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Table 4. Median and range of distances among all possible pairs of locations where bot-
tlenose dolphins were photo-identified, by island area. Number of sightings for two areas
lower than in Table 1 due to missing location information.

Island area Median distance (range) km  No. of sightings  No. of sighting pairs
Kaua'i/Ni'ihau 37.3(0.3~153.1) 40 780

O‘ahu 32.7 (3.0-90.4) 11 55
4-islands 24.6 (0.4-135.9) 71 2,485
Hawai‘i 12.7 (0.4-91.7) 25 300

Table 5. Median and range of distances among sighting locations for resighted individuals,
by island area. P-values associated with statistical comparisons with distances among all
possible pairs of locations (from Table 4) using Mann—Whitney U tests are shown.

Island area Median distance (range) km  No. of individuals seen >1 P-value
Kaua'i/Ni'ihau 209 (1.5-62.2) 49 0.0009
O‘ahu 13.4(10.0-14.7) 13 0.0006
4-islands 9.0 (3.1-52.0) 43 <0.0001
Hawai"i 11.1 (3.0-31.8) 30 0.1430

population. Such dispersal rates are low enough to render the populations around
each island group demographically independent and should warrant consideration as
separate stocks (Taylor 1997, Palsbgll ez 4/. 2007).

Our study encompassed only a small number of years. If oceanic conditions during
these years were different from the long term, our observed movement rates may
not be typical for these populations. Similarly, if these populations experience in-
frequent, large-scale dispersal events, we may have failed to detect that. However,
if the low dispersal rates we observed were to exist for extended periods, genetic
differentiation may result. In fact, preliminary genetic analyses of samples collected
from many of the groups encountered here do indicate evidence of limited gene flow
among island areas.! Completion of these genetic analyses will provide necessary
corroboration of the demographic independence between islands suggested by our
photo-identification data.

Our survey efforts (Fig. 1) were primarily restricted to the western and southwest-
ern shores of the islands, with the exceptions of Kaua'i, Ni'ihau, and Lana‘i, where we
were able to work off all coasts. Bottlenose dolphins are also found on the norchern
and eastern coasts of the other islands (Mobley ez 4/. 2000), as well as in far offshore
waters of the Hawaiian EEZ (Barlow 2006). Given the relatively low sighting rate in
waters greater than 1,000 m, our limited effort in the deep-water channels between
some of the islands and in far offshore waters likely does not greatly bias our results.
However, clearly effort off the eastern and northern shores of the other islands and
in the channels among the islands would be of value, as well as additional effort
off western Moloka'i and on Penguin Bank (Fig. 1). Regardless, the movements of
individuals we documented from one side of Kaua'i to the other, and from Kaua‘i to
Ni‘ihau, suggest that the geographic biases in our sampling likely do not invalidate
our conclusions regarding low dispersal rates among the islands. Overcoming these
geographic biases will be difficult, because the direction and strength of the trade
winds make photo-identification less feasible on the eastern and northern sides of the
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islands or in the channels. Similarly, although our field efforts were undertaken 11 mo
of the year, the majority of the survey effort was between November and April. Little
is known regarding potential seasonality of reproduction in bottlenose dolphins in
Hawai'i, which might influence timing of movements. Seasonal fluctuations in sea
surface temperature in Hawai'i are small however, with sea surface temperature aver-
aging 24°C in winter and 27°C in summer (Flament 1996). In our directed efforts,
bottlenose dolphin neonates have been documented in 5 mo of the year spanning an
8-mo period, ranging from fall through spring (Baird, unpublished), suggesting that
reproduction is at most diffusely seasonal. In Florida, bottlenose dolphins reproduce
year-round, although with a diffuse peak in births in spring and summer (Urian
et al. 1996). Short-beaked common dolphins (Delphinus delphis) in the eastern trop-
ical Pacific reproduce year-round (Danil and Chivers 2007), while spinner dolphins
in the main Hawaiian Islands exhibit a diffuse peak in reproductive behavior in the
summer and fall (Johnson and Norris 1994). Nonetheless, additional survey effort in
the spring and summer (May through October) would be of value, and it is possible
that dispersal may be greater during that period.

Bottlenose dolphins typically exhibit a fission—fusion form of social organization
(Connor et al. 2000). Some stable associations among pairs or occasionally trios of
individuals, usually of the same sex, have been documented in various populations
of bottlenose dolphins, although there appears to be considerable variability among
populations in the types and degree of such stable associations (Connor ez z/. 2000).
If such stable associations are prevalent in the Hawaiian Islands and associated
individuals tend to disperse together, our movement analyses would be positively
biased, resulting in an overestimate of the dispersal rates consistent with our data.
Although our data set is not extensive enough to allow us to reliably detect such
associations, any bias resulting from this effect would be in a direction that would
strengthen our conclusion of interisland independence rather than weaken it.

Off O‘ahu, between-year resighting rates were much lower than for the other three
areas. The low resighting rate for O‘ahu resulted in an estimate of marked animals in
the population (Table 3) that seems likely to be artificially high, given the estimate of
465 bottlenose dolphins for all the main Hawaiian islands, out to 140 km from shore,
based on a large vessel line-transect survey (Barlow 2006). Although lower resighting
rates may reflect a much larger population size off O'ahu, there are several reasons
why the low resighting rates (and large estimate of marked animals) off O'ahu may
be at least partly due to sampling biases/limitations. The sample size, in terms of the
number of encounters, is smallest off O‘ahu (only 35% of the next largest sample of
encounters, off Hawai'i). The average number of individuals identified per encounter
off O‘ahu (7.2) was almost twice that of Hawai‘i (3.7), and thus although the catalog
sizes (the number of unique individuals) were almost the same for O‘ahu and the
island of Hawai‘i (67 and 69 individuals, respectively), the potential for resightings
is lower off O‘ahu. Although identifications were available from O‘ahu from three
different years, 1 yr was represented by only a single opportunistic identification,
thus effectively the O'ahu sample only includes 2 yr. Encounters off O'ahu were also
spread over a much larger area than off Hawai'i (median distance among encounter
locations of 28.4 km off O‘ahu, »5. 12.4 km off Hawai'i; Table 4), although the
spread among encounters was similar to those off Kaua'i/Ni‘ihau or the 4-islands. It
is also possible that groups of bottlenose dolphins that were part of an open-ocean
population were photo-identified, thus the low resighting rates reflect sampling of
more than one population.
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The main Hawaiian islands are separated only by channels ranging from 11 to
112 km, with channels between islands from our four different study areas ranging
from 44 to 112 km wide. With one sighting from the 4-island area on Penguin
Bank, a shallow bank extending to the west from the island of Moloka'i, and one
sighting off the southeast tip of O‘ahu (Fig. 1), the shortest straight-line distance
between encounters from different areas was only 34 km. Within areas, the maximum
distance an individual was documented moving was 70.6 km. Although they were
primarily found in the shallower parts of our study area, individuals were documented
crossing the relatively shallow (<200 m) channels in the 4-islands area, as well as the
deeper (~700 m) channel between Kaua'i and Ni‘ihau. Coastal bottlenose dolphins
in California have been documented moving 670 km (Wells ez z/. 1990), while an
individual offshore bottlenose dolphin in the western Atlantic moved over 2,000 km
(Wells er al. 1999). Given such known dispersal abilities, the lack of movements
among areas documented in our study is surprising.

Studies of bottlenose dolphins around other oceanic islands are limited, although
the evidence that is available suggests a greater degree of movements than doc-
umented in our study. At Cocos Island, off Costa Rica, available evidence from
photo-identification suggests the population is large and individuals move through
the area (Acevedo-Gutierrez 1999). This study documented 111 groups of 765 dis-
tinctive individuals in a 1.5-yr period in an area of approximately 250 km?; most
individuals were sighted only once. Around Bermuda, evidence from three satellite-
tagged bottlenose dolphins suggest they regularly move from shallow (<200 m) to
deep (>1,000 m) water, with linear ranges of at least 100 km (Klatsky et 2/. 2007).
Around the main Hawaiian Islands movements of individuals appear to be limited to
only a subset of islands, and bottlenose dolphins are found much more frequently in
shallow (<1,000 m) water than deep water. Association analyses from the island of
Hawai‘i (Fig. 3) suggest that individual bottlenose dolphins off that island may show
preferences for either shallow (<200 m) or deep (200-1,000 m) waters, although a
larger sample size is necessary to confirm this supposition.

Ranging patterns for individuals within a population typically reflect, or are
driven by, their particular ecological circumstances. Unfortunately, little is known
regarding the diet of bottlenose dolphins in Hawaiian waters. During our efforts we
have observed prey captures on only a few occasions, several times with relatively
large (>50 cm) but unidentified fish, and once involving multiple captures out
of a school of unidentified fish 20~25 c¢m in length. Unlike several of the other
small delphinids in Hawaiian waters (e.g., pantropical spotted dolphins or spinner
dolphins), bottlenose dolphins are not known to feed much on deep-scattering layer-
associated prey such as myctophids (Walker 1981). The maximum dive depth of
bottlenose dolphins is not known, although animals tagged off Bermuda did regularly
dive below 450 m (Klatsky ez «/. 2007), thus bottlenose dolphins in Hawai'i likely
can feed both in the water column and on the bottom in depths of up to at least a
few hundred meters. What is known is that the waters surrounding the Hawaiian
Islands are oligotrophic, and productivity is higher immediately around the islands
due to a number of oceanographic processes (Doty and Oguri 1956; Gilmartin and
Revelante 1974; Seki et @/. 2001, 2002). Availability of benthic prey near the islands
and increased predictability and presumed availability of prey associated with the
increased productivity near the islands likely were the selective forces encouraging
the formation of island-associated populations. The waters surrounding Cocos Island
are highly productive (Palacios et /. 2006). While waters surrounding Bermuda are
oligotrophic, the surrounding area has higher regional chlorophyll levels than for the
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central Pacific surrounding Hawai'i.> The localized island effects in Hawai'i are likely
greater than for Bermuda, given the larger expanse and size of the islands in Hawai'i.
Combined with the greater size of the available shallow water habitats in Hawai'i,
these factors set Hawai'i apart from either Cocos Island or Bermuda, and may be the
reason why such limited movements of animals exist in Hawai'i in comparison. Such
factors may explain a lack of offshore movements of island-associated animals, but
are less satisfying in terms of understanding the residency of individuals to particular
island areas.

Evidence of multiple demographically independent populations of bottlenose dol-
phins within the main Hawaiian Islands has a number of implications for the con-
servation and management of these populations. From a management perspective,
NMES currently considets bottlenose dolphins inhabiting the Hawaiian EEZ as a
single stock. Our results suggest that within the main Hawaiian Islands there are as
many as four discrete populations corresponding to the four main island groupings.
Factors potentially influencing these populations vary among the main Hawaiian
Islands, including interactions with fisheries, anthropogenic noise from military
exercises and vessel traffic, and potentially reduction of prey populations due to over-
fishing. Furthermore, the lack of evidence for movements among the main Hawaiian
Islands suggests that movements may also be limited for bottlenose dolphins in
the northwestern Hawaiian Islands, as has been documented for spinner dolphins
(Karczmarski et @/. 2005, Andrews et 2/. 2006). Thus, our results indicate a need to
reconsider stock structure for bottlenose dolphins within the entire Hawaiian EEZ.

ACKNOWLEDGMENTS

Dedicated field efforts were funded by the Southwest Fisheries Science Center, the U.S.
Navy (N-45), the Pacific Islands Fisheries Science Center, the Wild Whale Research Founda-
tion, Dolphin Quest, the Hawaiian Islands Humpback Whale National Marine Sanctuary, the
Marine Mammal Commission, and the M. R. and Evelyn Hudson Foundation. Additional lo-
gistical support was received from David Jung of the Island Marine Institute, Hannah Bernard
and Bill Gilmartin of the Hawaii Wildlife Fund, and Joe Mobley of the University of Hawai'i.
MHD would like to thank the Marine Mammal Research Consultants for equipment contri-
butions, and the Hawaiian Islands Humpback Whale National Marine Sanctuary for funding
support. DRS would like to thank Whale Quest Kapalua, UFO Chuting, Central Pacific Ma-
rine, and Atlantic Submarine for support. We would like to thank Alison Stimpert/Oceanwide
Science Institute and Doug Perrine for providing additional photos. A number of individuals
helped in che field, but we would particularly like to thank La'Ren Antoine, Erica Busatto,
Mike Christie, Amanda Cummins, Annie Douglas, Mary Grady, Sascha Hooker, Katie Jones,
Saeko Kumagai, Ed Lyman, Alice Mackay, David Mattila, David Nichols, and Amy Sloan for
assisting with surveys and photographing dolphins. We would like to thank Jeremy Davies for
processing the depth data and Rich Cosgrove for calculating swim distances between sighting
locations. Research was undertaken under NMFS Scientific Research Permits No. 587, 731,
774, and 782, and sampling within the Kaho'olawe Island Reserve was undertaken under
the authorization of the Kaho'olawe Island Reserve Commission. We thank Jay Barlow, Tim
Gerrodette, Aleta Hohn, Dave Johnston, Gretchen Steiger, Randy Wells, and an anonymous
reviewer for helpful comments on the manuscript.

?Personal communication from M. Ondrusek, National Environmental Satellite, Data, and Informa-
tion Service, NOAA, 1335 East-West Highway, Silver Spring, MD, June 2008.



BAIRD ET AL.: TURSIOPS POPULATION STRUCTURE 21

LiTERATURE CITED

ACEVEDO-GUTIERREZ, A. 1999. Aerial behavior is not a social facilitator in bottlenose dolphins
hunting in small groups. Journal of Mammalogy 80:768-776.

ANDREWS, K. R., L. KARCZMARSKI, W. W. L. Au, S. H. RickARDS, C. A. VANDERLIP AND R. J.
TOONEN. 2006. Patterns of genetic diversity of the Hawaiian spinner dolphin (Stene/la
longirostris). Atoll Research Bulletin 543:65-73.

ANGLISS, R. P, AND R. B. OutLaw. 2007. Alaska marine mammal stock assessments, 2006.
NOAA Technical Memorandum NMFS-AFSC-168. 244 pp.

BARD, R. W, D. L. WEBSTER, S. D. MAHAFFY, D. J. MCSWEENEY, G. S. SCHORR AND A. D.
LIGON. 2008z. Site fidelity and association patterns in a deep-water dolphin: Rough-
toothed dolphins (Steno bredanensis) in the Hawaiian Archipelago. Marine Mammal
Science 24:535-553.

BAIrD, R. W.; A. M. GORGONE, D. J. MCSWEENEY, D. L. WEBSTER, D. R. SALDEN, M. H.
DEAKOS, A. D. LIGON, G. S. SCHORR, J. BARLOW AND S. D. MAHAFFY. 20084. False killer
whales (Pseudorca crassidens) around the main Hawaiian Islands: Long-term site fidelity,
inter-island movements, and association patterns. Marine Mammal Science 24:591-612.

BARLOW, J. 2006. Cetacean abundance in Hawaiian waters estimated from a summer/fall
survey in 2002. Marine Mammal Science 22:446:464.

BEYER, H. L. 2004. Hawth’s analysis tools for ArcGIS™ . Version 3.21 (computer program).
Available from http://www.spatialecology.com/htools (accessed 12 September 2005).

BIGG, M. A. 1982. An assessment of killer whale (Orcinus orca) stocks off Vancouver Island,
British Columbia. Report of the International Whaling Commission 32:655-666.

CALAMBOKIDIS, J., AND J. BARLOW. 1991. Chlorinated hydrocarbon concentrations and their
use for describing population discreteness in harbor porpoises from Washington, Oregon
and California. Pages 101-110 7z J. E. Reynolds and D. K. Odell, eds. Marine mammal
strandings in the United States. NOAA Technical Report. NMFS 98.

CALAMBOKIDIS, J., G. H. STEIGER, J. M. STRALEY, L. M. HERMAN, S. CERCHIO, D. R. SALDEN,
J. UrBAN, J. K. JACOBSEN, O. VON ZIEGESAR, K. C. BALCOMB, C. M. GABRIELE, M. E.
DAHLHEIM, S. UCHIDA, G. ELLIS, Y. MIYAMURA, P. LADRON DE GUEVARA, M. YAMAGUCHI,
F. SaT0, S. A. M1ZROCH, L. SCHLENDER, K. RASMUSSEN, J. BARLOW AND T. J. QUINN IL
2001. Movements and population structure of humpback whales in the Norch Pacific.
Marine Mammal Science 17:769-794.

CARRETTA, J. V,, K. A. FORNEY, M. M. MUTO, J. BARLOW, J. BAKER, B. HANSON AND M. S.
LowRy. 2006. U.S. Pacific marine mammal stock assessments: 2005. NOAA-Technical
Memorandum-NMFS-SWFSC-388. 317 pp.

CHIVERS, S. ], A. E. D1zoON, P. J. GEARIN AND K. M. ROBERTSON. 2002. Small-scale population
structure of eastern North Pacific harbor porpoises (Phocoena phocoena) indicated by
molecular genetic analyses. Journal of Cetacean Research and Management 4:111-122.

CHIVERS, S. J., R. W. BAIRD, D. J. MCSWEENEY, D. L. WEBSTER, N. M. HEDRICK AND J. C.
SALINAS. 2007. Genetic variation and evidence for population structure in eastern North
Pacific false killer whales (Pseudorca crassidens). Canadian Journal of Zoology 85:783—794.

CONNOR, R. C., R. S. WELLS, J. MANN AND A. J. READ. 2000. The bottlenose dolphin: Social
relationships in a fission-fusion society. Pages 91-126 in J. Mann, R. C. Connor, P. L.
Tyack and H. Whitehead, eds. Cetacean societies: Field studies of dolphins and whales.
University of Chicago Press, Chicago, IL.

DaniL, K., aAND S. J. CHIVERS. 2007. Growth and reproduction of female short-beaked
common dolphins, Delphinus delphis, in the eastern tropical Pacific. Canadian Journal of
Zoology 85:108-121.

DaNiIL, K., D. MALDINI AND K. MARTEN. 2005. Patterns of use of Maku‘a Beach, O‘ahu,
Hawai‘i, by spinner dolphins (Stenella longirosiris) and potential effects of swimmers on
their behavior. Aquatic Mammals 31:403—412.

DEFRAN, R. H., D. W. WELLER, D. L. KELLY AND M. A. ESPINOSA. 1999. Range characteristics
of Pacific coast bottlenose dolphins (Tursigps truncatus) in the Southern California Bight.
Marine Mammal Science 15:381-393.



22 MARINE MAMMAL SCIENCE, VOL. ** NO. ** 2008

Doty, M. S., AND M. OGURI. 1956. The island mass effect. Journal du Conseil Internacional
pour I'Exploration de la Mer 22:33-37.

EscorzA-TREVINO, S., F. I. ARCHER, M. RosaLEs, A. LANG AND A. E. DizoN. 2005. Ge-
netic differentiation and intraspecific scructure of eastern tropical Pacific spotted dol-
phins, Stenella attenuata, revealed by DNA analyses. Conservation Genetics 6:587—
600.

FLAMENT, P. 1996. The ocean atlas of Hawai‘i. University of Hawai‘i. Available from
heep://radlab.soest.hawaii.edu/atlas/ (accessed 6 November 2007).

ForNEY, K. A., AND D. KoBavasHI. 2007. Updated estimates of mortality and injury of
cetaceans in the Hawaii-based longline fishery, 1994-2005. NOAA Technical Memo-
randum NMFS-SWFSC 412. 30 pp.

GILMARTIN, M., AND N. REVELANTE. 1974. The ‘island mass’ effect on the phytoplankton and
primary production of the Hawaiian Islands. Journal of Experimental Marine Biology
and Ecology 16:181-204.

HEIDE-JORGENSEN, M. P., K. L. LAIDRE, M. V. JENSEN, L. DUECK AND L. D. PostMA. 2006.
Dissolving stock discreteness with satellite tracking: Bowhead whales in Baffin Bay.
Marine Mammal Science 22:34—45.

HmiMAaN, G. R., B. WiURrsIG, G. A. GAILEY, N. KEHTARNAVAZ, A. DROBYSHEVSKY, B.
N. ArAaBl, H. D. TAGARE AND D. W. WELLER. 2003. Computer-assisted photo-
identification of individual marine vertebrates: A multi-species system. Aquatic Mam-
mals 29:117-123.

HoEeizeL, A. R., C. W. POTTER AND P. B. BEsT. 1998. Genetic differentiation between
parapatric ‘nearshore’ and ‘offshore’ populations of the bottlenose dolphin. Proceedings
of the Royal Society of London B 265:1177-1183.

Jounson, C., aND K. S. NORRIs. 1994. Social behavior. Pages 243-286 in K. S. Norris, B.
Wiirsig, R. S. Wells, M. Wiirsig, S. M. Brownlee, C. M. Johnson and J. Solow, eds. The
Hawaiian spinner dolphin. University of California Press, Berkeley, CA.

KarczMARSKI, L., B. WURSIG, G. GAILEY, K. W. LARSON AND C. VANDERLIP. 2005. Spin-
ner dolphins in a remote Hawaiian atoll: Social grouping and population structure.
Behavioral Ecology 16:675-685.

KiATsKyY, L. J., R. S. WELLS AND J. C. SWEENEY. 2007. Offshore bottlenose dolphins (Tur-
siops truncatus). Movement and dive behavior near the Bermuda Pedestal. Journal of
Mammalogy 88:59-66.

MCcSWEENEY, D. J., R. W. BAIRD AND S. D. MAHAFFY. 2007. Site fidelity, associations and
movements of Cuvier’s (Ziphius cavirostris) and Blainville's (Mesoplodon densirostris) beaked
whales off the island of Hawai‘i. Marine Mammal Science 23:666—687.

MoBLEY, J. R., S. S. SP117, K. A. FORNEY, R. A. GROTEFENDT AND P. H. FORESTELL. 2000.
Distribution and abundance of odontocete species in Hawaiian waters: Preliminary
results of 1993-98 aerial surveys. National Marine Fisheries Service Southwest Fisheries
Science Center Administrative Report LJ-00-14C. 26 pp.

NITTA, E. T., AND J. R. HENDERSON. 1993. A review of interactions between Hawaii's fisheries
and protected species. Marine Fisheries Review 55:83-92.

Norris, K. S., B. WURSIG, R. S. WELLS, M. WURSIG, S. M. BROWNLEE, C. M. JOHNSON
AND J. SoLow. 1994. The Hawaiian spinner dolphin. University of California Press,
Berkeley, CA.

Paracios, D. M., S. J. BOGRAD, D. G. FolEy AND F. B. SCHWING. 2006. Oceanographic
characteristics of biological hot spots in the North Pacific: A remote sensing perspective.
Deep-Sea Research I 53:250-269.

PaLsB@LL, P. J., M. BERUBE AND F. W. ALLENDORE. 2007. Identification of management units
using population genetic data. Trends in Ecology and Evolution 22:11-16.

QUEROULL, S., M. A. Siva, L. FrEITAS, R. PRIETO, S. MAGALHAES, A. DiNIs, F. ALVEs, J.
A. Martos, D. MENDONCA, P. S. HAMMOND AND R. S. SANTOS. 2007. High gene flow
in oceanic bottlenose dolphins (Tursiaps truncatus) of the North Atlantic. Conservation
Genetics 8:1405-1419.



BAIRD ET AL.: TURSIOPS POPULATION STRUCTURE 23

RUBIN, D. B. 1988. Using the SIR algorithm to simulate posterior distributions. Pages 395—
402 in J. M. Bernardo, M. H. de Groot, D. V. Lindley and A. E M. Smith, eds. Bayesian
statistics 3. Clarendon Press, Oxford, UK.

Scott, M. D, R. 8. WELLS AND A. B. IRVINE. 1990. A long-term study of bottlenose dolphins
on the west coast of Florida. Pages 235-244 in S. Leatherwood and R. R. Reeves, eds.
The bottlenose dolphin. Academic Press, San Diego, CA.

SEBER, G. A. F. 1982. The estimation of animal abundance and related parameters. 2nd
edition. Griffin, London, UK.

Sexi, M. P, J. J. Porovina, R. E. BRAINARD, R. R. BIDIGARE, C. L. LEONARD
AND D. G. FoLey. 2001. Biological enhancement at cyclonic eddies tracked with
GOES thermal imagery in Hawaiian waters. Geophysical Research Letters 28:1583—
1586.

SEkI, M. P., R. LUMPKIN AND P. FLAMENT. 2002. Hawai'i cyclonic eddies and blue marlin
catches: The case study of the 1995 Hawaiian International Billfish Tournament. Journal
of Oceanography 58:739-745.

SELLAS, A. B, R. S. WELLS AND P. E. ROsEL. 2005. Mitochondrial and nuclear DNA analyses
reveal fine scale geographic structure in bottlenose dolphins (Tursiops truncatus) in the
Gulf of Mexico. Conservation Genetics 6:715-728.

SouTtHAlL, B. L., R. BRAUN, F. M. D. GULLAND, A. D. HEARD, R. W. BAIRD, S. M. WILKIN
AND T. K. RowiEs. 2006. Hawaiian melon-headed whale (Peponocephala electra) mass
stranding event of July 3-4, 2004. NOAA Technical Memorandum NMFS-OPR-31.
73 pp.

TANAKA, S. 1987. Satellite radio tracking of bottlenose dolphins Turszgps truncatas. Nippon
Suisan Gakkaishi 53:1327-1338.

TAYLOR, B. L. 1997. Defining ‘population’ to meet management objectives for marine mam-
mals. Pages 49—65 iz A. E. Dizon, S. J. Chivers and W. E. Perrin, eds. Molecular genetics
of marine mammals. Special Publication 3, Society for Marine Mammalogy, Lawrence,
KS.

Urian, K. W., D. A. DUFFIELD, A. J. READ, R. S. WELLS AND E. D. SHELL. 1996. Seasonality of
reproduction in bottlenose dolphins, Tursiops truncatus. Journal of Mammalogy 77:394—
403.

WADE, P. R., AND R. P. ANGLISS. 1997. Report of the GAMMS workshop, April 3-5, 1996,
Seattle, Washington. NOAA Technical Memorandum NMFS-OPR-12. 93 pp.

WALKER, W. A. 1981. Geographical variation in morphology and biology of bottlenose
dolphins (Tursigps) in the eastern North Pacific. NOAA SWFSC Administrative Report
LJ-81-03C. 52 pp.

WARING, G. T., E. JoSEPHSON, C. P. FAIRFIELD AND K. MAZE-FoOLEY. 2007. U.S. Atlantic and
Gulf of Mexico marine mammal stock assessments—2006. NOAA Technical Memo-
randum NMFS NE 201. 378 pp.

WELLS, R. S. 1991. The role of long-term study in understanding the social structure of
a bottlenose dolphin community. Pages 199-225 i» K. Pryor and K. S. Notris, eds.
Dolphin societies, discoveries and puzzles. University of California Press, Berkeley, CA.

WELLS, R. S., AND M. D. ScorT. 1990. Estimating bottlenose dolphin population param-
eters from individual identification and capture-recapture techniques. Report of the
International Whaling Commission (Special Issue 12):407—415.

WELLSs, R. S., T. P. Doui, L. J. HANSEN, D. L. KeLLY, A. BALDRIDGE AND R. H. DEFRAN.
1990. Northward extension of the range of bottlenose dolphins along the California
coast. Pages 421-431 in S. Leatherwood and R. R. Reeves, eds. The bottlendse dolphin.
Academic Press, New York, NY.

WELLS, R. S., H. L. RHINEHART, P. CUNNINGHAM, J. WHALEY, M. BARAN, C. KOBERNA AND
D. P. Costa. 1999. Long distance offshore movements of bottlenose dolphins. Marine
Mammal Science 15:1098-1114.

WiLLiams, T. M. 1999. The evolution of cost efhcient swimming in marine mammals: Limits
to energetic optimization. Philosophical Transactions of the Royal Society of London B.
Biological Sciences 354:193-201.



24 MARINE MAMMAL SCIENCE, VOL. ** NO. ** 2008

WURSIG, B. 1978. Occurrence and group organization of Atlantic bottlenose porpoises (Tur-
siops truncatus) in an Argentine Bay. Biological Bulletin 154:348-359.

WURSIG, B., AND T. A. JEFFERSON. 1990. Methods of photo-identification for small cetaceans.
Report of the International Whaling Commission (Special Issue 12):43-52.

Received: 16 January 2008
Accepted: 28 July 2008



