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Abstract 

In August 2015 more than 300 dolphin calves were stranding on the Bulgarian seacoast. Data were collected from 

witnesses, organized by us in a network, using IT online services and other communications. Further these data were 

formatted in GIS context. Using the numerical model MOTHY and the estimated exact hour of death of dolphin 

carcasses, were chosen 28 specific cases were chosen. We simulated 252 possible trajectories for 25 days, with more 

than 50 000 coordinate points. These raw data from the model were organized in a specific geodatabase. Then, 

advanced GIS analysis were used to locate the place and exact time of death of dolphin’s calves, back in time. The 

results point a place in Black sea, 35 km north of Snake Island that was the most probable place where the dolphin’s 

calves died around 25 July 2015. Suspected reason of death, determined by different ways, was the usage of illegal 

gillnets for turbot. Further, historical data of ship’s traffic were analyzed (with active AIS) to determine possible 

offender/s. As only small percent of carcasses reach the coast in the investigated area due to specific currents in the 

Western Black Sea, it is suspected that the incident concern thousands of dead dolphin calves. The significance in its 

investigation is apparent for preventing new similar incidents. The applied new advanced methods and workflow can be 

used to investigate different types of past time accidents in the sea. 
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PREFACE 

A wildlife disaster unfolded on the Bulgarian Black Sea coast in the summer of 2015. Hundreds of dead baby dolphins 

(Phocoena phocoena) have been discovered on beaches along the 378 km long coastline. In July and especially in 

August carcasses of baby dolphins were found at the seashore on almost all Bulgarian beaches, in particular after strong 

winds. Due to specific sea currents in the Black Sea at that time of the year, only a small percentage (5-10%) of 

carcasses reached the mainland. As the number of registered cases was more than 300, it was suspected to be a very 

large wildlife disaster with probably thousands of dolphin victims. The incidents were found to be periodic in time, 

which gave us a clue about the possible cause. At the neighboring coastlines of Romania and Turkey there were no 

similar cases, but it was evident that most of the carcasses had been in the water for more than 20 days. Due to the 

complexity of the case it was important to obtain as much data as possible and structure and analyse them using 

different approaches in order to identify the potential cause of death. 

COLLECTING DATA 

Most of the signals and data on the deaths came in from citizens and tourists. The state institutions were lacking data 

because there was no procedure in place beforehand covering such incidents. However, the non-governmental 

organization “Save Koral Beach” immediately invented a workflow for collecting valuable data and created an 

emergency network of supporters, colleagues, concessionaires, beach tenants, lifeguards, divers, surfers, spear 

fishermen, fishermen and tourists. Social networks, in particular the Facebook group “Save the Dolphins”, were used to 

record signals and for communication, collecting information details and exchanging photos and information. 

Information about this activity was promoted in the News of several national TV media. Missing network for 

monitoring of dolphins (stranding) in Bulgaria, prove that this approach was very successful in time of emergency. The 

response was huge and soon revealed that the number of dead dolphins was far worse than was expected initially 

(Figure 1). 
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Figure 1. Two of more than 40 dead dolphin calves found at Koral Beach, 400 km away from the suggested place of 

incident 

 The collected data consisted of detailed information including location, time and photos. Because of different quality of 

received data, they further were sorted, checked and filtered. All data that was received was directly published online 

via a public web map GIS application (http://dolphins.koralbeach.com), so that every person could check his own signal 

and give further detailed descriptions if needed. The largest number of cases occurred between 1 and 12 August 2015 

(Figure 2).  

 

Figure 2. Number of dead dolphin calves in the summer of 2015 

Therefore, this period was chosen for detailed analysis and investigation. From the photos for each case, experts 

determined the approximate time of death of each dolphin. Then, 28 representative cases were chosen in that time 

period, spread out all over the Bulgarian Sea coast. Data was structured in a geo database with coordinates and time of 

appearance of each of the carcasses, time of death, photos, and other attribute information. 
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MODEL MOTHY 

The next step was to find out the place of origin of this wildlife disaster. Simulations of the backward movement of 

dolphin carcasses were performed with the numerical model MOTHY. This model was developed about 20 years ago 

by the French national weather service METEO FRANCE (Pierre Daniel, 1996). It was initially developed to simulate 

the drift of containers at the sea surface and the movements of oil spills, but was later expanded with other functionality 

to support search and rescue operations (Pierre Daniel, 2002). The model MOTHY can also predict the movements (or 

simulate backward trajectories) of animal carcasses, as was required in this study (H. Peltier et al., 2012). The numerical 

model needs bathymetric data, information about the location of the stranded dolphin carcasses and an estimate of the 

time period of their drift in days. It also needs meteorological information, such as data about the winds at 10 meter 

altitude above the sea surface and the atmospheric pressure data for the entire period of the simulation. The weather 

data in this study is from the regional atmospheric model ALADIN (R. Bubnova et al., 1995) which is used at the 

Bulgarian national weather service, the National Institute of Meteorology and Hydrology (NIMH). Data on sea currents 

fields at the mixed-level depth of the Black Sea obtained from the American ocean model HYCOM (Eric P. Chassignet 

et al., 2007) was used as input as well. With all these input data the MOTHY model first simulates surface currents and 

subsequently the movements of the floating objects taking into account currents, winds, buoyancy and turbulence. The 

output of the model is a set of backward trajectories for different levels of immersions of the carcasses (H. Peltier et al.,  

2012).                                                                                                  

TRAJECTORIES 

For the 28 selected cases 252 trajectories (9 per case) were computed with varying level of immersion. About 50,000 

possible coordinate points were obtained from these trajectories: one point for every 3 hours during 25 days (or less, 

depending on the time of death) back in time per case (Figure 3).  

 

Figure 3. Points and trajectories after MOTHY model simulations 

The raw data received from the model were reformatted for advanced time analysis with ESRI’s Tracking Analyst, an 

extension for ArcGIS for Desktop. A time window for 1 day and 3 days for every trajectory was used, compensating in 

some degree for the potential time errors in the data. All 252 trajectories were investigated back in time in search of a 

concentrated cloud of trajectory points somewhere in the sea. Eventually such a concentration was indeed found in any 

used analysis, located 35 km northeast of Snake Island in the Exclusive Economic Zone of Ukraine in the Black Sea 

(Figure 4).  
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Figure 4. Cloud of trajectory points shows the place of incident, 35 km NE from Snake Island 

Most of the carcasses were found hundreds of kilometers away from that place after more than 20 days of floating in the 

sea. So the possibility of getting this result by chance is minimal. 

TURBOT ILLEGAL FISHING 

The time of the incident of the selected cases was determined as well and was found to be between 25 and 26 July 2015. 

Knowing the place and time of the incident were the first steps in discovering the cause. During a deeper investigation 

of the other available data it was found that some of the dolphin calves also died around 1 August 2015 in the same 

place, so there was some cyclic event taking place. All of dead calves, more than 300 registered cases, were equal in 

size, neonates from Phocoena Phocoena species. For most cases the exact cause of death was not possible to determine 

by necropsy because of the long time the carcasses had spent in the sea already. However, necropsy could prove in 

some cases that drowning was the cause of death (Kuiken T., 1996). Drowning of dolphin calves most often happens 

when they are caught in fishing nets as bycatch. Happening all over the world, Illegal, Unreported and Unregulated 

(IUU) fishing is one of the most devastating activities in the seas. The Black Sea is notorious for such activities, 

especially illegal turbot fishing by gillnets (Bayram Öztürk, 2013). The place around Snake Island is one of wildlife’s 

richest places in the Black Sea, including turbot population. The unspecific time of the illegal turbot fishing at the place 

in question was also explained as well as historical data point maximum of bycatch dead dolphins especially in that time 

window of the year in that area. The illegal turbot gillnets are often hundreds of kilometers long and are the main cause 

of death globally especially for Phocoena phocoena due to the specific anatomy and behavior of this species (Randall 

R. et al., 2013), (Kastelein et al. 1995), (Kastelein et al., 2000). Knowing the place, time and cause, the challenge still is 

to find the offender. Historical data of marine traffic (marinetraffic.com) based on the automatic identification system 

(AIS) was obtained and analysed, but there were no results due to the fact that illegal fishing boats never activate their 

AIS. Also, we had no public access to VMS data for the region and not analyse them. Completing the crime scene 

investigation, a thorough analysis of the data of all cases in the summer of 2015 made it possible to mark several places 

in the Black Sea where illegal fishing of turbot might be happening.  

FUTURE PREVENTION 

The approach explained in this article can be used for a wide range of applications, investigations or rescue missions at 

sea, without the actual need for satellite and sensor data, border police or military information. Many people contributed 

to the investigation with their expertise, which has also helped in the wide-spread communication about this topic. The 

authors hope that publicity of this severe wildlife disaster in the summer of 2015, concerning the death of probably 

thousands of dolphin calves, can prevent further extermination of the small population of Phocoena phocoena and other 

marine wildlife in the Black Sea. The population of turbot is also on its critical minimum in Black Sea, as well as many 
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other species of marine life, and in the same time the lack of adequate control is evident. Black Sea is arena of Illegal, 

Unreported and Unregulated (IUU) fishing, gas and oil investigation and production, military activities, pollution. The 

extermination of marine sea life continues. 

REFERENCES 

Bayram Öztürk, Some remarks of Illegal, Unreported and Unregulated (IUU) fishing in Turkish part of the Black Sea, J. Black 

Sea/Mediterranean Environment Vol. 19, No. 2: 256˗267 (2013)   

Eric P. Chassignet, Harley E. Hurlburt, Ole Martin Smedstad, George R. Halliwell, Patrick J. Hogan, Alan J. Wallcraft, Remy 

Baraille, Rainer Bleck, The HYCOM (HYbrid Coordinate Ocean Model) data assimilative system, Journal of Marine Systems, 

Volume 65, Issues 1–4, March 2007, Pages 60-83, ISSN 0924-7963, http://dx.doi.org/10.1016/j.jmarsys.2005.09.016. 

H. Peltier, W. Dabin, P. Daniel, O. Van Canneyt, G. Dorémus, M. Huon, V. Ridoux, The significance of stranding data as indicators 

of cetacean populations at sea: Modelling the drift of cetacean carcasses, Ecological Indicators, Volume 18, July 2012, Pages 

278-290, ISSN 1470-160X, http://dx.doi.org/10.1016/j.ecolind.2011.11.014.  

Kastelein, R. A., W.W.L. Au, D. de Haan, Detection distances of bottom-set gillnets by harbour porpoises (Phocoena phocoena) and 

bottlenose dolphins (Tursiops truncatus), Marine Environmental Research, Volume 49, Issue 4, May 2000, Pages 359-375, ISSN 

0141-1136, http://dx.doi.org/10.1016/S0141-1136(99)00081-1. 

Kastelein, R. A., de Haan, D., Staal, C., Nieuwstraten, S. H., & Verboom, W. C. (1995). Entanglement of Harbour porpoises 

(Phocoena phocoena) in fishshing nets. In P. E. Nachtigall, J. Lien & W. W. L. Au, Harbour porpoises, laboratory studies to 

reduce bycatch (pp. 91±156). Woerden, Netherlands: De Spil Publishers 

Kuiken T. Review of the criteria for the diagnosis of by-catch in cetaceans // Diagnosis of by-catch in cetaceans: Proc. 2nd ECS 

Workshop on cetacean pathology, Montpellier, France, 2 March 1994. Europ. Cetacean Soc. Newsletter. No. 26 (special issue). 

Saskatoon, 1996. P. 38–43.  

Pierre Daniel (1996) Operational Forecasting of Oil Spill Drift at Météo-France. Spill Science and Technology Bulletin3 (1-2): 53-64 

Pierre Daniel, Gwénaële Jan, Fanch Cabioc’h, Yves Landau, Erwann Loiseau, Drift Modeling of Cargo Containers, Spill Science & 

Technology Bulletin, Volume 7, Issues 5–6, December 2002, Pages 279-288, ISSN 1353-2561, http://dx.doi.org/10.1016/S1353-

2561(02)00075-0.  

R. Bubnova, G. Hellp, P. Bernard, J. F. Geleyn: Integration of the fully elastic equations cast in the hydrostatic pressure terrain-

following coordinate in the framework of the ARPEGE/Aladin NWP system. Mon Weather Rev, 123 (2), 515 (1995) 

Randall R. Reeves, Kate McClellan, Timothy B. Werner, Marine mammal bycatch in gillnet and other entangling net fisheries, 1990 

to 2011, ENDANGERED SPECIES RESEARCH, Vol. 20: 71–97, 2013, doi: 10.3354/esr00481  

 BIOGRAPHY 

Atanas Rusev is an engineer, researcher and GIS specialist at Bulgarian Geoinformation Company. He is active for the 

last almost 30 years as a mountaineer and as a cave explorer in Club Extreme. He is founder of the eco-organization 

“Save Koral Beach” in 2010. His main interest is in GIS, methodologies for cave mapping, mobile GIS and GIS Server 

implementations, and ecology. E-mail: toltec@clubextreme.org  

Vasko Galabov is an assistant professor in meteorology in Bulgarian Academy of Sciences - National Institute of 

Meteorology and Hydrology (NIMH-BAS). His area of research is marine meteorology, marine numerical modelling, 

climatology and atmospheric modelling. E-mail:  Vasko.galabov@meteo.bg 

Razvan Popescu-Mirceni has a PhD in Biology and is the co-founder and general manager of the Oceanographic 

Research and Marine Environment Protection Society Oceanic-Club from Romania. His main interest is biodiversity 

studies, especially on cetaceans with over 20 years of field research experience. E-mail: razvan@oceanic.ro 

http://dx.doi.org/10.1016/j.ecolind.2011.11.014
http://dx.doi.org/10.1016/S1353-2561(02)00075-0
http://dx.doi.org/10.1016/S1353-2561(02)00075-0

