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ABSTRACT:

The amounts of phytoplankionic assimilatory pigments in
the Danubian predeltaic area and the area less influan-
ced by the Danube off the Romenian coast ef the Black
Sea were quarterly (monthly) recorded; the measursements
were done in order to follow the guantitative dynamics
of phytoplgnkton for a more detailed analysis of the
blooms in these areas.

As related to the numerous research works on the Black

Sea phytoplankton,fewer quantitative data were reported so far on
the phytoplanktonlc assimilatory plgments from the different areas
of this basin (5;63;17)« The proportions of chlorophyllic and caro-
tenold plgments_v;r§—withln a wide range even with one and the sa-
me specles and under similar ecologic cond it ions. Thus, though the
quantitative values of these pigments do not represent a direct
measure of the biomass or the planktonic primary production (Z),
the settlement of some concordances has been achleved between the
quantity of assimllatory plgments and the qualitative and quanti-

tative configuration of the natural phytoplanktonic population (g;
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9110).

EE Auwong the spectrophotometric dosings of assimlilatory
pigments,the value of chlorophyll a is particularly interesting,
as well as the values of the ratics of chlorephyll afc,a/arb and
the ratio of B#BOKDGGS (D = optical density at the glven wave
length) (2); as D430 represents the optical denslty value of all
carotenold plgments - vegetal and animal - for better accuracy in
determination, we substituted the ratio D48°fb665 for 343°fn665
(b ygo S*° lusively representing extinctlon of carotenocid pigments
of vegetal origin).

The chlorophyll & value 1is the main indication of the
assimllatory ability and that of the achieveuent of the primary
production lmplicltiy. The chlorophyll a/c ratio permits estimates
on the senility degree of the population. The chlorophyll Q/E{g
ratlo indicates a considerable fractlon of dead phytoplankton.The
D430[3665 ratio (3480[B665 respectively) represents the diversity
degree of the populations, as reflected in high.numerlical values
of this ratio. It is considered that the poor plgmentary diversi-
ty (%;)is due to marked guantitative prevallance of chlorophyll &
over the other assimilatory pigments. The verfilcal distribution
of D450/D565.ratio fmplicitly conveys the vertlcal distribution of
specific diversity, lncreasing, as a rule, proportionally with
depth; the increase was in part attributed to the persistence of
carotenoid pigments and phaeophytin in the decomposing plankton
and excrements (%%). The ratilo of 3450[3665 is consldered as de~
pendent on the total plgmentary content of the phytoplanktonic
cells, it being greatier in populations with poor chlorophyll con-
tent per dry substance unlt and smaller in presence of richer
chlorophyll content.

MATERIAL AND METHOD

In order to complete the knowledge of quantitative phy-
toplankton dynamics along the Romanian coast, the study on the a-
ssimilatory pigments was resumed in the predeltalc area and the
zone less influenced by the Danube. During 1976, trimestrial sam-
plings were carried out in the predeltalc area, in sectlon east-
ward from Portita - in April, June, August and October - and in

the zone less influenced by the Danube in section eastward from
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Constanfa -~ in February,May and October - as well as decadal sam—
plings performed at Agilgea from January to December. The investi-
gation network included 5 stations (16 horizons) in section Porti-
ta, 5 statiions (16 horizons) in section Constanta and 3 stations
(6 horlzons) at Agigea {near shore); in all, 251 samples were pro-
cessed.

The study of phytoplanktonic assimilatory plgmnents wag
carried oub following the usual technique based on the method of
RICHARDS & THOMPSON (12) lmproved by STRICKLAND & PARSONS (19)
and others (1;13;14; 20)e The 0.5 to 3.0 liter sea water samples
were filtered in vacuum through Millipore HAWP 04700 membrane fil-
ters (4 o0.45 p). The measurements were carried out with a Beckman
M 25 spectrophotometer. The determination of concentration of
chlorophyllic pigments a, b and ¢ was performed by standardized
readings of the optical density D at 750 (turbidity correction),
665, 645 and 630 nmj; nonsbandardized determinations for estimating
the astacin (CA) and. nonastacin (CN) carofenold plgment concentra-
tiion were performed at 5lo and 480 nm.

The calculatlon of chlorophyllic pigment concentration
followed the trichromatlc equations recommended by UNESCO (20),
concentration of chlorophylls is expressed in/ug 1 -i (=mg m~ ).
The calculation of relative concentration of carotenoid Dplgments
was done according to the formulae of RICHARDS & THOMPSON (12)3
the specific coefficients of absorbiion for these plgments belng
not entirely known, their relative concentrations are usually gi-
ven in (MSPU)SPU 11 instead of (mg)g w2, The average of the pig-
mentary values over stations and sectlons was calculated on the
basis of the scheme assumed by MOROSOVA-VODIANITSKATA (12) for
the quantitative study of phytoplankton; the average vertlcalty
(through horizons) was performed as an arithmetical mean. Pigmen-
tary ratios were calculated from the seasonal (monthly) average
values for all sectors.

RESULTS AND DISCUSSIONS

The results of the determination of concentration
and distribution of assimilatory pigments and phytoplankton along
the Romanian coast during 1976 are synthesized in the form of

seasonal (monthly) average values for the sectors of Portita,Con-
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st:ant;a and Aglgea. i

i .- The pigment doslngs show for the predeltaic srea - sec-
~tion Portlta - a maximum value of chlorophyll a of 3.57 mg m -3 in
. 'Aprll whlch ls a distinctly hlgher value as compared with 0. 17 mg
' in June, l.0o2 ug m 3 in August and 2.20 mg w™> in October
l‘(Flg.l) This wax imum value conflrms the abundasnt growth of the
phytoplankﬁonlc populatlons responsible for the spring bloom.—_ a
well known phenomenon from ‘the previous years (2- }, 5- lG, 18) -
which bursb out in 1976 too. The values of chlorophyll b are ge-
nerally ‘lower and those of chlorophyll s hlgher than those of the
prlncipal asslmllatory pigment - particularly ln Aprll.
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Fig.l - Histogram of monthly average values of
chlorophylls (mg o ) and carotenoids.
(MSPU 17 ) in sector Portita 1in 1976

The chlorophyll a/c ratlio shows rather _slmllar values
durlng spring and summer (within 0.24 - 0.48) and is much higher
(le64) in autumn time; this latter ratio lnﬁtcates the .presence
of young phytoplanktonlc populations, which means pronounced . phy-
slologlcal vigour (asslmilatory abllity) of the cells in October,
The chlorophyll_ b/a+b ratio, representing a fraction of the dead
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phytoplankton,alse takes values between narrow Limits (0s2l-0.60),
with the greatest value (0.60) fn August. The ratio of 3480£a665 )
as an expression of the diversity degree of the populations,takes
the mintimum value (0.09) in October. The values of the assimila-
tory pigments in the predeltalc avea are higher in 1976 in compa-
rison with earliier data of 1963 (17), which show lower values for
chlorophyll a: Le79 mg m =5 in February, 0.85 mg m -5 in August
and 0.15 ng w2 in September.

For the area less influenced by the Danube, the plgmen-
tary average values in the sectors of .Constanf{a and Agigea are
presented. In section Constanta the maximum chlorophyll a value
of .41 mg'm’E was recorded ‘n February, confronted by 0.47 mg.
w2 n May eand ©0.95 mg @~ in Qctober (Flg.2). In this sector,
too, the maximum value of chlorophyll a indicates the beglnning
of the same blooming phenomenon of March-April which has been men-
tioned for the predeltalc area. In the sector of Constanta, chloe
rophyll a is assocliated with chlorophyll ¢ in high amount, which
diminishes the chlorophyll a/¢ ratio ir February as compared with
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Fig.2 ~ Hlistogram of monthly average values of chlo—
rophylls (mg m™ ) and carobtenoids (MSPU 1™ )

in secter Constanta in 1976 (key,idem Fig.l)
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the other seasons. The higher value of chlorophyll & as related
to chlorophyll ¢, that is the increased chlorophyll g/c ratio
(1l.75) and the decreased chlorophyll b/a+d and D480m665 Ira-
tlos (0422 and o.lo respecﬂvely) are characteristic of this
sector, oo, in October. By comparison, in 1963 (12), the values of
chlorophyll a were greater In May (0476 mg m ) and smaller in Oc-
tober (0.80 mg w™ ).

At Agligea, the monthly average values of chlorophyll g,
of the same size order as in the oftber two: sectors, denote the
occurence of the bloom in March (2.24 mg m Z’) and June (3,12 mg
n ) (Flge3)s. Attention is sclzed by the high value of chloro-
phyll a in October (2.74 mg m™ ) and the minjimum ratio of chloro-
phyll :D_/g«r;b_ (0s11) in October and December; the ratio of D480‘,3665
is also minimum in October. )
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F 18-3 - Histogmm of monthly average of chlorophyll a
(mg n ) and non-—astacin carotenoids (MSPU 1~ )
in sector Agigea in 1976

The decadal data on assimilatory pigments permit de-
talled analysis of the blooming phenomenon at Agigea during June,

1976 (ftabsl). The most telling plgmentary values are these of
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chlorophyll a: l.29 mg w2 for the first decade, o0.50 mg > for
the second one and 7.59 mg w™> for the third one (Figs4). In the
third decade, with yearly maximum values of chlorophyll 8, the de-
crease of the average of this pigment offshore is evident as fol-
lows: station 1 -~ lo. 16 mg m'.'3, station -2 - 8.03 mg u>  and
statlon 3 - 3,06 ng m"3. Because of the clear predominance of
chlorophyll a over the other chlorophylls, the chlorophyll a/c ra-
tio is a maximum In this decade (5.,19). Consequently, the diver-
slty index ~ represented in the method of asslmilatory plgments by
the ratio of Dyg /Dges - 1s a uinlmum at this moment (0.03)s The
analysis of the evolutlon of the assimilatory plgments and their
quantitative ratios at Aglgea durling June points out the bloom
and its occurence by the end of the monthe
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Flz.4 - Histogram of monthly average values of
chlorophyll a (mg m"'3) and nonastacin
carotenoids (MSPU'I']‘) in sector Agi-

gea in 1976 (key, 1dem Fig.3)
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Table 1

Average values of chlorophyilic (mg m 3) and caro~
tenoid (MSPU 1~ ) plgments in sector Aglgea during
the decades of June, 1976

C /Ghlca
Sta- X chl. chl,
Deca_de tions C}hlné Chloh Chlc_gl CA CN 2{2 2/_3_1'2 (D480/D665/
175 1 LA4 0.4 0.6% 0010 0wok 2,25 0.23 0e02
(lo.VI) 2 0655 0653 0.2 0009 0,08 l.05 0,37 Oe L&t
3 1. 19 0e56 0¢24 O 15 0.06 1. 14 0e 32 Oo°5
average 1ls29 0.60 .91 0s14 0,08 L. 14 0.51 0. 06
278 ) 0.86 6412 L0o 0418 0s1l 0046 0s20 023
(19-VI) 2 Oe 34 0e23 0+ 33 0,08 005 lo03 0,40 O 14
5 s 40 0&3() 0.52 0s Lo Oe 06 0076 0e 42 [+ 1Y 15
average 0s20 0:70 066 0413 0,08 0,75 0460 0s L6
3'rd 1 10416 2.15 1432 0429 0.37 7.69 0417 0. 03
(29.V1I) 2 8,03 2,24 1.14 0420 0¢30 7o0d 0.21 03
5 aw (+12) 0.7? '1005 0. 16 0. 14 2091. 0a20 O¢ O4

average 7,59 1,95 1.45 0425 0,29 5.18 0.20 .05
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The vertical distribution of the assimllatory plgments
indicates maximum values in the sector of Portita, both for chlo-
rophylls and carotenolds, at surface (0 m) in 3ll seasons (Tabe.2)

Table &
Average values of vertical distrlbution of chlorophylils
(ng m™ ) and carotienoids (MSPU 1~ ) in sectior Portita

in 1976
lonth FOFZON o) o Bl _13 chlg % Oy
O 828 2,65 18.46 6.32 2.8

v lo 3636  1le77 10463 3,57 l.24
15-20 .77 L12 11.67 3,30 0.75
25 L.66 0.96 64,31 2.19 0.80
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(Table 2

__Hortzon Cc
Month (g)_ chl. é_ chl,. 2 chl. 2

A c

N

v 35=50 1. 17 0053 3¢57 le51 o0 53
0 0e 24 0e23 0446 0el3 o0 09

1o 0616 ©el5 040 0,12 o0.ll

. 15-20° 0417 0ell 0.12 0,12 o.lo
Vi 25 0s1l4 0¢15 0s30 o0elo 0009
35-50 0,18 0419 0sl40 ©0.12 0,09

0 1,32 1.71 4,38 0423 0,17

lo 1. 07 .49 4,16 0.30 0623

VIII 1520  1.05 1.57 5.0l 0429 o0.18
5 o.71 le30 3436 0027 0014

35=50 0e 74 l.22 5¢28 0626 0609

(0] Z.61 l. lo 2030 0,21 0.29

lo 2442 0460 1l.28 0.12 0623

E 15-20  3.12 0422 0498 0.1l 0.34
25 0:51  0.41 0,96 0,18 o0.04

35-50 2. 41 1. 05 l.50 0.32 0.07

The same is characteristlc of the sector of Constanta, except in
May, when a quantitative increase of all categories of pigments
with depth is recorded (horizons 35-50 m) (Tabe.3). At Aglgea, nof
far from the shore (down to the depth of io m), the vertical dis-
tribution of the assimilatory pigments does not reflect the even-
ness which is evident in the other sectors, showing only an in-
creasing tendency of their concentration with depth in January
and a decreasing one in April, June-July and September-December.
The reference data of 1963 (l17), not localized and corresponding
to a smaller maximum depth (E; the horizon of 25 m), suggest gquan-—
titative accumulation of assimilatory pigments with depth; the
change could be explained by thevgroWing turbld ity on account of
the suspended matter and as a consequence of the concentration of
the phytoplanktonlic populations in the upper layer. The analysis
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Table 3
Average values of vertical distrlbution of chlorophylls
(mg m ) and carotenofds (MSPU 1~ ) in sector
Constanta in 1976

Month H°f1§°n chlea chlb chl.g ©a Oy
0 lad2 126 12,07 2.83 0685

IT lo leoO 1. 17 ‘Be 65 1.96 Oe 59
25 1l.26 L. 05 9:05 2¢57 o0, 59

35-50 l.20 leod 8,77 2467 045
0 0 45 Oe 46 1,11 0.20 o0.08
v lo 038 059 1l.26 0623 0.08
25 Oe 45 0653 1. 49 0.46 0,12

35-50 051 0e 54 le36 0.20 0.12

0 L. 30 0052 0070 Os Ll 0. 3.39

X lo .29 0.25 0e52 04ll 0,15
25 0s 40 0. 22 045 0ell 0e05

35-50 Oe 24 0. 15 0.2l 0.2l 0.09

of the vertical distribution of the assimilatory pigments indica-
tes the predominance of chlorophyll & over chlorophyll c at all
horizons in the sector of Portita 1n October, in the sector of
Constanta In October, and at Agigea In April, June and September-
Lecember,

CONCTLUSIONS

l. Maximum values of chlorophyll a concentration were
recorded in the predelta!c area in February (3.57 mg m~ ) and Oc-
tober (2.20 mg m ), in the sector of Constanta in February (1.41
ng m. ) and at Aglgea in March (2.24 mg m ), June (3.12 mg m” )
and October (2.74 mg w ).

2e High values of chlorophyll a concentration, on
account of considerable biomass of planktonic microflora, indica-

te the occurence of spring blooming phenomena - in sectlions Porti-
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ta, Constanta and Aglgea - and summer bloom - at Aglgea - as well
as the occurence of large quantiities of phyhoplankbon at fall, in
sectlons Portita and Aglgea. ’ .

3, . In sections Portita and Constanta, the chlorophylllc
and carctenold piguments take higher values near the water surface
in all seasons.

. 4, The analysis of the plgmentary ratlos permit close
correlation of the blooming phenomena at Agigea with ‘high values
of chlorophyll a/¢ ratio amd low values of the D480/D665 ratilo.

5« The higher values .of the phytoplankton asstmllatory
pigments, as compared to 1963, attest the increase of the guantlty
of phytoplankton as a result of the increasing eutrophication of
the Romanian coastal waters, which is manifest within the last ten
years.
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