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Abstract. As a biological quality element from the Water Frame Directive, macrophytes, are strongly indicative of the 
negative changes in the marine coastal ecosystem, because they directly penetrate the biogenic elements 
with their surface and react to influence from the land. The aim of this paper is to estimate with the help 
of macrophytobenthos the state of coastal ecosystems and to differentiate them into the corresponding 
ecological status classes as accorded in the Water Frame Directive. The final results obtained by the new 
approach of application of morpho-functional parameters have revealed a good status in the southern part 
of the Bulgarian Black Sea Coast, from Maslen Nos to Sinemorets, and a bad status in the Burgas Bay. 
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Introduction

For the purposes of the European Water Frame Di-
rective, ecological water quality is an overall expres-
sion of the structure and function of the biological 
community, taking into account the geographical and 
climatic factors, as well as the physical and chemical 
conditions, including those, resulting from human ac-
tivities. The coastal waters that concentrate most life 
forms and productivity are severely threatened by the 
anthropogenic pressure. The management of these ec-
osystems requires a special approach that could assess 
the intensity of anthropogenic stress or the ecological 
status. However, it is often difficult to diagnose the ec-
ological status because of spatial and temporal varia-
bility in the community features resulting from chang-
es in the physical and chemical parameters (Orfanidis 
& al. 2001). This problem could be solved by studying 
the communities from a functional viewpoint (groups 
of functionally similar species). When estimating the 
specific surface of macrophytes, the same approach is 

used (Minicheva & al. 2003). The species are differen-
tiated into morpho-functional forms. At a function-
al level, communities appear to be much more tempo-
rally stable and predictable than when examined at the 
species level (Steneck & Walting 1982; Steneck & De-
thier 1994). For example, anthropogenic stress shifts 
the community structure towards dominance of op-
portunistic species (Borowitzka 1972; Regier & Cowell 
1972). The same tendency is obvious when the species 
diversity of communities is represented by numerical 
series with enhanced ecological resistance (specific 
surface). Species with low coefficients of specific sur-
face are at the beginning of the series. The characteris-
tics of these seaweeds are large vulnerable forms with 
a long life cycle and slow growth. At the end of the 
series are small, quick-growing and productive spe-
cies, with a short life cycle. During eutrophication of 
the aquatic system, the rate of metabolic processes in-
creases. Biological structure begins to change. Species 
at the beginning of the series of ecological resistance 
disappear and are replaced by species at the end of the 
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series. That is why under heavy eutrophication a sharp 
decrease in biodiversity occurs. This mechanism ex-
plains the reasons why in the past decades the species 
diversity has been reduced and the size and structure 
of biological communities has changed (Minicheva 
1993). Littler& Littler have proposed a functional–
form model. This model was tested and verified ex-
perimentally: the functional characteristics of plants, 
such as photosynthesis and nutrient uptake are related 
to morphology and surface area: volume (weight) ra-
tios (Littler & Littler 1984; Minicheva & al. 2003). Ma-
rine macrophytes penetrate the biogenic elements di-
rectly with their surface from the marine environment 
and are sensitive indicators of its changes. A reliable 
signal of increasing eutrophication is the replacement 
of late successional, perennial seaweeds like Cystosei-
ra spp., Fucus and Phyllophora spp. (with low values 
of specific surface of 5 to 10 m2.kg-1) by such oppor-
tunistic species with higher specific surface like Ulva 
spp., Enteromorpha spp., Ceramium, Polysiphonia spp. 
(Kukk 1979; Trey & al. 1987; Harlin 1995; Shramm & 
Nienhuis 1996; Shramm 1999).

For the purposes of WFD, some models for esti-
mation of the ecological status were applied. One of 
them was proposed by Minicheva 2003 and deals with 
the specific surface; the other is modified by Orfanidis 
& al. (2001) and is based on estimation of the biomass 
percentage correlation between tolerant and sensitive 
species.

Material and methods

Seven transects were explored, two in the northern 
part of the Bulgarian Black Sea Coast (namely at Shab-
la, Byala Laguna) and five transects in the southern 
part: Kraimorie (Burgas Bay), Chernomorets, Var-
vara, Ropotamo and Sinemorets (Fig. 1). 

Samples were taken by the method of squares and 
scuba diving technique (Morozova-Vodianitskaija 
1936). The method of hydrobotanical transects was 
used (Kalugina-Gutnik 1975). On rocky and gently 
sloping natural shores formed by hard ores or sedi-
ments, in layers from supra- to lower sublittoral, the 
method of linear transects or cuts was applied. Cuts 
were laid perpendicular to the relief of shores towards 
the sea. Using the natural borders of growth of the 
characteristic associations of macrophytes, the lay-
ers in the cut were defined for sampling. The follow-

ing layers were selected: [+1 m – 0 m]; [0 m – 0.5 m]; 
[0.5 m – 1.5 m]; [1.5 m – 3.0 m]; [3.0 m – 5.0 m]. In each 
layer at 10–15 meters, aside from the conditional line 
of the cut, visual evaluation of the phytocoenoses 
was made. Percentage of the projected bottom cov-
erage of macrophytes was determined. Information 
was recorded under water by a diver, on special plastic 
plates. Depending on the structure of phytocoenoses 
and heterogeneity of the spatial distribution of macro-
phytes on each of the layers, 3–10 frames of quantita-
tive accounting were made. 

Coordinates of sample sites were determined with 
GPS. Two hundred and fifty-seven quantitative sam-
ples were analyzed from the littoral, up to 5 m deep.

The species structure was established with the help 
of Zinova (1967) and Dimitrova-Konaklieva’s (2000) 
guide books. The biomass was calculated in wet 
weight, in g.m-2.

The sampling sites were chosen by the following 
criteria. Burgas Bay was expected to be the transect 
with very bad conditions. It is well documented 
in literature that this region is very hazardous be-
cause of the high concentrations of biogenic ele-

Fig. 1. Map of the investigated transects: 1. Maslen Nos; 2. Sinemorets; 
3. Varvara; 4. Ropotamo; 5. Chernomorets; 6. Kraimorie (Burgas Bay); 
7. Varna Bay; 8. Byala Laguna; 9. Shabla.
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ments (phosphates and nitrates) and the low values 
of dissolved oxigen (Rojdestvenskij 1986, 1993 ) and 
phytoplancton blooms (Atanasova & al. 1995). Var-
vara and Sinemorets transects were chosen as sites 
in very good condition, owing to their hydrochemi-
cal parameters (Rojdestvenskij 1986). A higher bio-
diversity of macrophyte species – 102 sp. (Dimitro-
va-Konaklieva 1978, 2000) was established in that 
region, and high biomass of the olygosaprobic indi-
cator Cystoseira barbata (Petrova-Karadzhova 1975) 
was estimated. The Ropotamo transect was cho-
sen for the established high biomass (2414 g.m-2) 
of Zostera marina and Zostera noltii (Petrova-Kara-
dzhova 1982). The other transects were expected to 
have in-between ecological status among the others. 
The reference conditions were estimated according 
to the parameters of specific surface and biomass of 
the phytocoenoses and the biomass of Cystoseira spp. 
The bay near Maslen Nos was chosen because of its 
undisturbed conditions and lack of human activity. 
Conditions were close to pristine there. The samples 
from the Maslen Nos transect were taken in 1995, 
in summer. Samples from Varna Bay were taken in 
2002, in summer, and were included to complete the 
ecological status classes.

The Ecological Evaluation Index (EEI) proposed 
by Orfanidis & al. (2001) was calculated, but modi-
fied on the basis of algae biomass assessment. The bi-
omass percentage correlation between ESG II group 
(tolerant species) and Ecological Status Group I – ESG 
I (sensitive species) was measured. EEI ranged from 2 
to 10, indicating the overall ecological status of ma-
rine waters.

Index A was applied too. Index A = log S + {(sens – 
toller. )/( sens + toller.), where S is the number of spe-
cies. This index was proposed by the Norwegian Insti-
tute for Water Research, (Lyche Solheim & al. 2004). 

A set of new morpho-functional parameters of 
the algae surface was employed in the phytocoenot-
ic analysis, as described by Minicheva & al. (2003), 
based on relationship between the specific surface ra-
tio (S/W) of the macrophyte species and their pho-
tosynthetic rates, metabolic and catabolic process-
es (Haylov & Parchevskij 1983; Firsov 1984). Initially, 
the structure and functioning of the species composi-
tion depended on the eutrophication level: a high eu-
trophication level is associated with species of higher 
specific surface. The S/W ratio [m2/kg] was estimated 
according to Minicheva (1993), by dividing the mac-

rophytes into two major structural types: lamellar and 
cylindrical. For the lamellar type, the specific surface 
(S/W) was proportional to the thickness of the thal-
lus S/W = f(h), while for the cylindrical type, corre-
lation between S/W and the diameter of the plant is 
established S/W = f(d). The diameters and thickness 
of thalluses were measured with the help of a micro-
scope, and S/W was calculated with the above-men-
tioned formulae. 

The complete strategy in macrophyte investiga-
tions (field and laboratory) was the guide complied by 
Minicheva (2003) proposed to the Black Sea Commis-
sion.

So far the specific surface for the Bulgarian Black 
Sea Coast was predominantly studied in the Varna 
Bay (Dencheva 2006).

Results

Thirty-two species were established at the investi-
gated transects in the summer of 2006 (including 
Maslen Nos and Varna Bay). Of these, 13 species be-
long to the Chlorophyta, six to Phaeophyta and ten 
were from Rhodophyta. One angiosperm (Zostera 
noltii) was found and two species from other groups. 
Ten species belonged to sensitive, or k-strategies 
(ESG I), and 20 were tolerant or r-strategies, or be-
longed to the second Ecological Status Group – ESG 
II as defined by Orfanidis & al. (2001), (Table 1). 
Species from Bacillariophyta and Cyanobacteria were 
not included in the ESG groups because of their in-
significant biomass.

Index A was estimated on the basis of the species 
structure (Table 2). The highest index was established 
for Maslen Nos (1.31) and the lowest for the Burgas 
Bay.

Figure 2 shows the biomass percentage correla-
tions between the two ecological status groups for the 
investigated transects.

Evidently, the value of tolerant species is the lowest 
at Maslen Nos (9 %) and the highest in the Burgas Bay 
(100 %). The transects have been arranged according 
to the model of Orfanidis & al. (2001): the high eco-
logical status class is at Maslen Nos, followed by Var-
vara, Shabla, Sinemorets, and Byala Laguna. Cher-
nomorets is in good condition. Varna Bay is rated in 
the moderate ecological status class. Ropotamo is in a 
bad and Burgas Bay is in a very bad condition.
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Table 1. Species structure and ecological status groups of macrophytes from the investigated transects: 1. Maslen Nos; 
2. Sinemorets; 3. Varvara; 4. Ropotamo; 5. Chernomorets; 6. Kraimorie (Burgas Bay); 7. Varna Bay; 8. Byala Laguna; 9. Shabla.

Species 
Sample sites

ESG
1 2 3 4 5 6 7 8 9

Chlorophyta
1. Cladophora vagabunda (L) Van Hoek + + + + + II
2. Cladophora vadorum (Aresch.) Kütz. + + + II
3. Cladophora albida (Nees) Kütz. + II
4. Cladophora coelothrix Kütz. + + II
5. Ulva linza L. + II
6. Ulva intestinalis L. + + + + II
7. Ulva prolifera O.F. Müller + + II
8. Ulva flexuosa Wulfen + + II
9. Chaetomorpha linum (O.F. Müll.) Kütz. + + + + II
10. Chaetomorpha ligustica (Kütz.) Kütz. + + II
11. Ulva rigida C. Agardh + + + + + + + II
12. Rhizoclonium riparium (Roth) Harv. + + II
13. Ulothrix implexa (Kütz.) Kütz. + II
Phaeophyta 
14. Cystoseira barbata (Stackh.) C. Agardh + + + + + + I
15. Cystoseira crinita Duby + + + + + + + I
16. Ralfsia verrucosa (Aresch.) Aresch. + + I
17. Zanardinia prototypes (Nardo) Nardo + I
18. Feldmania irregularis (Kütz.) Hamel + II
19. Sphacelaria cirrhosa (Roth) C. Agardh + II
Rhodophyta
20. Ceramium rubrum C. Agardh + + + + + + II
21. Ceramium diaphanum var. elegans (Roth) Roth + + + + II
22. Polysiphonia subulifera (C. Agardh) Harv. + + II
23. Corallina officinalis L. + + + + + + I
24. Osmundea pinnatifida (Huds.) Stackh. + + + I
25. Callithamnion corymbosum (Smith) Lyngb. + II
26. Gelidium latifolium Bornet ex Hauck + + + + + + I
27. G. crinale (Hare ex Turner) Gailon + + + II
28. Nemalion helminthoides (Velley) Batters + I
29. Phyllophora crispa (Huds.) P.S. Dixon + I
Magnoliophyta
30. Zostera noltii Hornem. + + I
Cyanbacteria 
31. Lyngbya confervoides C. Agardh ex Gomont + +
Bacillariophyta
32. Berkeleya rutilans (Trentep. ex Roth) Grunov +

Table 2. Values of Index A. 
1. Maslen Nos; 2. Sinemorets; 3.Varvara; 4. Ropotamo; 5. Chernomorets; 6. Kraimorie (Burgas Bay); 7. Varna Bay; 8. Byala Laguna; 9. Shabla.

Index A 1 2 3 4 5 6 7 8 9

1.31 0.95 1.00 0.14 1 –0.4 0.86 0.75 0.6
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The highest is characteristic of the Burgas Bay 
(120 m2.kg-1), followed by the Ropotamo transect.

Table 3 shows the values of specific surface and 
the borders of these values for different ecological sta-
tus classes. The referent value is 15 m2.kg-1.The ec-
ological status classes, according to the specific sur-
face, are the following: Maslen Nos – high, Varvara, 
Sinemorets, Chernomorets, and Byala Laguna – good. 
Shabla and Varna Bay have moderate ecological sta-
tus, Burgas Bay and Ropotamo have a bad status. 

Figure 3 presents the average values of phyto-
coenose biomass in the investigated transects. The 
highest biomass is estimated at Maslen Nos and Bya-
la Laguna (3457.9 and 3696,2 g.m-2). These transects 
are in a very good condition in terms of the biomass. 
The lowest values are registered at Ropotamo, Burgas 
Bay and Varna Bay.

Figure 4 shows the average values of the specific 
surface of macrophytes. The lowest value of the specif-
ic surface is calculated at Maslen Nos (15.8 m2.kg-1). 
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Fig. 2. Biomass percnetahe correlation between two ecological status groups – tolerant and sensitive species – from the investigated transects.
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ic surface index, allows a more sensitive and precise 
grading of the bad ecological status class and of the 
benefit of microphytobenthic communities, which is 
important, especially in transitional waters and mod-
ified water bodies.

These initial results are the first stage of future 
monitoring, that will help decision-makers to solve 
problems related to the restriction of contaminants 
inflow from land and to the improvement of recrea-
tion conditions and aesthetical view of our beautiful 
seaside.
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