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ABSIRA.GT;

(B»e aaouats of phytoplanktonle assiailatoxy plgaenta in
the Danubian predeltaio area and the area less Influan-

eed ly the Banulx off the aonaaiaa coast of the Bl»ok

Sea were quarterly (monthly) reoorded( the aeaaareaeatB

Nera done in order to follow -the quantitativa dynaaio«
of phytoplaadctoa for a aere detailed anaIysiB of the
lloans In ihes® are»»»

As related to the numerous research works on fche BLacb

Sea phytroplankfeon, fewer quantitative data were reported so far on.
the ptaytoplanktontc asslmtlatory pigments from the dlfferenfc areas

of this bastn (5i^i^Z)' The proporttons of chlorophyLllc and caro-
tenold pigments vary within a wide range even with one and the sa-
me species and under similar ecologic conditions. Thus, though the

quantitative Values of these pigments do not represent a direct!

measure of the bloaiass or the plankfeontc pri. mary produotton (2).,
the settlement; of some concordances has been achieved between the

quantity of asslmllatory pigments and the qualitative and quantl-
fcatlve confl. guratlon of the natural phytoplanktonlc population (8;
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2ds).
Among the spectrophotometric dos Ings of asslmllatiory

pigments, the value of ohlorophyLI. ̂  Is particularly tnterestlng,
as'weLL as the values of the ratios of clilorophyll ^/£, S/S+.£ and

the ratio of ̂ ^/D^^ (B = optical density at the slven 'Bave
Length) (2)( as D^g represents the optical density value ofall"_
carotenold ptgmenfcs - vegetal and anlmaL - for better accuracy In
determination, we substituted the ratio D48o/D665 for B45o/I)665
(D,, n^ exclusively representing extlncttoa of carotenoid plgmenfcs
of vegetal origin).

The chlorophyll a value Is fche main ladlcatlon of the
asstmtLatory ability and that of the achlevemenfe of the primary
production I-mpLlcltty. The chlorophyll ^ ratio permits estimates
on the senility degree of the population. 'Flie chLorophyll ^/2,+S,
ratio indicates a considerable fraction of dead phytoplankton. The
D45o/I1665 ra1;l° (B48o/D665 respectively) represenfcs the diversity
deg^ee"of the popuLattons", as reflected In hlgli. numerical values
of fchts ratio. It ts consl. dered that the poor pigmentary dlversl-
ty (I. t)ls due fco marked quantitative prevatlaace of chLorophyll ^
over~"blie other asslmllafeory pisaients. The vertical distribution
of D,, ^_/B<-^c ratio tmpLlcltly conveys the vertical dlstelbutilon of
specif tc diversity, tn. creaslns, as a rule, proportionally with
depth} the Increase was in part attrtbufced to the persistence of
carotenoid pigments and phaeophytln in the decomposing plaixkton
and excrements (LI). The ratio of ̂ Q^^^, ^ considered as de-
pendent on the total pigmentary confcenl; of' the phytopLanktontc
cells, It being greater In populations with poor chlorophyll con-
tent per dry substance unlfc and smaller In presence of richer
chlorophyll content.

tIAIERIAL AND I/IBTHCB3

In order to complete the knowledge of quantitative phy-
toplankton dynamics aloiig tlxe Romanian coast;, the sfcudy on the a-
sslmllatory plgmants was resumed in the predeltalc area and the
zone Less tirfluenced by fche Danube. During L976, trlmestelaL sam-
plings were carried out In the predeltalc area. In secfcton east-
ward from. Portia - la April, June, August and October- and In
the zone Le&s InfLuenoed by toe Danube ia section eastward from
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Constanta - in Februa3?y,May and Ocfcober - as well as decadal sam-
pLLags performed afc Agigea frosi January to December. The investi,-
gatlon network included 5 stations (16 liorlzons) In section Portl-
t;a, 5 stations (L6 horizons) In section Coiistan^a and 3 sfcafeions
(6 horizons) at; Agigea (near shore); I.n aLL, 25L samples were pro-
ceased.

The study of pliytopLanktonlc asslmllatory plgneniss was
carried out following the usual technique based on the method of
RICHARDS &. THOMPSON (IS) Improved by SIRIGKLAKD & PARSONS (13)
and others (i;l^i^{j$). The o. 5 to 5. 0 liter sea wafcer samples
were filtered In vacuum through MiLllpore HAWP o47oo membrane fLl-
ters (<$ o. 45 ̂ u). The measurements were carried out with a Beckman
M 25 specferophofeometer. The determlna'bi. ou. of conceiitration of
chLorophyLLic plgnients ^, ^ and ^ was performed by standardized
readings of the optical density D at 75o (turbidity correction),
665, 64$ and 65o am; nonstandardlzed determinations for esfclmatlng
tee astacln (C^) and nonastacln (0^) carotenold plgmenfc concentra-
fc ton were performed at 5Lo and 48o nm.

The caLculafcloa of ohlorophyLli. c pi. gment concenfcrafclon
followed the fcrlchromatlc equations recommended by UNESCO (2o);
concentration of chlorophylls Is expressed Ln yug L~i (=mg m~3J7
The oalculatloa of relative conceatratloii of carotenold plginenfes
was done according to the formuLae of RIGHA.KDS & IHOMPSON (LS);
the specific coefficients of absorbtloa for these pilgments beliig
not entirely known, their relative concentrations are usuaLLy gl-
ven In (MSPU)SRJ L~l Instead of (mg)s m~5. The average of the pig-
mentary values over sfeattons and sections was calculafced o.ci the

basis of the scheme assumed by MOROSOVA-VOD1&NIISKAIA (12) for
the quantitative study of phytopLankt;on} ishe average vertically
(through horizons) was performed as an arithmetical mean. Ptgmen-
tary ratios were calcuJ.ated from the seasonal (nonthly) average
values for all sectors.

BESUTffiS AND DISCUSSIONS

The results of tfie determination of concentration
and dlsfcrlbutlon of assimlLatory pigments aad phytoplanktoa along
the Romanian coasfc during 1976 are synthesized In the form of
seasonal (monthly) average values for the sectors of Portl^a, Gon-
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stands arid Aglgea*

The pigment doslngs sliow, for the predeltalc area - sec-
tlon Porfcl^a - a maximum valae of chlorophyll a of 5. 5? mg m ^ la
Aprll, wlilch is ad Isfclncfcly higher value as compared with o. I? mg
m"^ In June, 1. 02ns m*'^ In August and 2. 2o ins m""^ In October
(Fig. 1). This maxlmuBi value Goaf trms the abimdant! growtli of the
phytoplankfconlc populations responslbLe for tJbie sprliig blooa. -. a
well known phenonenon from the previous years (2; ^., 4, 16, 18) -
which burst out In 1976, too. The values of chlorophyll b~are~ge-
nerally lower and fchose of chlorophyLl.fi higher than those of the
prlnclpaL assi. iBllatiory pigment - particularly In AprlL.
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The chlorophyll g/^ ratio shows rather similar v.alues
during sprli^ and summer (within o. 24 - o. 48) and Is much hl,gher
(1. 64) In autumn tlaei this latter ratio iDuaicatestJtie presence
of young phyfeoplanktonlcpopulat Ions, which means pronbunoed phy-
slologloal vigour (asalinlLatory ability) of the cells In October.
The chlorophyll J^+^ ratio, represent Ing a fraction of the dead
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phyt;oplankton, also takes -'aUes between narrow limits (o»2l-o*6o),
wj. th the greatesfc value (0*60) in August. The ratio of D/, a^/D<;
as an expression of the diversity degree of the populatlons. fcakes

fthe mlnlnum value (o«o9) I" October. The values of the asslnila-

tory pigneD. lis lsi fehe predeltalc area are lilgher In 1976 in compa-

risen with earlier data of L965 (IZ)» which show lower values for
»-3chloropliyLl a: 1. 79 mg m--/ la February, o»85 mg n~-/ In August

and o. 15 mg m~-' In Septeinber.

"or the area Less influenced by the Danube, the plgmen-
feary average values &n she sectors of Constanta and Agigea are
presented* In section Gonstant-a toe taaxlmum chlorophyll a value
cf l.. z)-l 'ag a-^ mas recordeci '-; February, i-. cnfronfcRd 'OT o. 47 mg

!.», -' 'In May and c»95 mg ffl-"' la Ccfeober (Flg»2}» la ehis sector,

too, fche fflaxl.mum value of ^IiLorophylL a Indicates 6he begi.nni.ng

of the same bloomliig phenomenon of March-Aprll which has been men-

tloned for the predeLtalc area. rn the sector of Constanf. a, chlo«-

rophyll a is associated with chLorophyll G In high ainount, whtcli

dlmlnish. es the chlorophyll ^/^ ratio tn February as compared with

w

e/,-^ i
se

0^5

- Histogram of monfclily average values of chLo-
ropliylls (mg m"'5) and carofeenolds (MSFU L"' )
In sectwr Goasfcaa^a In 1976 (key, Idea Ftg*!.)
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the other seasons. The higher value of chlorophyll a as related
to chlorophyll^, that Is the Increased chlorophyll ^c ratio
(L* 75) and the decreased chlorophyll i/^+.& and D48o/D665 ra~'
tlos (o. 22 and o. Lo respectIveLy) are character 1st to of tills
sector, fcoo, In October. By comparison, tn 1963 (J,Z), the values of
chlorophyll ^ were greater in May (o. 76 nag n"'3) and smalLer In Oc-
tober (0. 80 mg m"^).

At Aglgea, the monthly average values of chlorophyll a,
of the same size order as In the other two sectors, denote the
occurence of the bLoom In March (2. 24 mg m''5) and June (3. L2 mg
m ) (Fig. 5). Attenlt. lon Is sfclzed by the high value of chloro-
pbyll s. inOctober (2. 74 mg m-5) aod the mtnjLnum ratio of chloro-
phylL ^/a+^ (o. II) In October and December} fche ratio of D,, Q. /D^
Is also minimum In October.

5. 00

^,. 00

5. 00

ff. OQ

3, /S

S, 8^

Q ch!orophyl{ d
Q/?on-<?^c/>»,

csrofenofds

sw

/. oo
OM SfS .w

w

o. es

W3

/V

0.7/

. /? ^ W7W
w w

QS/

\Ct/0
VM

077

\ow

0, 65
^ n/?/j

fx

65 ~ Histogram of monthly a-»erage of chlorophyll a
(nag n .?) and aon-astacin caroteaoids (aBPU 1 l)
In aeotor Aglgea in 1976

The decadal data oa asslmllatory pigments permit de-
tailed analysis of the blooming pheaonenon at Agigea during June,
L976 (tab. 1). The most telling pigmentary values are these of
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chlorophyll ^; 1. 29 mg \s~^ for the first decad'e, o. 5o mg m'"^ for
the second one and 7. 59 mg a"'' fw t.he third one (Fig. 4). la tlie
third decade, with yearly maxtaiuia values of chlorophylL a, tlie de-
crease of the average of this pigment offshore Is evident as fol-
lows; station I - lo. 16 mg m""5, station 2 - 8*o5 aag m''^ and
station 5 - 5*o6 mg ia~-/. Because of the clear predominance of

chloropliyll ̂  over the other cliLoropbyLls, the chlorophyll a/^ ra-
tlo Is a maximum In this decade (5* 19). Coasequeiitty, the diver-
slty index - represented In the method of asslmtlatory pigments by
the ratio of D^g /Dggg - Is a minimum at this momeii. 1; (o. o5). The
analysis of the evolution of the asslmllatory pigments and their
quantitative ratios at Aglgea durliig June points out the bloom
and Its occurence by the end of the month.
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gea tn 1976 (key, Idem Fig. 5)
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Average values of chlorophyLllc (mg m*"^) and caro-
tenold (MSPU ]"'.) plginents In sector Agtgea durf.AS

the decades of June, 1976

Table I

Becade Sfea-
t Ions ohl. a chl. b Ghl. c G,

"N
chl.
a/c

chl. V^t.S
£/^ (^8o/B66,)

1 1, 44 o. 44 o. ^ o. lo
(Lo.VI) 2 o. 55 o. 55 o. f2 0. 09

5 1. 19 o. 56 o. c>4 o. 15

average l. S^ 0. 60 ;)^L o. 14

2-'l'L" 1 o»^6 o. 12 JL. OO o. 18
(L9. VI) 2 o. 54 o. 25 o. 55 o. o8

5 o. 4o o. 5o o. 52 o. lo

average ^^ £-22 1:)*66 o. L^
3 1 lo. l6 2. 15 1. 32 o. 29

(29. VI) 2 8. o5 2. 24 l. l4o. 2o
5 5. o6 o. 77 L. o5 o. 16

average ̂ ^ J^J^ _l«46 o. 25

o. o4 2. 25

o. o8 l. o5

o. o6 1. 14

o.o8 L. 14

0. LI o. 46

o. o5 l. o5

o. o6 o«76

o. o8 o..'

o. 37 7. 69
o. 5o 7"o4

o. 14 2. 9 L

2^1^12.

o. 25

o. 57
o. 52
o. 5L

0. 2o

o. 4o

o. 42

O. GO

o. 17
o. 21
o»2o

o*2o

o. o2

o. 14
o. o5

p. 06

o. 23

0*14
o. 15

o. L6

o. o5

o. o5

o<. o4

p. o;

The vertical <3lst;rlbu<;Lon of the asslmlLatory plgnents
Indicates maximum values in the sector of Porti. ^a, both for chlo-
rophyLls and carotenoids, at; surface (0 m) In all seasons (Tab. 2),

Average values of vertical dlstrlbuUoa of chLorophyl.s
(mg m""-') and carotenoids (MSHJ I""1) ixi secfcor

Tab Le

In 1976

Month Hor^on chl. ^ chl. ^ chl. s. GA--~G:

IV

0

lo
l5-2o
25

8, 28 2. 65

5. 36 L. 77
I.. 77 1. 12
1. 66 0. 96
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18. 46
lo. 6?
11. 67
6. 51

"N

6, 52 2. 84
5. 57 L. 24
5»5o o. 75
2. L9 o. So



(Table 2

Month Hor^on ^^
:as;a=saaa=sssa

chL»b_ clii*c_ "A

ry

VI

55-5o 1. 17

VIII

x

0

lo
L5-2o

25
55-50

0

Lo
15-2a

25
55-5o

0

lo
l5-2o

25
55-5o

o. 24
o. 16
0. 17
o. 14

o. 18

1. 52
L. o?
l. o5
o. 71
o. 74

5. 61
2. 42

5. 12
o. 51
2. 4L

o. 55
6. 25
o. 15
0. 11
o. L5
o. 19

1. 71
1. 49

1. 57
l. 5o
L. 22

L. Lo
o. 6o

o. 22
o. 41

L. o5

5. 57 1.51

o. 46
o. 4o

o. 12
o. 5o

0. 40

4. 58
4. 16
5. ol
5. 56
5. 28

2. 5o
L. 28

o. 98
o. 96
L. 5o

O. L5
o. 12
o. 12
o. lo

o. 12

o. 25
o. ?o

o. 29
o. 27
o. 26

o. 21
o. 12
o. lL
o. 18
o. 52

CK

o. 55

o«o9

0. 11
o. lo

o. o9

o. o9

o. 17
o. 25
o. 18
0. 14
o. o9

o. 29

o. 25
o. 54
o. o4

o. o7

The same Is characteristic of the sector of Constanta, except In
May, when a quaufcltattve Increase of all categories of pi.gments
with depth, is recorded (horizons 55-5o m) (Tab. 5). At Aglgea, not
far from the shore (down to the depfch of Lo m), che vertical dls-
trlbutlon of -fahe asslmllafcory plgmen1;s does n.ot reflect; the even-
ness which Is evident in the other sectors, showing only ah In-
creasing tendency of their concenfcratlon wt. th depth In January
and a decreasing one In April, June-July and Septeuiber-Decembert

The reference data of 1965 (J.Z)» not; locaLlzed and corresponding
to a SDiaLler maximum depth (to the horizon of 2$ m), suggest quan-
tltative accuniulafclon of asslmlLatiory plgmen.ts wlfch depfcli; the
change could be explained by the growing turbid ilty on account of
the suspended matter and as a consequence of the concenteatlon of
the phyfeopLankfconlc popuLafeI.ons In the upper layer. The analysis
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Table 3
Average values of vertical distribution of chlorophylls

(mg m"5) and carofcenolds (MSFtT I l) tn sector
Constants In 1976

==s==s;======:====saa:=======s;=:===========as=ss==s
Monfcli fioz>"on chl. a chL.b chL. c GA °]'. ^ chL. b chL. c UA

II

0

lo
25

55-50
0

lo
25

55-5o

lo

25
55-50

L. 42
1*00

1. 26
L. 2o

o. 45

o. 58
o. 45
o. 51

l. 3o
1. 29
o. 4o

o. 24

1. 26

1. 17
1. o5
l. o4

o. 46

o. 59
o. 53
o. 54

o. 52

o. 25

o. 22

o. 15

12. 0?
8. 65

9. o5
8. 77

1, IL
1. 26
1. 49

1. 56

o. ?o

o. 52
o. 49
o. 2L

2. 85
1. 96

2. 57
2. 67

o. 2o

o. 25
o. 46

o. 2o

o. lL
o. LL
0. 1. 1.
0. 2L

'N

o. 85

o. 59
o. 59
o. 45

o. o8

o. o8

o. 12
o. 12

o. u9

o. L5
o. o5

o. o9

of the vertical disfcrtbution of the asslmllatory pigments ladlca-
tes the predoBilnance of chloropJiyll ^ over chlorophyll c at all
horizons In the sector of Portly in October, In the se^fcor Of
Consfcant/a In October, and at Aglgea In April, June and Sept-ember-
December.

CONCLUSIONS

1. Maximum values of chlorophyll a conoenteatlon were
recorded In the p^edeLtalc area Iji February (5. 57 mg m~5) and Oc-
tober^(2. 2o mg n~3), in the sector of Gonstanfra la February (L. 41
lag m~-') and at Aglgea In March (2. 24 ng m~5), June (5. 12 mg n~5)
aad October (2. 74 mg m~5).

2. High values of chLorophyLl ^ coD.cenfcrafclon, on
account of considerable blomass of plankfconlc mlcrofLora, ladlca-
te the occurence of spring blooming phenomena - In sections Portl-
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t;a, Constanta and Aglgea ~ and summer bloom - at Aglgea - as weLl
as the occurence of large quantities of phy bop lanktonafc fall, tn
sections Forties and Aglgea* . .

5. In secttons Portia and GorLstan^a, the cliloropliylLlo
and oarofcenotd plgmeafcs take higher values near the water surface
In all seasons*

4. The analysis of the pigmentary ratios perintt cLose
correlation of the bLooialug phenomeixa at Aglgea with lilg]i values

of chlorophyll g/^ rafclo aiil low values of the D^g /D^g^ ratrl. o*
5. The higher values of the phytopLanktoa asslnillafcory

pigments, as cooipared fco 1965» attest the Increase of the quantity
of phytoplankton as a result o-£ the Increaslug eutroplitcatlon of
the Romanian coastal waters, which Is manifest within, the last t. en
years.
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