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• index of r/k (r-strategy species/k-strategy species) (De Boer et al., 2001) which considers all 
benthic taxa. Difficulty of exact scoring of each species through the biological trait analysis.

• The Infaunal Trophic Index (Word, 1979) was designed for use in coastal waters with organic 
contamination only, and involves allocating species into one of four feeding groups combining the 
percentages in a formula. But this approach has the difficulty of determining in detail the trophic 
habits of many species which often is not an easy task and information is scarce on that topic.

• The Biological Quality Index (BQI) (Wilson et al., 1987) is used in conjunction with the Pollution 
Load Index (PLI) for the characterisation of the ecological quality of estuarine ecosystems. The
BQI is based on the characterisation of each intertidal zone as one of three categories (abiotic,
opportunistic, and stable) with the use of indicator species. The areas assigned to each category
are accurately mapped and then expressed as proportions of the total area of the estuary. The 
main difference with the Bentix is that the BQI is based on a qualitative estimation of the
dominance of some indicator species, while the Bentix takes into account the percentages of all 
benthic species scored appropriately.

• Taxonomic distinctness (¢+) is a univariate (bio) diversity index. It utilises simple species lists 
(presence/absence data) to derive ¢+ which encompasses not only distribution of abundance’s 
amongst species but also the taxonomic relatedness of the species (Warwick & Clarke, 2001). 
Taxonomic distinctness is reduced in respect to increasing environmental stress and this response 
of the community lies at the base of this index’s concept.

• The concept of a biotic index based on the entire macrozoobenthos and using a formula which 
gives a series of continuous values has been only recently developed, at least at European scale. 
Examples are:

- AMBI (Borja et al., 2000)

- BENTIX (Simboura & Zenetos, 2002)

The selection is based on several criteria (Lorenz et al., 2003):

• Degree of satisfaction of the demands of WFD (based on species diversity and abundance, 5 
classes, reference);

• Relation between the result of the indicator and the anthropogenic causes;

• Availability of monitoring data;

• Concentration of the sampling points;

• Link with models;

• Level of detail, based on the scale of the areas.

In the following paragraphs the indicators will be described for each biological quality element and the 
reference condition will be given per coastal type.

4.2 REFERENCE CONDITIONS

The identification of type-specific biological reference conditions for the Bulgarian coastal waters was 
performed by the Institute of Oceanology. In an initial phase an inventory was made of the possible 
indicators for the different biological quality elements based on the criteria described in 4.1.3. Reference 
conditions were then assessed for these indicators per coastal water type. 

The reports of the Institute of Oceanology can be found in the Annexes:

Annex 2: Final report Phytoplankton (Moncheva & Slabakova, 2007)

Annex 3: Final report Benthic invertebrate fauna (Trayanova, Todorova, Konsulova, 2007)

Annex 4: Final report Macroalgae and marine angiosperms (Dencheva, 2007)
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4.2.1 Phytoplankton

The Water Framework Directive requires an assessment of the reference conditions for the composition, 
biomass and abundance of phytoplankton.

SELECTED PARAMETERS

Based on the available historical data, a list of possible phytoplankton metrics was made by the IO with 
an indication of the possible constraints (Moncheva, 2006a).

1. Phytoplankton taxonomic composition (taxonomic species list):

• gives information for species richness and diversity, important input parameter for calculating the 
biodiversity and species richness indices. 

• Constraints: for the time being an exhaustive check-list taxonomically updated (sensu European 
Register of Marine Species http://www.vliz.be/vmdcdata /erms/index.php) is missing. The 
available information (Petrova, Moncheva, 1997, Konsulova et al., 1997, Velikova et al, 1999) 
does not refer to the coastal area only. 

2. Dominant/opportunistic species 

• provide information on phytoplankton community changes. Although there is not a normative 
definition of dominant species, usually over 50% of the total biomass or total abundance is 
applicable.

• Constraints: The historical information has been derived from published data (there are no 
protocols of raw data available), so the information is limited to provisional lists of dominant 
seasonal phytoplankton assemblages (e.g. only tentative qualitative assessment of the changes).

3. Phytoplankton blooms (with the following descriptors):

• 3.1. Selection of species: 

- all species; species harmful to the ecosystem and marine fauna and flora; potentially toxic 
species; exotic (highly invasive) species.

- Constraints: A reliable long-term data array, covering the evolution of the Black sea 
ecosystem from the pristine period (50-70), the period of intensive eutrophication (80-ies, 
beginning of 90-ies) and the recent period of blooming species is  available only for the 3 
miles Galata  and Varna Bay sites.

• 3.2. Bloom concentration - abundance [cells/l], and biomass [mg/m³]. 

- The following thresholds for the definition of a bloom have been accepted for the Black Sea 
(Bodeanu et al., 1998)

∼ a unique threshold for all species: X = 105 or 106 cells per liter according to species size:

∼ X = 107 [cells/l] for a single species < 20 µm (monospecific bloom)

∼ X = 106 [cells/l] for species >20 µm or little aggregated species

∼ X = >105 [cells/l] for species >50 µm

• 3.3. Bloom frequency – number of blooms per season. 

- Typical for the Black Sea phytoplankton annual cycle are two maxima- in winter/spring and in 
autumn, related to the pattern of water column vertical mixing associated with natural 
nutrients dynamics. The occurrence of summer blooms is considered as deviation from the 
normal cycle (anomaly) induced by the anthropogenic eutrophication. Thus the late-spring 
additional phytoplankton proliferation and the summer bloom events are considered best 
indicators of eutrophication.



ECOLAS Identification of Type-specific biological reference conditions
07746: WFD coastal waters Bulgaria

24

• 3.4. Bloom duration.

- The parameter has important implication for the creation of hypoxia/anoxia conditions, 
particularly in summer, but due to lack of consistent data, this metric is almost inapplicable.

4. Phytoplankton taxonomic structure by abundance and biomass:

• Initially the typical taxonomic biomass ratio Bacillariophyceae: Dinophyceae in spring /summer 
was reported to be 10:1. Any deviation from this ratio is considered an indicator of phytoplankton 
structural alteration. 

• Constraints: Due to the successful naturalization of a number of exotic species (dinoflagellates 
and haptophytes – e.g. established introduced species) this ratio needs further revision. 

5. Phytoplankton total abundance [cells/l] and total biomass [mg/m3]

• This parameter could be defined based on historical data (High quality) and worst data (80-ies)-
for Bad quality. In order to take into consideration the inter-annual variability (the moving 
average over a period of 5 years) is recommended, defined for each season.

6. Biocoenotic univariate indices: species richness, evenness  and species diversity are widely used for 
assessment of biotic response to environmental stress:

• Number of species per sample  S  - > 25-High quality; >5-bad quality

• Index of species richness  d (Margalef, 1958)- > 4 High quality

• Evenness index  J (Pielou, 1976) -< 0.6 –High quality: < 0.3 – Bad quality 

• Information Index of diversity  H’[bits/ind] (Shannon & Weaver, 1949)-  < 4 – High quality; > 2-
Bad quality

7. Trophic State Index (TRIX- Volenweider et al., 1999)

• As eutrophication is the key driver of ecosystem alteration, the Trophic State Index (TRIX-
Volenweider et al., 1999) could be used as additional integral indicator, according to the 
recommended scale: High quality <4; 4-5-moderate; 5-6-eutrophycated; 6-8- highly 
eutrophycated; >8-hypereutrophycated, complemented to Secchi disk [m] scale : Secchi depth 
(m) > 4.5; 4.5 – 3; 3 – 2; 2 - 1.5 < 1.5.

After the critical review of the possible phytoplankton descriptors and the outlined constrains and 
uncertainties for the identification of type-specific biological reference conditions for the BSBD coastal 
waters the following metrics have been selected:

• Phytoplankton biomass (mg/m³); 

• Chlorophyll a (mg/m³); 

• TRIX;

• Secchi depth (m);

• Phytoplankton blooms (in need of further development).

- Selection of species: dominant blooming species

- Bloom concentration: maximum number of cells [1 x 106 cells/l]

- Bloom frequency: number of blooms per season. 

REFERENCE CONDITIONS

The approach for the identification of reference conditions is based on: 

• historical data from the relatively pristine period of the Bulgarian Black Sea coast (1954-1970 –
published seasonal data);
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• 10 percentile (lower quartile) of a long-term data set (period 1983-2005) to test applicability for 
definition of reference values based on the best available data set and the 90 percentile (upper)
for the selection of “bad values” (from the period of intensive anthropogenic eutrophication – the 
80-ies) (Heiskanen et al., 2005). This step was crucial for the identification of reference values 
for chlorophyll a. Due to lack of chlorophyll a measurements from the reference period and 
before 1990, the 10 percentile from a long-term data set (1990-2006) was determined and its 
applicability tested against the results from the analysis of the phytoplankton data set.

• expert judgment.

As initially phytoplankton is an indicator of eutrophication mainly, the typology groups were considered in 
relation to the level of exposure and depth. In addition due to the influence of the Danube river nutrient 
enriched waters through the main Black Sea current along the Black Sea coast the moderately-exposed-
intermediate and exposed-shallow types were combined into one group. Thus the classification tool was 
developed for the following 2 typology groups:

• moderately exposed – shallow: CW602330; CW602310;

• moderately-exposed-intermediate/exposed-shallow types: CW602210; CW602220; CW602230; 
CW602321.

Due to the high seasonal variability of phytoplankton communities’ composition and abundance (an 
increase in summer biomass related to hypoxia/anoxia conditions and ecosystem deterioration) the 
average annual values are not adequate and the classification tool should be developed on seasonal 
bases.

In order to illustrate the approach the Galata/Varna Bay sites were selected due to the best (the only) 
available long-term data set, over the period 1954-2006 for phytoplankton and for the period 1990-2006 
for chlorophyll a. 

The data sets of the two sites were merged into one data array based on the following assumptions:

• 1) the intensive hydrodynamic interaction between the two sites that to a great extent determine 
the spatial distribution and dynamic of phytoplankton communities thus reflecting the synergy 
between the local land base sources and the Danube influence through the main Black Sea 
currents. 

• 2) Principally the analytical procedure of phytoplankton processing (counting and biomass 
estimation) are comparable for the data array 1954-1998, assuming 25% analytical error 
inherent in the method itself. The difference of sampling frequency (seasonal sampling for the 
historical data versus monthly /bimonthly sampling after 1980) should be underlined.

• 3) Originally phytoplankton is the biological quality element most sensitive to external forcing 
(nutrient over-enrichment (eutrophication), light, currents etc.). 

• 4) the values estimated for the period 1954-1970 correspond to reference conditions (for the 
definition of “High status”, the 90 percentile was calculated), and those from the period 1983-
1998 to Bad status, and they represent the worst High and the worst Bad along the Bulgarian 
Black Sea coast (Moncheva et al, 1995, 2001, Moncheva, Kamburska, 2002)

Galata/Varna Bay

As apparent from the data presented in Table 6 the average annual gives no idea about the alterations in 
the seasonal pattern of phytoplankton dynamics, the severe increase in summer biomass in particular 
(related hypoxia/anoxia conditions and ecosystem deterioration as one of the most important ecological 
concerns) bearing implications for the proper environmental management policy and monitoring design.
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Phytoplankton biomass

Table 6: Statistical summary of phytoplankton biomass (mg/m³) per season (Galata/Varna)

winter winter spring spring summer summer autumn autumn annual annual

1954-
1970

1983-
1997

1954-
1970

1983-
1997

1954-
1970

1983-
1997

1954-
1970

1983-
1997

1954-
1970

1983-
1997

n 15 18 14 45 11 39 15 18 55 120

Average* 2075 7763 3995 36892 526 39035 783 31639 1845 28832

Median* 1214 3088 2700 8055 534 23196 489 854 1234 8798

Max* 6800 42260 12290 583139 900 157789 2483 296675 12290 583139

(*) The values within the 95% confidence interval after the statistical processing of the data array

Principally the historical “median” was selected as the seasonal reference value, except for autumn where 
the “average” was taken (to reflect the high interannual variability in the values as demonstrated by the 
difference median/max in comparison to the summer season). The threshold “bad” was based on the 90 
percentile of the long-term data set and expert judgement.

Chlorophyll a

For chlorophyll only data are available for the period 1990-2006. An inventory of chlorophyll a data for 
different sites in the Galata/ Varna bay region is given in Table 7. 

Table 7: Inventory of chlorophyll a (mg/m³) data

Site Winter Spring Summer Autumn Total

period
No 
samples period

No 
samples period

No 
samples period

No 
samples

No 
samples

Kaliakra
1995-
2005 9

1990-
2006 22

1990-
2006 28

1990-
2006 23 82

Varna 
Bay

1990-
2005 39

1991-
2005 101

1990-
2006 93

1990-
2006 88 321

Galata
1990-
2005 9

1990-
2006 16

1990-
2006 30

1990-
2006 11 66

Bourgas
Bay

1987-
2005 32

1984-
2006 51

1987-
2006 53

1982-
2006 46 182

Due to a lack of historical data (1954-1970), the reference and threshold values for chlorophyll a were 
determined on the 10 (or 25) percentile and the bad values on the 90 percentile of the long term data 
set (in analogy with phytoplankton biomass), and this on a seasonal bases. As an example the reference 
and bad values is deduced for the summer season in Figure 15.
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Table 25: Comparison of the results of the different metrics per station (data 2002-2006: 
biomass, chlorophyll a) (July 2006: TRIX, Secchi depth))

Type CWT Station
Ph biomass 
(mg/m³)

Chlorophyll a 
(mg/m³) TRIX

Secchi depth 
(m)

CW602210 40 Rousalka Good Bad Moderate

CW602220 20 Shabla Good

30 Tulenovo Moderate Moderate

CW602230 10 Krapetz High Good Good

160 Varvara High High

ex
po

se
d 

- 
sh

al
lo

w

170 Veleka High High Good Good

CW602310
70 Varna 
Bay Poor Bad Good High

101 
Dvoinitza High Good Good

110 SLBriag High Moderate

CW602330 50 Kaliakra Good Good Good Poor

60 Albena Good Moderate

80 Galata Good Moderate

90 Kamchia High Poor Good

m
od

er
at

el
y 

ex
po

se
d 

- 
sh

al
lo

w

120 Bourgas
Bay High Moderate

CW602321
130 
Sarafovo High High Moderate Good

140 Sozopol High Good

m
od

er
at

el
y 

ex
po

se
d 

-
in

te
rm

ed
ia

te

150 Maslen
nos High Good

The basis for ecological classification according to the Water Framework Directive is the coastal water 
body. For the overall classification of the ecological status (based on the data 2002-2006 for biomass and 
chlorophyll a) for the biological quality element “Phytoplankton” the one-out-all-out-principle has been 
used, resulting in the worst value of all stations and of all selected parameters per coastal water body. In 
comparison to the situation where only the data of July 2006 would be considered, it is only Varna Bay 
that changed from Good to Bad status.



ECOLAS Ecological status of coastal waters
07746: WFD coastal waters Bulgaria

53

Table 26: Ecological status of the biological quality element “Phytoplankton” per coastal 
water body (WB) 

WB Regio Monitoring points WB code Coastal Water 
Type

Ecological status

1 Durankulak - Shabla 
cape

Krapets BG2BS000C001 CW602230
Good

2 Shabla cape- Kamen 
bryag

Shabla -
Tiulenovo

BG2BS000C002 CW602220
Moderate

3 Kamen bryag - Kaliakra 
cape

Rousalka BG2BS000C003 CW602210
Bad1

4 Kaliakra cape -
Ilandzhik cape

Kaliakra - Albena 
- Galata

BG2BS000C004 CW602330
Poor2

5 Varna bay Varna bay BG2BS000C005 CW602330 Bad

6 Ilandzhik cape -
E27°53'43''/W42°58'17'
'

Kamchia BG2BS000C006 CW602330

Poor3

7 E27°53'43''/W42°58'17'
' - Emine cape

Dvoinica BG2BS000C007 CW602310
Good

8 Bourgas bay (<30 m) Bourgas BG2BS000C008 CW602330 Moderate

9 Protected site of 
Koketrays

Slanchev (site 
Sunny beach)

BG2BS000C009 CW602310
Moderate

10 Bourgas bay (>30 m) Sarafovo -
Sozopol - Maslen 
nos

BG2BS000C010 CW602321

Moderate

11 Akin cape - Korakya 
cape

no BG2BS000C011 CW602310
?

12 Korakya cape -
Resovska river (frontier 
Turkey)

Varvara - Veleka BG2BS000C012 CW602230

Good

(1) Rousalka shows a bad status based on TRIX. The other parameters reveal however a moderate to good
status.

(2) Kaliakra shows a poor status based on Secchi depth. The other parameters reveal a good status.

(3) Kamchia shows a poor status based on TRIX. The other parameters reveal however a good to high status.

From Table 26 it is clear that the calculated value for TRIX determines to a large extent the ecological 
status of the coastal water type. It has already been mentioned that the reliability of this parameter for 
the determination of the ecological status is not high. Therefore it should be considered if this parameter 
should be taken into account for the determination of the ecological status.

CONCLUDING REMARKS

Due to the high sensitivity of phytoplankton communities to external forcing (nutrients, physical 
environment) the frequency of sampling is critical for setting an adequate monitoring system for relevant 
application of phytoplankton related indicators for ecological state assessment. This is well supported by 
the deviations between the pattern demonstrated during July 2006 (basis for ecological assessment) and 
the average summer values for the period 2002-2006 (Figure 21 and Figure 22). 
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Monthly all year round sampling is strongly recommended, while monthly sampling during spring and 
summer is an imperative for efficient monitoring of the Black Sea ecological status if phytoplankton 
descriptors, Secchi depth and TRIX are to be used. For more realistic assesment the monthly average 
over 5 years is very desirable. Special attention should be paid to the values exceeding or within the 
range “poor-bad”

Regular Remote sensing information that will drive conditional sampling (bloom events) is crucial 
especially in summer.

5.2.2 Benthic invertebrate fauna

The WFD presents the following normative definitions of benthic invertebrate infauna at high, good and 
moderate status.

High status Good status Moderate status

The level of diversity and 
abundance of invertebrate taxa 
is within the range normally 
associated with undisturbed 
conditions.

All the disturbance-sensitive taxa 
associated with undisturbed 
conditions are present.

The level of diversity and 
abundance of invertebrate taxa 
is slightly outside the range 
associated with the type-specific 
conditions.

Most of the sensitive taxa of the 
type-specific communities are 
present.

The level of diversity and 
abundance of invertebrate taxa 
is moderately outside the range 
associated with the type-specific 
conditions.

Taxa indicative of pollution are 
present.

Many of the sensitive taxa of the 
type specific communities are 
absent.

BOUNDARY SETTING

Shannon community diversity index (H’)

When deriving the type-specific class boundaries, the greatest emphasis was placed on the good–
moderate boundary. This boundary was primarily determined with the aid of data from high–good areas. 
The approach in identifying reference conditions is based on the hypothesis that the good status 
represents a certain percentage from the high ecological status. The reference value for water bodies 
with sandy and mixed sediments is derived with the assumption that the average community diversity 
index of stations reaching good ecological status constitutes 75% from the high status. The reference 
value for water bodies with muddy sediments has been determined from the average community 
diversity index of stations reaching good status and having more than 25 species per sample, than the 
reference value is extrapolated from the current status deemed as 70% from the reference. The 
percentage is lower due to the specificity of the muddy sediments characterized by higher sensitivity of 
the developing communities to environmental disturbances.

The average values of the ecological classes are set as percentage from average reference values. The 
interval of 0.2 between the ecological status classes is equally scaled (80% for good, 60% for moderate, 
40% for poor and 20% for bad status). The range of each status class is determined as the difference 
between the average values divided by 2 and added to the average. For determination of EQRs each 
class boundary value has been divided by the average reference value – 3.6 for water bodies with muddy 
sediments and 4.5 for water bodies with sandy and mixed sediments (Table 27).

The Shannon diversity index differs according to the sediment type. Therefore a distinction was made 
between muddy, sandy & mixed sediments. Due to limited data the latter two had to be lumped 
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together. It is however highly recommended to readjust the boundary values if new data becomes 
available and to develop a separate classification scale for water bodies with mixed sediments.

A Marine Biotic Index (AMBI)

Because the method is based on the assignment of species to five ecological classes (sensitive to organic 
pollution, indifferent to organic pollution, tolerant to organic pollution, second order opportunists and first 
order opportunists) the reference value (AMBI � 1.2) is derived as dominance of sensitive and indifferent 
taxa in the abundance. The bad status value (AMBI > 5.5) is achieved when second order and first order 
opportunists dominate. The boundaries between the ecological classes are those identified by Borja et 
al., (2000, 2003) and Muxica et al., (2005) (Table 3). AMBI is not sediment dependant which allows to be 
applied for all water body types regardless of their typology. EQR values are set as 1 minus the class 
boundary value divided by 7 (the maximal value which AMBI can reach in azoic sediments).

Multivariate AMBI (M-AMBI)

The default EQR boundaries of M-AMBI are set through intercalibration exercise for North Atlantic 
ecoregion (Borja et al., 2006). Because no proper intercalibration is carried out for the Black Sea 
ecoregion we adopted the default boundaries between the ecological classes as a starting point (Table 
4). Further changes of these values for each water body type are advisable after intercalibration 
procedure and harmonisation of these boundaries between Member States took place. The default EQR 
boundaries of high and bad status have been accepted for all water body types.

ECOLOGICAL QUALITY RATIOS

The following ecological quality ratios were developed by the IO for the benthic invertebrate fauna.

Shannon community diversity index (H’)

The Shannon diversity index differs according to the sediment type. Therefore a distinction was made 
between muddy and sandy & mixed sediments. 

Table 27: EQR of Shannon community diversity index (H’)

Water bodies with muddy sediments

High Good Moderate Poor Bad

H’ Range H' ≥ 3.3 3.3 > H' ≥ 2.5 2.5 > H' ≥ 1.8 1.8 > H' ≥ 1.1 H' < 1.1

EQR ≥ 0.92 0.69 0.50 0.31 < 0.31

Water bodies with sandy and mixed sediments

High Good Moderate Poor Bad

H’ Range H' ≥ 4 4 > H' ≥ 3.1 3.1 > H' ≥ 2.2 2.2 > H' ≥ 1.3 H' < 1.3

EQR ≥ 0.89 0.69 0.49 0.29 < 0.29

A Marine Biotic Index (AMBI)

AMBI is independent of the sediment characteristics which allows that the AMBI can be applied for all 
water body types regardless of their typology.
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Table 28: EQR of A Marine Biotic Index (AMBI)

High Good Moderate Poor Bad

AMBI 0.0 < AMBI ≤ 1.2 1.2 < AMBI ≤ 3.3 3.3 < AMBI ≤ 4.3 4.3 < AMBI ≤ 5.5 5.5 < AMBI ≤ 7.0

EQR ≥ 0.83 0.53 0.39 0.21 < 0.21

Multivariate AMBI (M-AMBI)

Like for AMBI, the same classification scale can be used for all water body types for the multivariate 
AMBI.

Table 29: EQR of Multivariate AMBI (M-AMBI)

High Good Moderate Poor Bad

M - AMBI M-AMBI ≥ 0.85 0.85 > M-AMBI ≥ 0.55 0.55 > M-AMBI ≥ 0.39 0.39 > M-AMBI ≥ 0.20 0.20 > M-AMBI

EQR ≥ 0.85 0.55 0.39 0.20 < 0.20

ECOLOGICAL STATUS – BENTHIC INVERTEBRATE FAUNA

Shannon community diversity index (H’)

The objective community delineation gives reason to apply the values of Shannon community diversity 
index (H’) according to the sediment type defined by the cluster analysis. Station 160 (1nm off Varvara) 
reaches high status due to the good environmental conditions offered by the mixed substrate (shelly silt) 
for development of rich benthic fauna. The ecological status of station 20 (1nm off Shabla) is classified as 
bad because of the low species richness (15 species).

Table 30: Ecological status based on Shannon community diversity index (H’)

Station Sediment type H’ Ecological status

20 Shabla Mud 0.91 Bad

CW602220 30 Tjulenovo Mixed 2.23 Moderate

40 (111) Rousalka Mixed 2.72 Moderate

CW602210 200 Kaliakra Mud 2.63 Good

10 (100) Krapetz Mixed 3.15 Good

160 Varvara Mixed 4.22 High

CW602230 170 (611) Veleka Mixed 3.58 Good

70 (B3) Varna Bay Sand 3.25 Good

110 (500) Slanchev Briag Mixed 3.45 Good

100 Dvoinitsa Mixed 3.86 Good

CW602310 411 Irakli Sand 3.35 Good

50 (211) Kaliakra Mud 1.98 Moderate

60 Albena Mixed 2.15 Poor

80 (301) Galata Mud 2.51 Good

CW602330

90 Kamchia Mixed 2.58 Moderate
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Station Sediment type H’ Ecological status

120 Bourgas Bay Mixed 3.21 Good

130 (501) Bourgas Mud 1.91 Moderate

140 Sozopol Mud 2.63 Good

CW602321 150 (600) Achtopol Mud 2.50 Good

The diversity index H’ increase in parallel with the improvement of ecological status (Figure 23). 
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Figure 23: Values of species richness (S) and diversity index (H’) per ecological class

A Marine Biotic Index (AMBI)

The classification of the ecological status based on the AMBI values for all coastal water bodies
regardless of their sediment type is presented in the table below. According to AMBI the station 130 
(1nm off Bourgas) has to be considered as reference site with no impact from organic enrichment. The 
low AMBI value, resulting in high status, is attributed to the dominance of the polychaete Aricidea 
claudiae, considered as species sensitive to pollution, but obviously the sensitivity of this species is 
doubtful, which is confirmed by the low diversity index (H’). Station 20 (1nm off Shabla) is classified 
again as having bad ecological status because of the dominance of first order opportunistic species in the 
abundance (87.7 %).
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Table 31: Ecological status based on AMBI

Station AMBI Ecological status

20 Shabla 5.52 Bad

CW602220 30 Tjulenovo 4.77 Poor

40 (111) Rousalka 3.86 Moderate

CW602210 200 Kaliakra 2.73 Good

10 (100) Krapetz 3.54 Moderate

160 Varvara 2.01 Good

CW602230 170 (611) Veleka 2.31 Good

70 (B3) Varna Bay 2.63 Good

110 (500) Slanchev Briag 2.87 Good

100 Dvoinitsa 2.41 Good

CW602310 411 Irakli 2.23 Good

50 (211) Kaliakra 1.80 Good

60 Albena 4.17 Moderate

80 (301) Galata 1.56 Good

90 Kamchia 4.10 Moderate

CW602330 120 Bourgas Bay 2.21 Good

130 (501) Bourgas 0.97 High

140 Sozopol 1.73 Good

CW602321 150 (600) Achtopol 1.39 Good

The worsening of the ecological status is reflected by the increasing of the percentage of opportunistic 
taxa (ecological groups IV and V) and decreasing of sensitive and indifferent taxa (ecological groups I 
and II) in the abundance (Figure 24).
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Figure 24: Percentage share of sensitive (EGI), indifferent (EG II) and tolerant (EG III) to 
pollution taxa, second (EG IV) and first order (EG V) opportunists per status class.

AMBI reveals a tendency of ecological status improvement in southern direction (Figure 25). 
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Figure 25: Classification of the ecological status of Black Sea coastal waters according to the 
values of AMBI 

Multivariate AMBI (M-AMBI)

In the process of M-AMBI calculation the reference and bad status values for species richness (S) and 
diversity (H’) have been set sediment dependently. For the water bodies with muddy sediments the input 
of high status value for richness is 40 and for diversity 3.3, and for bad status value – 10 and 1.1 
respectively. For the stations with sandy and mixed sediments the reference values for richness is 50 and 
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for diversity - 4.0, for bad status values – 15 and 1.3 respectively. The AMBI values for high and bad 
status are the same for all WBT – 1.2 and 5.5 respectively. The assessment of the ecological quality 
according to the M-AMBI values is presented in Table 8 and Figure 4. Two stations (160 – 1nm off 
Varvara and 411 – 1nm off Irakli) reach high status. The bad ecological status of station 20 is also 
confirmed by the M-AMBI.

Table 32: Ecological status based on Multivariate AMBI

Station M-AMBI Ecological status

20 Shabla 0.03 Bad

CW602220 30 Tjulenovo 0.24 Poor

40 (111) Rousalka 0.46 Moderate

CW602210 200 Kaliakra 0.64 Good

10 (100) Krapetz 0.59 Good

160 Varvara 0.92 High

CW602230 170 (611) Veleka 0.84 Good

70 (B3) Varna Bay 0.64 Good

110 (500) Slanchev Briag 0.83 Good

100 Dvoinitsa 0.86 High

CW602310 411 Irakli 0.68 Good

50 (211) Kaliakra 0.55 Good

60 Albena 0.23 Poor

80 (301) Galata 0.76 Good

90 Kamchia 0.35 Poor

CW602330 120 Bourgas Bay 0.69 Good

130 (501) Bourgas 0.62 Good

140 Sozopol 0.54 Moderate

CW602321 150 (600) Achtopol 0.66 Good

As AMBI, M-AMBI reveals a tendency of ecological status improvement in southern direction Figure 26.

Figure 26: Classification of the ecological status of Black sea coastal waters according to the 
values of M-AMBI

Benthic invertebrate fauna

In general, the results of the different stations (coastal water types) show a good agreement between 
the assessments done for the different metrics. The only exception is the station 130 (1 nm Bourgas) 
which status varies from moderate and good to high. Having into account the location of this station in 
the vicinity of the Bourgas Bay, worsening of the ecological status is expected due to an impact from 
anthropogenic activities. For this particular station we consider that the actual ecological status is 
moderate.
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Table 33: Comparison of the results of the different metrics per station

Station H' AMBI M-AMBI

20 Shabla Bad Bad Bad

CW602220 30 Tjulenovo Moderate Poor Poor

40 (111) Rousalka Moderate Moderate Moderate

CW602210 200 Kaliakra Good Good Good

10 (100) Krapetz Good Moderate Good

160 Varvara High Good High

CW602230 170 (611) Veleka Good Good Good

70 (B3) Varna Bay Good Good Good

110 (500) Slanchev Briag Good Good Good

100 Dvoinitsa Good Good High

CW602310 411 Irakli Good Good Good

50 (211) Kaliakra Moderate Good Good

60 Albena Poor Moderate Poor

80 (301) Galata Good Good Good

90 Kamchia Moderate Moderate Poor

CW602330 120 Bourgas Bay Good Good Good

130 (501) Bourgas Moderate High Good

140 Sozopol Good Good Moderate

CW602321 150 (600) Achtopol Good Good Good

The overall ecological assessment (based on the one-out all-out principle) for the three selected 
parameters is given per station in Figure 27.

Figure 27: Classification of the ecological status per station (benthic invertebrates)

The basis for ecological classification according to the Water Framework Directive is the coastal water 
body. For the overall classification of the ecological status for the biological quality element “Benthic 
invertebrate fauna” the one-out-all-out-principle has been used, resulting in the worst value of all stations 
and of all selected parameters per coastal water body.

Table 34: Ecological status of the biological quality element “Benthic invertebrate fauna” per 
coastal water body (WB) 

WB Regio Monitoring points WB code Coastal 
Water Type

Ecological 
status

1 Durankulak - Shabla cape Krapets BG2BS000C001 CW602230
Moderate

2 Shabla cape- Kamen bryag Shabla - Tiulenovo BG2BS000C002 CW602220
Bad

3 Kamen bryag - Kaliakra cape Rousalka BG2BS000C003 CW602210
Moderate

4 Kaliakra cape - Ilandzhik 
cape

Kaliakra - Albena -
Galata

BG2BS000C004 CW602330
Moderate
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WB Regio Monitoring points WB code Coastal 
Water Type

Ecological 
status

5 Varna bay Varna bay BG2BS000C005 CW602330 Good

6 Ilandzhik cape -
E27°53'43''/W42°58'17''

Kamchia BG2BS000C006 CW602330

Poor

7 E27°53'43''/W42°58'17'' -
Emine cape

Dvoinica BG2BS000C007 CW602310
Good

8 Bourgas bay (<30 m) Bourgas BG2BS000C008 CW602330 Moderate

9 Protected site of Koketrays Slanchev (site Sunny 
beach)

BG2BS000C009 CW602310
Good

10 Bourgas bay (>30 m) Sarafovo - Sozopol -
Maslen nos

BG2BS000C010 CW602321
Moderate

11 Akin cape - Korakya cape no BG2BS000C011 CW602310 ?

12 Korakya cape - Resovska 
river (frontier Turkey)

Varvara - Veleka BG2BS000C012 CW602230

Good

CONCLUDING REMARKS

Refining of the typology of water bodies is needed after the sediment types are accurately classified.
Special attention should be given to the following monitoring points: Tjulenovo (CW602230 in stead of 
CW602220), Rousalka (CW602230 in stead of CW602210) and Kaliakra & Galata (CW602321 in stead of 
602330). For Varna bay the option should be considered to replace the sampling point to the 
dominanting sedimenttype, so that it corresponds to the original typology (CW602330).

The determination of the reference values for the community diversity index (H’) was derived from actual 
data for good ecological status and based on expert judgement and knowledge. The limited number of 
stations and/or replicates in the one nautical mile zone allowed partial application of statistical 
approaches and did not permit the development of classification scale for water bodies with mixed 
sediments. Revision of the boundary values is recommended after accumulation of further data.

For the majority of the stations good agreement is found between the assessments by the different 
metrics. In the case ecological status falls in dissimilar ecological classes according to different metrics, 
the lower status is accepted as final. 

The indices based on community diversity and percentage share of ecological groups were verified as 
sensitive metrics to distinguish the changes in ecological status.

The default boundary values of M-AMBI have to be readjusted for each WBT after the intercalibration 
procedure for the Black Sea ecoregion has taken place.

Both AMBI and M-AMBI reveal a tendency of ecological status improvement from North to South.

5.2.3 Macroalgae and marine angiosperms

The WFD presents the following normative definitions for macroalgae and angiosperms.
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High status Good status Moderate status

All disturbance sensitive 
macroalgal and angiosperm taxa 
associated with undisturbed 
conditions are present.

The levels of macroalgal cover 
and angiosperm abundance are 
consistent with undisturbed 
conditions.

Most disturbance sensitive 
macroalgal and angiosperm taxa 
associated with undisturbed 
conditions are present.

The level of macroalgal cover 
and angiosperm abundance 
shows slight signs of 
disturbance.

A moderate number of the 
disturbance sensitive macroalgal 
and angiosperm taxa associated 
with undisturbed conditions are 
absent. 

Macroalgal cover and 
angiosperm abundance is 
moderately disturbed and may 
be such as to result in an 
undesirable disturbance to the 
balance of organisms present in 
the water body.

For the Bulgarian Black Sea coast the following two parameters have been selected for the estimation of 
the ecological quality status:

• Ecological Evaluation Index (EEI) (Orfanidis et al., 2001)

• Specific surface index (in mg.kg-1) (Minicheva et al., 2003)

BOUNDARY SETTING

The boundaries for the ecological evaluation index are based on an existing scale. For the Specific 
Surface Index a scale has been elaborated based on existing data and on the results of the investigated 
transects.

ECOLOGICAL QUALITY RATIOS

Based on the monitoring transects the following ecological quality ratios were developed by the IO.

Ecological Evaluation Index (EEI)

Table 35: EQR of Ecological Evaluation Index (EEI)

High Good Moderate Poor Bad

EEI
10 ≥ EEI > 8 8 ≥ EEI > 6 6 ≥ EEI > 4 4 ≥ EEI > 2 2 ≥ EEI > 0

EQR
> 0.8 0.6 0.4 0.2 ≤ 0.2

Specific surface index (in mg.kg-1)

Table 36: EQR of Specific Surface Index

High Good Moderate Poor Bad

S/W
15 ≤ S/W <25 25 ≤ S/W <45 45 ≤ S/W <75 75 ≤ S/W <100 100 ≤ S/W

EQR
> 0.91 0.73 0.45 0.23 ≤ 0.23

ECOLOGICAL STATUS – MACROPHYTES

The ecological status assessment for the Bulgarian coastal waters based on the monitoring results of the 
selected parameters for macrophytes and the EQR gives the following results:
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Ecological Evaluation Index (EEI)

Table 37: Ecological status based on the Ecological Evaluation Index (EEI)

Transect Ecological evaluation 
index - EEI

Ecological Quality ratio Ecological status

Maslen Nos 9.1 0.91 High

Sinemoretz 8.7 0.87 High

Varvara 8.4 0.84 High

Shabla 8.5 0.85 High

Biala laguna 7 0.7 Good

Chernomoretz 6.9 0.69 Good

Varna bay 5.4 0.54 Moderate

Ropotamo 3.7 0.37 Poor

Bourgas bay 0 0 Bad

Specific surface index (in mg.kg-1)

Table 38: Ecological status based on the Specific Surface Index

Transect Values of the specific 
surface of macrophytes 
(S/W)

Ecological Quality ratio Ecological status

Maslen Nos 15.8 0.99 High

Chernomoretz 25.1 0.91 Good

Varvara 27.14 0.89 Good

Biala laguna 33.25 0.83 Good

Sinemoretz 36.85 0.80 Good

Shabla 50.38 0.68 Moderate

Varna bay 63.66 0.56 Moderate

Ropotamo 103.46 0.20 Bad

Bourgas bay 120.23 0.04 Bad
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Macrophytes

In general, there is a good agreement between the assessments done based on the different metrics for 
all stations (Table 39). 

Table 39: Comparison of the results of the different metrics per transect

CW Station EEI S/W

CW602220 Shabla good Moderate

CW602310 Maslen Nos High High

CW602310 Chernomoretz High Good

CW602310 Ropotamo poor Bad

CW602330 Bourgas bay bad Bad

CW602330 Biala laguna High Good

CW602330 Varna bay moderate Moderate

CW602230 Varvara High Good

CW602230 Sinemoretz good Good

The basis for ecological classification according to the Water Framework Directive is the coastal water 
body. For the overall classification of the ecological status for the biological quality element 
“Macrophytes” the one-out-all-out-principle has been used, resulting in the worst value of all stations and 
of all selected parameters per coastal water body. Six coastal water bodies could not be classified based 
on this biological element due to the lack of samples of macrophytes in that region (in some of these 
water bodies the conditions are not favourable for the growth of macroalgae and/or marine angiosperms) 
(Table 40). 

Table 39 and Table 40 show that only for the coastal water body “Akin Cape – Korakya cape” (WB 11) 
there exist a problem in the determination of the ecological status. Two of the transects (Maslen Nos and 
Chernomoretz) indicate a high to good status, while Ropotamo gives a bad status. Special attention 
should be given in the future to this water body to determine the possible causes of this difference 
(different sampling period, influence of the river Ropotamo, etc.). The conservative approach has been 
taken here which results in a bad initial ecological status for WB 11.

Table 40: Ecological status of the biological quality element “Macrophytes” per coastal water 
body (WB)

WB Regio Monitoring 
transects

WB code Coastal 
Water Type

Ecological status

1 Durankulak - Shabla 
cape

BG2BS000C001 CW602230

2 Shabla cape- Kamen 
bryag

Shabla BG2BS000C002 CW602220 Moderate

3 Kamen bryag - Kaliakra 
cape

BG2BS000C003 CW602210

4 Kaliakra cape -
Ilandzhik cape

Biala laguna BG2BS000C004 CW602330 Good

5 Varna bay Varna bay BG2BS000C005 CW602330 Moderate
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WB Regio Monitoring 
transects

WB code Coastal 
Water Type

Ecological status

6 Ilandzhik cape -
E27°53'43''/W42°58'17''

BG2BS000C006 CW602330

7 E27°53'43''/W42°58'17'' 
- Emine cape

BG2BS000C007 CW602310

8 Bourgas bay (<30 m) Bourgas bay BG2BS000C008 CW602330 Bad

9 Protected site of 
Koketrays

BG2BS000C009 CW602310

10 Bourgas bay (>30 m) BG2BS000C010 CW602321

11 Akin cape - Korakya 
cape

Ropotamo 
Chernomoretz 
Maslen nos

BG2BS000C011 CW602310

Bad

12 Korakya cape -
Resovska river (frontier 
Turkey)

Varvara 
Sinemoretz

BG2BS000C012 CW602230 Good

CONCLUDING REMARKS

Attention should be given to the coastal water types were no ecological status has yet been assessed in 
case that the natural conditions allow growth for macroalgae and/or angiosperms.

For the majority of the transects good agreement is found between the assessments by the different 
metrics. In the case ecological status falls in dissimilar ecological classes according to different metrics, 
the lower status is accepted as final. 

Special attention should be given to WB 11 as the results of the different transects are not comparable.

The default boundary values of the selected metrics have to be readjusted for each WBT after the 
intercalibration procedure for the Black Sea ecoregion has taken place.

5.2.4 Ecological status of coastal waters based on the biological quality elements

For the overall classification of the ecological status of the coastal waters based on the three biological 
quality elements (phytoplankton, benthic invertebrate fauna and macrophytes) the one-out-all-out-
principle has been used, resulting in the worst value of all stations and of all selected parameters per 
coastal water body.

Table 41 shows a good correspondence between the biological quality elements, except for Varna bay 
(WB5), Bourgas bay (WB8), the area between Shabla cape – Kamen bryag (WB2) and the area between 
Kaliakra cape and Ilandzhik cape (WB4). Based on expert judgement it was commenly agreed that Varna 
bay and Bourgas bay have a bad status. For the region between Shabla cape and Kamen bryag the 
current status could be poor in stead of bad, but also here there has been chosen for the conservative 
approach (bad status). The same conservative approach has been used for WB4 where the status has 
been set as poor, where in reality it could be moderate. 



ECOLAS Ecological status of coastal waters
07746: WFD coastal waters Bulgaria

67

As stated in paragraph 5.1 “Methodology” the values of the physico-chemical quality elements must be 
taken into account when assigning water bodies to the high and good ecological status classes. The 
values of the hydromorphological quality elements should only be taken into account when assigning 
water bodies to the high ecological status class. For the other status classes, the physico-chemical and 
hydromorphological elements are required to have “conditions consistent with the achievement of the 
values specified for the biological quality elements.” 

Therefore, it will be relevant to consider the physico-chemical quality elements for the following water 
bodies (Table 41): 

• WB 7 – Dvoinica (CW602310)

• WB 12 – Varvara, Veleka (CW602230)
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Table 41: Ecological status of the coastal waters of Bulgaria

WB Regio Monitoring points WB code Type Phytoplankt
on

Benthos Macrophyte
s

Total

1 Durankulak - Shabla cape Krapets BG2BS000C001 CW602230 Good Moderate ? Moderate

2 Shabla cape- Kamen bryag Shabla - Tiulenovo BG2BS000C002 CW602220 Moderate Bad Moderate Bad

3 Kamen bryag - Kaliakra cape Rousalka BG2BS000C003 CW602210 Bad Moderate ? Bad

4 Kaliakra cape - Ilandzhik cape Kaliakra - Albena -
Galata

BG2BS000C004 CW602330
Poor Moderate Good Poor

5 Varna bay Varna bay BG2BS000C005 CW602330 Bad Good Moderate Bad

6 Ilandzhik cape - E27°53'43''/W42°58'17'' Kamchia BG2BS000C006 CW602330
Poor Poor ? Poor

7 E27°53'43''/W42°58'17'' - Emine cape Dvoinica BG2BS000C007 CW602310 Good Good ? Good

8 Bourgas bay (<30 m) Bourgas BG2BS000C008 CW602330 Moderate Moderate Bad Bad

9 Protected site of Koketrays Slanchev (site Sunny 
beach)

BG2BS000C009 CW602310
Moderate Good ? Moderate

10 Bourgas bay (>30 m) Sarafovo - Sozopol -
Maslen nos

BG2BS000C010 CW602321
Moderate Moderate ? Moderate

11 Akin cape - Korakya cape no BG2BS000C011 CW602310 ? ? Bad Bad

12 Korakya cape - Resovska river (frontier 
Turkey)

Varvara - Veleka BG2BS000C012 CW602230
Good Good Good Good
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5.3 PHYSICO- CHEMICAL QUALITY ELEMENTS

The physico-chemical classification tool is only important for determining high and good ecological status. 
The physico-chemical indicators, used in the assessment of the ecological status, are those referred to by 
the WFD (Annex V 1.2.4):

• General conditions: transparency (measured as Secchi disc depth of disappearance); percentage 
of oxygen saturation, nutrients (ammonium, nitrate and phosphate) and temperature, salinity

• Specific synthetic pollutants 

• specific non-synthetic pollutants

The general physico-chemical quality elements should not reach levels outside the range established to 
ensure ecosystem functioning and the achievement of the values specified for the biological quality 
elements. The concentrations of specific pollutants should not exceed environmental quality standards 
(EQSs) set in accordance with WFD. 

It has been agreed under the Common Implementation Strategy (CIS) that once environmental quality 
standards have been adopted at Community-level for the priority substances (WFD Art. 16, Annex X), the 
concentrations of these substances in water bodies should only be taken into account in the classification 
of surface water chemical status and not in the classification of ecological status (Figure 28). This does 
not affect the overall classification of a water body because for good surface water status, both ecological 
and chemical status must be good. However, if any of the biological quality elements are found, from 
biological monitoring, to be showing adverse effects from exposure to priority substances (e.g. direct 
ecotoxicological effects), these effects must be taken into account when classifying ecological status.

So, chemical status refers only to those priority substances for which Environmental Quality Standards 
(EQSs) are set at the European level. Chemical status is only divided into 2 classes: good status and bad 
status, and good status is defined as being less than the EQS.

Untill now, no EQSs are set at European level. Strictly spoken, the specific pollutants should thus still be 
considered in the assessment of the ecological status. As the EQSs for priority substances will soon be 
established by the EU, there has been opted to not put effort in developing standards at Bulgarian level. 
So, only the general physico-chemical quality elements will be considered to identify the ecological status
(in case of high and good status) for the Bulgarian coastal waters. These will be discussed and 
implemented in the following paragraphs.
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Figure 28: Relationship between good ecological status and good chemical status

5.3.1 Reference conditions

For a detailed description of the hydrochemical characteristics of the Bulgarian coastal environment 
reference is made to Annex 5. As mentioned before, attention will only be given to the general 
conditions. No reference conditions will be defined for the pollutants (synthetic and non-synthetic), as 
these will be incorporated in the chemical status.

HISTORICAL DATA

As a result of Annex 5, the 70s and 80s are characterized as periods with an increase of anthropogenic 
influence. The period before 1970, principally the 1960s, is identified as a period of insignificant 
anthropogenic pressure. Therefore, it is reasonable to define the 60s as a prisitine or reference period 
and to use the hydochemical data form the 60s as reference data. This argumentation is valid for the 
following parameters: oxygen content, oxygen saturation (OS), BOD5 and PH as the analytical methods 
applied in the 60s are identical to the current methods.

Annex 5: Hydrochemistry – Report phase I (Shtereva & Hristova, 2007)
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In Table 42, Table 43, Table 44, the data are presented for dissolved oxygen, oxygen saturation, BOD 
and PH from the pristine period.

Table 42: Dissolved oxygen in coastal waters during 1951-1960 (Rozhdestvenski data)

Winter Spring Summer Autumn Annual

DO, mg/l 11.88 10.16 8.49 9.91 10.11

DO, µM 380.34 325.12 271.54 317.26 323.66

OS, % 102.70 105.93 102.82 100.97 102.40

Table 43: BOD in coastal waters during 1959-1966 (Rozhdestvenski data)

Winter Spring Summer Autumn Annual

BOD5, ml/l 1.68 1.98 2.11 1.10 1.70

BOD5, mg/l 2.40 2.82 3.00 1.58 2.43

PH 8.28 8.44 8.47 8.31 8.36

For the crucial summer period the bottom oxygen conditions are very important. It is possible to observe 
frequently hypoxia in bottom layer as a consequence of organic matter oxidation and mineralization. 
Therefore the oxygen content should be monitored and controlled. According to the historical data for 
three sites (c. Kaliakra, Varna Bay and c. Emine) oxygen conditions in bottom waters during the summer 
are presented in Table 44.

Table 44: Dissolved oxygen in bottom waters (long term summer data)

c. Kaliakra (10 m) Varna Bay (15 m) c. Emine (25 m)

DO, mg/l absolute minimum 6.50 2.42 5.50

DO, mg/l monthly minimum 7.67 6.35 6.30

DO, mg/l summer average 8.11 7.12 7.0

OS, % absolute minimum 69.0 50.6 66.3

POTENTIAL REFERENCE SITES

The use of historical data is however not valid for the determination of the reference conditions for 
nutrients. In the 80s-90s photometric methods were used for the nutrient analysis, which differ from the 
historical methods. For this parameter the reference conditions have been based on potential reference 
sites. A first analysis of BSBD data revealed two southern and three northern coastal stations as least 
impacted regions. As a result of a comparison of the annual distribution of the chemical parameters for 
the period 1991-2005 (Annex 6) two of these potential reference sites have been identified as most 
suitable for reference stations: Primorsko and cape Kaliakra. 

Annex 6: Hydrochemistry – Report phase II (Shtereva & Hristova, 2007)
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A statistical summary of chemical parameters for the period 1991-2005 (data BSBD) for both sites is 
given in Table 45 (cape Kaliakra) and Table 46 (Primorsko). The seasonal variation of the chemical 
parameters for the selected sites are presented in Table 47 and Table 48.

Table 45: Statistical summary of chemical parameters for the period 1991-2005 – C. Kaliakra

DO

 mg/l

NO2

mg/l

NO3

mg/l

NH4

mg/l

PO4

mg/l

BOD5

mg/l

OS

%

Min 7.65 4 0 0 0 0 0.30 37

max 9.50 15.60 0.13 0.42 0.73 0.20 8.80 151

average 8.32 8.60 0.01 0.15 0.08 0.03 2.11 85.10

stdev 0.26 2.53 0.02 0.11 0.14 0.04 1.65 19.99

n 118 121 113 29 106 96 117 122

Table 46: Statistical summary of chemical parameters for the period 1991-2005 – Primorsko

DO

mg/l

NO2

mg/l

NO3

mg/l

NH4

mg/l

PO4

mg/l

BOD5

mg/l

OS, %

min 7 3.16 0 0 0 0 0.90 50.10

max 9 15.30 0.32 0.91 0.50 0.90 6.90 153

average 8.24 8.78 0.01 0.39 0.07 0.06 2.22 86.13

stdev 0.31 2.60 0.03 0.35 0.11 0.13 1.12 18.95

n 130 134 124 47 121 112 129 134

Table 47: Seasonal distribution of the chemical parameters during 2000-2004 – C. Kaliakra

pH NH4

mg/l

NO2

mg/l

NO3

mg/l

PO4

mg/l

DO

mg/l

OS,

%

BOD5

mg/

Winter 8.26 0.122 05 0.060 0.025 11.24 90.51 1.66

Spring 8.31 0.038 07 0.100 0.028 8.44 90 1.31

Summer 8.32 0.061 04 0.160 0.016 6.80 80.61 1.97

Autumn 8.23 0.084 04 0.100 0.033 7.10 69.80 1.40

Table 48: Seasonal distribution of the chemical parameters during 2000-2004 – Primorsko

Seasons pH NH4

mg/l

NO2

mg/l

NO3

mg/l

PO4

mg/l

OS,

%

DO,

mg/l

BOD5

mg/l

Winter 8.32 0.180 09 0.422 0.041 86.72 11.86 1.70

Spring 8.39 0.133 0.035 0.638 0.064 77.75 8.06 1.83

Summer 8.36 0.167 04 0.481 0.034 77.51 6.74 1.51

Autumn 8.45 0.120 05 0.568 0.012 85.03 9.71 1.75

It should be noted that the values for oxygen staturation (OS) and dissolved oxygen (DO) given in Table 
47 and Table 48 (based on BSBD data) are much lower than the values defined by historical data (Table 
42). Recent data from the Institute of Oceanology give however seasonal OS values that are more in the 
range of the historical data (Table 42): winter (103-107 %); spring (109-124.6 %); summer (103-104 %) 
and autumn (99-102 %).
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Besides, the BSBD data are collected in a closed coastal area (beached and settlements) that is more 
significantly influenced by anthropogenic pressure. This explains the higher nutrient concentrations of the 
BSBD data (1990-2004) in comparison to the IO data (Table 49). Based on expert judgement, it was 
decided to use the IO data (1999-2005) taken from the southern region (3 mile zone; 42°20’N/27°50’E –
42°07’N/28°00’E) (corresponding with Varvara-Veleka region) (Krastev et al., 2007; Shtereva et al.,
2001; 2005; 2007) as a basis for the reference values for nutrients (no IO data were available for BOD5) 
(Table 49). 

Table 49: Statistical summary of chemical parameters for the period 1999-2005– southern 
region (IO data)

DO

mg/l

NO2

mg/l

NO3

mg/l

NH4

mg/l

PO4

mg/l

BOD5

mg/l

OS, %

min 8.12 7.36 0.00 0.00 0.002 0.00 - 97.56

max 8.89 13.54 0.01 0.096 0.033 0.026 - 125.68

average 8.50 9.34 0.002 0.019 0.012 0.013 - 110.00

stdev 0.21 1.64 0.002 0.02 0.007 0.002 - 5.10

REFERENCE CONDITIONS AND EQR

For the coastal waters of Bulgaria the following metrics have been chosen as most representative for the 
ecological status of the system:

• Oxygen: oxygen staturation (%), bottom oxygen staturation (%), dissolved oxygen and 
Biochemical Oxygen Demand BOD5 (mg/l) (for all parameters: average one-year-period);

• Nutrients: PO4 (mg/l); NO3 (mg/l); NO2 (mg/l) and NH4 (mg/l).

All metrics will be calculated as average seasonal values for a one-year-period.

Difficulties were encountered to determine the high/good boundary for the parameter PH. The value of 
PH is namely dependent on several other parameters like f.ex. the eutrophication status (increase of PH 
with high levels of eutrophication) and on the discharge of water into the system (decrease of PH with 
increasing discharge), resulting in PH values that are difficult to interpret. Therefore it was decided to not 
include it in the final ecological status assessment.

A preference is also given to OS (%) above the DO (mg/l) as parameter for oxygen because oxygen 
saturation includes the influence of temperature and salinity on the oxygen content in the water. The 
oxygen concentrations (DO) could be used in case there is a lack of OS data. Therefore, boundaries have 
been defined for both OS (%) and DO (mg/l).

As the physico-chemical classification tool is only important for determining high and good ecological 
status, the reference (high) and good status values for the selected physico-chemical elements (general 
conditions) are presented in Table 50.
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Table 50: Reference (high status) and good status values of the physico-chemical quality 
elements (general conditions)

Status OS, % OS (%),

bottom

DO

(mg/l)

BOD5
(mg/l)

NH4 
(mg/l)

NO2 
(mg/l)

NO3 
(mg/l)

PO4 
(mg/l)

Winter High 100-105 11.60– 12.20 < 2.4 < 0.015 < 0.010 < 0.1 < 0.015

Good
106-110

11.30-11.59

12.21 – 12.60
2.4 –
2.7 

0.015 -
0.025

0.010 –
0.013

0.100 –
0.135 

0.015-
0.020

Spring High 105-110 10.20 - 10.50 < 2.7 < 0.015 < 0.010 < 0.04 < 0.01

Good
111-116

9.90 – 10.19

10.51 - 10.80
2.7 –
3.6

0.015 -
0.030

0.010 –
0.013

0.040 –
0.075 

0.010 –
0.015

Summer High 100-105 >85 8.30 - 8.70 < 3.0 <0.008 < 0.006 < 0.016 < 0.005

Good

95-99

106-110
75-85

8.00 - 8.29

8.70 - 8.90
3.0 –
3.3

0.008 -
0.022

0.006 –
0.010

0.016 –
0.040

0.005 –
0.010

Autumn High 95-100 >85 9.70 – 10.10 < 1.6 < 0.030 < 0.010 < 0.05 < 0.01

Good

90-94 

101-105
75-85

9.50 – 9.69

10.11 – 10.30
1.6 –
2.0

0.030 -
0.042

0.010 –
0.013

0.050 –
0.080

0.010 –
0.013

PHYSICO CHEMICAL STATUS

Based on the biological quality elements only two sites are classified as “good status” and should further 
be evaluated on the basis of their physico-chemical quality elements: Dvoinica (WB7) and Varvara-Veleka 
(WB12).

Both the BSBD and the IO can provide recent physico-chemical data from the Bulgarian coastal waters. A 
comparison between the BSBD data and IO data show however differences, probably due to differences 
in methodology and exact location of the sampling site (Annex 6). The IO data correspond for all selected 
parameters to the historical values, while for the BSBD data this is only the case for NO2, BOD and PH. 
The other nutrient values are in general too high and even some abnormalities (OS%) could be were 
found in the BSBD data (Annex 6). An intercalibration exercise to determine the underlaying reasons for 
these differences is advised.

The intial status based on the physico-chemical quality elements for the two relevant coastal water 
bodies is therefore based on the IO data (including all seasons) and is given in Table 51.

Table 51: Initial status based on the physico-chemical quality elements

WB Regio Type OS 
(%)

OS 
(bottom)

NO2

(mg/l)
NO3

(mg/l)
NH4

(mg/l)
PO4

(mg/l)
Status

7 Dvoinica CW602310 Good Good High High Good High Good

12 Varvara 
- Veleka

CW602230 High High High High High High High

Based on the one-out all-out principle the initial chemical status is good for WB7 (Dvoinica) and high for 
WB12 (Varvara – Veleka).
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CONCLUDING REMARKS

An initial assessment of the physico-chemical status has been carried out. However, additional monitoring 
is necessary to validate these results. From expert opinion it is not only essential to monitor in spring and 
summer, but also in winter/autumn as the maximum nutrient content in that period is also important. In 
this regard it is strongly recommended to monitor monthly (during a five year period), during all seasons.

In order to achieve reliable results of future monitoring and to be able to correctly asses the ecological 
status, it is strongly recommended to carry out an intercalibration of the sampling and analytical methods 
of the laboratories involved in Bulgarian coastal water monitoring.

5.4 HYDROMORPHOLOGICAL QUALITY ELEMENTS

The hydromorphological quality elements are only of importance to determine high ecological status. The 
relevant parameters described in Annex V 1.2.4. are freshwater flow regime, the direction and speed of 
currents, depth variation, structure and substrate of coastal bed, structure and condition of intertidal 
zones. As the variation of these parameters is very limited along the Bulgarian coastline, and as at 
current moment no water body has been identified as being at high status based on the biological quality 
elements, the hydromorphological quality elements will not be taken into account.

5.5 ECOLOGICAL STATUS OF COASTAL WATERS

In contrast with the classification tools used for assessing the status of each individual quality element 
(biological, physico-chemical and hydro-morphological) against high status, a classification scheme is 
used for the overall classification and includes a measure of all appropriate quality elements (Figure 20).

The classification scheme must apply the one-out all-out principle. This means that the ecological status 
of the water body equates to the lower status of either the biological quality elements or the physico-
chemical elements. Hence, if the phytoplankton has a moderate value and the remainder of the elements 
have a high status, the global classification should be moderate ecological status. 

Based on the results of chapter 5.2 (Biological quality elements) and chapter 5.3 (physico chemical 
quality elements, the ecological status of the different water bodies of the Bulgarian coastal waters are 
presented in Table 52.

The overall ecological assessment (based on the one-out all-out principle) for the Bulgarian coastal 
waters is given in Figure 29.

Figure 29: Ecological assessment of the Bulgarian coastal waters

At this moment only two (17%) coastal water bodies reach already a good ecological status. The other 
water bodies have been classified as follows: 3 moderate (25%), 2 poor (17%) and 5 bad (42%). 
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Table 52: Ecological status of the Bulgarian coastal waters

WB Regio Monitoring points WB code Type Biological Physico-
chemical

Ecological 
status

1 Durankulak - Shabla cape Krapets BG2BS000C001 CW602230 Moderate Moderate

2 Shabla cape- Kamen bryag Shabla - Tiulenovo BG2BS000C002 CW602220 Bad Bad

3 Kamen bryag - Kaliakra cape Rousalka BG2BS000C003 CW602210 Bad Bad

4 Kaliakra cape - Ilandzhik cape Kaliakra - Albena - Galata BG2BS000C004 CW602330
Poor Poor

5 Varna bay Varna bay BG2BS000C005 CW602330 Bad Bad

6 Ilandzhik cape - E27°53'43''/W42°58'17'' Kamchia BG2BS000C006 CW602330
Poor Poor

7 E27°53'43''/W42°58'17'' - Emine cape Dvoinica BG2BS000C007 CW602310 Good Good Good

8 Bourgas bay (<30 m) Bourgas BG2BS000C008 CW602330 Bad Bad

9 Protected site of Koketrays Slanchev (site Sunny 
beach)

BG2BS000C009 CW602310
Moderate Moderate

10 Bourgas bay (>30 m) Sarafovo - Sozopol -
Maslen nos

BG2BS000C010 CW602321
Moderate Moderate

11 Akin cape - Korakya cape no BG2BS000C011 CW602310 Bad Bad

12 Korakya cape - Resovska river (frontier Turkey) Varvara - Veleka BG2BS000C012 CW602230
Good High Good
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6 PROPOSALS TO IMPROVE THE ECOLOGICAL STATUS OF THE 
COASTAL WATERS

A first step in the assessment of the ecological status of the Bulgarian coastal waters is defining the 
coastal water bodies (= typology), where a distinction should be made between the coastal water types 
(= basis for the definition of reference conditions) and the coastal water bodies (= management and 
classification unit).

In total 6 coastal water types (based on exposure, substratum composition and water depth) and 12 
coastal water bodies have been identified for Bulgaria. Refinement of the typology should however been 
considered as on the basis of the distribution of macrozoobenthos (closely related to the sedimentology 
of the habitat) some mismatches became clear: certain coastal water types are spread over different 
sediment groups/ benthic assemblages (paragraph 4.2.2). Some other uncertainties remain in defining 
the coastal water bodies: lack of quantitative data on priority substances, limited information about 
hydromorpholoigcal sensitivity, maps of protected areas not yet included, etc. Finally, a refinement could 
occur after the intercalibration procedure for the Black Sea ecoregion has taken place.

Secondly the reference conditions have to be established for the biological quality elements: 
phytoplankton, benthic invertebrates, macroalgae and marine angiosperms. As in many other European 
countires, Bulgaria is faced with the problem that almost all coastal waters have been historically 
impacted upon by human activities. So, only two water bodies could serve as potential reference site for 
one or more biological quality element and this only regarding two coastal water types. Besides, historical 
data from the period before 1970s (= undisturbed conditions) are very scarce or not available in a 
manageable format for the purpose of this project (digitally available, processed, etc.). A coordinated 
action to collect the available historical data in the different institutes should occur. The data should 
further be processed and analysed for the establishment of reference conditions. Attention should hereby 
be given to the used methodologies in the different studies.

Due to a lack of reference and long-term data, no reference conditions and/or ecological quality ratios for 
some selected parameters (f.ex. phytoplankton blooms) could be established at current moment. 

In this report an ecological quality ratio has been established for the biological quality elements and 
high/good values for the physico-chemical elements. As more data becomes available these boundaries 
should be refined according to the coastal water type. Furthermore, the boundaries should be readjusted 
for each coastal water body after the intercalibration procedure for the Black Sea ecoregion has taken 
place.

Due to the high sensitivity of certain biological quality elements (e.g. phytoplankton) and physico-
chemical elements (e.g. oxygen saturation, nutrients) to external forcing, the frequency of sampling is 
critical for setting an adequate monitoring system for relevant application of related indicators for the 
ecological status assessment. It is therefore strongly recommended to monitor monthly and over a long-
time period. In this respect it is more desirable for these parameters to take the monthly average over a 
5 year period for a more realistic assessment of the ecological status. Regular Remote sensing 
information will be an added value in the assessment of the phytoplankton parameters.

To be able to reduce the uncertainty of the results, a sufficient number of samples (replicates) should be 
monitored to allow statistical analysis. Furthermore, in order to achieve reliable results of future 
monitoring and to be able to correctly asses the ecological status, it is strongly recommended to carry out 
an intercalibration of the sampling and analytical methods of the laboratories involved in Bulgarian 
coastal water monitoring.
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As a result of this study an initial assessment of the ecological status has been performed. Based on the 
problems stated in the previous paragraphs, no ecological status could yet be established for certain 
biological quality elements and this for certain coastal water bodies. In case an ecological assessment 
could occur, a good correspondence between the different selected metrics within each biological quality 
element and between the 3 biological quality elements can be seen for the coastal water bodies. Some 
exceptions however exist. Special attention should be given to these coastal water bodies where a 
discrepancy can be seen between the assessments.

As a conclusion it should be stressed that the implementation of the Water Framework Directive is a 
dynamical process and that refinements of the different steps are necessary in order to obtain a good 
ecological status by 2015.

The proposals to improve the ecological status of the coastal waters can be summarized as follows:

• Refinement of the typology based on accurately sedimentological data;

• Refinement of coastal water bodies based on new quantitative data (riverine influence, chemical 
pressures, protected areas, biological data, etc.);

• A coordinated action to gather and process available historical and long-term data into a digitally 
and manageable format in order to be used to refine the reference conditions for the biological 
quality elements;

• Readjustment of the ecological quality ratios when new data becomes available and after the 
intercalibration procedure for the Black Sea ecoregion;

• Attention should be given to frequent and long-time period monitoring in which the frequency will 
depend on the biological and physico-chemical quality element.

• A sufficient number of samples (replicates) should be monitored to allow statistical analysis.

• An intercalibration of the sampling and analytical methods of the laboratories involved in 
Bulgarian coastal water monitoring.

• Special attention should be given to the coastal water bodies where no ecological status could yet 
be defined or where large discrepancies can be seen between the different assessments of that 
coastal water body.

• The implementation of the WFD is a dynamical process and thus refinements are a necessity in 
order to reach the final goal.
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