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Annexes 001 – 006 

Annex 001: Biocenosis and Biodiversity Map 

Annex 002: Physical, chemical and biological parameters Map 

Annex 003: Map of sampling points and Stations and of all the routes taken during infield 
works 

Annex 004: Bathymetric Map 

Annex 005: Map of Side Scan Sonar survey 

Annex 006: GIS (shape files and projects) 

 

Note:  maps n this document are presented as an illustration (in low resolution). All GIS 
Projects, maps, documents and shape files have been uploaded to the following 
dedicated cloud: 

https://hamdisouihihotmail-
my.sharepoint.com/:f:/r/personal/anis_zarrouk_spa-
rac_org/Documents/GEF%20PATOK%20IMAP%20SURVEY%20ALBANIA/GIS?csf=
1&web=1&e=uCbYH6 
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Annex 001. Biocenosis and biodiversity map 

 

Annex 002. Physical, chemical and biological parameters map 
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Annex 003. Map of sampling points and stations and of all the routes taken during infield works 

 

Annex 004. Bathymetric map 
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Annex 005. Map of Side Scan Sonar survey 

 

Annex 006a. Geomorphological map 
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Annex 006b. Map of indicative distribution of Caulerpa 

 

Annex 006c. Sources of pollution map 
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Annex 006d. 

 

Annex 006e. 
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Annex 006f. 
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Annex 007 
Cloud of the back-up photo and video cover 

All photos and videos made during the First IMAP Marine Survey in Albania have been prepared and post-produced for SPA-
RAC social media and web contents, organized and uploaded to the following dedicated cloud drive:  

Videos 

https://hamdisouihihotmail-my.sharepoint.com/:f:/r/personal/anis_zarrouk_spa-
rac_org/Documents/GEF%20PATOK%20IMAP%20SURVEY%20ALBANIA/MEDIA%20archive/Videos?csf=1&web=1&e=
oD5iF2 

Photos 

https://hamdisouihihotmail-my.sharepoint.com/:f:/r/personal/anis_zarrouk_spa-
rac_org/Documents/GEF%20PATOK%20IMAP%20SURVEY%20ALBANIA/MEDIA%20archive/Pictures?csf=1&web=1&e
=PH1zPF 

Thanks to SPA-RAC for the availability of this Cloud Drive Space. 
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Annex 008 
Lists of habitats and species (particularly vulnerable and 
endangered species and habitats and those characterizing 
the biocenoses as well as species which are first time 
recorded in Albania) 

Recently (UNDP 2018-2020), selected habitats and communities were targeted for a MPA Gap Analysis in respect to some of 
the most important, identified as priority habitats in the Mediterranean Sea [namely Biocenosis of the lower mediolittoral 
rock (Reference codes RAC/SPA: II.4.2; EU 1170); Biocenosis of well sorted fine sands (WSFS) (Reference codes RAC/SPA: III.2.2; 
EU 1110-6); Biocenosis of the Posidonia oceanica meadows (Reference codes RAC/SPA: III.5.1; EU 1120); Biocenosis of infra-
littoral algae (Reference codes RAC/SPA III.6.1; EU 1170-13)]. 

Therefore, 8 habitats and communities have been listed as “target”: 

 Biocenosis of the lower mediolittoral rock (Association with Lithophyllum byssoides, Association with Fucus virsoides)  

 Biocenosis of well sorted fine sands (Association with Cymodocea nodosa)  

 Biocenosis of the Posidonia oceanica meadows 

 Biocenosis of infra-littoral algae (Association with Titanoderma trochanter and Tenarea tortuosa, Association with 
Cystoseira amentacea, Associations with shallow Cystoseira spp., Vermetid reef of Dendropoma cristatum) 

For each of the targeted species and habitats, the presence/absence or “no data” has been noted for each of the 11 areas 
that have been proposed to be evaluated in the national strategic plan for MPAs 2015). Among them is also the area Cape 
Rodoni – Patoku lagoon; the table below shows the full list of targeted species and habitats, with notes on the presence/ 
absence, or “no data”  for each of the mentioned areas (including Patoku, Durres – Bishtpalla and Kalaja and Turres – Spille). 

Marine species and habitats selected as “target” for the bionomic survey analysis, and their known distribution in Albania 
(following Tables): 

 P = Species / Habitat Present; 

 A = Species / Habitat Absent; 

 ? = No data. 

  



Results of Marine Survey: October 2020 – Patok-Rodoni bay, Albania – Annexes 

11 

Marine species and habitats a selected as “target” for the gap nalysis, and their known distribution in Albania 

Target Species / 
Habitats 
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Target Species  
Posidonia oceanica A A P ? P P P P P P P

Cymodocea nodosa A P P P P P P P P ? ?

Cystoseira 
amentacea A A P A ? ? P P P P ? 

Fucus virsoides A A P A P P A A A A A

Lithophyllum 
byssoides A A A A A A P P P A A 

Tenarea tortuosa A A A A A A P P P ? ?

Titanoderma 
trochanter A A A A A A P P P ? ? 

Axinella canabina A A ? ? ? ? P P P P P

Ophidiaster 
ophidianus A A ? A ? ? P P P P P 

Lithophaga 
lithophaga A A P A A ? P P P P P 

Pinna nobilis A A P A P P P P P P P

Homarus 
gammarus A A ? A ? ? P P P P P 

Palinurus elephas A A P A P ? P P P P P

Scyllarides latus A A A A A A P P P P P

Acipenser naccarii P ? ? P ? ? ? ? ? ? ?

Acipenser sturio P ? A P ? A A A A A A

Aphanus fasciatus P P P P ? ? P ? ? ? P

Caretta caretta P P P P P P P P P P P

Chelonia mydas ? ? P P ? ? ? ? ? ? ?

Delphinus delphis ? ? ? ? ? ? ? ? ? ? ?

Tursiops truncatus P P P P P P P P P P P

Stenella 
coerulealba P P P P P P P P P P P 

Monachus 
monachus ? ? ? ? ? ? P P ? P P 

Total species 
present 6 5 12 8 8 7 18 17 16 13 13 



   

12 

Target Species / 
Habitats 
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Target habitats 
           

Association with 
Lithophyllum 
byssoides 

A A A A A A P P P A A 

Association with 
Fucus virsoides A A P A P P A A A A A 

Association with 
Cymodocea nodosa ? P P P P P P P P ? ? 

Posidonia oceanica 
meadows A A P ? P P P P P P P 

Association with 
Titanoderma 
trochanter and 
Tenarea tortuosa 

A A A A A A P P P ? ? 

Association with 
Cystoseira 
amentacea 

A A P A A P P P P P ? 

Associations with 
shallow Cystoseira 
spp. 

A A A P P P P P P P P 

Vermetid reefs of 
Dendropoma 
cristatum  

A A A A A A P P ? P P 

Total habitats 
present 0 1 4 2 4 5 7 7 6 4 3  
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List of priority “target” species in Albania 

No. of species Systematic group Species per group 

2 Plants Posidonia oceanica, Cymodocea nodosa 

5 Algaes Cystoseira amentacea, Fucus virsoides, Lithophyllum byssoides, Tenarea tortuosa, Titanoderma trochanter 

1 Sponges Axinella canabina 

2 Molluscs Pinna nobilis, Lithophaga lithophaga 

3 Crustaceans Homarus gammarus, Palinurus elephas, Scyllarides latus 

1 Echinoderms Ophidiaster ophidianus 

3 Fishes Acipenser naccarii, Acipenser sturio, Aphanus fasciatus 

2 Reptiles Caretta caretta, Chelonia mydas 

4 Mammals Delphinus delphis, Tursiops truncatus, Stenella coerulealba, Monachus monachus  
Based on such ranking, the areas Area Cape Rodoni – Patok lagoon got the classification 16 P. 

During this survey analyses, for the selection of target species, the listings of species on the international conventions and 
protocols’ appendices was referred to, since the conservation of these species is expected to have the strongest legal basis. 
Some of the selected species form communities or habitats, which need to be protected for the importance they have on 
ecosystem structure and functioning.  

23 species have been listed as priority species, including 2 seagrasses (Posidonia oceanica, Cymodocea nodosa), 5 algae 
(Cystoseira amentacea, Fucus virsoides, Lithophyllum byssoides, Tenarea tortuosa, Titanoderma trochanter), 1 sponge 
(Axinella canabina), 2 bivalves (Pinna nobilis, Lithophaga lithophaga), 3 crustaceans (Homarus gammarus, Palinurus elephas, 
Scyllarides latus), 1 echinoderm (Ophidiaster ophidianus), 3 fishes (Acipenser naccarii, Acipenser sturio, Aphanus fasciatus), 2 
reptiles (Caretta caretta, Chelonia mydas) and 4 mammals (Delphinus delphis, Tursiops truncatus, Stenella coerulealba, 
Monachus monachus).  

See Appendix G for further details.  
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List of i priority “target” species n Albania 

In a research study (2006, S. Xhulaj, D. Bode) of the diatom flora and phytoplankton of Patoku lagoon information was 
provided on 120 taxa recorded in planktonic and epiphytic samples taken in 4 stations of lagoon waters. 

About 100 species are reported for the first time for this lagoon, and about 45 of them for the first time for the Albanian coastal 
wetlands. Pennate diatoms were dominant in all stations. The most abundant species were: Achnanthes brevipes, 
Achnanthidium minutissimum, Amphora pediculus, Aulacoseira ambigua, A. granulata, Cocconeis placentula var. placentula, 
C. scutellum, Cyclotella meneghiniana, Fragilaria capucina var. capucina, Melosira varians, Navicula duerrenbergiana, N. 
gregaria, Nitzschia amphibia, N. frustulum, Rhoicosphenia abbreviata, Thalassiosira oestrupi.  

Centric diatoms were represented by about 20 taxa whereas pennate diatoms by about 100 taxa. The genus Aulacoseira, 
Cyclotella and Thalassiosira dominate among centric diatoms and the genus Nitzschia, Fragilaria, Navicula, Diploneis and 
Amphora among pennate ones.  

The number of taxa per station varies from 34 in station 1 to 58 in station 4 (Table below). The values of diversity index (H′) 
varies from 3.92 (station 4) to 4.99 (station 3). These values show high diversity of the diatoms community which may come 
from the inflowing water. This situation may increase the number of taxa and species diversity. 

Numver of taxa diversity (H’) values for each station 

 

 
The characteristics and diversity of habitats are closely related to the high biodiversity of the Patok Wetland Complex. 
Vegetation diversity is one of the most prominent features of this complex. Of the marine plants, in the western part, the most 
common are the underwater meadows of Fucus virsoides and Posidonia oceanica. The aquatic vegetation of the lagoon is 
characterized by a large number of microalgae, because there is a frequent increase in trophy as a result of the increase of 
nitrogen and phosphorus. One of the indicators of this condition is the high number of diatoms. Lagoon macroalgae belong 
to the green algae (Chlorophyta) and brown algae (Pheophyta). Phanerogam meadows cover about the last 40% of the 
lagoon. They consist of Zostera noltii, but in shallow and calm waters is also found Ruppia spiralis. This phytocenosis has a 
very important role in the lagoon. Hygro and hydrophilic vegetation covers a considerable area of the peripheral parts of the 
lagoon. They are dominated by 3 main associations of reed (Phragmites), reed (Thypha) and scirp (Scirpus). Halophilic 
vegetation is most abundant in the northern and southern part of the lagoon. This plant belongs to several associations, of 
which the most important are those with Arthrocnemum and Juncus. The dune vegetation is found mainly in the western 
part, with a high number of species. Shrubs on the shores of the lagoon are dominated by marina (Tamarix), hemp (Vitex) 
and blackberries (Rubus). 

The invertebrate fauna of the Patok Wetland Complex and its catchment area, including freshwater, canals, swamps, 
estuaries and the shoreline around the lagoon, is characterized by a variety of groups and species, from mollusks and snails 
to insects.  

Ichthyofauna is one of the most valuable values of the lagoon, with many species of fish of economic interest, such as mussels 
(Mugil cephalus, Liza ramada, Liza saliens), eel (Anguilla anguilla), mullet (Mullus barbatus), sole (Solea vulgaris), seabass 
(Sparus auratus), seabream (Dicentrarcus labrax) etc. 
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Amphibians and reptiles (Herpetofauna) are found mostly in forests, swamps and canals around the lagoon. It is interesting 
to note the large amount of water turtles (Caretta caretta) on the seashores near the lagoon and the presence of green turtles 
(Chelonia mydas). 

The favorable position and the variety of habitats around the lagoon have created suitable conditions for the ornithofauna. 
Poultry inventory has recorded a high number of species, belonging to waterfowl, shrubs, forests, pastures, dunes and 
agricultural lands. The Patoku Wetland Complex has a large number of globally threatened bird species such as Pelecanus 
crispus, Phalacrocorax pygmaeus, Ciconia ciconia, Platalea leucorodia and Numenius tenuirostris. 

The mammal fauna of the Patoku Complex is characterized by a small number of species and a degradation of the 
community structure. This is more related to the drying of swamps and deforestation of the area. The most common 
carnivores are jackal (Canis aureus), fox (Vulpes vulpes), otter (Lutra lutra), baldosa (Meles meles), nuselala (Mustela nivalis) 
and pus (Mustela putorius). 

The fauna of invertebrates in the swamp complex Mat – Ishëm is characterized by a high variety of species and groups: 
protozoa (Protozoa), sponges (Spongia), cnidaria (Cnidaria), bryozoa (Bryozoa), mollusks (Mollusca), anel, (Crustacea), and 
insects (Insecta). One of the most important non-vertebrate communities is the macrobenthos of Patoku lagoon, which plays 
an important role in the nutritional structure of the ecosystem, as an important food base for non-vertebrates themselves, 
fish, birds, amphibians and reptiles. The most developed communities of macrobenthos belong to gastropods (Gastropoda), 
bilinguals (Bivalvia), decapods (Decapoda), amphipods (Amphipoda), oligochaetes (Oligochaeta), nematodes (Nematoda) 
and insect larvae (Insecta). Insect fauna in terrestrial parts of the ecosystem is very rich. The largest number of species 
consists of Odonata, Orthoptera, Hemiptera, Coleoptera, Lepidoptera and Diptera. 

The presence of the blue crab Callinectes sapidus has been recently recorded in the Lagoon of Patok. Twelve individuals from 
this lagoon have been observed and measured during October 2009. Based on carapace measurements most of these crabs 
can be considered as mature. The population of the blue crab seems to be increasing and can be considered as established 
in Patok area. 

Macro-zoobenthic community of three Albanian coastal lagoons (Patok, Karavasta, Narta) has been studied during 2004 – 
2005. A relatively low number of taxa (40) have been identified; Quantitative assessments, seasonal variations and 
distribution of the macro-zoobenthic community within each lagoon have been analyzed. There is a slight difference in 
species number between lagoons, but a considerable difference in species composition between Patok and the two other 
lagoons. Preliminary results show a higher uniformity in the distribution of macro-invertebrates in Karavasta Lagoon. The 
highest seasonal variations in species composition and density have been recorded in the western parts of the lagoons.  

The studies on the macro-zoobenthos of Albanian lagoons are relatively new and the level of knowledge is limited. Majority 
of the studies has been carried out on molluscs in taxonomic and ecological aspects and the main publications belong to 
Beqiraj 2001, Beqiraj et al. 2002, Beqiraj 2003, Beqiraj & Sulejmani 2003, Beqiraj 2004, Beqiraj et al. 2005, Beqiraj & Laknori 
2006. Preliminary results on oligochaetes and sponges have been published respectively by Casellato et al. 1999 and Mercurio 
et al. 2002.  

Many groups remain still unstudied.  

The present data have been integrated and carried out from the framework of the CADSES Project (Interreg III B). Data on 
Polychaeta, Oligochaeta, Amphipoda, Isopoda and Chironomidae are recorded for the first time for the lagoons of Patok and 
Narta. 
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Annex 009 
Survey Figures 

Photos presented in this Annex illustrate both the study area and the presence of old 
buoys, ghost fishnets, old abandoned wood and steel poles, ass well as other marine 
obstacles that made navigation difficult during geomorphological survey. 

These and other photos are available in the Cloud Back-up prepared for the project (see 
Annex 7). 
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Annex 010 
Marine Plants and algae survey Figures 

Photos presented in this Annex illustrate the marine plants and algae (bionomic) survey 

The use of bionomic underwater square with sub quadrants is shown and some scene 
taken during underwater activities that has not been inserted into the body of the Final 
Report. 

These and other photos are available in the Cloud Back-up prepared for the project (see 
Annex 7). 
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Annex 011 
Marine Benthos bionomic survey Figures 

Photos presented in this Annex show marine organisms – soft and rocky community 
benthos, obtained during underwater bionomic survey. 

Furthermore, transects and bionomic square use are shown. 

These and other photos are available in the Cloud Back-up prepared for the project (see 
Annex 7). 
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Annex 012 
Laboratory Graphics and elaborations 

In this Annex, all the graphics and data processed after both in-field (as for 
example CTD profiles and Secchi Disk analyses), and laboratory analyzes 
carried out on the samples of the various environmental matrices, taken 
during Phase II of the project, are reported.  

For each offshore station (Station 8, 7) and for each station of the two 
transects (north = stations 4, 5 and 6; and south = stations 1, 2 and 3), chosen 
for sampling and comparison, the data which have been collected with Multi-
parameters Probe, are presented  

The data on map stations are available in the Final Report and Annex 003. 
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CTD STATION 8 (Off-Shore) 
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CTD STATION 7 (Off-Shore) 
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CTD STATION 1 (Lalzit Bay) 
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CTD STATION 2 (Lalzit Bay) 
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CTD STATION 3 (Lalzit Bay) 
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CTD STATION 4 (Patok Bay) 
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CTD STATION 5 (Patok Bay) 
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CTD STATION 6 (Patok) 
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Comparison of Multi-probe water profiles of values between stations  

The following  graphs are made on the basis of the values of the water column reading profiles using a multi-parameter 
probe, for the 8 stations identified during the Phase II of the project.  

The parameters shown are: temperature (expressed as °C), pH (expressed as pH unit), salinity (expressed as ppt) and 
dissolved oxygen saturation (expressed as %).  

For each parameter, a comment and a comparative evaluation are provided, based on the comparison of the created profiles. 
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Comparison of Multi-probe water profiles of temperature (°C) values 

 
 

 
 

 



Results of Marine Survey: October 2020 – Patok-Rodoni bay, Albania – Annexes 

65 

 

 
 

 
 

 



   

66 

 

 
 

 

 
As can be seen from the graphs, the temperature data are quite homogeneous. 

Further analysis and comments are included in the Final Report. 
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Comparison of Multi-probe water profiles of pH (unity of pH) values 
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As can be seen from the graphs, the ph data are quite homogeneous. 

Further analysis and comments are included in the Final Report. 
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Comparison of Multi-probe water profiles of salinity (ppt) values 
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As can be seen from the graphs, the salinity data are quite homogeneous. 

Further analysis and comments are included in the Final Report. 
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Comparison of Multi-probe water profiles of DOSaturation (%) values 
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As can be seen from the graphs, the DO saturation data are quite homogeneous. 

Further analysis and comments are included in the Final Report. 
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Comparison of laboratory water analyses for all stations  

The following  graphs are made on the basis of the values of the water samples laboratory analyses made after sampling 
using a niskin bottle sampler, for the 6 stations identified during the Phase II of the project.  

The parameters shown are: temperature (expressed as °C), pH (expressed as pH unit), salinity (expressed as ppt), density 
(expressed as g/mL), transparency (expressed as m), turbidity (expressed as NTU/FNU), dissolved oxygen concentration 
(expressed as mg/L), dissolved oxygen saturation (expressed as %), Tot phosphorus (expressed as umol/L) Phosphate 
concentrations (expressed as umol/L), Nitrite (expressed as umol/L), Nitrate (expressed as umol/L), Ammonia (expressed as 
umol/L), Tot Nitrogen (expressed as umol/L), Silicate (expressed as umol/L) and Chlorofill-a (expressed as ug/L).  

Results are expressed as the average value of three replicate determinations while the concentration as µg/l, mg/l as well as 
in µmol/l. Certified Reference Materials of NSI Lab Solutions, were used aiming to control the quality of the obtained results.  

For each parameter, a comment and a comparative evaluation are provided, based on the comparison of the profiles created.  

Following graphics show a comparison between all subsamples (o m, -5m and 2 m above the bottom) taken for all stations 
(note that in some Stations the sample at -2 m above the bottom has been taken at an upper depth than the -5 m, due to the 
shallow depth of the station!).  

For this investigation we decide to compare St8, St7, St4, St5 and St6.  
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Off shore stations show pH value little bit lower than all stations of transect nord.  

 

Off shore stations show high temperature values than the other stations (really sapling was in two different days). 

 

Salinity values are very similar and homogeneous. 

 



   

76 

 

 

 
In this graphic is very simple to notice the comparison between water transparency and turbidity. 
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How we aspect off shore stations present transparent water and better oxygenate than all other stations. 
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Comments about eutrophication level are reported in Final Report. 
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Laboratory results of particle grain size analyses of sample sediments  

The following graphs were made on the basis of the values of the sediments samples laboratory analyses made after 
sampling using a Van Veen Grab, for the 6 stations identified during the Phase II of the project (St8, St7, St 4, 5 and 6).  

Granulometry of sediments was determined by gravimetry, according to the method while size fraction by an internal method 
of the contracted laboratory. The parameters shown are: particle grain fractions (expressed as % of sub fractions).  

For each parameter, a comment and a comparative evaluation are provided, based on the comparison of the profiles created.  
 

 

 
In the graphic above all data about particle grain size of the sediment of the stations investigated. This graphic shows in very 
simple and direct way the real difference between the two off-shore stations, than the station 2, 4 and 5, the real different 
grain size sediment corresponds to station 6, very close to the coast, very near to the Patok lagoon, completely different from 
the others. 
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STATION 8 – Off-shore 2 
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STATION 7 – Off-shore 1 
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STATION 2 - transect south (Lalzit bay) 
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STATION 4 – transect north (Patok bay) 
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STATION 5 – transect north (Patok bay) 
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STATION 6 – transect north (Patok bay) 
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All the analyses relating to the granulometry of the sediments, collected in all the stations of the study area, highlight a large 
presence of mud, silt and very little percentage of sand.  

No current and micro current analysis were carried out, but we would like to state that the large presence of silt and mud 
derives from the transport of local rivers and from the management of the tides of the coastal lakes of Tale and Patok.  

No redox potential evaluation of the superficial and deep layers of sediments has been carried out, but from the data 
obtained one could expect a strong extinction of the redox potential of the surface layer, with a consequent tendency to 
anoxia of the seabed.  

This hypothesis is also confirmed by the macro-benthic population poverty observed with the truckloads and sorting carried 
out in the area.  

The high levels of lead, as you can see in the next graphics (below), in the off-shore stations than the other stations (inside 
the study area), could be in relation with the high value of clay and silt.  
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EO9 Heavy metals concentration in sediments samples  

Heavy metals are determined by ICP-MS technique, method ISO 54321 and ISO 11885, after microwave digestion of sediment 
samples. In total 6 samples were selected in the studied area, comprising of 4 samples in the northern and southern part of 
the Rodoni Cape while two samples were collected in the offshore area. Results are presented in this section, all the graphs 
constructed on the basis of the analytical results on the sediment samples collected in stations 8,7 (as off-shore) and stations 
6,5,4 (stations of transect nord) and 2 (as average of transect south) are presented. Some comments and descriptions will 
follow and other inside the Final Report.  

Metals and metalloids are present in terrestrial. soils and marine sediments at varying concentrations. The presence of these 
metals is mainly due to natural origins, and in particular, to the chemical composition of the rocky substrate from which the 
soil has been originated. Only in the last few centuries has man intervened massively, contributing to increased 
concentrations of heavy metals in the sediments.  

Among these, the most significant elements from an environmental point of view, at an ecotoxicological level, are: As, Hg, 
Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, Zn and Se. There are several heavy metals that are required in the physiological and 
biochemical cycles of living organisms and for this reason they are defined as essential micro-nutrients. Some essential trace 
metals are important due to their association with various enzymes; many proteins, in fact, to be activated and carry out their 
function, they require the attack either of an organic molecule containing one or more metal atoms, or only of a metal 
(cofactor).  

The degree of danger of a metal is linked to its mobility, i.e. the ability to migrate into deep layers of soil and sediment, with 
the risk of contamination of aquifers, and to its bioavailability, i.e. to the ability to be absorbed by vegetation, with the direct 
risk of entry into the food chain.  

Therefore it becomes absolutely necessary to monitor and control the average levels of accumulation and sedimentation of 
these metals, before they can become a pollution problem or, worse still, a danger for both organisms and humans. Heavy 
metals accumulate in sediments and bio-accumulate and bio-magnify within the food chain.  

For this reason, laboratory analyses are also essential to verify any genotoxic damage present in organisms collected in the 
sampling area (EO9 CI18).  

The evaluation of the pollution degree of sediments with regards to heavy metals was carried out based on the classification 
of the Norwegian Institute for Water Research, NIVA, 2018 (Table 1 below) as well as according to UNEP, 2017 (page 37) and 
Celo et al., 1998 (for the background levels of metals in Mediterranean Sea, Table 4).    

Table 1. Results of heavy metals content in sediments.  

Sample Lead (Pb) (mg/kg) Cadmium (Cd) (mg/kg) Mercury (Hg) (mg/kg) Aluminium (Al) (g/kg) 

S-2 7.480 0.087 0.079 11.842 

S-4 6.103 0.081 1.321 8.546 

S-5 7.101 0.055 0.899 9.755 

S-6 5.968 0.078 0.282 16.995 

S-7 10.868 0.061 0.027 15.313 

S-8 9.250 0.075 0.310 15.745 
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1- With regard to Cd and Pb sediment samples have resulted to be classified as non polluted, belonging to Class I. 
Concentration of Cd and Pb in sediments of the selected stations has resulted to be lower than the background value (0.2 
mg/kg) and 25 mg/kg, respectively according to NIVA, 2018.   

According to Celo et al., 1998 and UNEP, 1994, concentration of Cd have resulted to be above the background level but lower 
compared to the background level, according to UNEP, 1994.   

Concentration of Pb have resulted to be higher than the Albanian background level (according to Celo et al.) only in stations 
S7 and S8.   

2 - Except for sediment sample collected in station S7 (off shore sample), concentration of mercury (Hg) has resulted to be 
higher than the background level (0.05 mg/kg), according to NIVA 2018, in all samples. Concentration of Hg in sample S2 
has resulted to be lower than 0.15 mg/kg, consequently this station can be classified as low polluted. Concentration of Hg 
in samples S5, S6 and S8 have resulted to be between 0.15-0.6 mg/kg, consequently this stations can be classified as 
moderately polluted or Class II/III of pollution. Station S4 can be classified as very polluted, as the concentration of Hg has 
resulted to be 1.32 mg/kg.   

Concentration of Hg in all selected stations has resulted to be higher than the Albanian background value (Celo et al., 1998).   

Table 2. Classification of sediments with regard to heavy metals (NIVA, Bratli, 2000)  

Metal Low polluted Moderately polluted Very polluted Heavily polluted 
Very heavily 

polluted 

Cd <0.5 0.5-2.5 2.5-10 10-20 >20 

Hg <0.15 0.15-0.6 0.6-1.5 1.5-3 >3 

Pb <50 50-250 250-1000 1000-3000 >3000 

Table 3. Classification of sediments according to NIVA, 2018.   

Metal Class II/III Background level 

Cd 2.5 0.2 

Hg 0.52 0.05 

Pb 150 25 

Table 4. Background levels in Albania and in Mediterranean Sea (mg/kg)  

Metal Cd Hg Pb 

UNEP, 2017 0.150 0.045 30 

Albanian 0.047 0.0167 8.76 
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Geo-Accumulation Index  

For a better estimation of grain size input, the index of geo-accumulation (Igeo), first given by Muller (1979) regarding the 
content of heavy metals in particles with a granulometry <2 mm, was calculated for each element according to the formula:  

Igeo = log2 (Cn/1.5Bn) 

Table 5. 

Sample Lead (Pb) Igeo Cadmium (Cd) Igeo Mercury (Hg) Igeo 

S-2 7.48 -2.3 0.087 -1.8 0.079 0.075 

S-4 6.103 -2.6 0.081 -1.9 1.321 4.13 

S-5 7.101 -2.4 0.055 -2.4 0.899 3.6 

S-6 5.968 -2.6 0.078 -1.9 0.282 1.9 

S-7 10.868 -1.8 0.061 -2.3 0.027 -1.5 

S-8 9.25 -2.0 0.075 -2.0 0.31 2.1 

 
According to the geo-accumulation index, Igeo, it can be concluded that levels of Cd and Pb can be considered to be at 
background levels.   

With regard to Hg:  

 Station S4 has resulted to be highly polluted  

 Station S5 moderately to highly polluted  

 Station S8 moderately polluted  

 Station S6 moderately unpolluted  

 Station S7 have resulted as unpolluted whilst  - station S7 have background concentration.  
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Lead concentration in sediment samples of stations  

 

 

 
In the graph above it's evident that the lead average concentration is strangely higher in the deep sample sediments of the 
two off-shore stations than in the north transect stations (along the ideal sample transect from Capo Rodoni to the center of 
the bay towards Patok) and at the reference station of the north transect. The station 2, one ot the sampling stations inside 
the south transect, presents lead concentration values more similar to off-shore station respect to the station inside the bay.  

No further investigations have been carried out, given the preliminary nature of the project, but it would be interesting to 
verify whether the level of lead input and sedimentation occurs from the port of Durres, perhaps linked to the naval routes or 
to other reasons.  

It appears evident that the concentration of lead in the sediments is significantly higher in the south transept stations and in 
the off-shore stations, compared to the north transept stations, within the study area.  
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Cadmium concentration in sediment samples of stations  

 

 

 
The exchange levels detected in the sediment samples are all within limits.  

The values obtained with the analyzes, as can be seen in the previous graph, are fairly homogeneous for all stations.  

The stations closest to the coast (St2, St4 and St6) show the highest cadmium values in marine sediments.  
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Mercury concentration in sediment samples of stations  

 

 

 
AThe mercury levels, on the other hand, compared to all the other heavy metals, are decidedly high and appear absolutely 
localized in the center of the Patok-Rodoni bay.  

The central and deeper stations (St4 and St5) show very high values compared to the reference value of 0.3 g / kg ss.  

Certainly, as happens for Lead, we are in the presence of a transport and accumulation of dangerous heavy metals in marine 
sediments placed at a depth between 25 and 32 meters; these sediments, as we have seen from the analysis of the 
granulometry, are basically muddy and turbid, certainly resulting from the deposit of local rivers and coastal lagoons.  

Fortunately, such high mercury values do not yet appear to been bio-accumulated or biomagnified by the sampled marine 
organisms (fishes and molluscs filter feeders); all genotoxic tests have been resulted non significative or negative: this means 
that, despite the initial heavy metal accumulation process found in some parts of the bay (sediments), this not so dangerous 
yet to have genotoxic effects to fauna, but the situation has to be controlled and monitored in the future!  
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Aluminium concentration in sediment samples of stations  

 

 

All values for Al in sediments are quite homogeneous and not relevant.   

Total organic carbon values in sediment samples  

TOC content in sediment samples was determined by the method ISO 10694:1995.  

Results on content of total organic carbon are presented in the graphic below.  
 

 

The graphic above show the clear tendency of the station to present high values to Total Organic Carbon concentration 
(expressed as mg/kg s.s.) from the sediments of the open sea, decreasing towards the bay and the coast.  

As it’s very clear to notice: off-shore stations are completely different from stations inside the study area.  
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EO9 heavy metals concentration in biota sample  

Determination of the heavy metals in biota samples was carried out according to method AOAC 2015.01 Metals in food by 
using the ICP-MS technique. In the graphics below there are presented results of heavy metals (mg/kg) in selected samples.   

All the graphs in this section have been prepared on the basis of the analytical results of the biota samples collected in 
stations S1-M1, S1-M2 and S2-M1 are presented.  

Table 6. Composition of biota samples  

Sample Species Composition Weight of whole species (g) Length of whole species (cm)

M-1 

Diplodus vulgaris 29.90 11 

Sparus Aurata 52.78 15 

Mullus barbatus 34.52 17 

Sarpa salpa 62.8 16 

M-2 

Petella vulgate 32.2 1.0 - 3.5 

Umbrina cirrosa 78.30 18 

Octopus vulgaris 75.30 35 

M-3 

Oblada melanura 10.2 7.2 

Boops bops 33.5 14 

Diplodus Vulgaris 12.3 10 

Patella vulgate 5 1.0 - 3.0 

Spicara maena 45.5 15 

 

Sample Lead (Pb) (mg/kg) Mercury (Hg) (mg/kg) Cadmium Cd (mg/kg) 

M1-S1 26.85 <0.01 0.016 

M2-S1 <0.01 <0.01 0.005 

M1-S2 0.101 <0.01 0.040 

 
Analysis were conducted in composite samples of biota, in three different stations of the studied area, respectively two 
composite samples belonging to Patok area (M1 and M2) and one composite sample (M3) from the Rodon Cape area.   

Composites were comprised by combining different species, which represent the most abundant species of the respective 
station.   

Biota samples were caught whole, washed at the point of sampling and stored in sterile buckets, washed prior sample 
storage with deionized water and covered with ice till their arrival at the laboratory.   

The biota species are transported as whole in the laboratory, kept on freeze (-20°C) till the day of analysis. 
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Lead concentration in biota samples of stations  

 

 

 
Mercury concentration in biota samples of stations  
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Calcium concentration in biota samples of stations  

 

 

 
Cadmium concentration in biota samples of stations  

 

 
  



   

104 

Total fat & flesh fresh/dry weight ratio  
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Concentration of organic contaminants  

Concentration of organic contaminants was determined according to the method ISO 13876:2013; EPA 3550 C 2007 + EPA 
8270 E 2018. Results are presented in Table below and are expressed in mg/kg.  

Table 7.Concentration of contaminants in sediments  
Parameter S-2 S-4 S-5 S-6 S-7 S-8 
Lindane (mg/kg) Not detected Not detected Not detected Not detected Not detected Not detected 
ΣDDTs (mg/kg) < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
Hexachlorobenzene (mg/kg) < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
PCBs (mg/kg) List given in Annex 1.   

 

PAH   
Acenaftene < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 

Acenaftilene < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

Antracene < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 

Benzo (a) antracene (s) < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Benzo (a) pirene (s) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

Benzo (e) pirene < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 

Benzo (g,h,i) perilene (s) < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 < 0.04 

Benzo (j) fluorantene < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Benzo (k) fluorantene  (s) < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Crisene (s) < 0.50 < 0.50 < 0.50 < 0.50 < 0.50 < 0.50 

Dibenzo (a,e) pirene (s) < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

D i b e n z o  ( a , h )  antracene < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 

Dibenzo (a,h) pirene (s) < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 

Dibenzo (a,i) pirene (s) < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Dibenzo (a,l) pirene (s) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

Fenantrene < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 

Fluorantene < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 

Fluorene < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 

Indeno (1,2,3-cd)  pirene < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

Naftalene < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Perilene < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 

Pirene < 0.50 < 0.50 < 0.50 < 0.50 < 0.50 < 0.50 

Sum < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 

All values are low and normal.  

Determination of the lyophylization ratio of sediment samples was determined according to EPA METHOD 160.1. Results are 
presented in Table below and are expressed in %.   

Table 8. Lyophylization ratio  
Sample Ratio % 

S2 28.54 
S4 25.35 
S5 44.98 
S6 28.98 
S7 50.13 
S8 46.87   
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Concentration of contaminants in biota  

Concentration of organic contaminants such as Lindane, PCBs, ΣDDTs, PAH was determined according to method UNI EN ISO 
15662:2018 Foods of plant origin. Multimethod for the determination of pesticide residues using GC- and LC-based analysis 
following acetonitrile extraction/partitioning and clean-up by dispersive SPE. Modular QuEChERS-method; Met.(350): EN 
16619:2015 Food analysis - Determination of benzo[a]pyrene, benz[a]anthracene, chrysene and benzo[b] fluoranthene in 
foodstuffs by gas chromatography mass spectrometry (GC-MS). Obtained results (mg/kg) are presented in Table below.  

Table 9. Concentration of contaminants in biota 
Parameter M1-S1 M2-S2 M1-S2 
Lindane (mg/kg) < 0.01 < 0.01 < 0.01 
ΣDDTs (mg/kg) < 0.005 < 0.005 < 0.005 
Hexachlorobenzene (mg/kg) < 0.005 < 0.005 < 0.005 
PCBs (mg/kg) List attached in Annex 1 

 

PAH 
Acenaftene < 0.10 < 0.10 < 0.10 
Acenaftilene < 0.01 < 0.01 < 0.01 
Antracene < 0.10 < 0.10 < 0.10 
Benzo (a) antracene (s) < 0.05 < 0.05 < 0.05 
Benzo (a) pirene (s) < 0.01 < 0.01 < 0.01 
Benzo (e) pirene < 0.10 < 0.10 < 0.10 
Benzo (g,h,i) perilene (s) < 0.04 < 0.04 < 0.04 
Benzo (j) fluorantene < 0.05 < 0.05 < 0.05 
Benzo (k) fluorantene (s) < 0.05 < 0.05 < 0.05 
Crisene (s) < 0.50 < 0.50 < 0.50 
Dibenzo (a,e) pirene (s) < 0.05 < 0.05 < 0.05 
Dibenzo (a,h) antracene < 0.03 < 0.03 < 0.03 
Dibenzo (a,h) pirene (s) < 0.03 < 0.03 < 0.03 
Dibenzo (a,i) pirene (s) < 0.05 < 0.05 < 0.05 
Dibenzo (a,l) pirene (s) < 0.01 < 0.01 < 0.01 
Fenantrene < 0.10 < 0.10 < 0.10 
Fluorantene < 0.10 < 0.10 < 0.10 
Fluorene < 0.10 < 0.10 < 0.10 
Indeno (1,2,3-cd) pirene < 0.01 < 0.01 < 0.01 
Naftalene < 0.05 < 0.05 < 0.05 
Perilene < 0.10 < 0.10 < 0.10 
Pirene < 0.50 < 0.50 < 0.50 
Sum < 0.10 < 0.10 < 0.10 

Lipid content and Flesh fresh/dry weight ratio.  

Total lipids in biota samples was determined according to the method UNI EN ISO 1443-1973 Determination of total fat 
content of Meat and meat products while determination of Fresh flesh / dry weight ratio  was determined according to AOAC 
Official Method 996.15 Fish Flesh Content (FFC). Obtained results are presented in Table 10.   

Table 10. Content of total lipids and FF/DW ratio 
Sample Total lipids g/100g Flesh fresh/dry weight % 
M1-S1 0.82 8.89 
M2-S1 3.29 9.61 
M1-S2 2.68 9.15 
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Concentration of PCB in all samples  
 

 CERTIFICATE OF ANALYSIS  3.303_20  

PARAMETERS RESULTS UdM LIMITS METHOD 

PCB 18 < 0,01 mg/kg  met.(350) 

PCB 20 < 0,01 mg/kg  met.(350) 

PCB 28 < 0,01 mg/kg  met.(350) 

PCB 31 < 0,01 mg/kg  met.(350) 

PCB 35 < 0,01 mg/kg  met.(350) 

PCB 44 < 0,01 mg/kg  met.(350) 

PCB 52 < 0,01 mg/kg  met.(350) 

PCB 54 < 0,01 mg/kg  met.(350) 

PCB 77 < 0,01 mg/kg  met.(350) 

PCB 81 < 0,01 mg/kg  met.(350) 

PCB 101 < 0,01 mg/kg  met.(350) 

PCB 105 < 0,01 mg/kg  met.(350) 

PCB 114 < 0,01 mg/kg  met.(350) 

PCB 118 < 0,01 mg/kg  met.(350) 

PCB 121 < 0,01 mg/kg  met.(350) 

PCB 123 < 0,01 mg/kg  met.(350) 

PCB 126 < 0,01 mg/kg  met.(350) 

PCB 128 < 0,01 mg/kg  met.(350) 

PCB 138 < 0,01 mg/kg  met.(350) 

PCB 149 < 0,01 mg/kg  met.(350) 

PCB 153 < 0,01 mg/kg  met.(350) 

PCB 156 < 0,01 mg/kg  met.(350) 

PCB 157 < 0,01 mg/kg  met.(350) 

PCB 167 < 0,01 mg/kg  met.(350) 

PCB 169 < 0,01 mg/kg  met.(350) 

PCB 170 < 0,01 mg/kg  met.(350) 

PCB 180 < 0,01 mg/kg  met.(350) 

PCB 189 < 0,01 mg/kg  met.(350) 

PCB 194 < 0,01 mg/kg  met.(350) 

PCB 209 < 0,01 mg/kg  met.(350) 
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G.2. Common Indicator 18: Level of pollution effects of key contaminants where a cause and 
effect relationship has been established  

The selection of the sampling sites for the monitoring of biological effects in the marine environment should consider the 
same particularities as for the CI17.  

According to the methodologies described at UNEP(DEPI)/MED WG.444/5, the expected procedures are as follows:  

 Analysis-Analytical methods for every parameter are as follows:  

 Lysosomal Membrane Stability (LMS): Biological techniques (neutral red retention), including microscopy  

 Acetylcholineseterase (AChE): Biochemical techniques, including spectrophotometry Micronucleus assay: 
Biochemical techniques, including microscopy  

 Additional parameters to be recorded are biometrics (size/length, age), biological parameters such as condition index 
(mussels), condition factor, gonadosomatic index, hepatosomatic index (fish) and data on temperature, salinity and 
dissolved oxygen.  

 Indicator units:  

 Lysosomal Membrane Stability (LMS): (retention) minutes Acetylcholineseterase (AChE) assay: nmol/min mg protein 
in gills (bivalves) Micronucleus assay: Number of cases, % in haemocytes  

  



Results of Marine Survey: October 2020 – Patok-Rodoni bay, Albania – Annexes 

109 

Evaluation of LMS, neutral red retention assay, micronucleus test, acetylcholinesterase activity  

LMS can be altered when certain physiological or pathological conditions occur, conditions that can be induced by 
pollutants. Destabilization of the lysosomal membrane may result in activation and, in some cases, in liberation of hydrolytic 
enzymes to the cytosol. Lysosomes are extremely sensitive to minimal concentrations of toxic chemicals that penetrate into 
the cells. In mussels of mollusk filter-feeders, nanomolar concentrations of both inorganic and organic pollutants are able to 
destabilize the lysosomal membranes and to activate protein catabolism.   

In mussels, LMS represents one of the simplest, most sensitive and low-cost biomarker to evaluate the physiological status 
of the organisms. Digestion in mussels is mainly an intracellular process and epithelial cells of the digestive gland serve as 
the major site of intracellular digestion. These cells are rich in lysosomes and are the main interface between the organism 
and its environment. Small granulocytes present in hemolymph are also particularly lysosome-rich cells because of their 
involvement in digestion processes of cellular nutrients by endocytosis and in innate immune response mechanisms in 
mussels. Due to the fact that mussels do not have a closed circulatory system, the granulocytes move from one tissue to 
another.  

PAG 23-24 - TIMES per score  

 

Experience using NRR assay in mussels from natural populations shows that three main case-types of samples occur:  

 Case 1: Samples that demonstrate a predominance of small granulocytes re- taining NR in their lysosomes at the first 
microscope observation (score 0). This type of sample usually evolves toward: i) stationary situation (Score 0); ii) swelling 
or enlargement of the lysosomal compartment (score 1 or 3); iii) leakage of NR into the cytosol followed by a rounding 
process of the cells (score 2 and 5).  

 Case 2: Samples containing a predominance of big granulocytes (usually demonstrating different sizes at the first 
microscope observation (score 1). This kind of sample normally evolves toward an enhanced staining and/or 
enlargement of the lysosomal compartment with different strength of coloration in their lysosomes (score 3 and 4) but 
not towards a general leak- age of NR into the cytosol (score 2 and 5).  

 Case 3: Samples that demonstrate a predominance of small stainless granulo- cytes in their lysosomes at the first 
microscope observation (score 4). These types of samples normally remain in this condition over the duration of the test, 
though in some cases they evolve toward an enlargement of the lysoso- mal compartment.  



   

110 

 
 

 



Results of Marine Survey: October 2020 – Patok-Rodoni bay, Albania – Annexes 

111 

Molecular and cellular biomarkers are very sensitive ‘‘early warning’’ tools for biological effect measurements in 
environmental quality assessment, and a battery of them is recommended for the most appropriate use as biomonitoring.  

In the present study, the validity of performing the core biomarkers of the NRR assay and of the AChE inhibition (especially in 
the hemolymph and the digestive gland) is supported, firstly by their ability to respond to different pollution levels and 
secondly by the significant linear correlation among them. However, MN responses need more research in order their use as 
stress indices to be validated. In addition, the first results on c AMP levels, whose concentrations correlated to both, NRR and 
AChE introduce this signal transduction molecule as a promising biomarker, although further laboratory and field validation 
are needed in order to be proposed for pollution monitoring.  

TABLE — List of genitor analyses for EO9 Common Indicator 18  

ANALYSES INDICATOR UNITS 

Lysosomal Membrane Stability (LMS) (retention) minutes 

Acetylcholineseterase (AChE) nmol/min mg protein in gills (bivalves) 

PCB 28Micronucleus assay Number of cases, % in haemocytes 
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Phytoplankton taxonomic specie results  

Phytoplankton species have been determined according to Utermöhl (1958), prEN15204, 2005; Guillard 1973 methods. For 
this purpose a microscope, type Zeiss Axiovert 40C was used for the detection of the phytoplankton species in sea water 
samples. Results on phytoplankton species determined in the 6 water samples are presented in the following Table.  

All Phytoplankton sortings and all taxonomic lists has been realized for the each subsamples (surface, -5 m in water column 
and 2 meters above the sea bottom) as indicated in Term of Reference.  

Phytoplankton  
Species               

S2 S2 S2 S4 S4 S4 S5 S5 S5 S6 S6 S6 S7 S7 S7 S8 S8 S8 

 Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot

Bacillariophyceae                                     
Achnanthes brevipes Agardh   + + +   +   +   + + + + + + +     
Achnanthes dispar Cleve           + + + +       + + + + + + 
Achnanthes longipes Agardh +       + +   + +   + + + +   +     
Achnanthes lorenziana (Grunow) Cleve     +     + + +   +   + +   + +   + 
Actinocyclus octonarius Ehrenberg  + +   + +   +   + + + +   + +   + + 
Actinocyclus subtilis (Gregory) Ralfs   + + + + +   +   +     + + + + + + 
Actinoptychus adriaticus Grunow + + + + + +       +   + +   + +     
Actinoptychus senarius (Ehrenberg) Ehrenberg     + +   + + + + +   + + +   + + + 
Actinoptychus splendens (Shadbolt) Ralfs + +         + + + + +       +   +   
Amphipleura micans (Lyngbye) Cleve     +     +   +         + + + +   + 
Amphiprora sulcata O'Meara     +   +   + + + + +   +     +     
Amphora crassa Gregory  +                     +         +   
Amphora marina (W. Smith) Van Heurck +   + + + + + +       +   +   + +   
Amphora ostrearia Brébisson      +       + +           + +   +   
Asterionella bleakeleyii W. Smith     +       + + + + + +       + + + 
Asterionellopsis glacialis (Castracane) Round  + + + + + + +   + + + + + +   + + + 
Asterolampra grevillei (Wallich) Greville + + +           + + + + +           
Asteromphalus flabellatus (Brébisson ) Greville +     +                   + + + + + 
Asteromphalus heptactis (Brébisson ) Ralfs       + +     + +           + +   + 
Bacillaria paxillifera (Müller) Hendey    + + + +   + + +   + + + + +     + 
Bacteriastrum delicatulum Cleve          + +         + +     + + +   
Bacteriastrum furcatum Shadbolt    + + + + + + + +                   
Bacteriastrum mediterraneum Pavillard  +   + +       + + +   + + + + + + + 
Biddulphia pelagica Schroeder    +       + +     + +   + +     +   
Campylodiscus adriaticus Grunow  + +   + +   +     + + + +   +   + + 
Campylodiscus parvulus W. Smith  + + +         + +   +   + +   +     
Cerataulina pelagica (Cleve) Hendey  + + + +   + +   + + +   +   + +   + 
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Phytoplankton  
Species               

S2 S2 S2 S4 S4 S4 S5 S5 S5 S6 S6 S6 S7 S7 S7 S8 S8 S8 

 Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot

Cerataulus smithii Ralfs          + + +                       
Chaetoceros affinis Lauder  + + + + + + + + + + + + + +   + +   
Chaetoceros atlanticus Cleve                   + + +   + +   + + 
Chaetoceros brevis Schütt  + + +                     + +       
Chaetoceros compressus Lauder      +   + + + + + + +   + + + +     
Chaetoceros curvisetus Cleve       + + + + + +       +   + + + + 
Chaetoceros dadayi Pavillard + +   + + + +                 + + + + 
Chaetoceros danicus Cleve         + + + + +       + +         
Chaetoceros debilis Cleve + + + + + +   +       + + + +   + + 
Chaetoceros decipiens Cleve  + + +   + + + +         + + + + +   
Chaetoceros didymus Ehrenberg      +         +   + +       +     + 
Chaetoceros lorenzianus Grunow  + +             + + +   +     +     
Chaetoceros pelagicus Cleve + +     + + +   + + +   +   + + +   
Chaetoceros rostratus Lauder +       + + +   + + + + + + +   + + 
Chaetoceros socialis Lauder  +   + + + + + + +                   
Chaetoceros subtilis Cleve      + +   + + + + + + + + + + +   + 
Chaetoceros tenuissimus Meunier  + +         + + + + +     + + + + + 
Chaetoceros wighamii Brightwell    + + +         +   +             + 
Cocconeis distans Gregory  + + +     + + + + + +   + + + + + + 
Cocconeis scutellum Ehrenberg  + +     + + + +         +     + + + 
Corethron hystrix Cleve + + + + + + + + + + + + + + + + +   
Coscinodiscus granii Gough          +         + + +         + + 
C Coscinodiscus hauckii Grunow + + + +     +   + + + + + + + + + + + + 
Coscinodiscus perforatus Ehrenberg       + + + + +           + + +     
Coscinodiscus radiatus Ehrenberg  + + + +   + +   + + +   + + + + + + 
Cyclotella kützingiana var. pelagica Grunow         + +     +   +       +   +   
Cyclotella striata (Kützing) Grunow + + +     +   +     + + + +         
Cylindrotheca closterium (Ehrenberg) 
Reimann et Lewin + + + + + + + + + + +         +   + 
Cymatosira belgica Grunow             +   +       +           
Dactyliosolen fragilissimus (Bergon) Hasle + + + + + + + + + + + + + + + + + + 
Dimerogramma dubium Grunow + +                                 
Dimerogramma marinum (Gregory) Ralfs    + +     + + + + +           + +   
Diploneis bombus Ehrenberg  + + + + + + + + + + + + + + + + + + 
Diploneis crabro Ehrenberg  + +           + +               +   
Diploneis didyma (Ehrenberg) Cleve        + + + +               + + + + 
Diploneis mediterranea (Grunow) Cleve +       + +             + + +     + 
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Phytoplankton  
Species               

S2 S2 S2 S4 S4 S4 S5 S5 S5 S6 S6 S6 S7 S7 S7 S8 S8 S8 

 Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot

Ditylum brightwellii (West) Grunow  +   +   + +     +   + + +   +   +   
Entomoneis alata (Ehrenberg) Ehrenberg    + + + + + + + +       + + + + + + 
Entomoneis paludosa (W. Smith) Reimer   + + + + + + + +                   
Entomoneis pulchra (Bailey) Reimer    + +           + +   + + + + + + + 
Eucampia cornuta (Cleve) Grunow  +       + +       +       + +       
Eucampia zodiacus Ehrenberg              + + +   + + + +     + + 
Grammatophora angulosa Ehrenberg  + + +     + +     + +   +     + + + 
Grammatophora marina (Lyngbey) Kützing  + + + + + +         + + + +   +     
Grammatophora oceanica Ehrenberg        + + + +   + + + + + + + + + + 
Guinardia delicatula (Cleve) Hasle      +       + +       +           + 
Guinardia flaccida (Castracane) Peragallo  + +   + + + + + + +   +   + + + +   
Hantzschia marina (Donkin) Grunow   + + + +   +   +   +     + + + + + 
Hemiaulus hauckii Grunow  + + +   + + + + + +   +       +   + 
Hemiaulus sinensis Greville    +   + + +           +     +       
Huttonia reichardtii Grunow   +         + + + +   + + + + +     
Hyalodiscus scoticus (Kützing) Grunow + + + + + + + + + + + + + + + + + + 
Hyalodiscus subtilis Bailey + +         + +     + + +           
Leptocylindrus danicus Cleve                         + + + + +   
Leptocylindrus mediterraneus (Peragallo) 
Hasle       + + + + + + + + + +     + + + 
Licmophora flabellata (Carmichael) Agardh            + + + + +                 
Licmophora gracilis (Ehrenberg) Grunow + + + + + +       + + + + +     + + 
Licmophora mediterranea Mereschkowsky         + +                       + 
Lioloma delicatulum (Cupp) Hasle                                     
Lioloma pacificum (Cupp) Hasle     +                         + + + 
Lithodesmium undulatum Ehrenberg               + + +           +   + 
Lyrella lyra (Ehrenberg) Karajeva            + +   +           +     + 
Mastogloia angulata Lewis + + + + + +     + + + + + +         
Melosira moniliforme (Müller) Agardh + +             + + + + + +     + + 
Melosira nummuloides Agardh + + + + +   +     +     + + +       
Navicula ammophila Grunow +       + + + + + + + + + +     + + 
Navicula cancellata Donkin               + + +                 
Navicula mediterranea Cleve et Brun + + +             + + + +           
Navicula ramosissima (Agardh) Cleve + + +     + + + + + +           + + 
Navicula viridula (Kützing) Ehrenberg + +   +       + +     + + +         
Neocalyptrella robusta (Norman) 
Hernández–Becerril et Meave +       +           +               
Nitzschia closterium W. Smith + + + + + + + + + + +       + + + + 
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Phytoplankton  
Species               

S2 S2 S2 S4 S4 S4 S5 S5 S5 S6 S6 S6 S7 S7 S7 S8 S8 S8 

 Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot

Nitzschia distans Gregory + + +             + + + + + + + +   
Nitzschia longissima (Brébisson in Kützing) 
Ralfs in Pritchard       + +     + +   +     +       + 
Nitzschia lorenziana Grunow  + + +     + + +   + + + + +     + + 
Nitzschia tryblionella Hantzsch      +   +     + +       +       + + 
Odontella aurita (Lyngbye ) Agardh + + + + +   +   +         +         
Odontella mobiliensis (Bailey) Grunow    + + + + + + + +   + +   + +     + 
Opephora marina (Gregory) Petit +     +     + + + + +   + + +   + + 
Opephora pacifica (Grunow) Petit +   + + +     + +   + +       + +   
Paralia sulcata (Ehrenberg) Cleve) +     + + + +     +     +   +   +   
Petrodictyon gemma (Ehrenberg) Mann    + +       + + + +     +   +     + 
Plagiotropis vitrea (W. Smith) Kuntze  + + + + +       + + + + + + + + +   
Planktoniella sol (Wallich) Schütt  +     + + + +   +         + + + + + 
Pleurosigma angulatum (Quekett) W. Smith +                                   
Pleurosigma wansbeckii Donkin    + + + + + +   + + +               
Podocystis adriatica (Kützing) + +             + +       +         
Proboscia alata (Brightwell) Sundström   + +           + + + + +   + +     
Pseudo-nitzschia spp. Peragallo + + +     + + + +           + + + + 
Pseudosolenia calcar-avis (Schultze) 
Sundström + + +     + + +           + + + + + 
Rhabdonema adriaticum Kützing +         + +                     + 
Rhabdonema minutum Kützing + + + + + +   +                 + + 
Rhizosolenia acuminata (H. Peragallo) H. 
Peragallo +     + + + + +                     
Rhizosolenia imbricata Brightwell       + + + +             + + +     
Rhizosolenia setigera Brightwell    + +         + + + +         + +   
Rhopalodia gibberula (Ehrenberg) Mülle     +         +         + + + + + + 
Rhopalodia musculus (Kützing) Müller                     + +             
Skeletonema costatum (Greville) Cleve + + + + + + + + + + + + + + + + + + 
Striatella unipunctata (Lyngbye) Agardh + + + + + + + + + + + + + + + + +   
Surirella fastuosa (Ehrenberg)                      +           + + 
Surirella fluminensis Grunow + + +   + + +     + + + + + + + + + 
Surirella ovalis Brébisson + +     +             + +     +     
Synedra crystallina (Agardh) Kützing   + + + + + + +       + + + + + + + 
Synedra fulgens (Greville) W.Smith + +           + +   + + + +   +   + 
Synedra tabulata (Agardh) Kützing  +                                   
Synedra ulna (Nitzsch) Ehrenberg                             + +     
Thalassionema frauenfeldii (Grunow) 
Hallegraeff        + + +     + + + +   + + + + + 
Thalassionema nitzschioides (Grunow) 
Mereschkowsky + + + + + + + + + + + + + + + + + + 
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Phytoplankton  
Species               

S2 S2 S2 S4 S4 S4 S5 S5 S5 S6 S6 S6 S7 S7 S7 S8 S8 S8 

 Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot

Thalassiosira angulata (Gregory) Hasle  +         +                         
Thalassiosira eccentrica (Ehrenberg) Cleve  + +           +   + + +   + +   +   
Thalassiosira mediterranea (Schröder) Hasle       + + + + +   + +             + 
Thalassiosira oestrupii (Ostenfeld) Hasle      +   + + + + + + + + + +         
Thalassiosira rotula Meunier   + + + +   + +       + + + + + +   
Thalassiothrix longissima Cleve et Grunow +                                   
Toxarium undulatum Bailey  + +   + + + + + +   +   + + + + +   
Trachyneis aspera (Ehrenberg) Cleve  + +                         + + +   
Triceratium broeckii Lauduger - Fortmorel        + +           + +       + + + 
Triceratium favus Ehrenberg + +   + +           + + + +       + 
Triceratium spinosum Bailey + + + + + + + +           + +     + 
Tropidoneis elegans (W. Smith) Cleve         +                           

Dinophyceae                                     
Alexandrium minutum Halim  + +     +             +   + + + + + 
Amphidinium longum Lohmann     +           +                   
Amphisolenia bidentata Schröder +   +         +                     
Amphisolenia globifera Stein                   +                 
Ceratium furca (Efrenb.) Claparéde et 
Lachmann + +       + + + + + + + + + + + + + 
Ceratium fusus (Ehrenberg) Dujardin +   + +                             
Ceratium trichoceros (Ehrenberg) Kofoid                                 + + 
Ceratium tripos (Müller) Nitzsch + + +   +   + + + +                 
Dinophysis acuminata Claparéde et 
Lachmann       + +           + + + +       + 
Dinophysis acuta Ehrenberg           +                     +   
Dinophysis alata (Wood) Balech       + +     + +           + +     
Dinophysis caudata Seville-Kent      +     +       + + +             
Dinophysis dentata Schiller + + +   +   +         + + + + + + + 
Dinophysis diegensis Kofoid + + + + + + + + +                   
Dinophysis hastata Stein                     + + + +         
Dinophysis sphaerica Stein       + + + + + + +           +     
Diplopsalis sp.  + + +     +         +   + + +       
Glenodinium danicum Paulsen           + + + + +                 
Goniodoma polyedricum (Pouchet) 
Jörgensen    +   + +       + + + +       + + + 
Gonyaulax birostris Stein                         + + +       
Gonyaulax fragilis (Schütt) Kofoid    + +     + + +       +             
Gymnodinium cucumis Schütt              + + + + + + + + + + +   
Gymnodinium heterostriatum Kofoid et Swezy       + +                           



Results of Marine Survey: October 2020 – Patok-Rodoni bay, Albania – Annexes 

117 

Phytoplankton  
Species               

S2 S2 S2 S4 S4 S4 S5 S5 S5 S6 S6 S6 S7 S7 S7 S8 S8 S8 

 Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot

Gymnodinium simplex (Lohmann) Kofoid et 
Swezy   +     +       +       +         + 
Gyrodinium fusiforme Kofoid et Swezy   +   +           +     +         + 
Hemidinium mediterraneum Schiller +                                   
Hermesinum adriaticum Zacharias                                     
Heterocapsa triquetra (Ehrenberg) Balech + + + + + + + + + + + + + + + + + + 
Heterodinium richardii Pavillard     +     +   +   + + + +           
Kofoidinium velelloides Pavillard + +         + + + + + + + + + +     
Lingulodinium polyedrum (Stein) Dodge            +                         
Mesoporus perforatus (Gran) Lillick + + + + + + + + + +                 
Noctiluca scintillans (Macartney) Kofoid et  
Swezy + + + +     + + + + + + + +   + + + 
Ornithocercus magnificus Stein + + +     + + + + +     + + + +     
Ornithocercus quadratus Schütt  + + + + + + + +     +               
Oxyrrhis marina Dujardin                   +     + + + + + + 
Oxytoxum adriaticum Schiller     +   +           + +             
Oxytoxum scolopax Stein     +   +     + + + + +             
Oxytoxum tesselatum (Stein) Schütt             +           + +     + + 
Phalacroma rotundatum (Claparede et 
Lachmann) Kofoid et Michener       +                             
Phalacroma parvulum (Schütt) Jörgensen     + +       +     +               
Podolampas bipes Stein + +     + + + +         + +         
Podolampas elegans Schütt         + + + +   + +               
Polykrikos kofoidii Chatton        + + + + + + + + + + + + + + + 
Prorocentrum compressum (Bailey) Abé ex 
Dodge  + +   +               +           + 
Prorocentrum dentatum Stein  + + +                               
Prorocentrum lima (Ehrenberg) Dodge  + + + + + + +   + + + +   + + + + + 
Prorocentrum micans Ehrenberg   + + + + + + + + + + +   + + +     
Prorocentrum minimum (Pavillard) Schiller + + +               + + + + + +     
Prorocentrum scutellum Schröder              + + + +       +         
Protoperidinium adriaticum (Broch) Balech + + + + + +                 + +     
Protoperidinium bipes (Paulsen) Balech      +                   + + + + + + 
Protoperidinium breve Paulsen                                     
Protoperidinium brevipes (Paulsen) Balech     +       +     +     +           
Protoperidinium depressum (Bailey) Balech + +     + +       + + +             
Protoperidinium diabolus (Cleve) Balech                     + + + + + + + + 
Protoperidinium divergens (Ehrenberg) 
Balech +   +   + +     + +                 
Protoperidinium globulus (Stein) Balech                           +     +   
Protoperidinium oceanicum (Vanhöffen) 
Balech              +   +       +   +       
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Phytoplankton  
Species               

S2 S2 S2 S4 S4 S4 S5 S5 S5 S6 S6 S6 S7 S7 S7 S8 S8 S8 

 Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot Sup -5m Bot

Pyrophacus horologicum Stein + + +   + + + +           + +       
Scrippsiella sp.  + + +           + + +               
Scrippsiella trochoidea (Stein) Loeblich  + + + + + + + + + + + + + + + + + + 
Triposolenia bicornis Kofoid               +       + +           
Triposolenia truncata Kofoid     + +     +         +             
Warnowia schuettii (Kofoid et Swezy) Schiller   +             +       +   + + + + 

CHRYSOPHYTA                                     
Chrysophyceae                                     

Dictyocha fibula Ehrenberg  + + + + + + + + + + + + + + + + + + 
Dictyocha speculum Ehrenberg    + + + +       +       + + + + + + 

Prymnesiophyceae                                     
Acanthoica rubus Kamptner    + +           + + + + + +         
Calcidiscus leptoporus (Murray et Blachman) 
Loeblich Jr. et Tappan         + + +               +       
Calciopappus caudatus Gaarder et Ramsfjell                                      
Calciopappus rigidus Heimdal  +       + + + + +                   
Calciosolenia murrayi Gran                      + +     +       
Calyptrosphaera pyriformis Schiller   +             +             +   + 
Calyptrosphaera sphaeroidea Schiller  +                 +     + +         
Calyptrosphaera uvella Schiller                   +       +         
Coccolithus pelagicus (Wallich) Lohmann          + + + +                     
Coccolithus wallichii (Lohmann) Schiller   +                       + + + + + 
Corisphaera gracillis Kamptner          +                   +       
Emiliania huxleyi (Lohmann) Hay et Mohler  + + + + + + + + + + + + +           
Helicosphaera carteri (Wallich) Kamptner                            + + +     
Lohmannosphaera adriatica Schiller           +     +     +             
Rhabdosphaera nigra Schiller   +   +                             
Syracosphaera adriatica Schiller     +             +                 
Syracosphaera pulchra Lohmann  +   + + +                     + + + 
Syracosphaera spinosa Lohmann                     +     +   +   + 
Tergestiella adriatica Kamptner      + +         + +                 
Zygosphaera hellenica Kamptner       +             +               

Cryptophyceae                                     
Cryptomonas schaudinii Winther  + + + + + + + + + + +     + + + + + 
Hillea fusiformis Schiller + + +             +         +       

Raphidophyceae                                     
Olisthodiscus luteus N. Carter                 +                   
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As shown in the graphic and tables before, it’s clear how phytoplankton communities are heterogeneous and various but 
quite similar for all the water samples from the station.  
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Annex 013 
On the Job Training  
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Annex 014 
GANTT Diagrams for Phase I and Phase II 

In this Annex, the GANTT model used and filled-in during the Marine Operation of the First 
IMAP Marine Survey in Albania is presented. 
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Annex 015 
The coastline of Albania: general morphology, evolution 
and coastal management issues 

The Albanian coastline has a total length of about 380 km (excluding the internal shore of coastal lagoons), with about 284 
km stretching along the Adriatic Sea (Figure 1a) and the remaining 96 km facing the Ionian Sea (Figure 1b). The two seas have 
quite distinct physical and chemical characteristics: the Adriatic Sea shows large seasonal variations in temperature and 
productivity, with levels of nutrients and salinity largely controlled by freshwater inputs. 

The Ionian Sea has instead a more uniform physical and chemical oceanography throughout the year. Sea water salinity 
varies between 30 and 39.1‰ (PANO, 1984), while the mean water temperature at the surface is 19.2 °C at Saranda (Ionian 
Sea) and 17.7 °C at Shengjini (Adriatic Sea). The maximum recorded value is 29.8 °C while the minimum is 7.7 °C. Maximum 
wave heights are in the order of 3.5 m within bays and 7-8 min the open sea (Pano and Selenica, 1967). Open-sea currents 
flow in a northward direction at a speed of 0.3-0.5 m/sec (Shuisky, 1985) while tidal range varies between 20 and 30 cm. Tracer 
experiments indicate that wave-driven sand transport occurs down to a maximum water depth of 8 m. 

Generally the littoral environment is not polluted and there are large areas free from human occupation. However, water 
quality is poor in the bay of Vlore and at the mouth of the rivers Semani, Shkumbini and Mati due to the presence of industrial 
discharges (Gnknuri, 1995). From a biological point of view, the sea bed is highly diverse. A recent study undertaken by 
Gjiknuri (1995) identified 131 species of pluricellular algae, 251 species of fish, 46 species of echinoids, 104 species of 
decapods and 84 species of molluscs. 

The coastline (about 70% sandy beaches) is almost free from artificial structures, that are present only near the ports of 
Shengjini, Durres, Vlore and Saranda. The only man-made structures that are scattered almost everywhere along the coastal 
zone are military bunkers, built to prevent invasion of troops from the sea. However, the evolution of the coastline in recent 
years cannot be considered completely natural, since river engineering works in the hinterland have significantly altered 
sediment discharge. There are several coastal lagoons of importance (Gjiknuri, 1995) in terms of extension (in total equivalent 
to about 15,000 hectares), fishing activities (producing about 8,000 kg/year) and salt extraction (particularly at Narte that 
produces about 120,000 tons/year). 

The development of the Albanian coastal zone will be one of the key elements for the future economical growth of the 
country. Development in tourism activities will inevitably lead to an increase in urbanization of the coastal zone, causing 
ecological and sociological changes. Future coastal zone management plans at a national, regional and local level will have 
to ensure the development of economical activities in harmony with the biological and physical environment. It is necessary 
for the country to produce an inventory of historical coastal changes, geological and geomorphological information in 
support of these environmental management needs. 

Albanian geomorphology – general description 

From a geological point of view the Albanian coastline is quite young. Its northern part, located between the boundary with 
the former Yugoslavia and Shengjini, can be considered the continuation of the Dalmatian coast southwards. The WNW-ESE 
orientation of the coastline is produced by the structural control given by the axis of anticlines in Cretaceous limestones. The 
slopes of Mount Rency delimit the southern edge of a wide alluvial plain built by the Quaternary deposits of the Buna River, 
which flows southeastwards of Shkoder. Between Shengjini and Cape Turres the coastline trends NE-SW. Geological 
structures, oriented NW-SE, determine the formation of three headlands orthogonal to the coastline. 
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Figure 1 (a, b) – Index map of the coast of Albania with indications of eroding and accreting sectors:  
(a) Adriatic Coast, (b) Ionian Coast  

The headland of Rodoni consists of sandy clays of Tortonian (upper Miocene) age, while Cape Palles and Cape Turres are 
built in Pliocene sandstones, clays and sandy conglomerates of Tortonian age. These headlands delimit four wide bays (Drini, 
Rodoni, Lalzi and Durres) filled by alluvial deposits of the rivers Drini, Mati, Ishmi, Erzeni and to a smaller extent by the Darii 
River. With regard to the Kavaja Plain in the Bay of Durres, its origin is probably related to an old course of the Shkumbini 
River, that at present outflows southwards of Cape Turres. The peculiar orientation of the bay, compared with the adjacent 
coastline, is due to the sheltering effect of the Palles headland, for wave motion from the NW. 

Climate 

The climate of the Albanian littoral lowlands is typically Mediterranean. Annual precipitation rates range from 930 to 2,200 
mm, mean annual temperatures vary between 15–16.5 °C, increasing from north to south and from west to east. The number 
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of frosty days is 5-30 every year, maximum temperatures are 42.2–43.9 °C and minimum ones range from –3.5 to –7.2 °C. The 
growing season is 240-310 days long, with a precipitation rate of 500-700 mm. 

From October to March the coastal area receives about 70-75% of the annual rainfall. The number of rainy days (rainfall > 0.1 
mm) in this area varies between 90-120 days in a year, and the intensity of precipitation is high. Snow is a rare phenomenon 
(2-6 days in a year) and the maximum layer is generally 10-40 mm thick. Mean annual wind speeds oscillate from 1.5 to 3.5 
m/s. Strong winds are observed near the coast, where wind speed reaches up to 40-45 m/s. 

Hydrology 

The current sediment input from rivers into the Mediterranean has been estimated in the order of 50 x 106 tons/year, 
approximately equivalent to an area of 2,800 hectares of 1 m thickness (Boci, 1994). Data published by Pano (1984, 1992) for 
the period 1948-1990, indicate that the mean total sediment discharge of Albanian rivers was in the order of 65.7 x 106 tons/ 
year. The same author indicates for the same period a mean water discharge of 41.27 x 106 m3/year, equivalent to 1,308 
m3/sec. 

The relatively low water discharge of Albanian rivers is contrasted by high sediment loads. It is interesting to compare data 
from Albanian rivers (Pano, 1992) with Italian rivers outflowing in the Adriatic such as the Po (Dal Cin, 1983) and the Ofanto 
(Simeoni, 1992). The Drini, despite a catchment basin five times smaller than the Po (Graphic 1), a water discharge four times 
smaller (Graphic 2), but has a total sediment load 20% larger than the main italian river (Graphic 3). 

 

Graphic 1 – Catchment basins of Albanian rivers compared with two case studies from northern (Po River)  
and southern (Ofanto) Italy 
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Graphic 2 – Water discharges of major Albanian rivers (1948-1990 data from PANO, 1992) compared with the Po  
(1918-1981 data from DAL CIN, 1983) and Ofanto rivers (1932-1985 data from SIMEONI, 1992)  

 
GRAPHIC 3 – Average sediment load carried by major Albanian rivers (1948-1990 data from PANO, 1992) compared with the Po 

(1956-1973 data from DAL CIN, 1983) and Ofanto rivers (1932-1985 data from SIMEONI, 1992) 
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A similar pattern is observed for the Semani, with a catchment twelve times smaller than the Po (Figure 2), a water discharge 
eight times smaller (Figure 2), a sediment load 20% larger (Figure 2). The magnitude of hydrological processes of the Albanian 
rivers becomes even clearer if a comparison is made with the Ofanto River in the Puglia Region of southern Italy, which has a 
mean water discharge of 13.9 m /sec (Figure 1) and an average sediment load of about 958.7 x 103 tons/year (Figure 2). 
Another important aspect in the hydrology of Albanian rivers is the percentage of sediment transported as bed-load, 
generally considered as an indicator of the net input into the coastal sediment budget. Published data (Pano, 1992) indicate 
that about 16-23% of sediment is transported as bed-load, thus more than the 15% indicated for the Po River (Dal Cin, 1983). 

Despite the intensity of the processes described above, the quantity of sediment reaching the sea is only a part of the 
transported load, since several dams and engineering works are present on many of the rivers such as the Drini, Mati and 
Bistrica. According to Pano (1992), these sinks capture about 60-70% of the total sediment transported. Other man-made 
effects on the hydrological regimes have been caused by water extraction for irrigation, reclamation of wetlands along the 
floodplains and opening of river bed quarries on the lower courses. Recent coastal evolution has also been controlled by 
other factors, such as river diversion in the cases of the Drini, Gjadri and Ishmi. Furthermore, coastal change has been 
influenced by lateral migration of river mouths and abandonment of delta channels (Semani, Vjose, etc.). 

The evolution of the Buna and Drini rivers is strictly interconnected. Independently of any human intervention, throughout 
the centuries the Drini was at times outflowing directly into the sea and at times a tributary of the Buna. At the moment the 
Drini is connected to the Buna and has a limited sediment load due to the construction of large water reservoirs such as the 
Fierza reservoir on the mid course, the Yau i Dejes and Koman reservoirs on the lower course. It is therefore impossible to 
consider the two rivers as independent.  

The hydrological literature often groups them together (Pano, 1992), cosidering a total catchment of 19,582 km2, an average 
water discharge of 672 m/sec and a total yearly water discharge of 21,444 x 10 m , equivalent to about 50% of the total 
freshwater input from Albania rivers into the Mediterranean. 

Changes in the hydrology of the Mati resulted from the construction of hydroelectric power stations at Uleza and Uraka on 
the Uleza Lake which trapped a large part of its sediment load. Comparing data from the Mati and the Ishmi (Figure 2), both 
flowing out at sea in the Gulf of Rodoni, it emerges that they have a similar sediment load, despite the fact that the catchment 
basin of the former is 3.5 times larger than the latter, as is larger (five times) the water discharge. 

Coastal evolution 

The coastline is a rapidly changing environment, continuously modifying its shape as a result of changes in forcing 
parameters. If it is true that there are natural conditions of equilibrium and instability, it is equally believable that human 
intervention can alter such dynamics in an irreversible way. For example, the construction, of groynes or breakwaters has 
large impacts on littoral transport; sand and gravel extraction from river floodplains decreases total sediment loads; 
excessive exploitation of acquifers can cause subsidence in low-lying coastal areas. In order to maintain uniformity and 
simplicity in the description of coastal landforms, it is therefore necessary to define a coastal cell, as a section of a coastline 
where the overall pattern of sediment transport is distinct and there are no sediment exchanges with adjacent parts of the 
coast. 

In order to describe the Albanian coastline, it is useful to divide it into two broad sectors, the Adriatic and the Ionian coasts 
(Figure 1a and Figure 1b). The first sector, northwards from the Gulf of Vlore, consists almost entirely of beaches, while the 
second, located southwards, consists of a rocky cliff coast. 
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The Adriatic Coast 

Along the Adriatic coast it is possible to identify four main physiographic units, with borders that correspond to the headlands 
of Rodoni, Palles, Tunes and Gjuhezes. Larger water depths in front of headlands allow to consider sediment exchange 
between units almost negligible. 

From the mouth of the Buna to Cape Rodoni 

The unit has a length of about 60 km and consists for almost 90% of beaches fed by fluvial inputs. The remaining 10% is cliffs 
located at Cape Rodoni and near Shengjini. The northern edge of this unit is located outside the Albanian territory, probably 
coinciding with the area near Ulcinj in the former Yugoslavia. 

Four rivers outflow within this physiographic unit: from north to south they are the Buna, the Drini, the Mati and the Ishmi. All 
together they discharge on average 796 m/sec of water. The total solid load of the last three rivers, since there are limited 
information on the Buna, is about 21,680 x 103 tons/year, of which about 17.5% is transported as bed-load (Pano, 1992). Wide 
coastal plains point towards a general trend of coastal accretion as testified by historical sources which describe the town of 
Lezha up to 1000 AD. as a coastal town, a site that is now at about 8 km from the sea. (Shuisky, 1985). These rivers often 
changed position naturally, as in the case of the Drini, or because they were diverted (e.g. the Drini into the Buna). 

The coastline between the mouth of the Buna and the Viluni Lagoon was characterized in the first part of the present century 
by an accretive tendency. It was advancing rapidly up to 1937 and more slowly till 1968 (Boci, 1994). Between the 1970s and 
1990s accretion rates became increasingly smaller and in the last decade coastal erosion started along the southern lobe of 
the Buna Delta (between 1.5 and 2.0 m/year), at the island of Franc Josef and on the beaches along Viluni Lagoon, where the 
present coastline position is clearly further inland than that surveyed in 1918 by the Austrian Geographical Institute (Boci, 
1994). 

The decreased sediment load of the Drini, caused by its diversion into the Buna, has triggered coastal recession between 
Shengjini and Tale, with greater intensity on the southern lobe of the delta. Moving southwards, the coast becomes part of 
the sedimentary system of the Mati, a river that has been heavily canalized. In the 1920s the river mouth had a single channel, 
oriented in a southwesterly direction. Between the 1930s and 1940s the channel split into two, with the southern branch 
becoming the main one. This caused an asymmetric development of the delta, with a general trend of positive coastline 
migration towards the SSW (Figure 5). The coastal area between Tale and Patok can be considered as having a positive net 
sediment budget, despite the fact that accretion at the mouth of the Mati slowed down since the barrage of Uleza was 
constructed. The erosion of Patok Beach is a fairly recent process, began in the early 1980s, caused by changes in the 
hydrological regime of the Ishmi, due to engineering works started as early as the 1960s. 

In the last centuries the Ishmi changed course on several occasions (Boci, 1994). In the 1920s it had a single mouth located 
in the centre of the bay, moving later in the 1930s to a double channel apparatus. Thereafter, the northern channel clogged 
up in the 1950s-1960s, the river mouth reached the present configuration, with small sediment and water discharge, so that 
the river channel is almost extinct. The southern sector of the physiographic unit has coastal cliffs cut into poorly 
consolidated Neogene sandstones and mudstones subject to erosion at many points. 

It can be concluded that only 20% of the coastline in this physiographic unit is accreting (Figure 1a) and that this trend has 
slowed down in the last decades. Littoral drift is strongly controlled by the geometry of deltas and mouths of the Drini, Buna 
and Mati : deltas protruding out at sea cause a divergence of littoral drifts at their sides. Although it is clear that the magnitude 
of these diverging sediment patterns is equivalent at either side of the Drini, in the case of the other two rivers it seems that 
the southward component is clearly dominant (Figure 1a). Points on convergence of littoral drift patterns are observed at 
Shengjini and along the coast between the Mati and the Ishmi. 
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From Cape Rodoni to Cape Palles 

Within the Gulf of Lalezi, of a total length of coastline of 32 km, 65% consists of sandy beaches fed by the sediment load of 
the Erzeni. The remaining 35% consists of rocky cliffs located at the edges of the physiographic unit. At present 47% of the 
unit is eroding, particularly in three areas: near Cape Rodoni for about 8 km along the cliffs and for another kilometer along 
the nearby beaches, along the right lobe of the delta of the Erzeni, along the cliff of Cape Palles for about 2 km. While 
published information agree on a general tendency towards coastal recession, they present different erosion rates. Shuisky 
(1985) for example believes that the cliffs of Cape Rodoni are retreating at an average speed of 0.2 m/year, while Boci (1994) 
proposes 0.3-0.5 m/year. 

 
Figure 2 – Coastal change at the mouth of major Albanian rivers between 1918-1990  

(1918 coastline surveyed by the Austrian Geographical Institute, 1990 coastline modified from Boci, 1994) 
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From cartographic studies it emerges that the mouth of the Erzeni, between 1918 and 1990, has progressively rotated 
southwards (Figure 5). This has caused a continuous erosion of the northern lobe of the delta and an accretion of the 
southern one at a speed of about 50 m/year (Boci, 1994). For the same period Boci (1994) indicates a total erosion of four 
kilometers for the coast northwards of the Erzeni mouth, while Pano (1992) considers it of six kilometers with a retreat of 5 
m/year. The remaining part of the coastline has accreting beaches, although accretion rates are generally quite small. Cliff 
retreat is likely to continue in the future with the same rates observed at present, since the main control parameter is rock 
erodibility but it is likely that erosion peaks will change locations, due to the migration of the mouth of the Erzeni. This last 
consideration assumes that no further engineering works are carried out on the river. If these will take place, river discharges 
will change, leading to a larger instability in the coastal zone and to an increase in erosion rates. Examining morphologies 
and patterns in coastal change, it is possible to delimit dominant directions in sediment transport within the unit. The only 
area where there is divergence of coastal drift vectors is the mouth of the Erzeni. Longshore drift vectors also move away from 
the two headlands, converging towards the centre of the bay. Sediment moving longshore from Cape Rodoni southwards 
becomes scarce towards the northern side of the mouth of the Erzeni. On the southern side of the mouth longshore drift is 
scarce too, allowing the hypothesis that another pattern of transport exists from Cape Palles towards the Erzeni mouth. 

Coastal management issues 

We have pointed out how the sediment load of Albanian rivers decreased in recent years, triggering erosion phenomena 
along the coastline. It is clearly necessary to minimize sediment losses within coastal cells. Information provided by the 
Durres Port Authority (personal communication, Ing. Z. Ypi, Dunes Port Authority) indicates that the loss of sediment dredged 
from the entrance of the port of Durres can be evaluated as 100,000 m3/year (200,000 tons). The sediment is currently 
discharged in an area outside the cell, northwards from the port at a water depth of 15-18 m, thus below the normal wave 
base, which excludes it from the coastal sediment budget (Simeoni et al., 1996). It is necessary to characterize in detail the 
sedimentology of this material and evaluate the possibility of recycling it, for example for beach replenishment schemes. 

Coastal areas of ecological importance are abudant along the coast of Albania, such as the lagoons and marshes at the 
mouths of the Drini and Mati rivers (Shengjini, Lezha and Kunes), the lagoons of Patok, Tale and Karavasta, the natural parks 
of Divjaka, Narte and Butrinti (Haxhiu and Tekke, 1993). Threats to the integrity of these natural environments come from 
changes in river discharge and pollution of the Shkumbini, Semani and Mati. 

*Reference is included in total Reference inside Final Report 
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Annex 016 
Cape of Rodoni (Skenderbeu): coastal description 

The southern cape of the entrance to the bay of Drini formed by the range of hills of Muzhli is 41°35’ N, 19°27’ E, with the 
height 174 m. 

The southwest slopes of the Cape of Rodon (Skanderbeg) go down sharply into the sea and are naked of forest. Due to the 
lowlands which constitutes the coast in the northeast and southeast of the range of hills of Muzhli, this range of hills and the 
Cape of Skanderbeg itself is well distinguished while the approach to the bay.  

Cape of Skanderbeg and the coastline in southeast of the cape along its alignment is surrounded by underwater and surface 
rocks. In the continuation of the Cape up to 1-1.5 miles from it, lies a rocky shoal (quarry) with 10-20 m depths, but in there 
are also places with 9-11 m depths. While at the distance 2-3 cables from the Cape, between the underwater stones and those 
in the ones at surface level, there is also a stone's at surface level called Kallafati stone. The northern part of the coastline is 
straight and clean of surface rocks, except the region at 6 cables distance from the Cape to the east, which is surrounded by 
underwater rocks . 

Depths at the the southern part of the Cape are good. 5 m depths at the this region pass up to 3 cables away from the coast, 
and 10 m depths pass 0.8 miles from the coast. There where the coastline goes to the northwest direction (the Cape of Arra) 
20 m depths come closer up to 6 cables and then 20 m depths line goes away from the Cape to the northwest, taking exactly 
the form of the cape and limiting the rocky shoal next to the Cape that was described above. The northern side of the the 
cape is deep and 5 m depths pass at almost 1-2 cables from the coast and 10 m depths run parallel to the coastline at the 
distance 1-2 cables yards away from it. Because of the risk posed by rocks surrounding the cape and the shoals next to the it, 
it is not recommended to approach Skanderbeg cape at a distance less than 5 cables from it.  

The name of Rodoni is taken by divinity "Rodon", god of the seas and sailing, as it used to be called by Illyrians.  

Rodoni used to be the only harbor in Adriatic for Skanderbeg to connect with the neighboring states. That is the reason why 
this cape is also called the cape of Skanderbeg, because of the constructions made over there and the importance of it.  

At the distance 7 cables eastern of the cape is located a church and a well with drinking water. The church is called the Church 
of Mamica (or Saint Noi) Skanderbeg's sister. The interior walls were decorated with paintings and frescoes.Today this church 
is restored and is visited by many visitors. 

In the vicinity of the well, 7 cables east of the cape, is built a concrete jetty in the direction from south to north, 77 m long, 7.5 
m wide and 2.7 m depth, but for many years without maintenance. Docking of the ships in this jetty can be done by dropping 
the anchor, on the top of it and by connecting the stern (pupa) to the jetty, as none of the sides of the jetty is not used because 
there is not enough depth. 

The Bay of Rodoni (Skenderbeu) is located in the southeastern part of the Drini bay between Cape of Skanderbeg and Mati 
River gorge. The southern coast of the bay is formed by northern slopes of Muzhli hills range, which goes down gently to the 
coastline by creating a curved shape without any stressed refraction, while the east coast of the roadstead is low. Lowlands 
start at the mouth of the Ishmi River, which flows into the Bay of Drini, 5.8 miles east of Skanderbeg Cape and continues up 
to Shengjin.  

The bay is clear of underwater hazards except of man made construction, like fishing nets and wood pillars. The depths in 
the roadstead are around 30 m. They go diminishing little by little towards the coast and increasing in the opposite direction. 
The southern part of the bay is deeper than the eastern part. 5 m depths exceed 7 cables far from east coast and the depths 
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of 10 m exceed 1.2 miles, while 20 m depths pass over 2 miles away. These depths come closer to each – other and with the 
coast in the region of the Mati mouth.  

The seabed within the Skanderbeg bay is silt and sand. The bay is protected from southern and eastern winds. The western 
and northwestern winds in the bay cause large sea. The best place for anchoring is located 2.5 miles east of Cape of 
Skanderbeg. The depths here are about 20 m. 

Ishmi River flows in the eastern part of the bay of Skanderbeg, and is not navigable. At the mouth the river has a width of 40 
m and a depth of 0.5 to 1 m. Before, river used to flow into the entrance of Patok swamp by forming a side strap that had a 
tendency to join with the belt created from the Mati river by closing completely Patok swamp. Now it flows 2.2 miles 
southwest of the old mouth and there is no water in between the new mouth and the old river bed. Between Ishmi and Mati 
River is located Patok marsh.  

Ishmi River deposits into the sea approximately 1.1 million m3 of solid materials and 5.4 miles of coastline where it acts both 
phenomena are observed: the filling and the corrosion in a ratio of about 3.1 / 1 in favor of filling phenomena.  

This river's mouth changes often and is accompanied with the change of shoreline and depths in its vicinity. Recently the 
river of Ishmi has created a strip of land with the direction south-north toward the mouth of the Mati river and in the front of 
Patoku lagoon. Between the strip of sand that separates the lagoon from the sea and the new strip of land that is being 
created constantly. The movement of the mouth of the river Ishmi to the south and Mati river to the north have put the area 
of Patoku in conditions of an erosion that becomes more and more powerful and therefore it is eventually destroying Patok 
beach.  

At the mouth of Ishmi river and towards the Patok beach the depths are small and constantly changing, so it is recommended 
that the ships do not come close to the shoreline less than 2 miles. 

Mati River derives from the mountain of Kaptina and the Light Tekke. Before the river descends in Milot, it takes also the 
waters of the Fani river and flows into the sea in two branches in the southeastern part of Drini Bay, about 7 miles northeast 
of Cape of Skanderbeg.  

Mati River acts in an area of 4.8 miles, along the coastline. Solid Bringings of the river, after the construction of hydropower 
plants, is reduced and now the river brings to the sea about 1.1 million m3 of solid materials. Filling-corrosion ratio for this 
river is 4/1. This river is not navigable and it flows with big rush, because of the large slope of its bed. One branch flows with 
the direction to the southwest and the other to the northwest. Between these branches and the sea is formed a sandy island 
about 1 km long and 400-500 m wide. Depths of these branches varing from 0.8 m at the mouth to 1 m into the river. Care 
should be taken because the depths in the mouth of the river change constantly as a result of the river flows. 

Away from the river mouth. 3-4 miles north of the southwestern branch's mouth of Mati River and 2.5 miles southeast of the 
Drini river's mouth is a channel with two branches, one to the northwest and the other the southeast. The northwest branch 
is 50-80 meters wide, lined on both sides with high and dense forest, with depths change from 0.5 m in the sides to 2 m in the 
middle, with a length of 1.2 miles. At the spot where the canal joins the sea depth is less than 1 m, and at the junction of the 
two branches of the canal to the north shore is located a deep pit up to 7 m. Southeastern channel width is the same as the 
first one, but it is more shallow and rarely exceeds 1 m depth.  

From the discharge the Mati River up to stream of Drini River coast is lined with shrubs. 

Drini River consists of Black Drini, which derives from the lake of Pogradec (Ohri) and White Drini, which derives from the 
mountains of Serbia. Passing through the Field of Kosovo and Metohija into Albania, where in the lake of Fierza hydropower 
both branches of the river are joined.  
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Close to Shkodra, when it comes out from the Vau Deja hidropower, joint great Drini river joins the Buna River just outside of 
Shkodra Lake, while a small branch that continues to the Drini bay, takes the waters of the river of Gjadri and It flows into the 
sea 4.3 miles south of Cape of Shëngjini.  

In winter the river has plenty of water, but during the summer its waters through the large branch of joint Drini are poured 
more to the river of Buna than into the sea. As a result, at the mouth of the river depths vary and the direction of its channel 
change. The speed of the river is very small due to the small slope of its bed.  

Depths in the mouth of Drini river are small. 1m depths at the sea are passing about 200 meters from the coastline. While 
inside the river depths in the lower part, along the axis of the river, are 2.2 m then they start to go down up to 1.6 m because 
river gets more extended , and after 600 m from the delta, they still grow up to 2 -2.4 m. These depths remain unchanged until 
to the Lezha city at the entrance. 

Like many Albanian coasts, the human impact and threats to marine and coastal habitats have increased during the last 30 
years in bay of Drini.  

The main threats for the area are: 

 Water pollution derives from the river; 

 Solid waste;  

 Coast line erosion; 

 Coastal constructions and inappropriate territorial planning; 

 Illegal fishing and uncontrolled fishing farms; 

 Agriculture activities at the coast. 

The Geological Setting of Rodon Region in Albania 

The region represents a very complicated geological area, where three tectonic zones collides:  

1. Kruja tectonic zone in the east; 

2. Ionian tectonic zone in the south;  

3. Southern extension of the Adriatic Basin.  

The oldest deposits of the Upper Cretaceous outcropped in the eastern part of the study area over Kruja, Ishëm, Tirana and 
Dajti structures. These deposits are represented by dolomitic limestone and organogenous – detritic limestone. The 
Paleocene-Eocene micritic limestone are placed with hiatus over the Upper Cretaceous deposits through a bauxite horizon.  

There are two important things about the character of carbonate and terrigenous deposits of the Kruja tectonic zone.  

Based on the sedimentation conditions the Kruja tectonic zone existed as a platform until the beginning of the Paleocene-
Eocene sedimentation, which later as a consequence of the dip, changed to a very deep basin.  

The geological-tectonic model. The eastern part of the study area is part of the Kruja tectonic zone, while the western part 
belongs to the Durrës basin (Adriatic Basin). The seismic data show that the western fault of Kruja, which is linked to the north 
with the western fault of Dalmatia zone. Based on the seismic and well data the top carbonates are interpreted about 7000m 
deep and are covered by the overlap the structures of Kruja tectonic zone.  

The Adriatic platform is composed of some tectonic blocks divided by a series of normal tectonic faults. These tectonic blocks 
are found deeper moving from west to east passing gradually from the platform to the southern Adriatic basin. The top 
carbonate is shallower from east to west direction passing gradually in to the South Adriatic platform. It is also possible that 
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during the Paleocene-Eocene time the South Adriatic basin and in the Ionian basin have been unified. The data mentioned 
above for the study area as wells as the data from the surrounding regions (Italy, Montenegro) suggest that for the Jurassic 
and possibly Cretaceous carbonates a platformic facies is expected.  

The tectonic style during this time was represented by a horst and graben model, which passes into the basin conditions in 
the later geologic time and was not affected or less affected by the tectonic phases. As a consequence, we think that the 
structures of the tectonic belts within the Ionian tectonic zone to the south do not extend along the study area towards the 
north with the same features.  

References: 

 Sailing directions for the Adriatic and Ionian (AHS) 

 Faculty of Geology and Mining, Tirana, Albania; Faculty of Geology and Mining, Tirana, Albania. 

 Report Assessment of marine natural values and rationale for the proposed MPA of Rodoni Cape (UNDP) 
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Annex 017 
Videos 

The following videos have been produced and digitally attached to the present Report submission: 

 Patok-Rodoni Survey SPA-RAC Project 2020 = this almost 3 minutes long Video, finalized in Full HD format (1080p, 25fps, 
mp4, H265), describes shortly all the in-field operations performed by the Consultant, during the Phase II of the project; 

 Patok-Rodoni Survey SPA-RAC Project 2020 = long Movie, finalized in Full HD format (1080p, 25fps, mp4, H265), describes 
as a real Video Documentary (about 20 min long) all the in-field operations performed by the Consultant, during the Phase 
II of the project; 

 DIVE investigations = this video shows the main recording during underwater scientific divers work (underwater bionomic 
transect inspections; underwater Posidonia evaluation; underwater bionomic squares investigation, visual census, etc.). 
The video has been finalized in Full HD format (1080p, 25fps, mp4, H265); 

 ROV investigations* = this video shows the main recording during ROV surveys made where and when possible due to the 
very high turbidity condition of the water; the video has been finalized in Full HD format (1080p, 25fps, mp4, H265). 

*ROV use, as we reported in other part of this Report, has been very difficult due to the very bad condition of the water: the 
collection and producing of all the ROV videos obtained shows a very high turbidity of the whole water column, and this aspect 
has been perfectly in line with all other indication we gave: all sea bottom were completely sandy and muddy, homogeneous 
and poor in life, a super turbidity of the water (probably due to the flow out of the mouth rivers and coastal lagoons). All these 
conditions made the ROV use quite impossible, so we decided to use ROV only where divers couldn’t go, and preferred divers 
with video cameras and photo cameras whereever water transparency allowed suffiucient visibility. 
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Annex 018 
Material & Methods – Equipment – Instrumentation 

In order to respond to all Project's requests, during recent in-field survey all monitoring activities, sampling surveys and  
investigations have been performed on the basis of the Term of Reference’s indications. 

The main purpose of the field study has been to complement the existing knowledge on the state of marine environment in 
Albania (Patok-Rodoni bay area) by collecting and processing all the data and information based on selected IMAP Ecological 
Objectives (EO) and SPA-RAC indicators. 

In this Annex, methodologies and used materials/equipments are explained in detail, as well as all the instruments and 
materials used during the Phase II survey operations. 

In order to match the large amount of work and many requests for analyses and research to be carried out, many instruments-
equipment and many specific materials have been acquired and used during all the in-field work (and also later, during 
laboratory and post-processing). 

To give an easy way to understand the work effort well, the "materials and tools" and, subsequently, the technical-scientific 
protocols used are described separately. 

To make it easier to read and understand the materials and methods used, in this chapter the methodologies and protocols 
followed are grouped according to the reference Ecological Objectives: EO1, EO2, EO3, EO5, EO7, EO9 and EO10. 

1.1 Boats and means of transport  

1.1.1 Vessel  

In order to carry out all the bathymetric, geomorphological and hydrological analyses of the study area, a boat sufficiently 
suitable for long voyages was chartered. The vessel, flying the Albanian flag, was a Pilotina model of approximately 12 tonnes, 
10.8 m in length (overall) and 3.47 m in maximum width.  

This vessel made it possible to navigate safely every day, performing SBES and SSS surveys all long the transepts planned.  

Onboard of the Pilotina, our team performed the monitoring of micro-plastics too, present on the sea surface, by means of 
the "Manta Trawl" net and noting all the floating macro-plastics, observed during the trawl and all along the navigation.  

The Pilot's crew proved to be very professional and prepared and was always able to help the Team and solve any problems 
that could be encountered. 

The following photos show the boat and life on board during the field activities. 
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Figure 1.1.1_1 – Oceanographic vessel during test of SBES on board 

Figure 1.1.1_2 – Oceanographic vessel during work navigation

 

Figure 1.1.1_3 – Captain of the vessel during work navigation
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Figure 1.1.1_4 – Vessel in jetty before starting work navigation 

 

Figure 1.1.1_2 – Beautiful sunset on sea from the vessel after a daylong work navigation 

1.1.2 Speed boat 

In order to work in two different sub-teams and recover the time lost due to bad weather during the first week, some small 
and fast boat has been hired thanks to the local logistic organization and thanks to all the Albanian colleagues. 

It was also necessary to find a fast boat because the research vessel did not have the possibility to stop itself during the SBES-
SSS investigation sessions, otherwise it would have interrupted the reading of the seabed and loose the consecution of the 
GPS registration. 
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The problems with the small boats were not few (we found that in that part of Albania it is a bit difficult to find fast boats in 
good condition), but thanks to the local logistic organization and the Albanian staff of the project, we were able to find a 
good one and get the job done. 

The fast boat found was a model of about 5 meters length, powered with a 90 hp outboard engine. 

Thanks to the fast boat, the sampling activities at all the stations was completed on schedule (Annex 014). 

Here are some pictures related to the fast boat and the work done on it. 

 

Figure 1.1.2_1 – Speed boat of the second team during navigation 

 

Figure 1.1.2_2 – Speed boat of the second team during navigation 
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Figure 1.1.2_3 – Speed boat of the second team during work 

1.1.3 Off-Road 4x4 

To reach some dive sites and some monitoring points (such as the access to the lagoons and beaches) the 4x4 vehicle, made 
available by the Albanian Underwater Federation, was used. 

The 4x4 was a Ford Ranger 2500 with a flatbed. 

 

Figure 1.1.3_1 – 4 x 4 used during Marine Beach Litter monitoring survey 
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1.2 EO1 – Spatial distribution of habitats – Geophysical survey 

In this subchapter, all the material and methods applied for EO1 Spatial distribution of habitats for Geophysical survey of the 
project are presented. 

1.2.1 Parameters adopted (particularly the geodesic) 

The study area for which the survey was carried out extends, for about 115 km2 of total sea surface, from the tip of Rodoni 
Cape to the river's Mat mouth, including the waters in front of Patok lagoon and the final part of the beaches in front of Tale 
lagoon. 

The purpose of the morph-bathymetric survey (and at the same time of all the sampling and monitoring activities for the 
Common Indicators included into the IMAP Ecological Objectives required by the SPA-RAC) was to verify the bathymetry of 
the area and have a morphological data of the seabed. 

During the acquisition phase, the survey was performed using Single Beam and Side Scan Sonar instruments, adopting the 
following geodetic parameters: 

Table 1 – Horizontal Datum for acquisition applied during survey 

Datum: WGS 84  

Projection: U.T.M. – Fuse 34 

Central Meridian: 21°00’00” 

False Origin: 0.0000 metri 

Coordinate reduction coefficient: 0.9996 

1.2.2 Geophysical and geomorphological instruments 

Bathymetry and spatial distribution of marine habitats has be defined by processing data obtained by the geophysical 
surveys performed with Side Scan Sonar (SSS) (Figure 1.2.2_1) and single beam echo-sounder (SBES). The Side Scan Sonar 
provides a georeferenced backscatter image of the seabed resulting from multiple acoustic signal echos. The frequency of 
the acoustic signal emitted varies according to the technical specification of the instrument used. The system consists of an 
underwater unit (tow-fish) connected to a control unit through a data transmission cable of calibrated length by the 
manufacturer. Data acquisition and control system were managed by the Hypack 2019 software (Figure 1.2.2_2). For this 
geomorphological survey the dual-frequency (325/675 kHz) Tritech SeaKing Towfish Side Scan Sonar system has been used. 
The system was also properly checked for accuracy before the beginning of the survey. Indicatively, survey lines have been 
designed based on a lateral range of 150 m with the maximum distance between lines of 200 m (100 m overlap). The lateral 
range have been reduced where the observation of real-time data suggested the presence of rocky areas or interesting 
habitat in order to achieve more detail and resolution. Synthetically, optimizing range and frequency selection, we reached 
full coverage with best relative resolution. A calibrated survey design has been prepared to ensure the full coverage of the 
study area accordingly to the seabed morphologies and marine habitats. At the same time with SSS, a single beam echo-
sounder (dual frequency 200 and 30 kHz) was used to gather bathymetric data at least on the same SSS line, and however 
without exceeding the line intervals of 200 m, as required by the tender. For this purpose, a ODOM Hydrotrac hydrographic 
single beam echo-sounder with selectable frequency at 24, 33, 40, 200, 210 and 340 kHz has been used. Simultaneously with 
SSS, the SBES was used to gather bathymetric data at least on the same SSS line, and however without exceeding the line 
intervals of 200 m, as required by the tender. For this purpose, an ODOM Hydrotrac hydrographic single beam echo-sounder 
with selectable frequency at 24, 33, 40, 200, 210 and 340 kHz has been used. 
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The positioning of the boat during the surveys was provided by the DGPS system STONEX S990A with ATLAS satellite 
centimeter correction (Figure 1.2.2_1). In addition to SBES, SSS and DGPS, an inertial sensor Motion Reference Unit (MRU) for 
angular and heading corrections (model Teledyne MARHS, Figure 1.2.2_2) was interfaced with data acquisition system 
Hypack 2019. The software allowed the visualization of the acoustic data (sonograms) in real-time and of the planned lines 
that have been run by the boat and from the tow-fish. Geographic coordinates (WGS84), derived from GPS, have been 
converted in-plane coordinates using UTM projection formulas provided by the navigation software. Geographic coordinates 
(WGS84), derived from GPS, have been converted in-plane coordinates using UTM projection formulas inside the navigation 
software (Table 1.2.2_1).  

Table 1.2.2_1 – Geodetic and cartographic parameters 

Datum WGS84 

Ellipsoid: 

WGS84 
Major semi axis:  a = 6 378 137 m 
Minor semi axis:  c = 6 356 752,3142 m 
Flattening:  f = 1/298,257223563 

Projection: UTM fuse 34 (Universal Transverse Mercator) 

Longitude origin: 15°00’00” 

False East: 500 000 

False North: 0 

Scale factor 0.9996 

 
 
 

 

Figure 1.2.2_1 – a) On the left a DGPS Unit; b) on the right a gyrocompass 
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1.2.3 Single Beam (SBES) 

Hydrographic echo sounders are used to measure the depth of the seafloor by using the properties of acoustic waves and it 
is referred to as a SONAR (SOund NAvigation and Ranging). Active sonars produce their own specific sound waves and analyze 
the reflection (called echo) of the emitted waves (echo-sounder). A multi-beam and single-beam sonar are examples of an 
active sonar. Echo sounders use the following principle: a projector generates sound waves and a receiver or hydrophone 
receives the echo. If the transmitter is able to both produce and receive sound waves, this is referred as a transducer. Based 
on the travel time or the energy of the reflected waves, the respective depth or bottom type can be assessed. Obviously, the 
results depend upon the emitted frequencies. A single-beam sonar emits one vertical acoustic pulse (ping). The transducer 
receives a part of the echo and thus the depth can be calculated by using the travel-time of the pulse. An ODOM Hydrotrac 
hydrographic single beam echo-sounder with selectable frequency at 24, 33, 40, 200, 210 and 340 kHz has been used. 

 

Figure 1.2.3_1 – Single Beam Echo Sounder 
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Figure 1.2.3_2 – Example of a Single Beam Sonar functioning (@VLIZ) 

During bathymetric and geomorphological survey using a SBES Single-Beam Echo.Sounder could be extremely useful fon 
many reason, for example: 

 Fishes can be detected due to their reflective features (a swim bladder can scatter more than 90% of the incident acoustic 
energy); 

 Used for making bathymetric maps; 

 Using a dual-beam, it is possible to identify a layer of vegetation/mud on a layer of hard bedrock. 
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Figure 1.2.3_3 – Installation and testing on SBES and GPS on vessel 

 1.2.4 Side Scan Sonar (SSS) 

The Side Scan Sonar is a technology that assists in obtaining similar images of the sea bottom similar to aerial 
photogrammetric images. The SSS system emits an acoustic waveguide fan transversely to the navigation route and registers 
the waveguide from the background (backscatter). This allows to identify different features present on the marine bottom, 
such as sand, gravel, rock, mud, Posidonia, Cymodocea, ripples, wrecks ecc. So, every other eventual structure on the bottom 
surface. 

The reciprocating wave generated by the background of diffraction phenomena manifesting itself when the pulse wave of 
the incident signal is counteracted by the discontinuity of the background (rugosity). The higher the frequencies that 
characterize the system, the greater the degree of penetration and the higher the resolution of the data. The tow-fish emits 
acoustic waves through the lateral transducers and the waves emitted cover an area of the seabed generally between 50-500 
meters. The morphoacoustic images of the seabed express the intensity variations of the backscatter, in terms of shades of 
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gray, or of color, associated with morphological variations, of the texture/composition of the sediments and the presence of 
rocky outcrops or, for example, of Posidonia oceanica meadows. The data are acquired in the form of digital sonograms and, 
throughout specific softwares, the most common processing, the georeferencing of the images and the final mosaicing of 
the entire area are carried out. 

The geomorphological survey of the seabed in question was performed with a dual-frequency Tritech SeaKing Towfish (325 
Khz and 675 Khz) working at a frequency of 325 Khz. 

Before the start of the survey, the following tests were performed:  

 “Tap test" which consists of alternating rubbing of the two transducers with a cloth checking both frequencies;  

 “Serial port test” which consists in verifying the correct transmission of data between the navigation computer and the 
acquisition software. 

During the acquisition, the transducer was kept at a sufficient height from the bottom to ensure good coverage. We also tried 
to limit the deviation from the design lines as much as possible by keeping the transducer trailed as aligned as possible with 
the route traveled. The surveys were carried out with optimal marine weather conditions in order to obtain clear images free 
of disturbances caused by rolling or pitching of the sensors of the SSS system. The work was carried out following the project 
routes equally spaced at 200 m and using a lateral range of 150 m, optimal to allow good coverage and overlapping of the 
sweeps. 

 

Figure 1.2.4_1 – Side Scan Sonar technology 
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Figure 1.2.4_2 – Side Scan Sonar model used during survey 
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Figure 1.2.4_3 – Example of SSS image through Seanet Pro Software window during survey 

 

Figure 1.2.4_4 – Area covered by SSS 
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1.2.5 DGPS Positioning System 

The positioning of the boat during the surveys was provided by the DGPS system STONEX S990A with ATLAS satellite 
centimeter correction. Some characteristics of the instrument are reported in the technical sheet below: 

 

Figure 1.2.5_1 – DGPS Positioning System 

 

Figure 1.2.5_2- DGPS Positioning System 
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1.2.6 Navigation Software and protocol for SBES survey 

The data from the SBES, SSS and the individual peripherals were acquired from the acquisition PC and managed by the 
Hypack 2019 software. T Moreover, the bathymetric data were acquired simultaneously using "Nettuno 2", software 
produced by Geocoste Snc, which allows the display of bathymetric data in real time and the planning of the lines that have 
been traveled by the boat.  

At the beginning and end of each survey, the depth sounder was calibrated. The adjustment of the instrumental speed based 
on the speed of the ultrasounds in the water was carried out using the "Bar Check" method (measurement of the immersion 
depth of a metal bar/disc lowered under the transducer and suspended from a cable graduated in decimeters). 

The measurements were made at different depths (at -1m and at -3m). A further control is derived from the direct 
measurement of the backdrop with a graduated pole. Any error was then digitally corrected on the navigation software. 

The system used is an automatic-digital data acquisition system, with positioning of the vessel in real time using GPS 
technology. This system allows to carry out the survey of the lines without having to materialize any alignment or to place 
oneself on the head of the section and to have an instant correction of the dimensions. 

The on-board GPS transmitted the coordinates (East, North and altitude) to the navigation software in real time mode (with 
an acquisition frequency of 0.2 seconds). The technical operator on board the vessel directed the boat following the 
instructions on the computer video, which indicated the straight line that represented the theoretical line to be detected and 
the current position of the oceanographic vessel. 

Once the boat was brought by the captain into right alignment with the section to detect, the SBES operator followed, with 
the greatest possible accuracy, the line project displayed, starting the data acquisition session. 

For geophysical surveys, 200 m spaced navigation lines with North-South direction were designed: these lines have been followed 
for the entire area with the exception of the area in front of the Patok lagoon (in the easter part of the area) where, due to the too 
much shallow water and due to the presence of numerous ghost fishing nets, sight navigation was preferred and performed. 

 

Figure 1.2.6_1 – Example window of Nettuno2 navigation software by Geocoste snc 
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Figure 1.2.6_2 – Software planning of SBES navigation routes 

 

Figure 1.2.6_3 – Sonar Beam points (SB) acquired during navigation survey 
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Figure 1.2.6_4 – a) Sonar technical specifications; b) GPS technical specifications 
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1.3 EO1 – Spatial distribution of habitats – Remotely operated vehicle 

In this subchapter, the material and methods applied for EO1 Spatial distribution of habitats for Remotely operated vehicle 
done during the project’s surveys are presented. 

1.3.1 – ROV 

The ROV investigations, despite having been few given both the impossibility of obtaining good images, and the great 
turbidity and very low transparency of the water, were carried out in some random points within the study area using a 
Gladius MINI mini ROV. The mini ROV used for the operations was the Gladius Mini model from CHASING. Gladius Mini is a 
mini ROV (underwater drone) equipped with a 4k / 12MP UltraHD camera, two 1200 lumen front lights, rechargeable batteries 
that guarantee continuous use of two hours and an immersion of 100 meters. 

 

Figure 1.3.1_1 – CHASING Gladius MINI ROV used during survey explorations 

Table below presents specifications for the CHASING Gladius Mini. 
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Table 1.3.1_2 – CHASING Gladius MINI ROV technical specificationss 
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1.3.2 USBL Positioning System 

In order to acquire the underwater position of the mini ROV, an USBL system (acronym for Ultra Short Baseline System) was 
installed onboard. The LinkQuest Inc. TrackLink 1500MA system used to georeferenced the surveys is an USBL (Ultra Short 
BaseLine) underwater acoustic tracking system(Figure 1.3.2_1). 

A complete USBL system consists of a transmitter (transceiver), which is mounted on a mast installed at the side of the boat 
(Figures 1.3.2_1 and 1.3.2_2) or passing through the keel, and a transponder/responder (Figures 1.3.2_1 and 1.3.2_2) installed 
on the target that needs to be positioned (eg. ROV, diver, towfish, etc.). The system was interfaced, through its own 
management software, with the DGPS and the on-board Motion Reference Unit (MRU) sensor for angle and heading 
corrections. 

 

Figure 1.3.2_1 – The TrackLink 1500MA USBL positioning system: the transceiver on the left,  
the TN1500B transponder on the right 

 
Figure 1.3.2_2 – The transceiver of the USBL positioning system installed on the left side of the boat 
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Some features of the USBL system are listed below:  

 positioning of targets with a maximum range of 500 m; 

 accuracy: 1° (± 2% of the slant range with direction sensor and internal trim) 0.25° (± 0.5% of the slant range with external 
Gyro and MRU); 

 slant range accuracy: 0.20 m; 

 acoustic coverage: 120 ° below the transceiver; 

 maximum operating depth of the transponder: 1500 m; 

 input: GPS and MRU sensor data; 

 output: NMEA string for Hypack 2019 positioning and navigation system. 

1.4 EO1 – Spatial distribution of habitats – Habitats characterization 

A specific field survey has been carried out to in-deep/in-situ study (direct methods) several biological features to 
complement the quantitative and qualitative characterization of habitats and associated species located in the study area 
(e.g. Posidonia meadows and coralligenous biocenosis, dark habitats). 

All the techniques specified within the Term of Reference have been applied to in-deep investigate specific sub-areas. 

1.4.1 Water and sediment sampling equipment 

The survey included samples of water, sediments and biota species according to IMAP Ecological Objectives EO5, EO7 and 
EO9. 

The data collected will enable the assessment of the Good Environmental Status of the study areas and provide key 
indicators and/or decision-making tools which could be used for future development of Marine Spatial Planning within the 
study area.  

The monitoring of eutrophication was conducted in 3 different stations in northern part of the study area, in one station in 
the southern part of the study area as well as in 2 offshore stations.  

Sampling was conducted during the period 17-23, October, 2020. 

1.4.2 Sediment samples/analyses equipment 

The sampling of sediment samples have been performed using a Van Veen Grab of about 25 liters of sampling volume. This 
sampler grab was utilized thanks to the winch onboard the vessel, in order to draw it from the depth (Van Veen 25 full of 
sediment sample can weight more than 50kg, so impossible to take manually). 

Specs of Van Veen Grab are listed below: 

 304 stainless steel bucket; 

 Valve dimensions: 540 x 250 mm (height 270 mm); 

 Two removable side weights of 2 kg each in stainless steel; 

 Weight in air: 34 kg minimum; 38 kg maximum (with all masses applied); 

 Two inspection doors. 
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Figure 1.4.2_1 – a) Grab with vales opened; b) Grab with valves closed 

1.4.3 Vessel and navigation  

During the Phase II of this project, most of the diving and census operations were handled starting from land, for many logistical 
reasons (i.e. it was much faster and less risky to travel by 4WD to Capo Rodoni than to navigate on-board of a fast boat for over 
10 miles of sea). Some investigations, however, were conducted by divers using fast boats, as previously mentioned. 

It is hoped, for a possible future continuation and implementation of the project, to be able to have inflatable boats (rubber 
boats) equipped for diving: the inflatable boats are perfect boats for scientific diving and, if equipped for diving, they become 
indispensable to face monitoring and research campaigns such as just concluded in Albania for the SPA-RAC project. 

1.4.4 Scuba diving equipment 

Our scientific diving team was fitted out with technical diving equipment.  

Some complete diving gears (drysuit, bottle with wing, relaxers, diving computers, etc.) with accompanying safety equipment 
(medical oxygen sets, first aid cases, CPR system for reanimation, throw lines and a net for rescue operations in the water) 
are present thanks to Albanian Diving Federation.  

The NITROX installation allows both air and NITROX mixtures with an oxygen level up to 40 %, allowing the selection of the 
ideal breathing mixture based on the planned diving depth. 

1.5 EO5 – Eutrophication  

Sampling stations of water and sediment samples 

The proposed scientific monitoring was the marine area in in the northern and southern part of the Rodoni Cape. Water and 
sediment samples were collected in three stations in the northern part of the area, in one station in the southern part and in 
two stations in the offshore area. For each station, one sediment sample was collected. Water samples were taken also in 
three different depths of each station, respectively 0 m; 5 m; and 2 m above the bottom.  

Only standard methods of analysis were used for the determination of the concentration of all requested parameters, 
according to International Organization for Standardizations (ISO) standards as well as according to the Standard Methods 
for the Examination of Water and Wastewater, 23th edition, 2017 of the American Public Health Association (APHA/AWWA, 
2017). In situ parameters were measured at the moment of sampling by means of the WTW 340 I Multimeter while other 
parameters were analyzed in the laboratory. In the following table it is presented the information regarding the standard 
methods used for each parameter analyzed in water, sediment and biota samples.  
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Table 1.5_1 – Standard and protocols for all parameters to be analyzed in water samples according to EO5 

Nr Parameter Unit Method of analysis Instrument Sampling Method 

1 Temperature °C APHA/AWWA, 2017 – 2550 B 
WTW 340i Multimeter 

ISO 5667- 1:2006  
ISO 5667- 2:1991  
ISO 5667- 3:2018 
ISO 5667- 9:1992 
ISO 5667- 14:2014 

2 Salinity mg/l EN 27888:1993 

3 Density g/ml APHA/AWWA, 2017 – 2550 B  

4 Transparency m ISO 7027-1:2016 Secchi Disc 

5 Turbidity NTU/FNU ISO 7027-1:2016 WTW Turb 430i 

6 Dissolved oxygen mg/l ISO 5813:1983 DO Probe 

7 Phosphates (P-PO4
3-) mg/l APHA/AWWA 2017  – 4500-PO4 3- E 

WTW Photolab 7600 UV-VIS 
Spectrophotometer 

8 Total phosphorus (P) mg/l APHA/AWWA,2017 – 4500-P  B,E 

9 Nitrates (N-NO2
-) mg/l APHA/AWWA 2017 – 4500-NO2 – B 

10 Nitrites (N-NO3
-) mg/l APHA/AWWA 2017  – 4500-NO3 – B 

11 Ammonia (N-NH4
-) mg/l APHA/AWWA 2017  – 4500-NH3 F. 

12 Total Nitrogen (N) mg/l APHA/AWWA,2017 – 4500-N C 

13 Orthosilicate (SiO4-Si) mg/l APHA/AWWA 2017  – 4500-SiO2 C. 

14 Chlorophyll a (Cha) μg/l ISO 10260:1992 

1.5.1 Water sampler bottle: Kemmerer and Niskin 

Having the need to take seawater samples at known and precise depths in the water column for all 8 stations of the study 
area, we equipped ourselves with both a Kemmerer sampler and a Niskin bottle sampler. 

Below is a description of both tools (Figure 1.5.1_1). 

The Kemmerer water sampler (vertical bottle) is designed for the sampling of lakes, canals, wells and sea waters. It is made 
entirely of plastic components in order to eliminate the risk of the sample coming into contact with metals. The sampler 
holds normally 1.2 liters, sufficient for all the samples we need for the analyses. 

The Kemmerer water sampler is very useful to take water samples at chosen depths and its shows these principale 
advantages: 

 Transparent acrylic bottle; 

 The sample does not come into contact with metal parts; 

 There are no constrictions at the upper and lower extremities so that vertical contamination is minimal; 

 Complete with drop weight, meters of polyester cable and carrying case. 
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Figure 1.5.1_1 – a) Kemmerer water sampler; b) Niskin water sampler 

Niskin bottle water sampler is fully made of PVC and its interior is totally free from metal parts. Top and bottom plates are 
held together with a sea water resistant very strong rubber string, and a drop messenger (a weight that run on the rope from 
the surface to the sampler in depth) releases the closing mechanism arriving at the end of its run. So, a Niskin bottle sampler 
is a plastic cylinder with stoppers at each end in order to seal the bottle completely. This device is used to take water samples 
at a desired depth without any danger of mixing with water from other depths, because the bottle arrives at the chosen depth 
open and in vertical position along the rope (exactly as the Kemmerer sampler). The water collected by Niskin bottles can be 
used for studying plankton aught nd clorofille (for the reason the bottle is made with thick black PVC plastic to prevent photo-
oxidation) or measuring the physical characteristics of the sea, sure to withdraw the water of the desired depth. 

 

Figure 1.5.1_2 – Niskin water sampler functioning 
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Niskin bottle sampler works like this (Figure 1.5.1_2): the two stoppers at each end of the Niskin bottle, are held open by 
plastic cords attached to a release mechanism. In addition, the stoppers are connected by an elastic cord at the inside of the 
bottle. Attached to a cable, the open bottle(s) are lowered to a discreet depth in the water. When a small weight encircling 
the hydrographic line is released down the line, it strikes the release mechanism resulting in the two stoppers being pulled 
into the ends of the cylinder. As a result the water from that depth is trapped inside the Niskin bottle. When the Niskin bottles 
are grouped in a rosette, distinct weights can strike each individual release mechanism on the carrousel. In this way, water 
samples are collected from various water depths.  

1.5.2 Secchi Disk 

The Secchi disk (Figure 1.5.2_1), as created in 1865 by Angelo Secchi, is a plain white, circular disk 30 cm (12 in) in diameter 
used to measure water transparency or turbidity in bodies of water. The disc is mounted on a pole or line, and lowered slowly 
down in the water. The depth at which the disk is no longer visible is taken as a measure of the transparency of the water. 
This measure is known as the Secchi depth and is related to water turbidity. Since its invention, the disk has also been used 
in a modified, smaller 20 cm (8 in) diameter, black and white design to measure freshwater transparency. 

Similar disks, with a black-and-yellow pattern, are used as fiducial markers on vehicles in crash tests, crash-test dummies, 
and other kinetic experiments. 

The Secchi-type visibility measurement disc is a simple means of determining the depth of visibility along the water column. 
The disc is lowered into the water with a centimeter cord (in order to accurately measure the depth at which the loss of 
visibility of the disc itself is estimated); when it is no longer visible, the depth reached at the top is than read. Continue by 
lowering the disc for another half meter, then slowly lifting it up. When the disc becomes visible again, a second reading is 
made: the average between the two readings provides a sufficiently reliable depth of visibility. 

 

Figure 1.5.2_1 – Secchi disk transparency measurement tool 

The Secchi disk readings do not provide an exact measure of transparency, as there can be errors because of the sun's glare 
on the water, or one person may see the disk at one depth, but another person with better eyesight may see it at a greater 
depth. However, it is an inexpensive and straightforward method of measuring water clarity. Because of the potential for 
variation between users, methods should be standardized as much as possible. 

1.5.3 Laboratory sampling and analyses 

The necessary samplings were carried out as requested in the Term of Reference of the Project (in some cases something 
more has been done to better investigate and study the area): all analytical data have been evaluated by accredited 
international (Italian) and national (Albanian) laboratories. 
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The team work, as a result of the excellent logistical organization, has led to very effective synergy and collaboration between 
the Italian and the National Albanian team: a profitable example for future jobs. 

The sampling methodologies and laboratory protocols used for sample analysis are listed and described below. 

1.5.4 Water samples analyses equipment 

Seawater samples were collected according to the appropriate standards as per below:  

ISO 5667, which consists of the following parts, under the general title Water quality — Sampling: 

 Part 1, 2006: Guidance on the design of sampling programs and sampling techniques; 

 Part 2: Guidance on Sampling; 

 Part 3: Guidance on the preservation and handling of water samples; 

 Part 9: Guidance on sampling in marine waters; 

 Part 14: Guidance on quality assurance and quality control of environmental water sampling and sampling; 

 Part 19: Guidance on sampling in marine sediments. 

Seawater samples were collected by using a Ruttner bottle. About 2 L of sea water sample was collected in three different 
depths of each station. Chlorophyll “a” samples were stored in black nontransparent PTFE bottles upon their arrival to the 
laboratory while glass bottles were used for the storage and transport of the other part of sample. Samples collected for the 
determination of phytoplankton were preserved with 4% formaldehyde solution and with several drops of Lugol’s solution 
till light yellow color in the laboratory. Blanks as well as spiked samples were prepared aiming to control the quality of 
sampling. Samples were stored and transported in ice thermo-boxes to the Alpha Studio laboratory within 24 hours and 
processed immediately for further analyses. In the figure below it is presented a photo during the sampling of water samples. 
Sediment samples were collected by using a metal Van Veen grab sampler. Sediments were passed through a 2 mm nylon 
sieve by washing with sea water and then were put on 500 ml glass containers pre washed with sulphuric acid and nitric acid 
followed by deionized water for organics and metals determinations, respectively.  

All results have been reported in ANNEX 012 Laboratory where results and graphics are available. 

1.5.5 CTD Multiparameter probe 

CTD is the acronym for an oceanographic device consisting of some sensors that are able to measure the Conductivity, 
Temperature and Depth. Despite its name, a CTD does not measure really the depth, but the pressure which is related to the 
depth (the pressure registered by the probe while it’s underwater). Multi-parameter Probes add a number of additional 
sensors (some of them are interchangeable too) that measure the many chemical/biological parameters as: pH, dissolved 
oxygen, oxygen percentage, Total Solid Dissolved (TDS), turbidity, chlorophyll-a, acidity and oxidation reduction potential 
(ORP) and many others. The exact number of sensors on a multi-probe only depends from the body probe dimension and 
the from the predisposed connections of the sensors. Studying these seawater parameters is very important, because they 
have a direct influence on the marine life and on water ecological equilibrium. The CTD is frequently integrated in a carrousel 
containing Niskin bottles and is deployed from a research vessel. In fact, both CTD and Multi-probe are lowered into water 
column from the sea surface by means of a guiding cable that connects the CTD with an onboard computer. This provides 
the scientists with an immediate visualization of the data taken from the sensors. Scientists can closely monitor the data and 
can send signals to the carrousel via the cable when they want to close a Niskin bottle (which can be put on a carrousel with 
the CTD) to obtain a water sample. 

During the field work of the survey we used a Multi-parametric probe model YSI 6600 V2 Probes. Below and example of the 
probe and the sensors mounted (Figure 1.5.5_1) and a detailed description of all sensor specifications (Figure 1.5.5_2). 
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Figure 1.5.5_1 – Multiparameter probe model YSI 6600 V2 

 

Figure 1.5.5_2 – Multiparameter probe YSI 6600 V2 Sonde sensors specifications 
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1.5.6 Van Veen Grab 

The stainless steel Van Veen grabs are used for taking disturbed samples from the bottom of lakes, rivers, etc. Various Grab 
versions are available in commerce (depending to the sample you need). The smaller versions are manually operated from 
the river, pier or boat (we have used this type during sampling with the small boat, but we have used a big type too from the 
vessel).  

The Van Veen grab can be applied for sampling the top layer of consolidated underwater sediment consisting of silt and/or 
sand, but is not suitable for the sampling of hard, rocky or extremely soft top layers. In the former case there is a high 
probability of no sample being taken and in the latter there is a chance that the grab will dig too deep, in which case a sample 
will be taken but not of the top layer. In the case of sediments with a very soft and watery top layer there is a reasonable 
chance of the fine fraction being rinsed out of the grab.  

A sample taken using the Van Veen grab will always be disturbed. This makes it impossible to provide a correct description 
of the local structure of the sediment. Inaccuracies can arise in the sampling because:  

 The fine fraction may be rinsed away during sampling;  

 The penetration depth is unknown and depends upon soil composition;  

 The grab can drop through a thin layer of silt so that the depth in the sediment at which the sample was taken is unknown;  

 Relatively more top material is taken than material from the layer below due to the semi-circular shape of the grab.  

Specifications of major grab types:  

 Van Veen grab with capacity of 0.5 litres, sampled surface ~126 cm2; 

 Van Veen grab with capacity of capacity 2 litres, sampled surface ~260 cm2;  

 Van Veen grab (stainless steel), capacity 6 litres, sampled surface ~480 cm2;  

 Van Veen grab (stainless steel), capacity 12 litres, sampled surface ~880 cm2;  

 Max. sampling depth: > 30 m;  

 Sampling volume (max.): 0.5 – 12.0 l;  

 Disturbed/undisturbed: disturbed;  

 Type of sample: loose material;  

 Sediment type: soft/medium;  

 Profile description: no;  

 Suitable for use in flowing water: flow rate of max. 0.2 m/sec;  

 Usable in situations in which the pores are not filled with water (such as powders): yes Operation: manually or with davit 
Weight of the set: 2-41 kg. 

However, all Van Veen grabs operate in the same way once they are drop into the water towards the bottom. At the surface 
the two jaws are opened (Figure 1.7.1_1a) and fixed into position using a catch. The Van Veen grab must be lowered slowly 
and steadily to prevent the catch from being released too early. Sediment residues on the outside of a closed Van Veen grab 
indicate that the sampler was closed too early. There are holes in the jaws so that air can flow out while the sampler is being 
lowered and water can escape while the sample is being taken. As soon as the jaws make contact with the bottom the catch 
is released. When the grab is raised on the cable, the jaws automatically close due to the lever effect of the rods (Figure 
4.10.1_1b). The quantity of sample that is taken mainly depends upon the compactness of the soil and the capacity of the 
two valves. A heavier grab takes a larger sample than a light one. Therefore all versions are equipped with weights. The cable 
also has a weight to reduce the deviation from the vertical in a stronger currents once dropped on depth bottom. It is 
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recommended that at least 6 samples be taken from each site and the conclusion based upon all the samples taken. This is 
particularly important if the soil is irregularly formed and made up of various materials. Despite the high closing force, a stone 
or root may prevent the jaws from closing fully. In such cases the sample is not representative; smaller components will be 
washed out while the grab is brought to the surface. Once at the surface the grab is emptied and cleaned for the next sampling 
operation. 

 

Figure 1.5.6_1 – a) grab open during dropping; b) grab closed during sampling 

1.6 Multimedia documentation 

Data collection and results calculation and their comment from in field research are fundamental in every scientific work, but 
they are not the only important products have to come out. 

Multimedia production (we talk about pictures, videos, VR and many other modern and innovative products) are extremely 
useful to present a big scientific work (to all stakeholders level), moreover if this work has been carried out underwater or in 
open sea like the present SPA-RAC project at Rodoni Cape and Bay. 

So, as requested in Term of Reference, the Consultants produced a great number of HQ pictures and videos, both from 
underwater activities, both during each working phases made. 

A part of the Team, specialized in video Documentary and scientific filmmaking and VR production, is still working on the 
realization of a short movie of the project and some video clips for social networks. Storyboard composing, post production, 
color correction, audio remastering, voice overing, mounting and all other necessary procession phases will let our video 
technicians to finalize the movie and the video-clips in January 2021. 

Contemporarily our video technicians are programming and realizing an Interactive Virtual Tour, on the basis of some 360 5k 
pictures and videos taken during work activities. 

This product will be realize separately in the next future together with SPA-RAC and the Consultants (product not included in 
the Term of Reference). 

All HQ pictures (both underwater have been uploaded in a cloud drive yet and submitted to SPA-RAC by the Consultants. 

In the following paragraphs all instrumentation and photo-video equipment used is described. 
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1.6.1 Photo-Video equipment 

For a good media communication of the work carried out during the Phase II of this project, the team has organized in the 
way to have professional equipment available for both photographs and video. 

While not specifically requested by the SPA-RAC Term of Reference, each phase of the project was accurately documented 
through both high resolution photographic images and many 4K resolution video clips. 

The team thought that it was essential to equip themselves with suitable equipment and professionists of the image, so that, 
at the end of the work, it was possible to show not only the technical and scientific results achieved, but also and above all, 
the scientific value of the operations as should be effectively communicated. 

A good video-photographic documentation not only allows a better communication of the data obtained, but also allows to 
instruct and teach what has been done to all possibly interested Stakeholders. 

Thanks to a good multimedia product, this communication is effective and usable (even implementable) over time. 

1.6.2 Photo cameras  

Professional high-resolution photo DSLR cameras were used for the photographic documentation of the various work 
phases. 

All the images taken were recorded in RAW format, subsequently post produced and developed to make them suitable for 
viewing on the screen in high quality. 

Where it was not possible to have DSLRs for safety reasons (for example bad weather conditions or dangerous water 
conditions), Smart Phones were used, setting them to the highest image quality. 

As already indicated in some paragraphs relating to media communication, the photographic cameras used were: 

 CANON EOS 5DmkIV; 

 PANASONIC Lumix GH4r; 

 PANASONIC Lumix FZ82; 

 SONY ALPH7III. 

The most suitable and good quality lenses were used for each camera. 

 

Figure 1.6.2_1 – Photo cameras used during survey 
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1.6.3 Video cameras 

Terrestrial video footage was made using various types of DSLR cameras: CANON EOS 5DmkIV, PANASONIC GH4r, SONY 
ALPHA7III and GoPro Hero (various models). Some images, those where it was impossible to bring specific cameras or simply 
when they were not available, were recorded via smart phones. 

 

Figure 1.6.3_1 – GoPro video action cameras used during survey and smart phone 

1.6.4 Aerial drone 

The aerial video images present in the documentary film of the project were recorded thanks to the use of a DJI drone model 
MAVIC 2 pro (with Hasselblad wide-angle camera). Our Team has cooperated with an Albanian expert to take some drone 
pictures of Rodoni area. 

 

Figure 1.6.4_1 – DJI Mavic 2 Pro drone used during survey 

1.6.5 Underwater cameras 

All HQ underwater images and all 4k videos present in the final documentary film of the project were made through 
professional cameras such as: CANON EOS 5DmkIV and CANON L series lenses (specifically CANON 8-25 f4L and CANON 24-
105 f4L), other backstage and external images were taken both with PANASONIC GH4r and LUMIX lenses and with SONY 
ALPHA7III. The underwater housing used are an EASYDIVE Leo2 Pro model and Nauticam NA-A7RIII housing. The underwater 
flashes and underwater lights used were respectively: a couple of Sea & Sea YD2 strobes mounted on the underwater housing 
with aluminum arms and a professional system of junction clamps and a couple of SeaLife LED lights model Sea Dragon from 
2500-500 lm (5500°K and 90 CRI). Strobes and lights have been mounted on the housing simultaneously in order to shoot 
both pictures both videos during the same dive survey. 
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Figure 1.6.5_1 – Underwater foto-video equipment used during underwater operations 

1.6.6 VR 360 cameras 

A GoPro Fusion model camera with the latest firmware uploaded inside was used to shoot some 360 degree pictures and 
videos (in monoscopic VR), with which the Interactive Virtual Tour was programmed. 

All spherical images are made in JPG quality at 18 MegaPixel and all original spherical videos are 5.2K quality, but mounted 
in the Interactive Virtual Tour they have been scaled to 4K. The audio recorded was not ambisonic, but stereo. 

Unfortunately it was not possible to record underwater images due to the great continue turbidity of the waters that 
characterized all the period long during which the survey was carried out. It is hoped to be able to carry out VR images in the 
future, with a view to continuing the project and promoting both the ecological culture and the SPA-RAC commitment on the 
Albanian areas to be studied and protected. 

 

Figure 1.6.6_1 – VR 360 Camera GoPro 5.3K FUSION used during underwater operations 
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The GEF-funded project “Implementation of the Ecosystem 
Approach in the Adriatic Sea through Marine Spatial 
Planning” (GEF Adriatic) is carried out across the Adriatic-
Ionian region with focus on two countries: Albania and 
Montenegro.

The main objective of the project is to restore the ecological 
balance of the Adriatic Sea through the use of the ecosystem 
approach and marine spatial planning. Furthermore, the 
project aims to accelerate the implementation of the 
Integrated Coastal Zone Management Protocol and facilitate 
the implementation of the Integrated Monitoring and 
Assessment Programme. Just as importantly, it will contribute 
to the achievement of the good environmental status of the 
entire Adriatic. The project is jointly led by UNEP/MAP, PAP/RAC 
and SPA/RAC. In Albania, the project implementation is 
coordinated by the Ministry of Tourism and Environment with 
National Agency for Protected Areas. The project duration is 
from 2018 to 2021. 

Ministry of Tourism and Environment
Bulevardi “Dëshmorët e Kombit” Nr.1, 1001, Tiranë, Albania
E : info@turizmi.gov.al

National Agency of Protected Areas
Bulevardi “Dëshmorët e Kombit” Nr.1, 1001, Tiranë, Albania
E : info@akzm.gov.al, zamirdedej@akzm.gov.al




