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A b s tra c t.
D uring 1992-1994, a  num ber o f  in situ  prim ary production m easurem ents w ere carried out 
w ith  d ifferent m acroalgal species dom inating in  algal com m unities in  the coastal w aters o f  
Tallinn and  M uuga bays.
Photosynthetic and respiratory activities o f  annual Enterom orpha intestinalis  and Cladophora  
glom era ta  (C H L O R O PH Y TA ), Ceramium tenuicorne  (R H O D O PH Y TA ), Pilayella  littoralis 
and perennial F ucus vesiculosus (PH A EO PH Y TA ) w ere determ ined by  m easuring the 
changes o f  dissolved oxygen concentration in “ light and dark" bottles using the W inkler 
titration m ethod or an  oxygen m eter.
T he h ighest production rates w ere m easured for the  green algae E. intestinalis  and CL 
glom era ta , the low est rates fo r the perennial b row n algae F. vesiculosus.
C om paring the  results obtained at experim ental sta tions w ith  d ifferent degree o f  hum an 
im pact, the m axim al net photosynthetic rates for E. in testinalis  and  Cl. glom erata  were 
m easured at stations w ith  the  highest am ount o f  nutrients in the water.

K ey W o rd s: Prim ary production, net photosynthesis, dark respiration, Enterom orpha  

intestinalis, C ladophora glom erata , P ilayella  littoralis. C eram ium  tenuicorne, Fucus 

vesiculosus.

In tro d u c tio n .

This paper sum m arises the  results obtained b y  m easuring the prim ary production o f  

m acroalgac in  situ  during the  investigation o f  Tallinn and M uuga bays in  1992-1994.

D uring the  course o f  three years, a num ber o f  m easurem ents o f  net photosynthetic and dark 

respiration rates o f  different m acroalgal species dom inating  in the  algal com m unities in  the 

Estonian coastal w aters o f  the  G u lf  o f  F in land  w ere m ade.

In  1992, the prelim inary s tu d y  w ith  the in ten tion  to  prepare experim ents for m easuring 

seasonal changes in  the  p rim ary  p roduction  o f  m acroalgae w as carried  out. The oxygen 

m ethod that has been used fo r de term in ing  the  net photosynthctic and  dark respiration rates 

for F urcellaria  lum brica lis  (Paalm e, 1994) w as adapted and checked o n  three different 

m acroalgal species: P ilayella  littoralis, C ladophora  g lom era ta  and F ucus vesiculosus.
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In 1993, the  m ain interest was focused on seasonal changes in  the  prim ary production o f  five 

m ost abundant algal species in  the area: the annual Enterom orpha in testinalis  and Cladophora  

glom erata  (C H LO R O PH Y TA ), Ceram ium  tenuicorne  (R H O D O PH Y TA ), Pilayella littoralis  

and the perennial F ucus vesiculosus  (PH A EO PH Y TA ). D uring an  8-m onth investigation 

period, w eekly  m easurem ents o f  net photosynthetic and dark respiration rates for the  above- 

m entioned species o f  algae w ere carried  out.

In 1994, an  attem pt w as m ade to  com pare during three m onths (M ay, June and July) the  net 

photosynthetic rates o f  the tw o fast-grow ing green algae E. intestinalis and Cl. glom erata  at 

experim ental stations w ith  different load o f  hum an impact.

M a te r ia l a n d  m ethods.

S.tudy_area

In 1992, the prim ary production m easurem ents w ere carried out at tw o different experim ental 

sites near the  tip  o f  the V iim si Peninsula, i.e. in  Tallinn o r  M uuga B ay, respectively  (F ig .l).

In  1993, the production estim ates w ere carried out in  M uuga Bay n ear the  tip  o f  the Viimsi 

Peninsula at one experim ental station (in 1994 station  3) w here the  algal vegetation was 

dom inated by  F. vesiculosus. In spring and early sum m er E. intestinalis  and P. littoralis  and 

in  July-A ugust Cl. g lom era ta  w ere the  m ost abundant annual algal species grow ing there.

In 1994, basing on  recent investigations o f  the ecological situation in  the  coastal w aters o f  

Tallinn B ay, as a  result o f  w hich the geographical distribution o f  m acrophytobenthos 

according to  saprobic level w as established (K ukk e t al. 1994), location o f  tw o new 

experim ental stations in  this area w as chosen. S tation 1 w as situated near the  Port o f  Tallinn 

and station 2 in  the  area betw een the m ole o f  M erivälja and the M iiduranna harbour, in  the 

v icinity  o f  the outflow  o f  the  dom estic  sewage from the local settlem ent into the  sea. Both 

stations w ere prevailed by  algal com m unities, in  w hich E. intestinalis  and Cl. glomerata, the 

species o f  green algae favouring eutrophic areas, dom inated. A t station  3, situated in  a 

relatively undisturbed arca in M uuga B ay at the tip o f  the  V iim si Peninsula, F. vesiculosus 

dom inated in  algal com m unities.
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Muuga Bay

S t a t i o n  3

v i n e i  p m .

Tallinn Bay

S t a t i o n  1

Figure 1. Location o f  experim ental stations.

Photosynthetic and respiratory activities o f  a lgae w ere determ ined by  m easuring changes in 

d issolved oxygen concentration in  “ligh t and dark”  bottles em ploying W inkler titration 

m ethod in  1992-1993 o r  using later, in  1994, the  oxygen m eter (O X I 92, W TW ) w hich also 

m easured the  w ater tem perature.

T he  algal m aterial w as co llected  from  natural populations grow ing in  the v icinity  o f  the 

experim ental stations. D epending on  species, 0.5 -  3 g w et algal m aterial (corresponding to 

0 .05 -  0.5 g  d ry  w eight) w as placed into incubation bottles (300  m l light and 250 ml dark 

bottles, respectively).The bottles w ere incubated (dark and light ones separately) horizontally 

on  special trays a t a  depth o f  0 .5  m  for a  period ranging from  1.0 to  1.5 hours.
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■ Cl. g lom erata  

□ P. litto ra lis  

I F. vesicu losus

12.06.92. 17.06.92. 7.07.92. 13.08.92. d a te

F ig . 2 . N e t p h o to s y n th e t ic  r a te s  o f  d iffe re n t m a c ro a lg a l
s p e c ie s

Changes in  oxygen  w ere converted  to  mgC*g dry w t ' - h 1 by  standard m ethods (Strickland 

1960) assum ing a  photosynthetic quotient o f  1.2 and respiratory quotient o f  1.0 for expression 

o f  rates o f  net photosynthesis and dark respiration. Each o f  the  results is a m ean o f  at least 

three replicates.

Dry w eight o f  the  a lgal m aterial w as determ ined after drying at 60°C for 24  hours. 

Environm ental conditions in  the field

The environm ental factors m easured at the tim e o f  the experim ent w ere so lar irradiation 

(kW -m  2) above the  w ater surface and the  w ater tem perature (°C). For the further laboratory 

analysis o f  the conten t o f  nutrients, w ater samples (250  m l each) w ere taken.

R esults a n d  d iscussion .

In  July-A ugust 1992, four incubation scries to  m easure net photosynthetic (N P) and dark 

respiration (D R ) rates o f  Pilayella littoralis. Fucus vesiculosus and C ladophora glomerata  

w ere carried out.

During the investigation period, the w ater tem perature varied betw een 11.7°C (June) and 18.5 

°C (August).

C om paring the resu lts  obtained (Fig.2), the highest NP rates - up to  3 .0  mgC*g dry w t '-h '1 - 

were m easured fo r Cl. glom erata. Rem arkably lower N P rates (below 1 m g C 'g  dry wt '*h ')  

were obtained fo r P. littoralis  and F. vesiculosus.
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F ig .4 . N e t p h o to s y n th e t ic  a n d  d a rk  r e s p ira t io n  r a te s  o f  
C ladophora  g lom erata

In 1993, the  experim ental station (S tation 3 on  Fig. 1) w as v isited  altogether 29  tim es during 

the investigation period lasting  from  20 April until 9  N ovem ber, and net photosynthetic and 

dark respiration rates w ere m easured for Five m ost abundant algal species in  the area - 

Enterom orpha intestinalis, C ladophora glom erata. P ilayella  littoralis. Ceramium tenuicorne  

and Fucus vesiculosus.

T he h ighest N P  rates w ere m easured for short-lived annual g reen  algae E. intestinalis  and Cl. 

g lom erata , supporting ou r earlier results and those o f  o ther investigators (Jannson 1974, King 

and Schram m  1976, W allentinus 1976,1978). T here  w ere little  differences in  the m agnitude o f
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N P rates betw een E. in testinalis  and Cl. glom erata  (0 .4-3 .9  and 0.2-3.8 m g O g  d ry  w t '* h  ', 

respectively; F igs. 3 and 4).

C om pared w ith  the o ther algal species in ou r in  situ  experim ents, the above-m entioned green 

algae had also  h igher D R  rates. In Cl. glom erata, D R  rates w ere som ew hat h igher than in  E. 

intestinalis. DR w as roughly estim ated to be 32 per cent o f  gross photosynthesis for Cl. 

glom erata  and 26  per cent o f  gross photosynthesis for E. intestinalis.

A ccording to  ou r investigation results, C. tenuicorne  w as the third algal species with 

relatively h igh N P rates (0.5 - 2 .6  mgC*g dry wt '-h '1 ), though the m axim al N P  w as a  bit 

lower. (Fig. 5).

D R  form ed 25 per cent o f  gross photosynthesis.

S ignificantly  low er N P rates (below  0.6  mgC*g dry w t'l#h '1)  w ere obtained for the  perennial 

brow n algae F. vesiculosus (Fig. 6). In the event o f  F. vesiculosus, the absolute DR rates and 

the percentage o f  D R  in gross photosynthesis (20 % ) w ere also the  lowest.

P. littoralis  exhibited unexpectedly low  N P rates (below  0.8  mgC*g dry w t '-h  ')  and relatively 

high D R  rates (40  p e r  cent o f  gross photosynthesis on  the  average) in  1993, during the  study 

period 27  A pril -  10 A ugust (F ig. 7).

The N P values w e had obtained at the sam e station in  1994 w ere considerably  h igher -  up  to 

1.7 m g C 'g  d ry  w t ' - h 1 (  D R  rate 30  per cent o f  gross photosynthesis), while at station  1 and 

station 2 (Fig. 1) the m axim al N P rates m easured w ere accordingly  2 .4  and 1.8 mgC«g d ry  wt‘ 

'•h  1 (obtained at the  end o f  June). F o r com parison, I. W allentinus (1978) reported that the
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production rate o f  P. littoralis  in  in situ m easurem ents with l4C  ranged betw een 0 .6  and 6.1 

m g O g  d ry  w t '*h

H igher photosynthetic  and respiratory  capacity o f  E. intestinalis and Cl. glom erata  in 

com parison w ith  the perennial algal species used in  ou r study, could be related first o f  all 

w ith  the  differences in  their thallus m orphology (L ittler 1980, Leskinen 1992). Com pared 

w ith F. vesiculosus and C. tenuicorne  nearly, the w hole b iom ass o f  the  thin shcct-likc thallus
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o f  E. intestinalis  and  finely-branched thallus o f  Cl. glom erata  is photosynthetic and m uch o f  

the structural m aterial is m etabolic (resulting in higher absolute rates o f  respiration).

In a ll likelihood, the  variations in  N P rates, observed during the investigation period w ithin 

the sam e species, w ere determ ined m ostly by  seasonal changes in  environm ental conditions 

(i.e. light, w ater tem perature, nutrients).

It is obvious tha t an im portant factor controlling the  photosynthetic activity  o f  algae during 

the w hole vegetation period is the  am ount and quality o f  available light. D ifferences in  NP 

rates m easured for algae in  ou r experim ents in  the  sum m er m onths and in  late autum n were 

m ost probably caused by  seasonal changes in  light conditions (i.e. by  decreased solar 

radiation and decreasing part o f  photosynthetically active radiation).

Here attention should  be paid  to  the  fact that sudden decreases in  N P  rates could also be 

caused by  tem porary  unfavourable light conditions (low  w ater transparency o r  overcast sky, 

o r  both  during incubation tim e). F o r exam ple, the  low  N P rates obtained for a ll species at the 

beginning o f  July  could be explained definitely  by the very low w ater transparency.

On the other hand, in  the  m iddle o f  June w hen solar radiation w as at its highest and clear sky 

prevailed, the  photosynthetic activity  o f  E. intestinalis and Cl. glom erata  w as relatively 

low. As all incubations for m easurem ents o f  N P rates during the investigation period were 

m ade at shallow  depths (0.5 m ) at noon, the  possibility cannot be excluded that the  above- 

m entioned depression o f  photosynthetic activity  w as caused b y  the  photo-inhibition  effect 

(Pow les 1984). A  sim ilar phenom enon has been described by  several authors for different 

algae, am ong o thers  b y  W ood (1968 )  and Leskinen (1992 )  for Cl. glomerata.

The w ater tem perature m easured at our experim ental station varied  during the investigation 

period between 0 .7  and  18.5 °C. The tem perature, contrary to  the light, seem s to  p lay  less 

im portant ro le  in  the variation o f  N P rates obtained for different algae used  in  ou r experim ents 

during the investigation period as B altic algae arc  generally w ell adapted to  low  w ater 

tem perature (R ussell 1985).

On the o ther hand, in  spring w hen  the  light conditions w ere relatively good but the water 

tem peratures w ere low , differences in  the production rates m easured for Cl. glom erata  and E. 

intestinalis  cou ld  be due to  d ifferent optim al tem perature required.
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E. in testinalis  w as capable o f  fast grow th already in  early  spring under relatively low- 

tem pcrature conditions. The highest vem al N P rates for E. intestinalis  obtained at the 

tem perature o f  w ater 8 °C w as close to the m axim al N P rate m easured at 18 °C, while 

considerable N P rates w ere observed w ith  w ater tem peratures below  5 °C.

Cl. glom erata  seem s to  prefer som ew hat h igher tem peratures than E. intestinalis.

In  literature, there  are several data available on  the direct effects o f  tem perature on the 

production rates o f  Cl. glom erata . A ccording to W hitton (1967), the  m axim um  grow th takes 

place at tem peratures betw een 15 and 25 °C, the  low erm ost lim it being 6  °C. Jannson (1974) 

has observed a  v isib le grow th o f  Cl. glom erata  at the tem perature o f  w ater not exceeding 4 

°C.

As seen  from F igure 8, the highest tem peratures during ou r experim ental period occurred in 

July -  A ugust w hen  h igh N P values fo r Cl. glom erata  (accom panied w ith  luxuriant grow th o f  

this a lgae in  the  study  area) w ere obtained, i.e. the  w ater tem perature w as h igher than 14 °C. 

Low  N P w as observable at w ater tem perature 5 °C.

Besides the  above-m entioned environm ental factors, tem porary  variation in  N P rates o f  

annual E. intestinalis  and Cl. glom erata  could be due to  the  fact that several generations 

w ere grow ing during the  vegetation period (Jannson 1974 , S noeijs 1992). Thus, the decrease 

in  N P rates o f  E. intestinalis in  the second h a lf  o f  M ay -  at the  beginning o f  June com pared 

with high N P  rates obtained earlier could be explained by  the ageing  o f  algae.
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F ig . 9 . N e t p h o to s y n th e t ic  r a te s  o f  C lad o p h o ra  g lom erata
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F ig .1 0 . W a te r  te m p e ra tu re  a t  d if fe re n t s ta t io n s

a s t 1

■ st2
■  * t3

date

A ccording to  the  above-presented results, the  algal species used in  in  situ  experim ents in  1992 

and 1993 can be divided roughly at least into tw o groups. The first group w ill include the 

species w ith high net photosynthetic (production) rates, such as E. intestinalis. Cl. glom erata  

and C. tenuicorne ; the  second group w ill com prise the species w ith  low  net photosynthetic 

(production) rates - P. littoralis  and F. vesiculosus.

- j J L H
10.05. 16.05. 24.05. 31.05. 13.06. 21.06. 28.06. 11.07. 20 .07 . 29.07.

F ig . 1 1 . N et p h o to s y n th e t ic  r a te s  o f  E n te ro m o rp h a
intestinalis
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Fig. 1 3 . P 0 43'  c o n te n t  o f  th e  w a te r  a t  d if fe re n t s ta t io n s

In  1994, the prim ary production estim ates w ere concentrated on  the  prim ary production o f  E. 

intestinalis  and Cl. g lom era ta  , the tw o fast-grow ing green algae very  com m on in algal 

com m unities o f  shallow  coastal areas. D uring three m onths, from  M ay to  July, changes in 

their N P  rates w ere m easured altogether ten tim es and  an attem pt w as m ade to  com pare the 

corresponding values obtained at the sam e tim e at different experim ental stations (Fig. 1).

O ur experim ental data in  F igures 9 and 11 show  differences in N P rates o f  E. intestinalis  and 

Cl. glom erata  from different stations. A t the sam e tim e, a  certain  tem poral shift o f  the 

occurrence o f  N P  m axim a m easured for the above-m entioned algae betw een stations is 

evident.

U nfortunately, the  data available are too scanty  and do not allow  any definite conclusion to 

be draw n to explain these differences. In  M ay, the w ater tem perature seem s to  control the NP
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rates o f  algae used  in  o u r  experim ents (F igure 10 show s rem arkable differences in  w ater 

tem perature betw een stations). In  June, after levelling o f  w ater tem perature, other 

environm ental as well as physiological (incl. the age o f  the algae) factors m ust be taken into 

consideration to  explain  the differences in  N P rates betw een the  stations.

It cannot be excluded that besides o ther factors the differences in  the  nutrient content in the 

w ater o f  experim ental stations are, to  a certain extent, responsible for these discrepancies.

The highest rates o f  ne t photosynthesis w ere obtained for both  E. intestinalis and 

C l.glom erata  at S tation  1 w here during the investigation period relatively higher 

concentrations o f  N O ,' and P 0 43 w ere m easured ( Figs. 12 and 13).

R eferences.

J a n n so n , A -M . 1974. C om m unity  structure, m odelling and sim ulation o f  the Cladophora  

glom erata  ecosystem  in  the  Baltic Sea. -  Contrib. A skö Lab. U niv. S tockholm , 5, 1 - 130.

K ing  R. F ., S c h ra m m , W . 1976. Photosynthetic rates o f  benthic m arine algae in relation to 

light in tensity  a. seasonal variations. -  M ar. Biol., 37 , 215 - 222.

K u k k  H ., M a rtin  G ., L a in e , A ., R y h än en , P ., V iitasa lo , I. 1994. Ecological situation in the 

coastal w aters o f  Tallinn B ay and the  H elsinki area according to  the  bottom  vegetation . -  In: 

T. F rey  (Ed.) Short com m unications o f  Estonian VI Conference in Ecology, T artu , 24 - 26 

April, 1994., 176-182.

L esk incn , E. et al. 1992. Prim ary production o f  m acroalgae in  relation to  the spectral range 

and sublittoral ligh t conditions in  the  Tvärm inne archipelago, northern Baltic Sea. -  A cta 

Phytogcogr. Suec.78, U ppsala. ISBN 91-72-078-8.

L iftie r, M .M . 1980. M orphological form  and Photosynthetic Perform ances o f  m arine 

m acroalgae: tests o f  a functional/form  hypothesis. - B otanica M arina, 22 , 161-165.

P aa lm e ,T . 1994. N et photosynthesis and production o f  Furcellaria lum bricalis  in Kassari 

Bay. - Acad. Sei. B io l.,4 3 ,4 , 193-198.

Pow les, S.B . 1984. Photoinhibition o f  photosynthesis induced by  v isib le light. -  Ann. Rev. 

Plant Physiol. 35 , 15-44.

R ussell, G . 1985. R ecent evolutionary changes in algae o f  the B altic Sea. - Br. Phycol. J. 20, 

87-104.



T. P aalm e. P r im a ry  p ro d u c tio n  o f  d iffe ren t sp ec ie s  o f  a lg a e  m e a su re d  in  s i tu  in  Tallinn  a n d  M uuga  3  J
bays. E M I R e p o r t S er ie s . 1997, No. 8. pp . 19-31.

S noeijs , P. Ecology and taxonom y o f  Enterom orpha  species in  the  v icinity  o f  the Forsmark 

nuclear pow er plant (B othnian  Sea). - A cta  Phytogeogr. Suec.78, Uppsala.

S tr ic k la n d . J -D .H . 1960. M easuring the production o f  m arine phytoplankton. - Bull. Fish. 

Res. Bd. C an., 122, 172 pp.

W a llen tin u s , I. 1976. Productiv ity  studies on C ladophora g lom era ta  (L .) K ützing in the 

northern B altic proper. Proceed. 10th Europ. Sym p. M ar. Biol., O stcnd, Belgium , Sept. 17-23, 

1975. Population dynam ics o f  m arine organism s in  relation w ith  nutrient cycling  in  shallow 

w aters, 631 -6 5 1 .

W a llen tin u s , I. 1978. Productiv ity  studies on  B altic m acroalgae. - Bot. M ar. 21 , 365 - 380. 

W h itto n , B .A . 1967. S tudies on  the  grow th o f  riverain Cladophora  in culture. - Arch. 

M ikrobiol. 50, 21-29.

W ood, K .G . 1968. Photosynthesis o f  Cladophora, under unnatural conditions. - In: Algae, 

M an and the E nvironm ent (ed. D.F. Jackson). Syracuse U niv. P ress, 121-133.


