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BACKGROUND

Concern has been raised about the potential effects of military operations on beaked whale behavior and physiology, with particular reference to the coincidence of their mass stranding concurrent with or following naval maneuvers. Twelve whales stranded in Greece in 1996 (Frantzis, 1998); a total of twenty-four whales stranded in the Canary Islands on three occasions (Simmonds and Lopez-Juraco, 1991); four whales stranded in Bonaire (Van Bree and Kristensen, 1974); and, recently at least fifteen whales and a dolphin stranded on March 15, 2000, in the northern Bahamas (this report). All of these reports note the coincidence of naval maneuvers around the time of the mass strandings, but evidence of cause and effect has been elusive. We are publishing this summary so that the interested public can recognize the subtlety of the etiology of such events and respond appropriately. 

In the case of the recent strandings in the Bahamas, the US Navy has reported that the coincident naval activities involved an east-to-west transit of US and foreign warships through the Northeast and Northwest Providence Channel, when and where most of the whales stranded. "Several" of the transiting warships used standard, hull mounted tactical sonar operating within normal mid-range frequencies, power outputs and duty cycles (3.5 and 7.5 kHz, 235 dB re 1 micropascal at one meter, pings of one tenth of a second or less on a duty cycle of 24 seconds (Pirie, ltr 9 June 2000)). 

The Navy conducted an unprecedented review of its transit which showed that there was a surface duct approximately 400 to 500 feet deep in which sound propagated better than it did below that depth. Within a range of 1000 meters from a ship’s sonar in this surface duct, the sound level (RL, received level) reportedly dropped in intensity to less than 180 dB, which has heretofore been considered a "safe" level for single ping non-serious injury to whales (DOEIS, 1999). The biological risk for physical harm may accumulate with the number of pings at a given RL. The Navy is analyzing its acoustical records to look for some confluence of events (multiple pings, terrain, reverberation etc.) that would match up with the observed damage.

OVERVIEW OF THE BAHAMAS STRANDINGS

Two minke whales (Balaenoptera acutorostrata) and thirteen beaked whales (Family Ziphiidae) live stranded along shores of the Northwest Providence Channel on or shortly after March 15, 2000 coincident with the aforementioned naval transit. Six of the beaked whales and the two minke whales were escorted back to sea alive minutes to many hours after first being noticed. Distant from the reported transit and on the opposite side of Abaco, a spotted dolphin (Stenella frontalis) live stranded early in the morning of March 15 on Powell Cay but died by evening, and a Gervais’ beaked whale (Mesoplodon europaeus) stranded on Allans-Pensacola Cay. The latter was not reported or collected until June, 2000, and it may be too decomposed for diagnosis.

DETAILED SUMMARY STRANDINGS IN THE BAHAMAS

Map showing locations of the Bahamas strandings
March 15, 2000

 

BMMS 00-01



Atlantic spotted dolphin (Stenella frontalis)

Immature female – 5 ft length

7:00 AM – Powell Cay, Abaco (26 54N 77 29W)

Stranded alive - died

This dolphin was reported to us as we were assisting with the following three whales. Despite efforts to rescue it, the dolphin died at 5 PM. The carcass was placed in a freezer at 8 PM, kept frozen and delivered to Harvard Medical School on March 30 for UHR-CT scanning and subsequent necropsy at Woods Hole Oceanographic Institution. The necropsy indicated this dolphin had been in poor health for some time.

 

BMMS 00-02



Cuvier’s beaked whale (Ziphius cavirostris)

Juvenile (gender unknown) – 12 ft length (estimated)

7:30 AM - Rocky Point, Abaco (25 59.802N 77 24.344W)

Stranded alive – rescued

This whale was reported to us while we were assisting with the next whale (BMMS 00-03). The tide had dropped enough to completely strand the whale and it could not be re-floated and escorted to deep water until 1:03 PM. While aground, the whale was bleeding from several superficial ventral body and tail scratches. This whale appeared to be very young and disoriented, and it was not swimming strongly when released. We collected some scraped skin samples of this whale for DNA and chromosome analysis prior to release. This rescue was videotaped, and the whale was photographed for later recognition. 

 

BMMS 00-03



Cuvier’s beaked whale (Ziphius cavirostris)

Sub-adult (gender unknown) – 17 ft length (estimated)

8:15 AM - Sandy Point, Abaco (26 01.079N 77 24.150W)

Stranded alive – rescued

This whale live stranded almost at our doorstep as the tide was dropping. We immediately pushed it off the shore and escorted it to deep water by 9:12 AM. The whale appeared to be nearly mature and very disoriented, but was swimming strongly as it departed the shallow water toward deep sea. No samples were collected. This "rescue" was videotaped and the whale was photographed for later recognition. It is worth noting that we had previously photo-identified this whale with three other Cuvier’s beaked whales on March 1 off Southwest Point, Abaco at 25 50.439N 77 16.576W. 

 

BMMS 00-04 



Blainville’s beaked whale (Mesoplodon densirostris) 

Young adult (probably female) – 14 ft length (estimated)

8:35 AM - Sandy Point, Abaco (26 01.271N 77 24.049W)

Stranded alive - rescued 

This whale stranded about two hundred yards north of our doorstep, and was immediately pushed off the shore and escorted to deep water by 10:33 AM. The rescue was videotaped as the whale swam off into deep water, and it was photographed for later identification. From analysis of the video taken of the rescue, this whale is estimated to be of adult size, teeth not erupted and the body fairly clean of scarring, suggesting it was female. No samples were collected, and the whale appeared to be uninjured and swimming strongly. 

 

BMMS 00-05



Blainville’s beaked whale (Mesoplodon densirostris)

Young adult (probably female) – 14 ft length (estimated)

11 AM – Gorda Cay, Abaco (26 06N 77 32W)

Stranded alive - rescued

This whale was reported to be swimming in the channel of a mangrove lagoon on northwest side of island before noon. When it stranded and was reported to us at 3:30 PM for assistance with rescue, we responded by boat and assisted in escorting it to deep water by 5:30 PM. The rescue was briefly videotaped, the whale was photographed for later identification, and a sloughed skin sample was saved for DNA and chromosome analysis.

BMMS 00-06 



Cuvier’s beaked whale (Ziphius cavirostris)

Juvenile (female) – 15 ft length (measured)

12 noon - High Rock, Grand Bahama (26 37N 78 17W)

Stranded alive - died

This whale was reported by schoolgirls who saw it swimming near the beach. They reported no other whales or sharks in the area. Eden Butler of UNEXSO arrived at 4 PM, by which time the whale was stranded and dead. He took photographs and measurements, and commented that it had no fresh shark bites. Dr. Alan Bater collected skin and blood samples of this whale in the evening of March 15. The carcass was buried on order of local authorities for health reasons.

 

BMMS 00-07 



Minke whale(Balaenoptera acutorostrata)

Adult (sex unknown) - 27 ft length (estimated)

12 noon, Meek's Patch, North Eleuthera (25°30'N 76°47'W)

Stranded alive - rescued 

A whale was reported alive in shallow water 1 mile south of Meek's Patch by the sailing vessel "Morning Wind". On the morning of March 16 we received a report that a live whale was in Royal Island Harbour, by which time a minke whale was already stranded on the opposite side of this island (BMMS 00-12). We have parsimoniously retained only one BMMS number for the free-swimming whale, although earlier drafts of our report assigned two numbers for two free-swimming whales several miles apart. This is a relatively populated area of the Bahamas, and based upon connecting the dots between sightings reports we now believe this whale swam around the bight between Meek's Patch and Royal Island until it reached the relatively deep channel of Royal Island Harbour, where it remained for two days. We have obtained a videotape taken by observers on the yacht "Snowy Owl" of the whale in the harbour where many boaters attempted to escort it out. From the videotape we can confirm species identity as a minke whale, about 27 feet long. This whale was escorted out of the harbour by local residents to deep water off Egg Island on March 17. No specimen materials were collected. The NMFS Draft Report refers to this whale as specimen number 16-Ba.

 

BMMS 00-08 

Unidentified whale (cf. Unidentified Ziphiidae) 
Adult female?– 18 ft length (estimated)

12:30 PM, Peterson Cay, Grand Bahama (26°33’N 78°31’W)

Stranded alive - rescued 

An 18 ft long whale with a pointed nose, and a calf whale were reported stranded alive on opposite sides of the cay. Tourists kayaking nearby pushed the presumed female whale back out and it apparently did not re-strand. Both whales swam away. No specimen materials were collected, but from the description these were probably beaked whales. Reportedly the calf swam into shallow water and the “female” swam around trying to get to it, stranding and bleeding from injuries sustained in the process. We have obtained the names of the people who were on the kayaking expedition, and are in the process of obtaining their addresses from the hotels where they stayed. It is likely that photographs were taken and can be located. The NMFS Draft Report refers to this whale as specimen number 1-U. 

 

BMMS 00-09 

Unidentified whales (cf. Unidentified Ziphiidae)

Calf– size not reported

Stranded alive - rescued

Around 12:30 PM, Peterson Cay, Grand Bahama (26 33N 78 31W)

Presumed calf of the presumed adult female (BMMS 00-08), both presumed beaked whales that were reported stranded alive on opposite sides of the cay. We are awaiting photographs for species confirmation and analysis of status. The NMFS Draft Report refers to this whale as specimen number 2-U. 

 

BMMS 00-10 



Cuvier's beaked whale - (cf. Ziphius cavirostris). 

Adult male- 18ft long(estimated by fisherman)

Around 2:30 PM, Red Shank Cay, Grand Bahama (26 28N 77 46W)

Stranded alive – status unknown

This is one of two whales that were observed live stranded on sandbars near Red Shank Cay (Burrows Group) southeast of Grand Bahama. The fishermen from Deep Water Cay Club who reported the whales noted that one whale that was completely stranded had “funny” teeth 2-3 inches long at the tip of the mandible. Photos provided by the fishermen confirm species identification, and the prominent tooth eruption is diagnostic of adult male status. It has not been re-sighted as of 25 August 2000 when our field season ended. We completely beachcombed the cays of the Burrows group in June and found no skeletal or other remains, although we did find vertebrae from the Water Cay specimen (BMMS 00-15). The NMFS Draft Report refers to this whale as specimen number 9-Zc. 

 

BMMS 00-11 



Cuvier’s beaked whale (Ziphius cavirostris)
Unknown status - 18 feet long (estimated)

2:30 PM, Red Shank Cay, Grand Bahama (26°28’N 77°46’W)

Stranded alive - status unknown

This is the other of two whales that were observed live stranded on sandbars near Red Shank Cay (Burrows Group) east of Grand Bahama. The fishermen who reported the whales indicated that this whale was still swimming in shallow water not far from the stranded whale (BMMS 00-10). Photos provided by the fishermen confirm species identification, but it cannot be determined if teeth are erupted. The pigmentation pattern and relatively slight scarring of the dorsum indicates this whale is a young adult female or subadult male. It has not been re-sighted as of 25 August 2000 when our field season ended. The NMFS Draft Report does not refer to this whale

 

BMMS 00-12



Minke whale (Balaenoptera acutorostrata) )

Subadult (sex unknown) - 21 ft length (estimated)

5:30 PM, Royal Island, North Eleuthera (25°31’N 76°49’W) 

Stranded alive- rescued

One of two whales reported alive in shallow water on March 15, this whale was swimming on the “conch flats” on the north side of nearby Royal Island, North Eleuthera and the following morning it was found near the same location stranded alive. Good quality photographs taken of this whale that permit us to confirm this animal as a minke whale about 21 feet long. This whale was kept wet by local residents and escorted through the reef out to deep water on the north side of Royal Island around 4 PM on March 16. The NMFS Draft Report refers to this whale as 15-Ba. 

 

 

BMMS 00-13



Cuvier’s beaked whales (Ziphius cavirostris)

Adult female – 18 ft length

Afternoon, Gold Rock Creek, Grand Bahama (26 36N 78 22W)

Stranded alive- died

One of two whales stranded within three hundred yards of each other. Reportedly US military personnel attempted to push the whales back out, but they both restranded and died. The carcasses were buried for public health reasons in the morning of March 18, but exhumed again at noon for necropsy. That afternoon, Drs. Ruth Ewing and Alan Bater conducted necropsies on both of the carcasses, which were by then decomposing. Tissue samples and stomach contents were collected, and the heads were removed for dissection of the ears. The remainder of each carcass was reburied. The NMFS Draft Report refers to this whale as specimen number 10-Zc.

 

 

BMMS 00-14 



Cuvier’s beaked whale (Ziphius cavirostris)

Sub-adult male – 17 ft length

Afternoon, Gold Rock Creek, Grand Bahama (26°36’N 78°22’W) 

Stranded alive - died

The other of two whales stranded within three hundred yards of each other. Reportedly US military personnel attempted to push the whales back out, but they both restranded and died. The carcasses were buried for public health reasons in the morning of March 18, but exhumed again at noon for necropsy. That afternoon, Drs. Ruth Ewing and Alan Bater conducted a necropsy of the carcasses, which were by then decomposing. Tissue samples and stomach contents were collected, and the heads were removed for dissection of the ears. The remainder of each carcass was reburied. The NMFS Draft Report refers to this whale as specimen number 11-Zc.

 

< P> 

BMMS 00-15 



Cuvier’s beaked whale (Ziphius cavirostris)

Sub-adult male - ca. 16 ft length, teeth unerupted 

9:30 AM - Water Cay, Grand Bahama (26°26.136’N 77°45.943’W) 

Stranded – dead

During an aerial search for stranded whales we saw and video-documented this dead whale on shore at Water Cay in the Burrows Group, but we saw none in the water or on nearby sandbars. The following day (March 17) we went by inflatable boat and collected the head and tissue samples for preservation and later analysis. The whale had been severely attacked by sharks and the dorsal fin, pectoral fins and tailstock were missing. It apparently exsanguinated, suggesting the attacks were ante mortem. The frozen head and formalin preserved earbones were delivered to Harvard Medical School on March 30 for UHR-CT scanning, and then to Woods Hole Oceanographic Institution for dissection. We delivered the preserved organ tissues from this whale to Dr. Ruth Ewing’s laboratory, National Marine Fisheries Service, Southeast Region on May 18, 2000 for histo-pathology studies. The NMFS Draft Report refers to this whale as specimen number 8-Zc. 

 

Date Unknown

 

BMMS 00-16 



Blainville’s beaked whale (Mesoplodon densirostris)
Juvenile male - 11 ft length

11 AM - Cross Harbour Creek, Abaco (25°56.447’N 77° 16.553’W)

Stranded - dead

We found this freshly dead Blainville’s beaked whale carcass in a mangrove lagoon, more than two miles from deep water. Most of the body coloration appeared normal (not darkened or dried from exposure), suggesting the skin had not been exposed to air for a long period, and there were no shark bites. A notable exception to the apparently normal skin coloration was an extensive and well-defined raspberry-tinted discoloration (bruise?) visible on the right side mid-ventrally and laterally, extending from behind and under the right flipper to the anus as evidence in the photograph above. We collected the head, skeleton, and samples of liver, heart, right lung, right kidney, right body muscle, and mesenteric lymph nodes. The frozen head was delivered to Harvard Medical School for UHR-CT scanning, on March 30. The formalin-fixed and frozen tissue and stomach samples were delivered to Dr. Ruth Ewing’s laboratory, National Marine Fisheries Service, Southeast Region on 18 May, 2000 for histo-pathology. A blubber sample was delivered to Dr. Margaret Krahn, Manager, Environmental Chemistry Branch, National Marine Fisheries Service on April 4 for environmental contaminant analysis. This whale revealed the most significant forensic findings due to its fresh collection and priority handling. The NMFS Draft Report refers to this whale as specimen number 12-Md. 

 

BMMS 00-17 



Cuvier’s beaked whale (Ziphius cavirostris)
Male - 18 ft length

Stranded – dead

Stranding date unknown - Freetown, Grand Bahama (26°35’N 78°29’W) 

This whale was reported stranded on March 20; but, it was subsequently learned that the carcass was on the beach as early as March 17, already “stinking”. Dr. Alan Bater and Charles Potter conducted a brief necropsy on March 20, and estimated that the whale died around the same time as the other Grand Bahama strandings reported above (i.e. March 15). We defer to forensic experts to ascertain when it died. The tip of the jaw had been cut off, presumably by someone who wanted to obtain the teeth. The earbones were collected for analysis. The NMFS Draft Report refers to this whale as specimen number 14-Zc.

 

BMMS 00-18 



Gervais’ beaked whale < B>

Adult male - length indeterminate

Stranded - dead

Stranding date unknown - Allans-Pensacola Cay, Abaco (26°58.509’N 77°38.653’W)

We received a late report of this whale on June 16, and on June 17 collected the skull, mandibles with teeth and dried skin and blubber samples for DNA and toxicological analysis. Hemorrhage patterns in the bone adjacent to where there had been acoustic fats suggest a similar etiology to the previous beaked whales that were necropsied. The earbones appeared to be intact and could be examined for evidence of blood cells in the cochlear duct, but the soft tissues are extremely decomposed and may be of little forensic value. The NMFS Draft Report does not refer to this whale because it was discovered after that report was prepared. 

 

PRELIMINARY FINDINGS OF UHR-CT SCANS AND NECROPSIES

On June 14, 2000, a NOAA Fisheries status report of preliminary findings of postmortem examinations on six of the beaked whale heads from the NW Providence Channel strandings indicated that there was evidence of injuries consistent with an intense acoustic or pressure event (Anonymous, 2000). While these injuries would have caused extreme discomfort, they do not generally cause permanent hearing loss or death (in humans). It was reported that the whales died from being stranded.

 

DISCUSSION

We have quickly responded and reported on the whale and dolphin strandings in the Bahama Islands because of the catastrophic multi-species nature of the stranding event(s). It is possible that not all of the animals listed stranded due to the same cause. At the time of the strandings we were unaware of any military maneuvers in the area, therefore for us this was a blind experiment. By mid-day on March 15 we were skeptical that what we were witnessing was a natural mass stranding. Something was causing these animals to flee from their natural habitat. We considered it possible that the only evidence available would be behavioral, but fortunately we were able to obtain and save fresh specimens. Many factors were considered, and we concluded that there must have been an enormous acoustic event or series of events of some kind that triggered the behavioral flight response. The National Marine Fisheries Service and the Navy came to the same conclusion based on the biological results of specimen examination, which indicated that the injuries were all consistent with an intense acoustic or pressure event. It is important to emphasize that grossly the animals appeared healthy, but disoriented. It is also important to note that while the damages observed are considered survivable, the beaked whales that were not assisted died within a very few hours of live stranding. Perhaps the assisted whales also died after being returned to sea. That is a troubling thought, especially if the suspected acoustic events were still ongoing. 

As the official post-analysis continues, we think it important to keep in mind that not only beaked whales were involved. At least two minke whales swam into remarkably shallow water on March 15, and one stranded while the other swam in circles in a harbor for nearly two days. It is also remarkable that so many beaked whales representing at least two species swam into extremely shallow water on March 15, almost coincident in time, but up to 80 nautical miles apart! Both sexes and several age cohorts were represented. The pattern of stranding is nearly as significant as the results of specimen examination, we believe. This pattern rules out certain types of causes, such as a single explosion. It indicates that many, if not all Ziphiids responded with extreme aversion.

Considering the similar biological damage to beaked whales over great distance, and considering that it is not likely that all of the whales examined were within 1000 meters of a navy sonar on March 15, the damage pattern suggests to us that beaked whales may have a particular sensitivity to the acoustic stimuli employed. There may be tissue and airspace resonance frequencies that are particularly damaging, particularly at depths where these whales normally forage. Multiple sonar "pings" and oceanographic and topographic conditions probably contributed to efficient sound propagation and regions of enhancement, but the sensitivity is probably biological and could be expected whenever similar received levels of similar frequencies of similar duration occur.

The creatures we all study live in an acoustic world that is getting noisier every year from shipping, oil exploration, and military activities that are considered vital defense requirements, etc. These animals evolved in a marine environment that was episodically extremely noisy from underwater volcanoes, severe weather, etc. that over millennia selected for protective mechanisms and behaviors that generally worked. However, humans have introduced a lot of "new" and powerful acoustic energy to them in less than a century, and some of them may not be able to adjust to it very well at times. Maybe they flee and maybe they are damaged, whether or not we recognize it. Over the horizon and on remote beaches it may be difficult to recognize what happened. The public may not understand what is going on, but the scientific community should encourage attempts to find out in ways that do not further harm the animals. By all means we must be vigilant.
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NOTE

On July 16th, 2002, NMFS gave approval to the US Navy for the use of Low Frequency Active Sonar (LFA). It is argued that this high-powered submarine detection system has not the same lethal effect on marine life as the sonar used in the events described above. Future cetacean strandings should be documented and analyzed for any signs of acoustic trauma. 

