
Turkish J Marine Sciences 6(1): 9-22 (2000) 

Biochemical Investigatio~ and Heavy Metal 
Contents of Cladophora dalmatica Kiitz. and 

Ceramium ciliatum (Ellis) Duel. var. robustum 
( J.Ag.) from Aegean Sea (Turkish Coast) 

Ege Denizi (Tiirkiye) Sahillerinde Yayi11~ Gosteren 
Cladophora dalmatica Kiitz. ve Ceramium ciliatum 
(Ellis) Duel. var. robustum (J.Ag.)'un Biokimyast 

ve Ag1r Metal it;erigi 

Vildan <;etingill1, Veysel Aysel1and 
Y e~im Kurumlu-Kuran2 

1Ege University, Faculty of Science, Department of Biology, Bornova, 
Izmir-Turkey 

2Pamukkale University, Faculty of Art and Sciences,. Department of Biology, 
Denizli-Turkey 

Abstract 

The levels of heavy metal accumulation and chemical composltlon of 
Cladophora dalmatica and Ceramium ciliatum var. robustum were analyzed in 
this investigation. The samples were collected at Yeni ~akran Bay at the north 
side of the gnlf oflzmir. 
It was. found that the amounts of water, protein and fats of C. ciliatum 
var.robustum we··,, higher than inCl. dalmatica, grown in the same environment. 
The contents c i ash, P, K and Ca were higher in Cl. dalmatica than in C. 
ciliatum var. •·obustum while the contents of Na and Mg of C. ciliatum var. 
robustum were higher than in Ct. dalmatica. 
Although Fe, one of the heavy metals, accumulated similarly in both algae, Cu 
and Zn levels were higher in Ct. dalmatica, while Mn level higher in C. ciliatum 
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var. robustum. The accumulation of the heavy metals was ranked as 
Fe>Zn>Mn>Cu, for both groups. 
Additionally, the physico-chemical parameters of enviromnental water were 
determined. 

Keywords: Cladophora dalmatica, Ceramium ciliatum var. robustum biochemical 
analysis, heavy metal 

Introduction 

Cladophora dalmatica Kiitz. (Chlorophyta, Cladophoraceae) and 
Ceramium ciliatum (Ellis) Duel. var. robustum (J.Ag.) G. Mazoyer 
(Rhodophyta, Ceramiaceae) are scattered on the rocks in intertidal zones 
of Yeni ~akran Bay (the northern coast of lzmir Bay, Aegean Sea). These 
two taxa adapt to some physical and chemical factors that have influence 
on their environment of growth. 

Cladophora Kiitz. and Ceramium Lyngbye are similar in that both have 
flamentous thallus. It seemed reasonable to compare the chemical 
compositions and the levels of heavy metal accumulation of the two taxa 
which belonged to different taxonomical groups while they were in the 
same group of functional form with intense or scarce branching. 

Cl. dalmatica usually spreads in enviromnents of either unpolluted or rich 
nutritive characteristics. Some research has been directed to chemical 
structure of Cladophora sp. (Munda and Gubensek, 1976; Gordon et 
al., 1980; Cirik et al., 1988; Tiirkan et al., 1989; Lavery et al., 1991; Peckol 
et al., 1994; Elenkov et al., 1995; Rivers and Peckol, 1995). · 

C. ciliatum var. robustum grows superficially on various substrate of 
polluted or unpolluted regions. There are some studies concerned with the 
chemical composition and heavy metal content of Ceramium sp. (Munda, 
1980a,1980b; Kiran et al., 1980; Zavodnik and Juranic, 1982; 
Wallentinus, 1984; Munda and Gubensek, 1986; Munda, 1990; Giiven et 
al., 1993; Unlii et al., 1995). 

Both species, Cl. dalmatica and C. ciliatum var robustum grow in clear as 
well as in nutrient enriched waters. The aim of this study was to reveal 
the differences in chemical composition of both species considering 
morphological similarity caused by adaptation to similar environmental 
conditions. 
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Material 

Cl. dalmatica and C. ciliatum var. robustum were collected from Y eni 
Sakran Bay in spring (19.04.1996) (Fig. 1). 
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Figure. I. The map of research area 

For biochemical analysis the two samples were left to dry at room 
temperature after they had been rinsed with water and subsequently with 
distilled water. 

One gram of each sample was dried in an oven at 70 °C, for 8-10 h. Thus, 
the water contents of the samples were determined by calculating the 
difference between wet and dry weights (A.O.A.C.,1970). The ash 
contents of the dried samples were determined according to the standard 
methods, by buming 1 g of powdered algae at 600 °C, for 8 h. (A.O.A.C., 
1970). 
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Total nitrogen (N) contents of the algae were determined using micro 
Kjeldahl method (Bremner, 1965). The determination of phosphorus (P), 
sodium (Na), potassium (K), calcium (Ca) and magnesium (Mg) was 
made by using the rest of the solution obtained by wet digestion of algae 
from N determination. To determine the P amounts, 5 ml of this solution 
was taken and diluted to 25 mi. The solution of I ml HN03 and 5 ml of 
special solution mixture ( 100 ml of HN03 was taken and added distilled 
water up to volume 200 ml, 1.25 g of ammonium vanadate was dissolved 
in hot water and cooled then added 4 ml of HN O, and distilled water up 
to volume 200 ml, 25 mg of ammonium molybdate was also dissolved 
in hot water, cooled and added distilled water up to volume 200 ml, The 
solutions in 1 ,2,3 steps were mixed for special solution) prepared as blow 
were added and after 15 min., the P content was determined in a 
spectrophotometre at 436 mn and calculated as P %. Flame photometry 
was used to determine Na, K, Ca and Mg contents of filtered solution 
obtained from wet digestion of algae (Pirdal 1989). The total protein 
contents were calculated by multiplying the total N value by 6.25 
(Bremner, 1965). 

Total fats were determined by Soxhlet extraction. The extraction solvent 
was petroleum ether (150 mi.). The water bath temperature was 80°C. 
The extraction process was maintained continuously for 6-8 h. The 
extract was evaporated in rotary-evaporator and then dried at 105°C. The 
difference of the weights before and after extraction gave the content of 
total fats. 

The samples were washed with distilled water and dried at room 
temperature. Each sample was ground and the wet digestion method was 
applied. I g of sample was mixed with a mixture of 12 mi. ofHN03 and 
HCI04 (5:1). The rates were prepared for analysis after being diluted up 
to 50 mi. with 0.1 N HCI and the heavy metal (Fe, Zn, Cu, Mn) contents 
were determined by using Varian Techtron Atomic Absorption 
Spectrophotometer (Model 1250) (Bernard, 1976). 

The PVC bottles of one litre were filled with sea water and carried to the 
laboratory in boxes containing a mixture of salt and ice, for physico­
chemical parameters. Beckman RS-7B Model Salinometer was used to 
assess salinity and pHep-pH Electronic Papier (HANNA Ins.) was used 
for pH measurement. Nutrient contents of seawater including nitrate 
(N03 -N), ammonium (NH/-N) and phosphate (P043 -P) were analyzed 
according to the method of Strikland and Parsons (1972) using 
spectrophotometer (Perkin-Elmer Model 35). 
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Na, K, Ca and Mg contents of sea water were determined by tbe method 
mentioned above. 

Biochemical analysis and tbe content of heavy metals were calculated as 
percent and ~g/g of dry weight. 

The water contents of Ct. dalmatica and C. ciliatum var.robustum were 
found 85.08 % and 88.10 %, respectively. TI1eir protein contents were 
8.13 %and 14.81 %. The fat contents were low in Ct. dalmatica and C. 
ciliatum var.robustum contained more fat tban Cl. dalmatica. The ratios 
of ash were 27.62 %and 23.76 %, for Cl. dalmatica and C. ciliatum 
var.robustum, respectively (Table 1). 

Table !.Biochemical analysis of Cladophora dalmatica Kiitz and 
Ceramium ciliatum (Ellis) Duel. var. robustum (J.Ag.) G. Mazoyer. TI1e 
values are tbe means of three experiments (% of dry weight, * % of wet 
weight and ~tg/g of dry weight). 

~ Cladophora dalmatica Ceramium ciliatum 
Cote t var.robustum 
*Water(%) 85.28 ± 1.53 88.10±0.72 
Dry weight(%) 14.72 ± 1.00 11.90 ± 0.32 
Ash(%) 27.62 ± 0.21 23.76±0.70 
Organic matter(%) 72.38 ± 0.76 76.24 ± 0.23 
Protein(%) 8.13 ± 1.06 14.81 ± 0.96 
Fats(%) 0.93 ± 0.11 2.79 ± 0.18 
N(%) 1.30 ± 0.03 2.37 ± 0.21 
P(%) 0.22 ± 0.06 0.11 ± 0.02 
Na ~gig 2100 ± 14.53 3200 ± ll.02 
K ~gig 30000 ± 574.37 20000 ± 480.14 
Ca~tglg 2880 ± 32.15 1510 ± 30.55 
Mg ~gig 590±7.51 890 ± 12.77 

The proportions of one of tbe inorganic components in botb taxa, P, were 
0.22 %in Cl. dalmatica and 0.11 %in C. ciliatum var.robustum. In Cl. 
dalmatica, tbe levels ofNa, K, Ca and Mg were 2100 ~gig, 30000 ~g/g, 
2880 ~gig and 590 ~gig respectively, and in C. ciliatum var. robustum, 
tbe values were 3200 ~gig, 20000 ~g/g;' '1510 ~g/g and 890 ~gig, 
respectively (Table 1). 

Heavy metal concentrations in Ct. dalmatica and C. ciliatum 
var.robustum are shown in Table 2. It can be seen from the table, in Ct. 
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dalmatica and C. ciliatum var.robustum Fe concentrations were ranked 
betwee~ 1258 ~g/g and 1231 ~g/g, while Cu concentrations ranked 5.93-
3.56 J.lg/g, Zn concentrations were found 136.61 ~g/g in Cl. dalmatica 
and 74.50 ~g/g in C. ciliatum var. robustum. Mn concentrations were 
determined as 49.66 ~g/g in Cl. dalmatica and 72.65 ~gig in C. ciliatum 
var. robustum (Table 2) 

Table 2. Heavy metal contents of Cladophora dalmatica Kiitz and 
Ceramium ciliatum (Ellis) Duel. var. robustum (J.Ag.) G. Mazoyer (~g/g 
dry weight). The values are the means of three experiments. 

~e Cladophora dalmatica Ceramium ciliatum var. 
t robustum 

Fe 1258 ± 26.50 1231 ± 22.61 
Cu 5.93 ± 0.06 3.56 ± 0.19 
Zn 136.61 ± 2.33 74.50 ± 2.90 
Mn 49.66 ± 1.37 72.65 ± 0.62 

The results of the physico-chemical analysis of the sea water are shown 
in Table 3. The salinity, pH; NO;-N, Nl-1.,+-N, P043-P were measured as 
37.01 %o, 7.6, 0.89 ~gat 1'1, 1.2l~g at 1'1, 0.18 ~gat r', however Na, K, 
Ca and Mg were found as 12000 mg/1, 400 mg/1, 440 mg!l and 6160 mg!l 
respectively. 

Table 3. Chemical analysis of the sea water at Yeni Sakran Bay 

pH 7.6 
Na 12000 mg/1 
K 400 mg!l 
Ca 440 mg/1 
Mg 6160 mg/1 
Salinity %o 37.01 

NO,-N 0.89 ~gat 1'1 

NH,-N 1.21 J.lg atr1 

P04-P 0.18 ~g atr1 

Discussion 

Although, the two taxa belong to the different taxonomical groups, they 
resemble to each other morphologically as flamentous structure and their 
distributions on hard substrata in an identical environment. However 
there are some differences between chemical characteristics from both 
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morphologically different taxa. We believe that the differences m 
structural features would impact some changes in chemical results. 

We found the water, protein, fats, Na and Mg contents of C. cilia tum var. 
robustum to be higher than those of Cl. dalmatica. 

To date, there has not been much information about the chemical content 
of Cl. da!matica and C. ciliatum var.robustum. Our findings show that 
these flamentous taxa contain, on average, 85-90 percent water and l 0-
15 percent solid material. 

There is a correlation between the chemical content of the alga and the 
chemical features of the sea water (Zavodnik. 1973; 1979). 

The taxa that are capable of living in both polluted and unpolluted 
regions adapt to the environment by losing water via permeability as a 
reaction due to high osmotic pressure (Chalaupka, 1939) especially due to 
the dissolved salts in the environmental water (Zavodnik, 1987). 

Zavodnik (1973) showed that the amount of ash might increase as a result 
of abundance in environmental nutritive salts. <;etingiil and Giiner (1996) 
reported the irregular variations in the ash amount of green algae 
collected from polluted and unpolluted waters. 

The protein content of Cl. dalmatica was found to be lower than that of 
C. ciliatum var.robustum (Table 1). Our findings demonstrate that the 
protein content of Ct. dalmatica (8.13 %) growing in natural sea water is 
lower than those of Ct. rupestris (L) Kiitz. (28.56 %) (!) and 
Cl.ruchingeri (J.Ag.) Kiitz. (3.2-12.3 %, for unpolluted environment and 
22.5 %for polluted environment) (Munda, 1990). 

The protein content of C. ciliatum var.robustum was found as 14.81 % 
(Table 1). Munda (1990) found the protein contents of C. ciliatum 
var.robustum as 4.8-14.7% in unpolluted regions and 16.1 %in polluted 
regions and the protein content of C. diaphanum (Roth.) Harv. in 
unpolluted regions were found to be 4. 3-13.6 %. These findings are 
consistent with our results. However, Zavodnik and Juranic (1982) found 
the protein content of C. diaphanum to be 12.5 %. Wallentinus (1979a) 
noted the red algae had usually higher proportion of N than the green 
algae and the brown algae. Zavodnik and Juranic (1982) emphasized that 
some red algae had higher protein contents than green and brown algae. 
The protein content of red alga C. ciliatum var. robustum was found 
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higher than that of the green alga, Cl. dalmatica. P and N are essential 
elements for algae to grow (Blinks, 1951). N, P and Si have an important 
role as essential elements for living things to maintain their lives. 

Independently from the phylogenetic evolution of the taxa (Wallentinus, 
1984), the algae growing in rich nutritive environment have high Nand P 
contents (Wallentinus, l979c). 

The protein and P contents of benthic species change accordingly to the 
seasons, regions and sea water were reported by Zavodnik and Juranic 
(1982) and Zavodnik (1987). 

Our study showed that Cl. dalmatica had a higher P contents (0.22 %) 
than C. ciliatum var. robustum (0.11 %) (Table 1). At the time the P 
element in the sea water was considerably high, Zavonik and Juranic 
(1982) found the P contents of Cl. dalmatica and C. diaphanum to be 
0.30-0.40 %and 0.42 %, respectively. 

The concentrations of nutrients in sea water influence the levels of N and 
P in algae (Provasoli, 1969). 

The range ofN/P ratio from 5/1 to 15/1 in sea water is essential for algae 
and phytoplankton to grow, and the researches have shown that a value 
beyond that range would have toxic effects (Topping, 1976). 

As for the fat ratios of these two taxa collected from the supralittoral 
zone, C. ciliatum var.robustum contained more fats than C/. dalmatica 
(Table l). Similarly, some researchers have found the fats ratio in one of 
the red algae, Gelidiella acerosa (Forssk.) Feldm. et Hamel, much higher 
than that of Ulva lactuca Linn. a green alga (Murthy and Radia, 1978). 
Miller (1962) suggested that the fats production was stimulated by light. 

For the contents of significant salts (Na, K, Ca and Mg) the comparison 
between the sea water and the two taxa produced interesting results 
(Table 1,3). The salts were usually in different amounts in algae and sea 
water. We observed that C. ciliatum var.robustum had accumulated more 
Ca ·than Cl. dalmatica. It has been reported that the changes in Ca 
contents of the algae may be resultant of the high concentrations of Ca in 
enviromnental water (Yang and Wang, 1983). Vinogradov (1953) 
suggested that Ulva and some members of Chlorophyceae accumulated 
and stored significant amounts of Ca. In this study, although Ca content 
of the sea water was higher than K content, both taxa were found to 
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contain more K compared with Ca. Walker (1957) suggested that the over 
accumulation of these ions in the algae cells might resHlt from the 
functioning of the plasmolenuna as a diffusion barrier. h1 this research, K 
contents were found notably higher than Na and Ca contents in both 
algae. These frndings are consistent with Vinogradov (1953) results. 
Pillai (HJ65) suggested that there was an inverse relation between Na and 
K contents of algae. However, Sitakararao and Tipnis (1967) failed to 
reveal s\Ich relation. Also, Mg content of C. ciliatum var. rob us tum was 
found higher than that of Cl. dalmatica and the Mg amount of the sea 
water was much higher than those in the algae (Table I and 3). 

The heavy metals such as Fe, Cu, Zn and Mn, which have significant 
impacts on nutrition as well as on pollution, were not as high (Table 2). 
In our study, the Fe levels were approximately the same in the two algae. 
fu the gulf of lzmir, the Fe levels in Cladophora sp. were fow1d to be 9.1 
11g/g wet weight (Cirik et a/., 1988), 580 11g/g dry weight (Kesgin et 
a!., 1987), 2671-3125 11g/g dry weight (Yuksel et al., 1988) and 670-1578 
11gig dry weight (Ttirkan et al., 1989). Then Fe level of C. rub rum (Huds.) 
C. Ag. of Bosphorus was found to be 1750-2879 11gig dry weight by 
Gtiven et al. (1993). We found that Cl. dalmatica contained more Cu 
than C. ciliatum var. robustum (Table 2) and Cirik et al., (1988), Ytiksel 
et al.,(l988) and Ttirkan et al.,1989 found the Cu levels in Cladophora 
sp. to be 5.543 11g/g wet weight, 113-194 11gig dry weight, and 22-45 
11g/g dry weight respectively. Also Guven et a!:, (1993) found the Cu 
level in C. rub rum as 10.80-22.44 11g/g dry weight. Again, we found that 
Cl. dalmatica contained more Zn than C. cilia tum var. robustum (Table 
2). Kesgin eta!., (1987), Cirik et al., (1988), Ytiksel eta!., (1988) and 
Ttirkan et al. (1989) found the levels of Cu in Cl. dalmatica as 40 11gig 
dry weight, 7. 795 11g/g wet weight, 34-284 flgig dry weight and 25-100 
11gig dry weight respectively. Gtiven et al., (1993) found the Cu level in 
C. rubrum as 77.61-31.37 11g/g dry weight. In our study, the Mn level 
was higher in C. ciliatum var.robustum, compared to Cl. dalmatica 
(Table 2). Kesgin eta!., (1987), Cirik et al., (1988) and Ytiksel et al., 
(1988) demonstrated that the Mn levels in Cladophora sp. were 70 11g/g 
dry weight, 41.146 11g/g wet weight and 81-243 11gig dry weight 
respectively. The Mn level in C. rubrum was found to be 14.03-28.79 
11g/g dry weight by Gtiven et al., (1993). The amounts of accumulation of 
heavy metals have changed depending on the species and the regions. 

The order of accumulation of heavy metal contents of algae was found as 
Fe>Zn>Mn>Cu. 
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Although they are in different taxonomical groups, Ct. dalmatica. C. 
ciliatum var.robustum grow in identical settings, and they have similar 
flamentous structures, morphologically. In this frame, we determined the 
anatomical and chemical differences. Anatomically, both taxa show 
dichotomous branching, and the discriminative features are that the taxa 
belong to the different groups and that C. cilia tum var. robustum has 
additional cortex cells around the central cell (in node) and it has 
carposporangia as reproductive organs. There are significant differences 
in protein, fats and P contents, also. 

The dominant parameters influencing the growth of Cl. dalmatica and C. 
ciliatum var. robustum are nutrients. 

Ozet 

Bu 9ah~mada, !zmir Korfezi'nin (Ege Denizi, Tiirkiye) kuzeyinde yer alan Y eni 
:')akran koyunun bentik alglerinden Cladophora dalmati ca ve Ceramium cili alum 
var. robustum 'un kimyasal kompozisyonlan ve agtr metal birikim diizeyleri 
incelenerek kar~ila~tmlmast yaptlmt~tu. 

Aym ortam ~artlannda geli~me gosteren bu iki algden C. ciliatum var. 
robustum'un su, protein, yag miktarlan Cl. dalmatica'mn miktarlanndan fazla 
bulunmn~tur. Kiil, P, K ve Ca miktarlan Cl. dalmatica'da C. ciliatum var. 
robustum'a gore daha fazla, Na ve Mg miktarlan ise C. ciliatum var. 
robustum'da Cl. dalmatica'dan daha fazla saptaruru~ttr. 

AgJ.r metallerden Fe'in birikim diizeyi her iki algde yakm olmakta birlikte, Cu ve 
Zn diizeyleri C/. dalmatica'da C. ciliatum var. robustum'a oranla daha fazla, Mn 
diizeyi ise C. ciliatum var. robustum'da Cl. dalmatica'ya oranla daha fazla 
bulurunu~tur. Bununla beraber, her iki grubun agJ.r metal birikimleri 
Fe>Zn>Mn>Cu olarak stralanmaktadtr. 

Aynca, ortam suyunun ftziko-kimyasal parametreleri tayin edilmi~tir. 

References 

A.O.A.C. (1970). Official methods of analysis of the Association of Official 
Analytical Chemists (A.O.A.C.).( William Horwitz, ed.) 11th. 1970, p.123, 526, 
Washington D.C. 

Bernard, M. ( 1976). Manual of methods in aquatic envirorunent research. Part. 3. 
Sampling and analyses of Biological Material. F.A.O. Fish. Tech. Pap:.158, 
p.124. 

18 



Blinks, L.R (1951). Physiology and biochemistry of algae. In: Manual of 
Phycology (Smith, G.M. ed.), pp.263-291. 

Bremner, M.M. (1965). Total nitrogen. Methods of soil analysis. Part. 2. Amer. 
Soc. J Agr. Inc., Pnb., ll49-ll78. 

Chalaupka, L (1939). Permeabilitatssfudien an Meeresalgen vomehmlich an 
Braunalgen. Tha/assia 3: 1-36. 

Cirik, ~-, Uysal, H., Parlak, H., Demirkurt, E. and Kil(:Uksezgin, F, (1988). 
Heavy metal accumulation by marine vegetation in the polluted waters of Izmir 
Bay. International Symposium on Plants and Pollutants in Developed and 
Developing Countries. Bal(:ova, lzmir, 33-38. 

<;etingill, V. And Guner, H. (1996). Ekonomik degerdeki bazt ye~il alglerin 
kimyasal iveriklerinin saptanmas1. E. 0. Su Orun. Der. 13 (l-2): 101-ll8. 

E1enkov, I., Georgieva, T., Hadjieva, P.,Dimitrovakonaklieva, S. and Popov, S. 
(1995). Terpenoids and sterols in Cladophora vagahunda. Phytochemistry 38 
(2) : 457459. 

Gordon, D.M., Birch, P.B. and Me Comb, A.l (1980). The effect of light 
temperature and salinity on photosynthetic rates of an Estuarine Cladophora. Bot. 
Mar. 23 : 749-755. 

Giiven. K.C., Saygt, N. and Oztiirk, B. (1993). Survey of metal contents of 
Bosphorus algae, Zostera marina and sediments. Bot. Mar. 36: 175-178. 

Kesgin, M., Yilksel, 0., ilkme, B. and Sukatar, A (1987). izmir i9 Korfez 
alglerindeki metal kirlilik1erinin saptamnas1. IV. Kimya ve Kimya Miih. 
Sempozyumu, Elaztg, pp. 532-533. 

Kiran, E., Teksoy, L, Giiven, K.C., Giller, E. and Giiner, H. (1980). Studies on 
seaweeds for paper production. Bot. Mar. 23 : 205-208. 

Lavery, P.S., Lukatelic, Rl and Mccomb, A.J. (1991). Changes in the biomass 
and species composition of macroalgae in a eutrophic estuary. Estuarine Coastal 
Shelf Sci. 33 : 1-22. 

Miller, J.D.A. (1962). Fats and steroids. In: Physiology and Biochemistry of 
algae. (Lewin. R.A. ed.) Academy Press, New York, pp.357-359. 

Munda, LM. and Gubensek, F. (1976). The amino acid composition of some 
common marine algae from Iceland. Bot. Mar. 19 : 85-92. 

19 



Munda, LM. (1980a). Changes in the benthic algal associations of the vicinity of 
Rovinj (lstrian Coast, North Adriatic) caused by organic wastes. Acta Adria!. 21 
: 299-332. 

Munda, LM. (1980b). Survey of the algal biomass in the polluted area around 
Rovinj (lstrian Coast, North Adriatic). Acta Adria/. 21 (2) : 333-354. 

Munda, LM. and Gubensek, F. (1986). Amino acid contents of some benthic 
marine algae from the Northern Adriatic. Bot. Mar. 29 : 367-372. 

Munda, .LM. (1990). Resources and possibilities for exploitation of North 
Adriatic seaweeds. Hydrobiologia 204/205: 309-315. 

Murthy, M.S. and Radin, P. (1978). Eco-biochemical studies on some 
economically important intertidal algae from Port Okha (India). Bot. Mar. 21: 
417-422. 

Peckol, P., Demeoanderson, B., Rivers, J., Valiela, L, Maldonado, M. and Yates, 
J. (1994). Growth, nutrient uptake capacities aud tissue constituents of the 
macroalgae Cladophora vagabunda and Gracilaria tikvahiae related to site­
specific nitrogen loading rates. Mar. Bioi. 121 : 175-185. 

Pillai, V.K. (1965). Algae from Palk Bay near Mandagam. Proc. J. {nd. Acad. 
Sci. (B) 44: 3-9. 

Pirdal, M. (1989). Asphodelus aestivus Brot.'un autoekolqjisi ozerine bir 
ara~t1rma. Doga TU Botanik Der. 13 : 3 

Provasoli, L. (1969). Algal nutrition and eutrophication. National Academy of 
Sciences, Washington, D.C., 1700, pp.574-593. 

Rivers, J.S. and Peckol, P. (1995). Interactive effects of nitrogen and dissolved 
inorganic carbon on photosynthesis, growth, and atutuonimn uptake of the 
macroalgae Cladophora vagabunda and Graci! aria tikvahiae. Mar. Bioi. 121 ( 4) 
: 747-753. 

Sitakararao, V. and Tipnis, U.K. (1967). Chemical composition of some marine 
algae from Gujarat State. Proc. Sem. Sea, Salt and Plants, Bhavnagar, India (V. 
Krishnamurthy, ed.), pp.277-289. 

Strickland, J.D.H. and Parsons, T.R. (1972). A practical handbook of sea water 
analysis. Bull.Fish.Res.Bd. Canada, 167: 311. 

Topping, G. (1976). Marine Pollution.(Jhonston, R. ed.) Academic Press. 
London, (304-351), pp.729. 

20 



Tiirkan, i., Oztiirk, M. and Sukatar, A. (1989). Heavy metal accumulation by the 
algae in the bay oflzmir, Turkey. Rev. Int. Oceanogr. Med. Tomes 93-94: 71-76. 

Uysal, H. and Tun9er, S. (1982). Levels of heavy metals in some commercial 
food species in !he Bay of Izmir (Turkey). VI "' Journeess Etud. Poll. Cannes, 
CIESM, pp.323-327. 

OnJii, S., Kaleagasmglu, F., Bilge, N. and Giiven, K.C. (1995). Cystostatic 
activity of marine algae. Pharmazie 50 : 369-370. 

Vinogradov, A.P. (1953). The elementary chemical composition of marine 
organisms, Mem. II. Sears Foundation for Marine Research, Yale UnJversity, 
New Haven, Connecticut. 

Walker, N.A. (1957). Ion permeability of the plazmolemma of the plant cell. 
Nature, 180: 94-95. 

Wallentinus, I. (1979a). Environmental infl'l~nces on benthic macrovegetation in 
the Trasa-Asko area, .northern Baltic proper. II. The ecology of macroalgae and 
submersed phanerogams. Contrib. Asko Lab. Univ. Stockholm .25: 1-210. 

Wallentinus, I. (1979c). On the ecology of macroalgae and submersed 
phanerogams in a Baltic archipelago. Thesis summary. !nsf. Botany. UnJv. 
Stockholm, pp. 1-21. 

Wallentinus, I. (1984). Comparison of nutrient uptake rates for Baltic 
makroalgae wilh different thallus morphologies. Mar. Bioi. 80: 215-225. 

Yang, S.S. and Wang, C.Y. (1983). Effect of environmental factors on 
Gracilaria cultivated in Taiwan. Bull. Mar. Sci. 33 : 759-766. 

Yiiksel, 0., ilkme, B., Kesgin, M. and Sukatar, A. (1988). Determination of 
metal pollution in some algae occurring in the Inner Bay oflzmir. International 
Symposium on Plants and Pollutants in Developed and Developing Countries. 
Bal9ova, Izmir, pp. 161-170. 

Zavodaik, N. (1973). Seasonal variations in rate of photosynthetic activity and 
chemical composition of the littoral seaweeds common to North Adriatic. Part I. 
Fucus virsoides (don) J. Ag. Bot.Mar. 16: 155-165. 

Zavodnik, N. (1979). Observations on Scytosiphon lomentaria (Lyngb.) Link 
(Phaeophyta, Ectocarpales) in the North Adriatic Sea. 12 app. Comm. int. Mer 
Medii. 25/26: 197-198. 

Zavodnik, N. and JuranJc, L.J. (1982). Contents ofP and protein in seaweeds 
from the area ofFazana (North Adriatic Sea). Acta Adriat. 23 : 271-279. 

21 



Zavodnik, N. (1987). Seasonal variations in rate of photosynthetic activity and 
chemical composition of the littoral seaweeds Ulva rigida and Porphyra 
leucosticta from the North Adriatic. Bot. Mar. 30 : 71-82. 

22 

Received: 21.4.1999 

Accepted: 26.5.1999 




