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LONG-RANGE COMMUNICATION IN LARGE WHALES, OCEAN NOISE AND SYNERGISTIC IMPACTS


Roger S. Payne 

Sound is the critical sense used by whales for communicating, orienting, finding food and detecting predators, but in the last 60 years anthropogenic noise, particularly in the Northern Hemisphere, has been increasing by about 3-5dB/decade. The result is that in certain Northern Hemisphere ocean regions the area within which a fin whale can hear another fin whale has decreased by four orders of magnitude. This has the potential to severely impact not only mate choice and mating success, but also feeding (Clark reports high calling rates from fin whales in both breeding and feeding seasons). Furthermore, it is clear that noise production from loud, anthropogenic sound sources such as shipping, military sonars, and airgun arrays is undergoing a rapid increase. This may cause a particular problem to species such as fin and blue whales. 

In 1971 Payne and Webb calculated that in the quieter ocean prior to ships’ traffic noise that the calls from fin and blue whales propagated across entire, deep ocean basins before falling to the level of background noise. Although we still do not know for sure that these sounds are used by whales for communication, it seems highly likely that they are.

If herds of whales are held together acoustically, describing herds visually will almost certainly give an erroneous impression of their size. Because the sounds of fin whales travel so far, entire ocean basins may contain a single herd of fin whales living in tenuous acoustic contact and sharing information about the resources of the area. If so, it may be mysticetes rather than odontocetes that live in the largest herds. 

Payne noted that in spite of great efforts to find them, there are no known breeding grounds for open ocean populations of fin whales, suggesting that there may be no need for fin whales to meet en masse at particular times and places, if they are able to get together, simply by calling and listening for each other over great distances—they may indeed have no breeding grounds simply because they are not necessary. 

Sound propagation is now well enough understood to enable useful predictions of the acoustic levels to which free ranging individual whales (even whole populations) are exposed from loud anthropogenic noise sources. However, obtaining audiograms from large, free-ranging whales has yet to be achieved, which forces us to use the comparative approach for predicting which species are likely to be at greatest risk from exposures to different anthropogenic sounds. 

There has been strong opposition to the relatively new, loud, low-frequency underwater sound sources, such as the ATOC projector and the LFA sonar. However, there is no unequivocal evidence that these devices are the cause of the mass strandings of beaked whales now known to sometimes follow naval maneuvers. However, the subcommittee heard strong evidence that mid-range ship sonars used by Navies may be the cause of some of these strandings, even though there is no unequivocal anatomical evidence for acoustic trauma in any beaked whale that has so far been autopsied following a mass-stranding.

However, whales do come up on beaches following close encounters with some of the Navy’s mid-range sonars, and even if it is because these loud sounds only scare the whales badly, causing them to strand, the end result is a stranding which may end in the whale’s death from overheating. However, there is now surprising evidence from other vertebrates that even weak stressors, when combined with other equally weak though very dissimilar stressors, can have major, negative, synergistic impacts that may even cause death. 

Payne reported on a clear example of this, reviewed in Sih et al (2004): When tadpoles of green frogs were exposed for 16 days to the common pesticide carbaryl at a concentration only 1/3 as great as is commonly found in nature, the  tadpoles suffered 10% mortality. But when only the smell of a newt, predatory on these tadpoles was added, tadpole mortality increased to 80%, meaning that the introduction of the predator’s smell somehow increased the lethality of carbaryl eight fold. This synergistic effect was even more pronounced with bullfrog tadpoles. Here, carbaryl alone caused only 2% mortality (indistinguishable from carbaryl-free controls) yet the same low carbaryl concentration when combined with just the smell 
of predatory newts caused 92% mortality, a 46 times amplification of the effect of the pesticide. 

Whale biologists have yet to consider formally whether two, naturally-occurring, anthropogenic stressors do significantly more damage than either does alone - and to consider it either for whales or for the prey of whales.

Work by Reylea (2003) shows that even by adding just the risk of predation to supposedly sublethal concentrations of a common pesticide an entirely unexpected, and “massive increase” in tadpole mortality occurs. Among the biggest surprises of this work is that the increases in mortality did not require that actual predation take place. 

In order to see the possible relevance of this work on frog tadpoles to whales, we can substitute the words “Persistent Organic Pollutants (POPs)” for pesticides, the word “whaling” 
for predation by a predatory newt, and the words “POPs and anthropogenic sounds” for the terms: “anthropogenic stressors.”

As Sih et al point out: “An ecologist who only studies predator–prey interactions in clean water might drastically mis-estimate predator effects in real-world situations, where prey are exposed to low to moderate concentrations of pesticides and other chemical stressors.” 

Sih et al cite 
evidence that pesticides compromise both the ability of prey to avoid predators and the ability of predators to find and subdue prey. They conclude that; “…synergistic effects might be even more important in nature… Real organisms under natural conditions face multiple stressors. Understanding mechanisms of interaction between these multiple stressors will be crucial for applying ecological knowledge to solving environmental problems.” 

The sub-committee discussed the possibility that loud sounds of anthropogenic origin may have negative synergistic effects on whales when coupled with other stressors such as whaling and/or ocean contaminants. It suggests that we recommend to the full committee that it consider the possible importance of negative synergistic effects caused by combining stressors such as ocean noise, widespread contaminants, and predation, and that such synergistic effects may have no less of an effect on the whales’ prey. 

Payne noted that the Ocean Alliance is in the final year of a five-year, global research voyage, which has the primary goal of measuring the concentrations of Persistent Organic Pollutants (POPs) in all oceans. Some of these POPs are hormone mimics that have been shown in laboratory animal studies to cause immuno-suppression, disruption of development, alteration of endocrine and reproductive systems, cancers, and other pathologic conditions.

It is interesting that right whale populations are increasing rapidly in the southern hemisphere where contaminant concentrations and ships traffic noise is lower than both are in the Northern Hemisphere (where right whale populations are currently diminishing rapidly). The assumed differences in concentration of pollutants and shipping noise in the two hemispheres fits well with the theory that the different fates of northern and southern right whales may be due in part, to synergistic impacts of shipping noise and pollutants. In any case it seems to be a subject worthy of closer investigation.

The subcommittee recommends to the full committee that the process of assessing the effects on whale populations of the possible synergistic effects of stressors as different as chemical contaminants, whaling, and anthropogenic sounds, be encouraged.

Payne noted that the Ocean Alliance has collected biopsy samples from over 900 sperm whales, and 200 other cetacean species, squid, and pelagic fish. He is offering these samples to other scientists for their own studies, and invites IWC scientists with a possible interest in these samples to contact him at: rogerpayne@oceanalliance.org.
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�payne appendix on synergistic impacts


�intuitive response: the smell increased stress in some way that made the tadpoles more susceptible to the toxin that was present.


�So Payne is here seemingly making a case that presence of ships or whaling ships may increase mortality from POPs.  While I would tend to frame this as substituting the word “bothersome noise” for “smell of newts”; though some blend is probably best.


�Any other followup research on the Sih paper???


�I’d think that this may be evidence of effects on both whales and their prey; perhaps also less fishing pressure (ie competition from humans) in southern hemisphere?





