMOKIMHY. DyHKIi-
OHAJIBHI XapaKTEPUCTHKU (iTOINIAHKTOHY 3MiHIOBaJINCA 3 TIIMOMHOI0. DiTomnankToH 3 mapy DCM xapakrepu3yBaBcs
Ha 20% MEHIINMH BEJIMYNHAMHU CEPEJHBOTO MO CIIEKTPY KoedillieHTa NOTIMHAHHS CBITJIa (HOPMOBAHOTO Ha XJI0POdia

a) - th (0.016+0.0025 m? (MrChl)™) i B ~ 2 pasu GinbIuMMHK BeTHIHHAMH Gpay (0.070+0.012 Moas C(Moinb KBaHTIB)
') HopiBHSHO 3 TMOBEpPXHEBUMH th (0.0210.0035 M? (MrChl)™) i ¢max (0.030+£0.0078 Moms C(Moms kBanTiB)").
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301IpIICHAS TOBEPXHEBOI KOHIEHTpaMii Xopodisly @ B HampsMi Bif TTHOOKOBOIHHUX 10 NMPHOSPEKHUX CTAHINH Cy-

-
MIPOBOKYBAJIOCS 3MEHIIEHHIM Aph (~20 %) 1 Maibke JecATHPa30BUM MiJIBUIIEHHSIM Qmax 1O TEOPETHYHO MaKCHMa-

neHOI BemmuamaA - 0.1 Mons C(Moib KBaHTiB)'l, o OyIio BUKIIMKAaHE 3POCTAHHSAM KOHIICHTpAIlii OiOTCHHHUX eleMeH-
TIB.

Kaiouosi cioBa: xi10podin a, GpiTornaHKTOH, HOTJIMHAHHS CBITIA, MaKCUMaJIbHUI KBAaHTOBUI BHXiJ], O10T€HHI eneme-
HTH

IMorsnomenne cBeTa 1 MaKCHMAJIBHBIH KBAaHTOBBI BBIX0] (POTOCHHTE3a B MEPHO] OCEHHEro nBeTeHHs (uro-
niankTona B Uépuom mope. T. 5. Uypuiosa, 3. 3. ®unenko, C. Tyrpya. B pamkax npoekra GEF/UNDP «Black
Sea Ecosystem Recovery» npoBeneHbl HCCIIEIOBaHUs BIMSHHUS 00ECIEYEHHOCTH OMOT€HHBIMH 3JEMEHTaMH Ha I10-
IJIOIIEHHE CBeTa (PUTOIIIAHKTOHOM M MaKCHMAJIbHBIA KBAaHTOBBIH BBIXOX (poTocHHTE3a ((Pmax). KOHIIEHTpanMs Xmopo-
¢ma mmensitace ot 0.3 mo 10 mr M3, BO3pacTas 1o HanpaBleHHIo K Oepery. Ha MeIKOBOMHBIX CTaHIWSIX, TAE BepX-
HUI IepeMelIanHbIi 0 MpeBHIIan 30Hy (oToCHHTe3a, OBIIIO OJHOPOAHOE pacipenesieHue xiopodmwuia a. B rimy-
OOKOBOIHOM paiioHe MOps I mpodmieii xnopodpmuia a OpuT0 XapakTepHo Hannune Makcumyma (DCM) Himke ce-
30HHOTO TEpMOKIHMHA. DyHKIMOHAIbHBIE XaPAKTEPUCTUKN (PUTOIIIAHKTOHA U3MEHSUINCH C TITyOnHOH. PUTOIUIaHKTOH
n3 cinost DCM xapakrepusoBasicst Ha 20% MEHBIINMH BEIMYUHAMH CPEIHETO 110 CIEKTPY KoadduimenTa noriaomenns

—*

cBeta (HOPMHPOBAHHOTO Ha XJopoduwmt a) - Aph (0.016+0.0025 m® (MrChl)™) u B ~ 2 pasa GonblMMH BeIHYHHAME

Omax (0.070£0.012 Moms C(Moib KBaHTOB) ') B CpPaBHEHHUH C TTOBEPXHOCTHBIMHU th (0.021+0.0035 M (MrChl)™?) u

Omax (0.030£0.0078 Moms C(Mous kBanTOB) ). VBenuueHue KOHIIGHTPAIMH XI0pPOBHILIA ¢ B TOBEPXHOCTHOM CIIOE B

—%
HAalpaBJCHUH OT TIIyOOKOBOJIHBIX K IPHUOPEKHBIM CTaHIMSIM COIPOBOXKAAIOCH yMeHblIeHneM aph (~20 %) 1 moutn

. -1
JIECSTUKPATHBIM IOBBIIICHUEM (mayx 10 TEOPETUUECKH MakcUManbHOU BennuuHbI - 0.1 Mons C(Mouib KBaHTOB) ~, 4TO
OBUIO BBI3BAHO POCTOM KOHLIEHTPAIIMH ONOTEHHBIX 3JIEMEHTOB.

KiroueBble ciioBa: XJI0poQuiu @, GUTOILUIAHKTOH, MOTJIOIICHHE CBETA, MAKCUMAaJIbHBIN KBAHTOBBIN BBIXOJ, OMOTCH-
HBIE DJIEMEHTBI
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