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UTILIZATION OF THE PRINCIPAL TROPHIC ANIONS
BY THE MARINE UNICELLULAR ALGAE AS A FUNCTION
OF THE SPECIFIC ENVIRONMENTAL CONDITIONS

Pia-Elena Mihnea and luUa Voinescu

Romanian uiarlne 5esearch Institute - Goiistan^a

ABSTBACT;

The results of the experimcnte or. -the ^tiliza-fcion of
.trophic anio.is K (-N03, -KO^) and p (-PC^) by the imi-
cellular algae C- clotella oae ia G??UI;. and Chaetoceros
simplex var. calci'trans PAULS, are presented in ?HIi
paper. The dependence of -the influx-effluz phenomena on
.the specific temperature cf the s.vnthesis crocess of
.the two organisms, as well as on the -to+al salt frs.-lient
value in the medium ie thought. The e.'biliiv of the
algae -to -take part in the processes of ths nitrogen
state inodifioa-tion is discuesed, together with -the form
of ai-trogen s-torage in -the celle.

GBinSRALITIBS

This study followed several directions, a&oQg which;
L. establishing of the modality of uti. ltaatlon

N-NO: N-NOg and
of

P-PO^ as a function of their concentrati.on til
the medium',

2. estiabllshlng of the possible l.nt erre La t i.ons between
these nutrl. ti.on factors;

5. observation on temperature lofluence on the trophic
substrate utilization, process;

4. deduction of ecological Implications of nltrogeii and
phosphorus concentration increase tn the naturaL env Iroiimenl;.



It was experimentally proved that K SKG P utLllzatlon
by the algae depends on a >naUi. tuoe of physlcaL and checilcal
agents (5, 4, §, 2> 12» ®tc*

"Tie meohanTsB of the utilization of thsse ani. ons when
concentrations are very Low (between lo and loo ^ug/L) Is Less
known, and so are the- possibLe LnfcerreLatLoas between the ufclLL-
aatton raSe of a substrate wi&h such low levels and agents as
tetaperature or lotal coitCeubradon crsidieiit.

It is known that the nitrogen cycle In the upper water
Layer Is aetermlued by the actlvlfcy of the bacteria of the genera
in'trosomonas, lUtrosoc-stLs and iatrobao_t;ffir, requiring certain
conditions of temp era tare sna orgsiilc as wsI-L as Liioreanlc cheffit-
cal compounds concentration (D. At least for a sequence of this
cycle, the algae have an Important role, too.

VACCAfiO anc RYIIIEB (j, 5) observec that, by cdLturlng the
algae ^aeouact;- Lum trlooruutua BOHLIu. and Chaettoceros sp. ^tn
media confcfaInlng N-KO^ as the 02.Ly source of nttrogen,, a E-NO^
accumuLatton occured. An active proouctlon of N-NO^ from K-HO^
takes place In the natural environment In the upper Layer of the
eutrophlc aone.

fact ttiafi S-SO~_, is an Intenced taryIt Is a well known

on the way of K-NO^toward ceLLuLar met:abolL&m* WALAa3dHATORl
(18) mentioned the Itaporfcant role the phy top Lank ton may have In
t^iisforalng ^-0^ Into N0^ After reduction fco nltolte, another
photosynfchetl-caliy reduction of the latter to m^ <:akes place
(S). Nitrogen, under this forE, Ls drown Infco the mefcaboLlc cycLe.

Under certain ctrcumstances, nitrogen may be storaged In
the cells and reutltlzea when It Lacks In the medium C^).

AS regards P-PO^, It was proved that che aLgae may
utilize It excessively, storagLag aost of It as orthophosphate
(4, 6). The reserves are also utilized when P disappears from the-
culture meai. 'ja.

.. 1A. TE31A. 1 AI© iSBTHQDS

The plaiikfcoalc diatoms G clotella cas ta and Cbaetoce-
ros slm lex var. calclfcrsas were chosen taking Into consideration
the following: C dote Us Is one of the common represenfeattves of
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the^lack Sea phy top lank ton, whlc'h Is known well enough froni the
ecolog 1c and physiologic point of view. Chaetoceros slai lex-var^
calclferans is^one of the species the frequency of whlch'has'grown
In the natural communlttes aocordlng to the growth of 'N and'P
content of the littoral waters, from several tens of Aig/I fco
several hundreds of ^ig/l - as average values (2).

Utilization of nitrogen under fche form of N0^ aa3 NO:
was tested. as well as utilization of phosphorus "under tto
form of PO^".

In chooslog fche coneenfcrattons (Table I), the very low
concentrafelon levels of these anlons prior to the 'marine eutro-
phlcatlon phenomenon were considered (j, ^, ^), as -weLl'as~ e
numerous occurances when the massive" d;^lopment; of an al
(algae) causes the N and P decay, and In these 'condition^ still
to^e are possibilities for other algae to develop. Vhe control
MS-^edlum has a much higher concentration, represent Ing the'co^
parlson term in toe consideration of the tropMc substrate'ufcl 11-
zatloa processes.

N-N05^ N-N02 andP-P04 concentrations (/ug/l)
?n the fcested variants of the Eedluffl

Table I

;=:=a==============s;===;
Mb* of

comb 1-

nation

2

5

N-NO'

lo
5o
7o
83

(1) N-NO^
variable

P-PO^
75
75
75
75

Ex erlmeuted cotabi.natlons

N-NO^
lo
5o
5o
7o

(2) N-NOg
varlabLe

P-PO^
75
75
75
75

(5) P-FO^
variable

P-PO;
lo
5o
5o
75

N-NO"

85
85
85
85

Two lots were prepared from aLL frhe experimented va-
6-8"G and the other, to t9-20°G. Allrlants; one was exposed to

variants bad duplicates.
The culture medium was prepared with ar(;lflclal*3£) sea

L)K:N05t-l4. x Lo /"6/1; p-p0^ 5-4 x l05 >e/l
-After PORA ̂  OROS (^), calculated for the Black Sea salinity
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<wateri ley -which -the na-brienl; salts enclosed In- the Table 1

were added.

The algae C clotella and Ghaetocex-os In fche loe phase
were separated by centrifugal; ton from the medium In which fchey
grew and were thoroughly washed with srtlflcI. aL sea water. The
resuspeiislon in the experimental media ensured an laltlal den-
slfry of 4oo cells/OIL.

During the observation period, the algal suspenfclons
were continuously air- bubbled, belng^exposed to an llLumtnatlon/
oarkness regtme of 16/8 hours (2 x 10-^Lx).

The d tv Is ton rate was controlled every day and so were

fche K-NO^, N-NO^ and P-PO^ Levels tn the culture medtum.
GeLL counti. ng was perfornied hemacymetrlcLy, c.tiemlcal

dosage foILowLiig standard methods: MULLIN and EILBI for nitrates,
BBKDSCmffiIDBB and ROBIKSON for nttrttes, aud laJBPHr and RILEr for
phosphorus (12).
RESITLTS AND DISCUSSION

1. Cell.utar <3 tv Is 1. on

C cLotetla cas la

N-NO^, NOg and P-PO;Test Lag the three trophic antoas
proved the existence of a proportional relation between their
concentration and celLuLar division, regardless of the thermic
regime to which the alga was exposed (Ftgs. L-6).

ALthougt wttn the two nLtrogen forms the maximum cel-
LuLar d tv Is Ion value ts reached affcer 48 hours, bot.ti lag phase
aspect (PS. gs. 5, 6), and the maxl. num- density readied show . that
G cloteLLa makes better use of N-NOy This holda for both thermic
domains experi. men. ted.

The exposure to the two temperatures st I LI caused 6i£-
ferentlated growth In C cloteLLa, no mafcter the contents of the
nutritive soluttoiL. At the teiiiperature of 6-8°C, the growth.
expressed both the low division rate and the malntaliilng of the
aevelopment; abi. LLty for a Long period In any of the studied va-
rtancs. La the conditions of 19-20 °G, the growth curves shown tliat
after a very active d I,v Is I on, the growto of the aLga Is limited by
cerfcain factors. The explanatLon appears to be LoglcaLt al;
temperatures of I9-20°C, the nutritive substrate absorptl. on rate
Is higher from the very initial 24 hours of culture (Table 2).
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FS.gs. L-6 t The deveLopment of G clotella In different

concentrations of N-NO^, N-NOg and P-PO^
as ^ig/I- (Figs. I--3: 6-8°G and Figs. 4-6;
L9-20°G)

Having been absorbed, N and P are Integrated In the metabolic and
energetic cycles, which gives possibility of rapid cellular syn-
theses aud coiisequently, of shorfcenlng the geiieratilng time. At;
6-8°C temperatures, absorption takes place muoh slowller (TabLe 2),
ne of or mat; ton of LLve organic substance Is slow and generatliie
time Is dilated. Ihen again, even after a nearly complete ab-
sorptlon of the nutritive substrate, the low cellular metabolism
causes very low dlvl. sl.on. rate, which reflects fche Lengthy con-
sunipfclon of fclie IntraceLluLarly accumuLated N aiid P. Ihts explains
the Eialntalni.iig of the dlvtslon avatlablllty for a longer time
at 6-8°C.
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Table 2

The dynamics of N utilization (N-KO^, NOg) by C clotella
In different coiidltlons of teniperature (the days to which

febe most significant f3at;a cofrespond, are given)*

The determined quantity of N ( fte/1'), fchermlc
conditions and the da of <ibse3'va1;lon

Tem^eraturi; 6-8"C

Initial I IV VI

Tern -erature;

Initial I

Experimented

variant

(/>g/L)
N-NOs variable

Lo
5°
7o
85

N-NOg variable
10
5o
5o
7o

P-PO^. variable
lo
5o
^
75

on ro s
1!S medl. uai

L .-20°C
IV VI

Lo 9. 38 l. o5 0. 59
5o 6. 2o L. 08 o. 79
7o 8. 84 1. 16 o. 79
85 7. 71 1. 15 o. 74

lo 8. L2 2. 78 o. 28
3o 15. L5 to. 17 o. I?
5o 21. 19 11. 42 o. o8
7o 28. 26 16. 45 o. o8

83 42. o2 LI. 59 o. 79
85 25. 79 l-. oS o. 56
85 34. 94 12. 98 o. 98
8? 5o. o9 L9. 51 I.. ^2

Lo o. 55 o. 65 o»7l
5o 5. 74 o. 59 o. 68
7o o. 95 o. 59 o. 62
8$ 4. 74 o. 82 o. 51.

lo 4. o9
5o lo. 2o
5o Lo. o?
7o L2. 65

85 _ 5. 37
85 15. 92
85 9. 50
8? S. ol

o. 95 L. 59
o. 5^ o. 85
o. 51 o. 59
o. 62 o. 54

o. 68 o. 62
o. 68 o. 65
o. 88 l. o5
o. 68 L. 55

14, 000 64. 15 87. 52 7. 56 L4, ooo 53. 95 L61. 68 25L. Io
=====;==: ;==sa:===;==;ai;===a;=a===sa;;;as;s====!

All determinations were perfornied on the nutritive soLutloiis

C.haefeoceros s Im Lex var. ca1c ttrans

The proportionality betrween the concentration of the

three trophic anloixs and celLalar dl.vlslon was manifest In this

alga, too In both thermic regimes experimented (Figs. 7-12). ThQ

two nitrogen sources give different effects according to the tem-

perature;N-N05 ts better utilized at 6-8°C while K-NO^ at L9-20°G.
Wlien the temperature was 6-80, the growth curves had a

hyperbolic aspect. Indicating the cessation of the division pro-
cess as a consequence of a very active log phase which begins

from the moment of the cell suspending In the culture medium

(Figs. 7-9).
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Figs. 7 - 12i The dsveLopmenfe of Chaetoceros In different

concen. t;ratloiis of N-KO^, N-NOg and P-PO^ as
/l6/L (Figs. ?-9; 6-86C and Flgs. lo-l2»
19-2C°G)

In the variants with N-NO^ and P-PO^. the 0^
.NO ̂ aud P-POy^i the L9-20

temperature causes decrease In the division rate; the development
tends fco a linear aspect (Flgs. lo-L2) with lag phases of 24 to 48
Jiou.rs· In the same thermic regime a clearly hlglier division rate
as compared vttb. the control was obtained In felie presence of
N-NOg, even durliig  e liiltlal 24 hours; the lag phase characte-
rlsttc of the all other vartaiits exposed fco fchls temperature
was abseut*

The behaviour differences of the algae tn tihe two regl-

mes of teniperature are also evident In the trophic substrate ufcl-
Llzatlon rate (Tables 2, 5).
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Table 5

The dynanilos of N utilization (N-NO^, NO? by Gliaetoceros
In different conditions of temperature (the Bays to jhlch

the most stgnlfloaat; data correspond, are given)'
a===========s====!iss:===; ;sssss;ss=s====='===s:=s!=a:a;=!a==:s=!

Experimented
variant

(^.g/t)

The determlBed qceatlty. of N^(/US/D, _ thermic
condTttons and the'da of''observation

Ie erature: 6-8°C Tern eraturei I -20*
Initial I II CTInlfclal I II

N-NO^ variable

lo
5o
7o
85

N-KOg variable
lo
5o
5o
7o

P-PO^ varlab Ie
lo
3o
5o
75

lo

II
85

8. 65
4. 55

14. 50
4. 57

0

0

0

L. 88

TV

o. ?6
o. 82
o. 76
o. 88

lo 5. o9
5o LL. lo
50 18. 4?
7o 24. 2^-

o o. ?6
o 5. 53
o o. 82
o o. 82

85 64. 56 6«§0 l. 5o
83 25. 65 L. L? L. o5
85 24. 28 2. 89 o. 99
85 24. 99 3. 55 I. o2

lo 79. 29 79. 97 82. 1.8
50 59. 2o 8L. 82 ^0. 56
?o 82. 18 81. 42 lo. 98
85 81. 88 79*57 9. 51.

I.o 2, 55 1.. 1.5 o
5o 7. 58 I. IL o
5o 14. 68 o. 99 o
7o 25. io o. 85 o

85 82. 90 86. 46 7o. 57
S? 82, 9o 86. So o. 85
85 71. 57 71. 57 o. 48
83 79. 2o 67*42 o. 57

GpntroLt L4. ooo 72. 91 92. 24 87. 28 L4, ooo 14.6. 1 L l6;/. 97 195. 25
ItlS medium -., -.. -/-. -- . ,, ______________.. _.,.,...,
===:=========s=====================;====:=====s======:===:===:==s"==:ss==;
* AIL determlnatloiis were per-formed on the nutritive solutions

2. NutrLttve substrate utll-lzatlon

Using the following formula, the LufLux and efflux rate
of N and P anions was established In all the combInattons of the
experimented media In the two thermic regimes.

0 / C (t -t^)
A 16

<; - (t - t^)

where» A = absorbed or excreted quanttfcy of the considered
trophic an Ion.}

C^= quant Ity of the constaered anlon In the medl. um
at time t>;
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t - (t - 1) = time In 9ays or hours between two defeer-
mlnafelons.

The results sliowed that N and P utilization Is strictly
dependent on the concentration of these anlons tn the medium and
their liiflux and efftux may be reLafced to large time Intervals.

The succession of the efflux - Influx processes Is de-
tiermlned by the anlon concentrations as a rule for the tested va-
rtants, an efflux takes place first.after which toe absorbtlon of
trophic elecients lieglns, while la the control, where the concen-
tratlon of the tested anlons Is much lilgher, an Intense liiflux Is
produced, followed by a slighter efflux.

The particularities of this oscillating utlLlzafelon are
specific for each of the Investigated algae and depend not only
on the trophic aixlon. concentration, but also on Vie temperature.

During the determlnattoiis oil the culture medium, an
alternation was found between the two forms of N, no matter the
source of this anlon.

C clofcelLa cas la

Nitrate utilization

In all the experimented variants the nltoate begins to
fade away f rod tlie medium durljag the tnttlal culturlng liours
(Figs. 15-16). The nltiatie reducfei. on to nitrite and the absorpbtaa
of th® Latter has a much more acclve dynainlcs at l9-20°C. The os-
clllatton periods of K-NOg' generatiloiL and liiflax are mucJi shorter
at these cemperafcure values as compared to the 6 - 8°C thermic
regime.

N-NO^ ufclllzatlon seems to be Independent on P-PO^"
concentratlouL.

Nitrite utilization

When the N source was the nitrite, an extrusion of N,
which was measured just from the Inttlal 24 hours as both N0^ and
N0^, was noticed. The nitrate accuinulstlon In the culfcure medium
Increases In direct'proportion to fche tnttlal N-NO^ concentration
tn fche medium (Pigs. 17, 18). 'Ebs iilfciate disappears from felie
culture medium after 48 hours, except the variant In which the
Initial nitrite was In coiicentra-b Ion of lo yUg/l. aaid the exposure
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teciperafeure was 6-8l'C. Here, the nitrate Is preserved for a longer
period, the Influx being evident after 96 culturlzig toours. The
Influx rate la low In this case*

Pliosphate utilisation

The efflux amplitude Is In Inverse ratio with P concen-

tratlon In the medium, and the efflux period Is much Shorter at
temperatures of l9-20°C (Figs. 19-24).

The lafLux rate Increases accorfllng to tihe Lacrease of
phosphate concentration In the culture medium, reachLag the
highest values by expos li»g to 19-20 C»

No matter the temperature, the presence of N-NOo In the

medium Implies more rapid P-PO^ absorption (Figs* 25, 24).
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ŝ

Î
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iChaetoceros slm Lex var» calclfcrans

Nitrate utilization
The nitrate reduction to nitrite emd fe.lie absorption of

the latter Is much aiore active at 6-8°C (Figs. 25^28).
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Figs. 25-28 ~ The dyaamlcs of nitrogen anS the rafclo

N-NO^ /N-NOg lufluenced by Ghaefeoceros
growfcto.. La different, conditions of tem-

perature and trophic an tons coiicentra-

tlon (Figs. 27, 28; N-NO^ constant 85^1;
P-PO^ var Lab lei 10-75 ^ug/L)

Nitrite utilization

In the 6-8°C thermic regime, tfhe nitrite absorpCloa as
well as the nitrate acouniulatlon La the medi. ua ts ar direct pro-
portion to the Initial ooncentrat; ton of the iiltrogen source
(Flg. 29). Exposure to 19-20 C produces a aelay In the membrane
transport processes; the nitrogen excretion, as well as the modl-
ficatlons of tJbe two oxidized forms, begin only at tier 2te liours and
show a much lower development rate (Fig*3o),
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growth Lu. different condl. tloiis of tem-
perature and trophic sualoas concentration
(P-PO^ constant; 75^ug/I. i N-NOg variable:
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Phosphate uti. llzatloii

The efflux value i-s tn Laverse proportlou to the

Initial P-PO^ coiicentrafc I.on In the medLum, whl. I.e the InCLux Is tn
direct proportloii t;o tite coiiceii-urat ton Increase of tills anlon In
the medium (Figs. 51, 52). The IsILux rate Is optimized at 6-8*'G*

^
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d It tons of tenperafcure and trophic
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85^ug/l; P-K)^ varlable;Lo-?o^/l)

The cultivation la the control solution where the con-
centratiozi was much higher than that la the so far discussed va-
!!!nfr!. ^K'"N05: I4X lo /e /i; p-po;;» 5. 4 x 103^6/L), showed
some differences regardLug fche particularities of the substrafce
utlllzatloa In both algae. An Intense Influx occurs, followed by
a slight efflux after fche saturation tea' both trophic anlons
(Figs. 33, 54 and 55, 56). The modification of the istlo between
efflux aiid Influx Is explaned only by the Increase of the concen-
tratlon gradient.
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11 on (K-NO^

5. 4 x L03/g/t)
L4 x tQ^^e/l; p-po^

PRIBIL and AIAEVAI^ (^, 10) obtained activation of aitro-
gen consumpt ton In ̂ cenedesmus auadrlcauda (TUSP. )BREB. In 6 Irect
ratio to Its concentration, when 1, 000-5, 000 mg N/L were added to
the growing solution. In the same alga, P-PO^ utilization I.s la
dl.rect; ratio bo the phosphorus concentration In the ffiedf.us: wifcfcln
fche range of 5 - ?00 mg P/l.

In the algae C cLotetla and Chaetoo eras, s higher ab-
sorpfrlon rste Is obtaLned at much Lower K coiicentratlons; but the
P coaceiitratlozL to vihl. ch such a high rate corresponds Is confl. ned
to the Limits cited by the authors above.

Another Infcerestlng peculiarity Is fcn ttie fact that, for
the concentration levels of N and P which were reached tn fche
conteol, tlie utlllzattoii of thes. e anlorts seems not to depend asy
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.ore in a significant measure on toe te.perature value.

5. interoondIt toning of the Investigated factors
"I.\b. co^e_, f tt. . '.»«l-mu-a:M:I;'"l"l ̂  S

..^«»nu:^:T^ ̂ 'f^l^^^^^^^

a. Cellular di.vi.slon
C concentration seems to be l^"atlve ^

^ ̂ irs Tons^^ir??"^71 1 ^__dlvi3 ton rates are obfcalnea

even" in variant LO-30 ̂ /l N-N0^ N-N02^, ^^^. tlie 19-20°0°irZ same'^lues of P or E concentrat lon^t^ ^^
.e.peratureu fa-u;7a-higher division rate as co.parea to ^

and N concentration Increase, while at

";3MC ::.:'T,^::^.^'o^rH?S
^ ̂ ^^clos^togefcher and very clo3^teo_the colltro\value^ ^
^^ir^^u^r^i^'c^^. ?^2)'" I:la7.be._a3SUIB;a. !^_
::ast,CT ^°^°°. LrZl^l.. "S''.^*°"c^"';^,,^^^;
^ a^:t^ ̂ u'^"s~m^'tlc, '°fl, pto:t^ "rr^^:; s
Sausrcir°ooncenferatlon of ^^h, tr°PMC.  , :omp^^s ^^Fl"a^ c^"^"*^"""'1","'1:^1': ̂ ":^'
^o7t h"of~tlxe"sLga\n the control solution vhweJ^J^°^
Sr^L^satrs fy^he'^e^olLc reqalre.ents, sl. o.s attenuation of

tewerat°"».:T-:dC^»LC ....... .». ."^t- ̂ -t
subs^ate "^^lon"^ ^er;^_so^^^no^^^
s^^lLaution*o7^e "e.^cellular nutrient sabst^te and the

Infra cellular storage as well.
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b. Nutrient substrate utilization.

The optimum thermic regime for moblllzlzig the studied
brophlc IOBLS Is dlfferen.t for the two of the algaei l9-20°C for
C dote Lla and 6-80 for Chaefcoceros. Temperafcure Is a determining
factor for N and P utlLilzatlon when fchese anloiis are afr small
concentrations. The higher the concentration of the essential nu-
trlfclonal antons, fche much less the significance of this factor.

N-NO^, N-NO^ aad P-PO^ utilization Ln both algae
depends on the tiicrease In both N and P concentration gradtenb.

P-PO^ efflux amplitude Is in Inverse ratio to Its con-
centratlon In the medium, while the Influx anpLltude Is In direct
ratio to Its concenferafclon In the nutrient; solution.

With G cLotella, the presence of N-NOg In the medium
Induces more rapid absorption of P-PO,~.

c, N-NO^ and N-NO^ balance
UtlLtzatlon of both Bltoogeii fornis showed that accumu-

LatIon of both N-NOg, when N-NO^ Is the nitrogen source, and
N-NO^, when N-NO^ Is the only nitrogen source. Is possible Ln the
culture medium.

N-NOg accumulation In the culture medluni of the algae
which were grown on N-NO^ la well known, as the algae reduce the
nitrate to be able to Integrate It Infco the metabolic cycle
(11, 15, 1§).

The N-NO^ occurance In the culture medium when N-NO^
was the only N source has a single explaoatlon. As N concfflitratrtm
Is critical In the tnedl.um, an extrusion of the Inferaceltular N
storage occurs. Up to now Lfc was positively known that unI.celLular
algae accumulate N as N-NOg. Only one oentelon (II) was made on the
possibility for seaweeds of the genera Porphyra to accumulate
considerable quantities of N-NO^ In our study C cLofeella aiid
Chaetoceros proved also the unicellular algae to have this abl-
llty. It Is the liitra cellular storage that are reutlllzed tn case
of deficit In the medium.

The problem of H and P Ion efflux when their concenfera-
tlons In the medium are from 10 to LOO AB^I constitutes oneaC

the multiple feafeia'es of the menibrane transport phenoinenon* Ihe
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following reasonlog may be accepted In the present liistencet the
mechanism of the nutritive antons Integration along different me-
tabollc path ways Is nofc triggered before fche momenfe when a ba-
lance occurs between the IntraceLlular and extracellular trophic
ton concentration. The need for Ionic balance, which Is necessary
for the multiplication of algae, Is quoted In the lltterature.
IOEUDA (3.4) found that toe stert of the cellular division In the
alga NltISohla closterlum (EHR. ) W. SM. Is comiectea with the^syn-
thesis and excretion of glycollo acid Into the medium. Division
process Is triggered only when an equilibrium occurs Ketween
extra- and IntraceLLular concentrations of tots compound. The
author eliminates the lag pliase by addition of glyoollc add to
the nutritive solution.

4. Ecological Imp It cat; tons

The algse C clotella and Chaetoceros can be found In
natural communities all fche year round. But massive developments
occur only during certalii seasons: In summer for CcLoteLLa and
In ear ]^ spring and late autumn, for Chaetoceros. Temperatures of
l5-2I. °C'sre characteristic of the suEmer ̂season, while spring and
aufcuGui are characterlz.ed by Less than 10 C.

The nutrient Level*) osclLlates wlfchin the following
limits; 65 - 2o? ,ug/l P-PO^ and 6^ - 145 ̂ ag/L N(N0^, NOJ) In
sammer, 57'- 559 /^6/1 P-PO^ ̂  92 - 554 /ug/l N(N0^ NO^ln
autu mn'and 27~-'l/, t73 /%/I. P-PO^ aad 65 -^455 ̂ g/l ^N05^°^
In spring. Thus, even when the' concentration level of ferophlc
antons Is falling. If there Is optimum temperature for fchelr
u^illzstlon, a massive development . of t;]ie species C clotella
t. s possible.

As our experiments have proved, Chsetoceros can grow
when N and P have low concentrations, too; but, In the natural
environment, a decrease La nutritive substances Is followed by a
temperature Increase which ts unfavourable to the processes of
trophic substrate utilization, keeptng a low division rate tn the
aLga. In 1975, an excessive growth of the nutrients was recorded

s) The data correspond to_1977. _after_the_deterntoatlons^^^^
H^drol067"'Lab oratory" of-the'Romanian Marine Eesearcli

78



an6 as an effect of this, a massive developmeat of CIiaefeoceros In
summer, too. This confirms our observstlon» very htgh P and N
concentrations diminish the significance of temperature.

These observations can be one of tehs explanatloiis of
C clofeella cas la and Ghaetoceros sin lex v. calclferans biological
cycle. Twenty years ago, when the N and P mean level was up to
100 /ug/l their biological cycle was fclght correlated with tempe-
rature. ffhea the N and P conceatfatloiis have Increased the tempe-
rafeure dependence have diminished, beetng possible the C clotella
and Chaetoceros presence. In the nearshore phytoplankfeonlc com-
munltleB, all through the year.
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