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Cascadia Research Collective Hawaiʻi
research program
• Long-term multi-species effort using
a variety of methods (photo-ID,
genetics, satellite tagging, drone use)
• Collaborative effort with researchers
from NMFS, Navy, universities, other
non-profits
• Photo-ID catalogs of 11 species of
odontocetes and 2 species of
mysticetes, satellite tag data from
~320 individuals of 12 species
• Questions include population
structure & size, spatial use,
responses to Navy sonar
• Primary funding by NOAA Fisheries,
US Navy (Office of Naval Research,
Living Marine Resources, Pacific
Fleet) with support from a number of
foundations and other organizations

Effort from 2000-2020
1,161 days (>8,000 h)
>147,000 km effort
>3,000 odontocete sightings
18 odontocete species
3 baleen whale species

Potential effects of noise on marine mammals
• None observable
• Interference with communication or
foraging
-

Auditory masking (loss of acoustic “habitat”)

-

Temporary or permanent hearing damage

• Behavioral responses
-

Orientation, increased alertness, vocal changes

-

Effects on feeding, social activity, risk of predation

-

Habitat abandonment: temporary or permanent

• Physiological effects
• Death or stranding
Modified from Southall 2020
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Military mid-frequency active sonar (MFAS)
Highest source level
AN/SQS-53C
• Center frequencies
2.6 and 3.3 kHz
• Nominal source level
235 dB re: 1 µPA root
mean square

Recording orcasound.net

Other source levels:
• Humpback whale
~174 dB
• Supertanker ~190 dB

Hull-mounted

Helicopter-dipping
AN/AQS-22, 4.1 kHz, source level 217 dB

DICASS sonobuoy
Directional Command-Activated
Sonobuoy System

“Most responses intensified with proximity and were
more pronounced during mid-power than high-power
MFAS use at comparable distances within
approximately 50 km, despite the significantly lower
source level of mid-power MFAS.”

Sources of information from Hawaiʻi
• Studies using the acoustic array
at the Pacific Missile Range
Facility (PMRF) to track
vocalizing individuals and MFAS

Sources of information from Hawaiʻi
• Studies using a combination of
tag data and sonar data from the
acoustic array at PMRF

Sources of information from Hawaiʻi
• Stranding events coincident in time
& space with Navy MFAS use

Sources of information from Hawaiʻi
• Comparisons of species composition and abundance from highand low-MFAS use areas

Effort from 2000-2020
1,161 days (>8,000 h)
>147,000 km effort
>3,000 odontocete sightings
18 odontocete species
3 baleen whale species

Sources of information from elsewhere
Behavioral response studies (Controlled Exposure Experiments)
• Cuvier’s beaked & short-finned pilot whales –North Carolina
• Blainville’s beaked whales – Bahamas
• Humpback, minke, killer, long-finned pilot, sperm & northern bottlenose
whales - Norway
• Cuvier’s beaked, Baird’s beaked, & blue whales, common, bottlenose &
Risso’s dolphins - California

Strandings or behavioral changes concurrent with MFAS use
•
•
•
•
•
•

Cuvier’s beaked whales – Greece, Bahamas, CNMI
Blainville’s beaked whales – Bahamas, Canary Islands
Short-finned pilot whales – North Carolina
Pygmy killer whale - Taiwan
Dwarf sperm whale – North Carolina
Killer whales – Washington state
research-repository.st-andrews.ac.uk/handle/10023/9942

• Most common response was
avoidance, some changes in
diving behavior
• Responses less severe than
minke whale or northern
bottlenose whale exposed to
same source, and less
responsive than killer whales,
sperm whales, long-finned pilot
whales

• Exposure during Submarine
Command Course
• Small sample size (n=5)
• Distances from MFAS 17-253 km

No MFAS exposure

MFAS exposure

Assessing changes in spatial use and diving behavior of
odontocetes exposed to MFAS off Kaua‘i

•
•
•
•
•

Short-finned pilot whales n=13
Rough-toothed dolphins n=7
Common bottlenose dolphins n=3
Melon-headed whale n=2
False killer whale n=1

•
•
•
•

Pilot whales & rough-toothed &
bottlenose dolphins resident
High use areas of all three overlap
with PMRF
Pelagic pilot whales also tagged
False killers from NWHI population

www.cascadiaresearch.org/hawaiian-cetacean-studies/publications

Assessing changes in spatial use and diving behavior of
odontocetes exposed to MFAS off Kaua‘i
• Some individuals move away
from PMRF prior to MFAS start
• Resident pilot whales and a
bottlenose dolphin have shown
no large-scale movements away
from high exposure (~168-169
dB) areas
• Changes in pilot whale diving
behavior documented
• Some rough-toothed dolphins
moved from area of low to
higher exposure (~155 dB)
• False killer whale moved from
area of low (~91 dB) to higher
exposure (~160 dB)

Short-finned pilot whale GmTag081

• Naval activity results in 64% reduction in probability of
beaked whale detection relative to baseline
• Sonar received level of 150 dB re 1 μPa results in a 78%
reduction relative to when Naval activity is present, but a
92% reduction relative to pre-activity period

Number of resident odontocete species by island area

N=4

N=7
N=7

False killer whales move
throughout main Hawaiian
Islands but core areas off
Oʻahu, Maui Nui, Hawaiʻi Island

Illustrations by Uko Gorter

N=11

Species known or thought to be susceptible to MFAS
effects not resident off Kauaʻi or Niʻihau

•
•
•
•
•

Cuvier’s beaked whales
Blainville’s beaked whales
Pygmy killer whale
Melon-headed whale
Dwarf sperm whale

Illustrations by Uko Gorter

Mortality
Two primary mechanisms recognized:
• Gas and fat embolisms* caused by a behavioral
response, particularly in long-diving species (e.g.,
beaked whales)
• Behavioral response to avoid sound resulting in
animals stranding**

*www.cascadiaresearch.org/files/publications/BernaldodeQuirosetal2019.pdf
**www.cascadiaresearch.org/files/Projects/Hawaii/Southall_et_al_Peponocephala.pdf

Difficulties assessing MFAS-related
mortality in Hawaiian waters
• Large proportion of animals that die are not found
(~75% for California coastal bottlenose dolphins, ~9598% of main Hawaiian Islands insular false killer whales)
• Assessing decompression sickness requires sampling
animals shortly after death
• Limited access to MFAS data and incomplete data
records in Navy’s SPORTS database

www.cascadiaresearch.org/files/publications/BernaldodeQuirosetal2019.pdf
digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1533&context=usdeptcommercepub

Conclusions

• Sensitivity to sonar varies by species
• Responses to sonar varies by context (e.g., distance to
source, source location relative to land, hull-mounted v.
helicopter-dipping) and by prior exposure history
• MFAS used in Hawaiʻi for ~50 years, current high-power
systems for ~35 years, thus possible many changes occurred
prior to any monitoring/research
• Incomplete or inaccessible data on when, where, and what
type of MFAS is used in Hawaiian waters, making it
impossible to conclusively rule out MFAS as a cause for
many stranding events
• Population estimates and trend data lacking for many of the
insular populations of species most likely to be susceptible
(i.e., beaked whales, dwarf sperm whales, melon-headed
whales, pygmy killer whales)
rwbaird@cascadiaresearch.org
www.cascadiaresearch.org/hawaiian-cetacean-studies/publications

