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Despite the similar rates of deep dives both during the day and at night, there
were diel differences in diving behavior (Fig. 1, 2). During the night both species
spent more time in near-surface (<50 m) waters; although our sample size is small,
in the case of Cuvier’s beaked whale this difference was striking (12.7% during the
day vs. 42.9% at night), despite the increased time spent below 500 m in depth
(Table 2). The tendency for both species to spend mote time either near the surface or
at depths below 500 m reflects the almost complete absence of what has been termed
“bounce” dives (Cox er /. 2006) following the long, deep dives during the night.
Given this, it seems unlikely that such dives serve a physiological function. Zimmer
and Tyack (2007) noted that, in theory, all air spaces of beaked whales should have
collapsed at depths closer to 70-100 m, and thus these so-called bounce dives were
unlikely to serve a recompression function as they do for human divers. Ascent rates
of dives greater than 800 m were significantly slower than descent rates both during
the day and at night, suggesting that the slow ascents serve some physiological
purpose. However, most of the reduction in ascent rates occurs at depths below
the theoretical depth of lung collapse (Baird et @/, 20064, Tyack et al. 2006), thus
the lower ascent rates may not function in reducing the nitrogen saturation in their
bodies. The increased presence of Blainville’s and Cuvier’s beaked whales at shallower
depths of the water column during the night should increase the likelihood of their
detection using active acoustic methods, such as those employed in association with
the U.S. Navy’s low-frequency active sonar (Ellison and Stein 2001). The reduction
in size of air-filled cavities during deep dives may reduce the target strength for
active acoustics, thus detection may be greater in near-surface waters. However, both
species also spent a greater proportion of their time below 500 m in depth at nighe,
and active acoustic detection of beaked whales below such depths has not been tested.

If beaked whales are feeding at depth at similar rates during the night as during
the day, why would they spend less time in mid-water depths (100—-600 m) and
more time at shallow (<50 m) depths during the night? Based on studies using
acoustic tags that detect echolocation clicks (Johnson et 2/. 2004, Tyack et al. 2006),
and the shape of dives <600 m (i.e., typically flat-bottomed U-shape, or parabolic
dives; Baird, unpublished data), it appears that foraging is unlikely to occur during
either shallow (<50 m) or mid-water (100—600 m) dives. One possibility is that
predation pressure is higher in near-surface waters during the day than at night,
and that beaked whales modify their diving behavior in relation to predation risk
(Heithaus and Frid 2003). Predators of beaked whales may include both large sharks
(Long and Jones 1996) and killer whales (Notarbartolo-di-Sciara 1987, Mead 1989),
and beaked whales in Hawaiian waters are also regularly bitten by parasitic cookie-
cutter sharks of the genus Isistius (McSweeney et al. 2007). Cookie-cutter sharks
are thought to exhibit diel vertical migrations, spending time near the surface at
night (e.g., Nakano and Tabuchi 1990), so the beaked whale dive patterns we have
documented may bring them into more regular contact with cookie-cutter sharks
than if they remained at mid-water depths as they do during the day. At least three
species of large predatory sharks are found in Hawaiian waters that mighe fatally
attack beaked whales, tiger (Galeocerdo cuvier), Galapagos (Carcharbinus galapagensis),
and white (Carcharodon carcharias) sharks (Wetherbee et al. 1996, Boustany e al.
2002, Weng et al. 2007). Whether any of these species attack adult beaked whales
is unknown, but Long and Jones (1996) provide evidence of approximately 5-m-
long white sharks attacking a juvenile (~3 m long) Cuvier’s beaked whale and
Stejneger’s beaked whale (M. stejnegeri) off California. Shark attacks do occur on
beaked whales in Hawai‘i; McSweeney et 2/. (2007) noted scars on both a Cuvier’s
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and a Blainville’s beaked whale from attacks by large sharks. While little is known
of the vertical movements of any of these species in Hawaiian waters, they are
thought to be predominantly near-surface (e.g., top few hundred meters) predators
(e.g., Holland et 2/. 1999, Papastamatiou ez a/. 2006, Weng et al. 2007). There is
uncertainty regarding whether large sharks are more or less likely to attack large
marine mammals during the day or at night, based in part on methods used to study
shark foraging and che inherent difficulties of studying predation of intermittent
feeders such as sharks. Much of what is known about diel feeding in sharks comes
from catch rates using baited hooks, a scenario quite dissimilar to detection and
capture of a large free-swimming cetacean. In addition, the sharks in question exhibit
a shift in diet with size, with only larger individuals feeding on marine mammals
(Tricas and McCosker 1984, Lowe er al. 1996). Tiger sharks do forage both during
the day and at night, but catch rates have been reported to be significantly lower
at night off Australia (Heithaus 2001). Based on examination of the visual system
and departure times from baits, white sharks are thought to be primarily a diurnal
predator (Gruber and Cohen 1985, Strong 1996). Given the abilities of cetaceans to
detect potential predators using both vision and echolocation, and the importance
of vision in prey capture for sharks (Strong 1996), white sharks are thought to use
stealth in attacking cetacean prey (Long and Jones 1996). Clearly however, more
information is needed on diel foraging behavior of large sharks in Hawaiian waters to
better understand the relationship between shark behavior and beaked whale diving
patterns.

Killer whales are rare in Hawaiian waters, but are thought to feed at least in
part on marine mammals there (Baird ez #/. 20064). Both fish-eating and mammal-
eating killer whales primarily spend their time in the top 100-200 m of the water
column, and both appear to exhibit reduced activity at night, possibly reflecting
the importance of vision in prey capture for this species (Baird ez #/. 2005; Baird,
unpublished data). It has been suggested that predation avoidance may also be the
reason why Cuvier’s and Blainville’s beaked whales vocalize only at depths below
approximately 400 m (Tyack ez @/. 2006), and we suggest that beaked whales spend
more time in near-surface waters at night due to reduced predation pressure.

In assessing factors that influence the susceptibility of beaked whales to impacts
from mid-frequency sonar, Zimmer and Tyack (2007) discuss how beaked whales
might react to sounds of predators such as killer whales. If killer whales are detected
acoustically at a distance, beaked whales might modify their diving patterns to
increase horizontal displacement away from the potential threat, thus potentially
increasing the proportion of time spent at shallow depths (e.g., 22-72 m) where
uptake of nitrogen into the body is more likely to occur. If beaked whales do not
discriminate between killer whale calls and high-intensity mid-frequency sonars,
and act in a similar way to both, such a reaction to mid-frequency sonar could put
beaked whales at more risk of decompression-like symptoms as found in several
strandings (e.g., Jepson et al. 2003, Fernandez et 2/. 2005). Mid-frequency sonar
associated with naval exercises may continue for an extended period and propagate
for a greater distance than the higher frequency (and lower intensity) calls of killer
whales, thus potentially eliciting a response for an extended period (Zimmer and
Tyack 2007). If predation pressure by killer whales is lower at night than during the
day, it is possible that beaked whales may react less to killer whale sounds at night,
and potentially to mid-frequency sonar use at night. Sound playback experiments
currently being undertaken with beaked whales (Southall ez 2/. 2007) could be used
to test this supposition.
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