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 Abstract 

Cetacean mass stranding events (MSEs) elicit much interest from both the public and 

scientific community but the underlying reasons largely remain a mystery.  Live stranding 

events and more specifically mass live stranding events are extreme situations in which 

public safety, animal welfare and conservation science issues have to be managed with an 

extremely clear perception of priorities and under the constant pressure of emergency. 

Thorough investigation of these events usually requires the consideration of a number of 

natural and anthropogenic factors. In 2011 and 2012 two large mass strandings of long-

finned pilot whales (Globicephala melas) occurred in Scotland. This report outlines the 

diagnostic and investigative pathways followed to investigate any potential causal or 

contributory factors for the 2011 mass stranding. It is in response to funding allocated by 

Defra and the Scottish Government as a variation to contract number MB0111 (CSIP 

cetacean strandings around the UK coast).  

On Friday 22nd July 2011, a pod of approximately 70 long-finned pilot whales entered the 

Kyle of Durness, a shallow tidal inlet bordering Cape Wrath, northern Scotland. Herding the 

pod back towards open water was attempted using rigid inflatable boats and a team of Royal 

Navy divers from the Northern Diving Group, however approximately 35 animals stranded on 

the falling tide at the mouth of the estuary. A rapid reaction from local people and stranding 

response teams enabled the successful refloat of a large proportion of these animals on the 

following tide.  Four additional animals stranded further upstream. These were also refloated 

but restranded and were euthanized on welfare grounds the following morning.  

Nineteen animals were known to have died during the MSE from a combination of factors 

including hyperthermia, myositis and water aspiration. Sixteen animals, comprising eight 

males and eight females were recovered and necropsied on site by an investigation team 

from the UK Cetacean Stranding Investigation Programme (CSIP). Samples were collected 

according to standard protocols and investigations into potential trigger factors for the MSE 

were undertaken. The investigation included detailed pathological examination to quantify 

overall disease burden and specific diagnostics. This included microbiology, histopathology, 

morbillivirus (RT-PCR), and quantitative analyses for algal toxins (domoic acid and 

saxitoxin), organochlorine pesticides and 25 individual chlorobiphenyl congeners in blubber 

and metals concentrations in liver. External triggers, such as unusual climatic conditions and 

influences of underwater noise were also investigated. A request was made to the UK 

Ministry of Defence to establish the temporo-spatial distribution of military sources of 

underwater noise preceding the MSE. The investigation identified two main factors which 

would be plausible explanations for the stranding, navigational error in a complex, shallow 
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tidal zone, and acoustic impairment or a behavioural response to a series of underwater 

explosions conducted in the vicinity of the Kyle during the previous 24 hour period. 

Section 1: Stranding summary and investigation outline 

¶ Between 60-70 long-finned pilot whales entered the estuarine Kyle of Durness at 

high tide (11:20-12:20) on Friday 22nd July 

¶ Bathymetry of area formed an effective ówhale-trapô for live cetaceans as the 

falling tide resulted in a braided network of shallow channels and sandbanks.  

¶ Some animals were subsequently herded back out to sea on ebbing tide (13.15-

16.00hrs) by divers from the RN Northern Diving Group, members of British 

Divers Marine Life Rescue and local volunteers 

¶ 39 animals known to have live-stranded in two locations 

¶ 15 died, 4 euthanized and about 20 were refloated 

¶ Multiple site stranding, limited road access and requirement for boat support, 

kindly supplied by from Royal Navy and Coastguard, presented logistical issues 

with both refloat attempts and carcase recovery. 

¶ No other cetacean species were reported stranded in this region around the time 

of this MSE 

The investigation into the 2011 Kyle of Durness mass stranding aimed to assess a number 

of factors known or considered potentially influential in causing cetaceans to strand. Given 

the uncertainties in proving causation, this investigation did not seek to provide a definitive 

reason why this MSE occurred, but instead aimed to consider the plausibility that certain 

factors could have contributed to this stranding. 

Three questions which could be asked about a pod of long finned pilot whales entering and 

subsequently stranding in the Kyle of Durness.  

1. Why was a pelagic species close to shore? 

2. Given the pod was close to the coast, what caused the pod of animals to 

enter the shallow tidal Kyle? 

3. Why were animals reluctant to leave the Kyle despite being herded by 

swimmers and small boats 

The report is organised into sections and each deals with a particular factor considered 

plausible at contributing to the mass stranding event. The relevance of each of these factors 
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on the questions posed above is discussed followed by the overall conclusions from the 

investigation, recommendations and suggested future mitigation strategies. 

Section 2: Ecology of long-finned pilot whales (Globicephala melas) 

Long-finned pilot whales are one of the largest members of the dolphin family. Newborns are 

1.6-2.0 m long and weigh approximately 100 kg. Adult males and adult females reach an 

average of 6.7 m and 5.7 m in length respectively. Males weigh up to 2,300 kg and females 

are smaller, seldom exceeding 1,300 kg.  

Long-finned pilot whales occur in temperate 

and sub-Arctic regions of the North Atlantic. 

With a indicate a range between of 40° N 

and 80° N in the North Atlantic.2 The species 

occurs mainly in deep waters (200-3,000m) 

and predominantly are sighted along the 

continental shelf edge (Fig 1 & 2). Primarily 

squid eaters, long-finned pilot whales will 

also take small medium-sized fish, such as 

mackerel, when available. They have also 

been observed to follow prey (squid and 

mackerel) inshore and into continental shelf 

waters during the summer and autumn3. 

Figures 1 & 2 show long-finned pilot whale 

distribution around the UK based on 

sightings data. The distribution map 

highlights a predominantly deep water habitat, 

with the species occurring in greatest 

numbers to the north of Scotland and south-

east of the Faroes, as well as along the shelf 

edge from southern Ireland south to the Bay of Biscay. Off the north coast of Scotland the 

highest sightings rates occurred over deeper areas (500-2,000 m), however the species is 

known to venture into coastal waters in areas such as the Faroes, northern Scotland, 

western Ireland and the south-west approaches to the English Channel. There appears to be 

little seasonality in the pattern of sightings. Median group size ranged from 10-15 (maximum 

200) between May and August, whereas for six out of eight months between September and 

April, it varied between 20 and 25 with a maximum of  1,000 individuals sighted 4 As with 

Figure 1: Surface maps showing predicted 
abundance of long-finned pilot whales based 
on sightings data

1
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most cetacean population and abundance estimates, these distribution maps can suffer from 

low survey effort. 

 

Figure 2: Distribution map of long-finned pilot whale sightings (from Reid, Evans & Northridge, 
2003

5
)  

Section 3: Long-finned pilot whale strandings in Scotland 

A mass stranding is defined as two or more animals found together excluding cow/calf pairs. 

Long-finned pilot whales are the species most prone to mass strand in the UK (CSIP data). 

Since 1913, there have been 29 long-finned pilot whale MSEs in the UK with an average of 

21 individuals at each event. The largest MSE occurred in May 1950 in East Lothian and 

involved 148 individuals (NHM data). Figure 4 is a map showing the density of long-finned 

pilot whale strandings in Scotland since 1992. Hotspots for single strandings of this species 

are the Western Isles (n=74), North West Scotland (n=26), Orkney (n=20) and Shetland 

(n=22) which is explicable given this is the land closest to the normal shelf-edge foraging 

zones for this species. The Kyle of Durness mass stranding is also in this category, in 

contrast to the subsequent mass stranding in 2012 in Fife. Figure 3 shows the number of 
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mass strandings by species in Scotland, and highlights the magnitude of the 2011 and 2012 

pilot whale mass strandings and Figure 5 shows the location of all pilot whale MSEôs since 

1990. 
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Figure 3: MSE's in Scotland 1989-2012 
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Figure 4: Density of pilot whale strandings 1992-2012 

 

Figure 5: Pilot whale mass strandings 1992-2012 
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Section 4: Previous near mass-stranding events 

There were three unusual long-finned pilot whale mass or nearïmass strandings in the 

months prior to July 2011 (Figure 6). A near mass stranding can be defined as a group of 

animals close to shore exhibiting behaviour consistent with an attempt to strand, but 

prevented from becoming beached by human intervention or topography. 

4.1  Uist near stranding 27th October 2010, Donegal mass stranding 6th November 2010 

Loch Carnan, South Uist, (OS grid reference, NF 835 429). Approximately 40 long-finned 

pilot whales were seen very close to a rocky shore, packed in a tight group, milling and 

spyhopping. They were herded out to sea using small boats, however 10 days later (6th 

November 2010) 33 long-finned pilot whales mass stranded on Rutland Island, Donegal in 

the Republic of Ireland. This was a remote, relatively inaccessible location however the Irish 

Whale and Dolphin Group (IWDG) was able to confirm the mass stranding of 33 pilot whales 

in total, all which were found dead (http://www.iwdg.ie/article.asp?id=2422). Necropsies are 

not routinely carried out in Ireland, and without financial support from the Irish government it 

was not possible for a CSIP team to allocate UK funds to this work, so these cases were not 

examined. Photographic identification of dorsal fin images confirmed some animals were 

those which left Uist the previous week. 

4.2  Uist stranding/near mass stranding 21st May 2011  

Approximately six months later, in precisely the same region of Loch Carnan, South Uist, 

approximately 50 long-finned pilot whales were noted spyhopping. Many animals 

demonstrated head lacerations indicative of recent trauma, most likely from rock abrasions. 

No attempt was made to herd this pod out to sea. Two carcases were found, one 

recoverable for necropsy which showed a thin animal but without any significant pathology. 

After two days the rest of the pod left the area. No subsequent re-sighting in region was 

noted, and no confirmed reports of carcases were found elsewhere. 

At both of these near stranding events, investigations were conducted by the charities 

BDMLR (British Divers Marine Life Rescue) and WDC (Whale and Dolphin Conservation) to 

identify any concurrent anthropogenic activity which may have led to the pod congregating in 

Loch Carnan. The Royal Navy stated the only vessel in the region of the first Uist stranding 

was 50 nm away (HMS Ramsay) and another MOD source stated that no royal Naval units 

were operating within 50 miles of the Irish stranding site and no sonar units within 100 nm. It 

was also stated that the vessel in nearest proximity to the first sighting at Uist was a 

http://www.iwdg.ie/article.asp?id=2422
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minehunter vessel deploying low frequency sonar. The IWDG were contacted by a source 

who claimed to have deployed a hydrophone in óNorth west Scottish watersô and picked up 

óextensiveô usage of mid-frequency sonar over a 7 day period approximately a fortnight 

before the first sighting in Uist on 27th October. This could not be corroborated however, and 

the lack of necropsies meant it was neither possible to investigate causes for these near 

mass strandings, nor the mass stranding itself in Ireland a week or so later. Loch Carnan 

itself does not appear topographically or bathymetrically unusual to the rest of the island, so 

it was not clear why two near mass strandings both occurred in this particular inlet. A subsea 

cable crosses Loch Carnan from a 11MW Oil-fired power station and consideration was 

given to the possible impact on cetacean navigation from any electromagnetic 

interference6,7. It is possible that naval activity may have had a contributory impact on the 

animals initial presence in Uist, although it isnôt clear though what may have triggered the 

mass stranding itself in Ireland. From the information provided, no anthropogenic activity or 

source of underwater noise could therefore be identified which would plausibly explain either 

of these stranding events. 

4.3  Subsequent mass stranding events 

On Sunday 2nd September 2012 a pod of approximately 35 long-finned pilot whales were 

reported as stranded or attempting to strand on the rocky coastline between Pittenweem and 

Anstruther, Fife. A large rescue and refloat attempt was launched and ten animals were 

refloated on the following tide. Twenty-one animals were either found dead by the rescue 

teams or died during the refloat. The carcases were recovered to an adjacent field and 

necropsied by veterinary pathologists and biologists from the CSIP, the Sea Mammal 

Research Unit (SMRU) and Moredun Research Institute (MRI). Investigation of this stranding 

event was funded by the Scottish Government and findings published in a separate report. 
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Figure 6: Map of G. melas mass or near mass stranding events (data © 2012 Google) 
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Section 5: Timeline of Kyle of Durness stranding 

5.1  Friday 22nd July 2011 

*numbers in brackets refer to locations on Figure 8 

Uncorroborated accounts from a number of local people aiding the rescue suggested 

a number of large cetaceans had been sighted from the headland to the west of 

Durness on the evening of Wednesday 20th July. No marine mammal observer or 

sightings monitoring was operational during that time, so it was not possible to 

confirm these reports. 

1. 11.20hrs: Between 50-70 long-finned pilot whales were seen at the end of a flow tide 

entering the shallow estuarine environment of the Kyle of Durness (1). 

2. 12.03hrs: High water (3.5 m). 

3. 12.20hrs: Report of two groups of pilot whales in inner Kyle with tide now ebbing, 

leaving both at risk of stranding.  

4. 13.15hrs: Initial response by Royal Navy Divers (Northern Diving Group) with rigid 

inflatable boat. Four animals strand on falling tide (2). 

5. 14.00hrs: Twenty-two animals seen in channel at south end of Kyle, twenty more in 

shallow water. Rest of pod remained in deeper water. Northern Diving Group used 

boats and divers in water to attempt to herd the entire pod towards Kyle entrance. 

6. 15.45hrs: Approximately 60 whales were herded out to the Kyle mouth. Close to 

opening of Kyle pod reported to show agitated behaviour. Progress was slower as 

animals began milling activity and seemed reluctant to leave the Kyle. Pod split at 

this point and 35 animals headed to shore and were left stranded on sandbanks on 

the western side of Kyle (3).The remainder of the pod left the Kyle and were not 

sighted again. 

7. 18.08hrs Low water (1.7 m). 

8. 18.15hrs: Many volunteers now on site. Approximately 30 people ferried by boat to 

assist with refloat of main group on incoming tide. 

9. 21.00-23.00hrs: Attempt to refloat animals on rising tide. Five animals were known to 

be dead by this time. Most of the remaining live animals were in lateral recumbency 
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and exhibited impaired use of the musculature on the side on which they had been 

lying. This is a familiar sequela to live stranding and is due poor perfusion of the 

dependent muscle groups due to the crushing effect of the animalôs bodyweight out 

of the water. In addition, depressions created by the movement on a soft sand 

substrate appeared to impaired the animalsô ability to right themselves and hence 

maintain the blowhole out of the water. Consequently, many animals required 

support to keep them in ventral recumbency and maintain the airway as the tide 

returned. 

 

Figure 7: Refloat operation, rising tide 18:00hrs 22/07/11 

 

10. Several calves were also present in the group and corralling them together in the 

deeper water appeared to encourage adult animals to follow. 

11. Approximately 20 animals refloated from this main group. 

12. 22.30hrs: Four animals refloated from secondary group (2). Close to road so British 

Divers Marine Life Rescueôs inflatable pontoon used in this case. 
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Figure 8: Image showing strandings locations described above. Only the east, (right), 
shoreIine was accessible from a road. Image © Google 2012 

5.2  Sat 23rd July 2011 

13. 00.08hrs: High water (3.6 m). 
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14. 06.00hrs: Five stranded appeared moribund. Difficult location to access due to soft 

sand (4). 

15. 06.49hrs: Low water (1.6 m). 

16. 09.00hrs: Safe access to sandbank achieved. One animal already dead, remaining 

assessed by veterinarian and euthanized with Immobilon L.A. (Etorphine 2.45 

mg/ml plus Acepromazine 10 mg/ml) on welfare grounds. 

17.  Sat pm: Recovery of carcases by the Ministry of Defenceôs Northern Diving Group 

(NDG), coastguard and members of the public to site at head of Kyle for necropsy 

and burial (5). 

 

5.3  History of cetacean sightings and strandings in the region 

Figure 9 & Figure 10 shows long-finned pilot whale strandings around the NW coast of 

Scotland between1990-2011. It can be seen that several individuals were reported over this 

period but the largest cluster by far was this mass stranding in July 2011. With the exception 

of one case (an Atlantic white-sided dolphin, January 1997), no strandings were previously 

recorded in the Kyle of Durness. In contrast, strandings are more commonly reported in the 

area north of the Kyle at Balnakeil bay. This is a large sandy beach with good public access, 

onto which dead strandings tend to be funnelled by the prevailing winds. Figure 11 shows 

long-finned pilot whale sightings reported to Seawatch between 1980-2010 and it can be 

seen that the species has been sighted close to shore, albeit usually further east around the 

Pentland Firth and Orkney8. 
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Figure 9: Strandings reported to the CSIP 1990-2011 

 

Figure 10: Close up of Kyle of Durness region 
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Figure 11: Sightings of pilot whales 1980-2010. (data Evans and Baines 2010) 
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Section 6: Topography of Kyle of Durness 

The Kyle of Durness is a sinusoidal shallow tidal inlet containing two major bends, the more 

southerly of which is almost a right angle. It is approximately 7 km long and on average     

800 m wide, narrowing to 490 m at the main bend.  There is a large tidal range of the order 

of 4.8 m at spring tides (UK Hydrographic Office) with the result that at low water the upper 

6.5 km empties to form a series of braided channels and extensive areas of exposed sand. 

To that end it is effectively a ówhale trapô as the complex, sinusoidal and shallow topography 

are likely to make navigation difficult. Consequently animals entering the Kyle at high water 

risk becoming stranded by the receding tide. Access to the eastern shore of the Kyle from 

the public road is straightforward; however the lack of any paths or roads along the western 

shore, sandbanks and rapid tidal streams necessitates boat access in most situations. 

 

Figure 12: Stranding, low water, site (2) (photo BDMLR) 

6.1  Loch Eribolll and Kyle of Tongue 

Loch Eribolll is situated 10 km to the east of the Kyle of Durness and is different to the other 

inlets along the north coast. Loch Eribolll is a deep water sea loch reaching 63 m depth 

within the loch and 75 m at the mouth. An additional 10 km further west is the Kyle of 

Tongue, another shallow inlet with extensive areas of exposed sand at low water. A number 

of cetacean species, including minke and long-finned pilot whales have been recorded in 

Loch Eribolll, whereas there are very few sightings of cetaceans in the shallower inlets8. 


















































































