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Abstract. Net photosynthesis and respiration of Furcellaria lumbricalis in Kassari Bay
were studied. F. lumbricalis showed low photosynthetic activity and accordingly low
primary production values. The main environmental factor controlling the production of
F. lumbricalis is the amount of light available for it.
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INTRODUCTION

In 1988—90 in situ experiments with Furcellaria lumbricalis were
carried out in Kassari Bay. Together with Phyllophora truncata it forms
a loose-lying red algal community covering most of the bay’s surface at
depths of 5—9 m there (Trei, 1978). The species is of great commercial
importance, being the basic raw material for the production of the so-cal-
led estagar.

The purpose of these experiments was to investigate the photosynthesis
and respiration of F. lumbricalis in its natural habitat during the vegeta-
tion period (except 1990, when the experiments were carried out only in
April). Effects of environmental factors, including natural variations in
light conditions and temperature, on the above-mentioned processes were
also studied with the aim of obtaining data applicable in production esti-
mations.

MATERIAL AND METHODS

Net photosynthesis and respiration of F. lumbricalis were determined
in the plants growing in natural conditions at a depth of 8 m. For this
purpose, changes in dissolved oxygen concentration in light and dark
bottles were measured using the Winkler titration method. About 0.5 g (dry
weight) of algal material was added to the 300 ml experimental bottles
(dark ones were wrapped in aluminium foil) for an incubation period
ranging from 3 to 4 hours at noon. The obtained oxygen values were
converted to mg C-g dry wt—'-h~!, assuming a photosynthetic quotient
(PQ)) of 1.2 and respiratory quotient of 1.0 (each of the results is a mean
of three replicates). ur——T— 1¢
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Dry weight was determined at a temperature of 60°C, and ash-free dry
weight at a temperature of 450°C (Dybern et al., 1976).

At the time of the experiments solar radiance (kW-m=2) above the
water surface and water temperature at 8 m depth were measured. Water
transparency was estimated by Secchi disc.

RESULTS AND DISCUSSION

According to our experimental data (Fig. 1) obtained in 1988—89 the
highest net photosynthetic rates for F. lumbricalis in Kassari Bay were
measured from the end of May through July: 0.16—0.25 mg C.g dry
wt—t-h—1. However, our studies in spring 1990 showed that under more
favourable light conditions (Secchi disc transparency 5 m, clear sky) the
net photosynthesis of F. lumbricalis may reach the maximal rates already
at the end of April (data not shown).

Our results are in agreement with the data available in literature. In a
field experiment Leskinen et al. (1992) measured using the *“C technique
the maximal production rate for F. lumbricalis at 3.5 m depth to be 0.23 mg
C-g dry wt-1-h—! (converted from pmol photons-m—2.s~! presuming the
C content in dry weight to be about 32.7% — our data). In laboratory
experiments the values obtained were somewhat higher: 0.26—0.35 mg
C-g dry wt=*-h~1. King & Schramm (1976) reported a net productivity in
laboratory experiments of 3.2 mg O,-g dry wt='-h~! in spring and 1.8 in
autumn (corresponding to ¢ 1.0 mg C and 0.56 mg C, respectively, if
PQ=1.2). Wallentinus (1978) measured with the *C technique in the
field the productivity of F. lumbricalis to be 0.36—0.54 mg C-.g dry
wt=1-h—1, while in the laboratory a range of 0.23—0.94 mg C-g dry
wt~1-h=! was measured. Inconsistent results obtained by different authors
are evidently due to a variety of both techniques and experimental con-
ditions used.

Relatively high net photosynthetic rates of F. lumbricalis in Kassari
Bay were measured also in August and September, but the primary pro-
duction was lower than in June—July. This could be due to the shortened
length of the day with sufficient light for photosynthesis (in June the day
light is about 6 hours longer than in September and maximal solar
radiance measured at noon is in September about 60% of that measured
in June) and decreasing part of photosynthetically active radiation in
solar radiance.

The primary production was at its highest (3.3 mg C-g dry wt—!'-day—!)
in June. But it must be pointed out that due to the lack of up-to-date
equipment for long-term measurements (a continuous flow-through system
as described for instance by Kautsky (1984) and Lindblad et al. (1986))
only a rough estimate of primary production was possible.

For measuring the diurnal changes in net photosynthetic rates a 24 hour
experiment was carried out on '21—22 July 1988. At the time of the experi-
ment the water temperature was about 22°C and transparency 3.5 m.
The obtained results with the corresponding diurnal course of radiance
presented in Figs. 2 and 3 demonstrate a good correlation (k=0.97)
between changes in the diurnal light conditions and the net photosynthesis
of F. lumbricalis. The latter exhibited an increase with increasing radiance
up to maximum at noon when the highest solar radiance values were
measured. Contrary to the results of Leskinen et al. (1992) we did not
find bimodality in the photosynthetic activity of F. lumbricalis during the
day, most probably due to different experimental conditions.
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Fig. 1. Net photosynthesis of Furcellaria lumbricalis in 1988 and 1989.
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Fig. 2. A 24-hour experiment; net photosynthesis.
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Fig. 3. A 24-hour experiment; solar radiance.

It is obvious that the major factor controlling the production of F. lumb-
ricalis at its natural habitat is the amount of light available for algae,
dependent both on light conditions above the water surface and water
transparency. In Kassari Bay where soft bottoms of chiefly clay and sandy
clay prevail (Trei, 1978) the water transparency is low — it varied from
less than 1 m to 5 m during our experiments (Fig. 4). Decreased light
penetration through the water column could be caused also by phytoplank-
ton blooms.
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Fig. 4. Solar radiance (a) and water transparency (b)
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Fig. 5. Dark respiration of Furcellaria lumbricalis in 1988 and 1989.
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According to our data autotrophic production takes place neither at
favourable natural light conditions above water surface (solar radiance
0.6—0.8 kW-m—%) with low water transparency (Secchi disc readings
below 1.5—2 m) nor at 4—5 m water transparency with solar radiance
below 0.2—0.3 kW-m~2 Low net photosynthesis values measured at the
end of August both in 1988 and 1989 (see Figs. 1, 2) could be explained
by the above-mentioned conditions.

Differently from light, temperature seems to play a minor role in the
photosynthesis of F. lumbricalis as the Baltic algae are generally well
adapted to low temperatures (Russell, 1985). According to our data the
net photosynthetic rate at 7.6°C measured at the end of April 1990 was
about the same as at 22.5°C measured in midsummer (data not shown).
On the other hand, more light is needed to maintain the compensation
point (the point at which respiration is balanced by photosynthesis) when
the temperature rises (Prescott, 1968). The rates of respiration are more
likely to be influenced by temperature (Figs. 5, 6). ;

Both our results and the above-described literature data suggest that
the net photosynthesis and respectively the primary production of F. lumb-
ricalis are low. Wallentinus (1979) divided the taxa of Baltic macroalgae
according to maximal production rates into three groups: high production
rates, mostly above 5 mg C-g dry wt—'-h-!; medium, mostly ¢. 1—5 mg
C.g dry wt—1-h—; low, mostly below 2 mg C-g dry wt-*-h=. According
to this division F. lumbricalis, like many perennial thick red algae adapted
to limited light conditions, belongs to the last group.

Thus, changes in environmental conditions, first of all factors decrea-
sing light penetration, affect significantly the primary production of
F. lumbricalis in Kassari Bay. Since 1975 the biomass of F. lumbricalis
in this area has decreased due to man-induced eutrophication and oil
pollution (Kukk, 1981).

The assemblage of algae in Kassari Bay is in many respects unique.
For this reason, much more attention should be paid to protecting F. lumb-
ricalis from human impact endangering the species in this area.
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AGARIKU FURCELLARIA LUMBRICALIS
NETOFOTOSUNTEESIST JA PRODUKTSIOONIST
KASSARI LAHES

Tiina PAALME

On uuritud téondusliku punavetika Furcellaria lumbricalis netofotosiin-
teesi ja pimehingamise intensiivsust vetika looduslikus kasvukohas Kas-
sari lahes. F. [umbricalis’e fotosiinteetiline aktiivsus ja produktsiooni véar-
tused osutusid madalaks (alla 0,25 mg C-g kuivkaal-'-h—'). Peamiseks
agariku produktsiooni kontrollivaks keskkonnateguriks olid valgustingi-
mused.

®OTOCHHTE3 U NPOAYKUUSA ®YPUEJNJISAPUHU
(FURCELLARIA LUMBRICALIS) BYXTbl KACCAPH

Tuiina ITAAJIME

Hamepsiiach MHTEHCHBHOCTb (OTOCHHTE3a H JAbIXaHHS QypUeIsIpUH
O6yxtei Kaccapu. 3HaueHHsi HHTeHCHBHOCTH (OTOCHHTE3a H COOTBETCT-
BEHHO NEpPBHYHOH NMPOAYKUHH oKa3ajauch HH3kuMH (>0,25 mr C.r cyxoro
Beca—!-y~1), CpeToBble yCJOBHSI SIBJASIOTCS TIVIaBHBIMH BJIHSIIOUIHMH Ha Mpo-
AYKIHIO Gypue/isspHd (GakTopaMu Cpelsl.

198



	b10720960-1994-43-4 no. 4 01.10.1994
	EESTI TEADUSTE AKADEEMIA TOIMETISED PROCEEDINGS OF THE ESTONIAN ACADEMY OF SCIENCES ИЗВЕСТИЯ АКАДЕМИИ НАУК ЭСТОНИИ
	BIOLOOGIA BIOLOGY БИОЛОГИЯ
	NET PHOTOSYNTHESIS AND PRODUCTION OF FURCELLARIA LUMBRICALIS IN KASSARI BAY, ESTONIA
	Fig. 1. Net photosynthesis of Furcellaria lumbricalis in 1988 and 1989.
	Fig. 2. A 24-hour experiment; net photosynthesis.
	Fig. 3. A 24-hour experiment; solar radiance.
	Fig. 4. Solar radiance (a) and water transparency (b) in 1988 and 1989
	Fig. 5. Dark respiration of Furcellaria lumbricalis in 1988 and 1989
	Fig. 6. Water temperature in 1988 and 1989.
	AGARIKU FURCELLARIA LUMBRICALIS NETOFOTOSUNTEESIST JA PRODUKTSIOONIST KASSARI LAHES

	ASSESSMENT OF THE ROLE OF CLIMATE CHANGE IN RECENT RADIAL INCREMENT INCREASE OF PICEA ABIES AND PINUS SYLVESTRIS
	Radial growth indices and climate variables from regression models: solid line denotes actual indices, and broken line indices calculated from the model.
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	S – Vo Ha Vi Pu Vij Tir Ku Pil Nõ Vä Y
	Table 2 Difierence between the periods 1982—86 and 1987—91
	KUUSE JA MÄNNI RADIAALJUURDEKASVU VIIMASEL AASTAKÜMNEL MÕJUTANUD KLIIMAMUUTUSED

	A NEW SPECIES OF STYLOSCOLEX MICHAELSEN (OLIGOCHAETA, LUMBRICULIDAE) FROM THE MAGADAN REGION, RUSSIA
	Fig. 1. Distribution range of the genus Styloscolex. Dots correspond to the separate finding places; that of S. fubulatus is indicated by an arrow.
	Fig. 2. Styloscolex tubulatus sp. n. 1 — anterior end and genital segments of the holotype. 2 — seta. 3 — reconstruction of the reproductive system from sagittal sections. 4 and 5 — reconstructions of the different elements of male efferent ducts from transverse sections. 6 — diagrammatic scheme of reproductive apparatus, all elements paired. a — atrium, aa — atrial ampulla, ¢ — clitellum, ed — ejaculatory duct, ef — egg funnel, i — intestine, mp — male pore, n — nerve cord, o — ovary, pe — penial gland, pg — pharyngeal glands, ph — pharynx, pr — prostatic gland tissue, ps — penial sac with penis, s — spermatheca, sa — spermathecal ampulla, sd — spermathecal duct, sf — sperm funnel, t — testis, v — dorsal and ventral blood vessels, vd — vas deferens, VIII—XII — numbers of the segments. Scale bars in um.
	PEREKONNA STYLOSCOLEX MICHAELSEN UUS LIIK (OLIGOCHAETA, LUMBRICULIDAE) MAGADANI OBLASTIST VENEMAALT

	NEW RECORDS OF MYCETOPHILIDAE (DIPTERA) REARED FROM MACROFUNGI IN ESTONIA
	MAKROSEENTEST VALJAKASVATATUD SEENESAASKLASTE (DIPTERA, MYCETOPHILIDAE) UUED LEIUD EESTIS

	DYNAMICS OF THE PHYTOCOENOTIC ROLE OF ARTHONIA LAPIDICOLA (TAYLOR) BRANTH & ROSTR. IN EPILITHIC LICHEN-GROUPINGS IN MAARDU PHOSPHORITE QUARRIES, NORTH ESTONIA
	Fig. 1. Changes in the average coverage of lichens, mosses and algae of sample plots depending on the age of communities. (All sample plots are considered).
	Fig. 2. Changes in the average coverage of various lichen species of sample plots depending on the age of lichen groupings. (All sample plots are considered).
	Fig. 3. The age-dependent changes in the average coverage of various lichen species of sample plots where Arthonia lapidicola was found. Table 3 Age-dependent frequency of the occurrence, %, of the lichen species found in the lichen groupings associated with Arthonia lapidicola
	Table 1 Changes in the average coverage and general frequency of Arthonia lapidicola depending on the age of lichen groupings (all sample plots are considered)
	Table 2 Serensen’s coefficients of floristic similarities (K) between lichen groupings of different ages
	Untitled
	– Table 4 Coefficients of species correlation between frequency of A. lapidicola and other lichen species on sample plots in lichen groupings of different ages
	SAMBLIKU ARTHONIA LAPIDICOLA (TAYLOR) BRANTH & ROSTR. FUTOTSONOOTILISE OSATAHTSUSE DÜNAAMIKA EPILIITSETES SAMBLIKURUHMITUSTES MAARDU FOSFORIIDIKARJAARIDES

	FATHER AND SON KUHNERT IN THE DEVELOPMENT OF FORESTRY AND HORTICULTURE IN ESTONIA!
	ISA JA POEG KÜHNERTI OSA EESTI METSANDUSE NING AIANDUSE ARENGUS

	ЭКОЛОГО-ГЕНЕТИЧЕСКАЯ СТРУКТУРА ИЗМЕНЧИВОСТИ В ЭКСПЕРИМЕНТАЛЬНЫХ ПОПУЛЯЦИЯХ ДРОЗОФИЛЫ, ЗАЛОЖЕННЫХ ОТ МУХ С РАЗНОЙ НОРМОЙ РЕАКЦИИ ГЕНОТИПА
	Puc. 1. Длина крыла у самок дрозофилы в семьях Е, на богатой (а) и обедненной (6) средах. Семьи Е, получены от самок из контрольных (1), стабильных (2), типич' ных (3) и нестабильных (4) популяций.
	Рис. 2. Распределение стандартных отклонений между средними каждой семьи на разных средах для семей Е, от самок из природной популяции (а) н для семей Е, от самок из ящичных популяций через 4,5 (6) и 13,5 (в) месяца со дня основания популяций. Пояснения в тексте.
	‚ Таблица : Число семей, прошедших тестирование на контрастных экологических фонах
	Таблица 2 Значимость факторов в структуре изменчивости длины крыла на разных средах в разные сроки тестирования
	Таблица 3 Результаты двухфакторного дисперсионного анализа изменчивости дисперсий длины крыла на разных средах
	Таблица 3 Доли влияния факторов в двухфакторной схеме анализа изменчивости длины крыла в разных популяциях, %
	Таблица 5 Сравнительная характеристика компонентов дисперсии при двухфакторной схеме анализа изменчивости длины крыла в исходной природной популяции и в группах семей-основателей популяций разного типа Примечание. Приведены абсолютные значения компонентов дисперсии (первая строчка) и доли их влияния (%) в общей структуре изменчивости (вторая строчка).
	Таблица 6 Результаты двухфакторного дисперсионного анализа стандартных отклонений средних на разных средах в популяциях разного типа
	OKOLOOGILIS-GENEETILISE MUUTLIKKUSE STRUKTUUR ERINEVA REAKTSIOONINORMIGA DROSOPHILA KATSEPOPULATSIOONIDES

	EESTI TEADUSTE AKADEEMIAS
	EESTI TEADUSTE AKADEEMIA AASTAKOOSOLEK
	Esineb Soome Tehnikateaduste Akadeemia liige Eino Tunkelo, keda autasustati Eesti Teaduste Akadeemia medaliga.
	Eesti Teaduste Akadeemia medali annab akadeemik Pavel Bogovskile (vasakul) akadeemia president Arno Koorna.
	Eesti Teaduste Akadeemia medali saab Soome Tehnikateaduste -Akadeemia liige Lasse – Nevanlinna (vasakul). /
	Eesti Teaduste Akadeemia 1994. aasta aastakoosolekul osalenud akadeemia liikmed.

	AVASONA EESTI TEADUSTE AKADEEMIA ULDKOGUL 6. APRILLIL 1994
	EESTI TEADUSTE AKADEEMIA TEADUSLIKUST JA TEADUSORGANISATOORSEST TEGEVUSEST 1993. AASTAL*
	Eesti Teaduste Akadecemia teaduslik peasekretir Udo Margna esitab iilevaadet 1993. aasta ` tootulemustest.
	EESTI TEADUSTE AKADEEMIA ULDKOGU 1994. aasta 6. aprilli OTSUS NR. 1 Emeriitakadeemiku statuudist
	Lisa EESTI TEADUSTE AKADEEMIA EMERIITAKADEEMIKU STATUUT
	EESTI TEADUSTE AKADEEMIA ULDKOGU 1994. aasta 6. aprilli OTSUS NR. 2 Muudatusest Eesti Teaduste Akadeemia pohikirjas
	EESTI TEADUSTE AKADEEMIA ULDKOGU 1994. aasta 6. aprilli OTSUS NR. 3 Pohikirjakomisjoni uuest koosseisust




	ÜLEVAATEID
	EESTI TEADUSTE AKADEEMIA LOODUSKAITSE KOMISJONIS

	KROONIKAT * CHRONICLE
	Johannes Piiper 70
	Untitled
	Ain-Elmar Kaasik 60
	Untitled

	Udo Margna 60
	Untitled
	AASTASISUKORD
	Untitled





	Illustrations
	Fig. 1. Net photosynthesis of Furcellaria lumbricalis in 1988 and 1989.
	Fig. 2. A 24-hour experiment; net photosynthesis.
	Fig. 3. A 24-hour experiment; solar radiance.
	Fig. 4. Solar radiance (a) and water transparency (b) in 1988 and 1989
	Fig. 5. Dark respiration of Furcellaria lumbricalis in 1988 and 1989
	Fig. 6. Water temperature in 1988 and 1989.
	Radial growth indices and climate variables from regression models: solid line denotes actual indices, and broken line indices calculated from the model.
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Fig. 1. Distribution range of the genus Styloscolex. Dots correspond to the separate finding places; that of S. fubulatus is indicated by an arrow.
	Fig. 2. Styloscolex tubulatus sp. n. 1 — anterior end and genital segments of the holotype. 2 — seta. 3 — reconstruction of the reproductive system from sagittal sections. 4 and 5 — reconstructions of the different elements of male efferent ducts from transverse sections. 6 — diagrammatic scheme of reproductive apparatus, all elements paired. a — atrium, aa — atrial ampulla, ¢ — clitellum, ed — ejaculatory duct, ef — egg funnel, i — intestine, mp — male pore, n — nerve cord, o — ovary, pe — penial gland, pg — pharyngeal glands, ph — pharynx, pr — prostatic gland tissue, ps — penial sac with penis, s — spermatheca, sa — spermathecal ampulla, sd — spermathecal duct, sf — sperm funnel, t — testis, v — dorsal and ventral blood vessels, vd — vas deferens, VIII—XII — numbers of the segments. Scale bars in um.
	Fig. 1. Changes in the average coverage of lichens, mosses and algae of sample plots depending on the age of communities. (All sample plots are considered).
	Fig. 2. Changes in the average coverage of various lichen species of sample plots depending on the age of lichen groupings. (All sample plots are considered).
	Fig. 3. The age-dependent changes in the average coverage of various lichen species of sample plots where Arthonia lapidicola was found. Table 3 Age-dependent frequency of the occurrence, %, of the lichen species found in the lichen groupings associated with Arthonia lapidicola
	Puc. 1. Длина крыла у самок дрозофилы в семьях Е, на богатой (а) и обедненной (6) средах. Семьи Е, получены от самок из контрольных (1), стабильных (2), типич' ных (3) и нестабильных (4) популяций.
	Рис. 2. Распределение стандартных отклонений между средними каждой семьи на разных средах для семей Е, от самок из природной популяции (а) н для семей Е, от самок из ящичных популяций через 4,5 (6) и 13,5 (в) месяца со дня основания популяций. Пояснения в тексте.
	Esineb Soome Tehnikateaduste Akadeemia liige Eino Tunkelo, keda autasustati Eesti Teaduste Akadeemia medaliga.
	Eesti Teaduste Akadeemia medali annab akadeemik Pavel Bogovskile (vasakul) akadeemia president Arno Koorna.
	Eesti Teaduste Akadeemia medali saab Soome Tehnikateaduste -Akadeemia liige Lasse – Nevanlinna (vasakul). /
	Eesti Teaduste Akadeemia 1994. aasta aastakoosolekul osalenud akadeemia liikmed.
	Eesti Teaduste Akadecemia teaduslik peasekretir Udo Margna esitab iilevaadet 1993. aasta ` tootulemustest.
	Untitled
	Untitled
	Untitled
	Untitled

	Tables
	S – Vo Ha Vi Pu Vij Tir Ku Pil Nõ Vä Y
	Table 2 Difierence between the periods 1982—86 and 1987—91
	Table 1 Changes in the average coverage and general frequency of Arthonia lapidicola depending on the age of lichen groupings (all sample plots are considered)
	Table 2 Serensen’s coefficients of floristic similarities (K) between lichen groupings of different ages
	Untitled
	– Table 4 Coefficients of species correlation between frequency of A. lapidicola and other lichen species on sample plots in lichen groupings of different ages
	‚ Таблица : Число семей, прошедших тестирование на контрастных экологических фонах
	Таблица 2 Значимость факторов в структуре изменчивости длины крыла на разных средах в разные сроки тестирования
	Таблица 3 Результаты двухфакторного дисперсионного анализа изменчивости дисперсий длины крыла на разных средах
	Таблица 3 Доли влияния факторов в двухфакторной схеме анализа изменчивости длины крыла в разных популяциях, %
	Таблица 5 Сравнительная характеристика компонентов дисперсии при двухфакторной схеме анализа изменчивости длины крыла в исходной природной популяции и в группах семей-основателей популяций разного типа Примечание. Приведены абсолютные значения компонентов дисперсии (первая строчка) и доли их влияния (%) в общей структуре изменчивости (вторая строчка).
	Таблица 6 Результаты двухфакторного дисперсионного анализа стандартных отклонений средних на разных средах в популяциях разного типа




