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Introduction to the Second Edition

MAMMALOGY IN REVIEW

The first edition of Mammals in Hawaii (Tomich, 1969a) included a lengthy
introduction appropriate to a pioneer effort in organizing a scattered and
nebulous literature on a fauna that is generally alien to Hawai‘i. This fauna
possesses few evolutionary roots in our remote archipelago and the entire list
of ancient, naturally distributed, land-based mammals (Johnson, 1944) consists
of a seal that arrived by swimming and a bat or probably two (Ziegler, 1982) that
arrived by flying. The inquisitive reader is invited to examine those introduc-
tory pages. I abstract and paraphrase from them, use portions bodily, and add
remarks prefatory to the present revision. It is necessary, in deference to the
historical record of mammals and mammalogy in Hawai'i, to retain essentially
all the bibliography of the first edition, and I have done that. Mammals and
mammalogy remain important to the small, diverse land area of Hawai'i and its
vast, surrounding seas. Although many researchers and natural resource
managers among the islands continue to work with mammals, not more than six
of some 4,000 professional mammalogists nationwide (American Society of
Mammalogists, 1984a) reside in Hawai'i, up from one in 1960.

Polynesians occupied this northernmost of their “Hawaiki” possibly as early
as the second century (Suggs, 1960) and there were at least 1,400 years of
dynamic interaction between their cultures and Hawaiian ecosystems, with
severe repressions of lowland biota (Kirch, 1982). Early settlement brought the
pig, dog, and Polynesian rat. A second influx of alien mammals dates from
rediscovery by James Cook in 1778. By 1815 feral herbivores ranged in
uncontrolled hordes that further altered or destroyed original natural ecosys-
tems. Cats and aggressive strains of dogs and pigs became numerous; additional
rodents appeared and were destined to be of economic and public health
significance.

A century after European contact there began a third invasion of free-
ranging mammals with the rise of plantation agriculture, and later, of game
management. A mongoose and at least two species of bats were brought in for
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2 MAMMALS IN HAWAI'L

biological control of pests, and additional wild ungulates were imported to
diversify sport hunting. Miscellaneous species released or escaped at various
times included a deer, a wallaby, a rabbit, and a guinea pig, and these have
added to the faunal list.

Mice, presumably Mus domesticus, are claimed to have been present when
Cook arrived, or to have come with the Polynesians (Svihla, 1935; Tinker, 1938,
p- 111), but these assertions lack documentation. Nonetheless, we cannot be
sure that pre-Cook mammals, other than the pig, dog, and rat usually
associated with Polynesian cultures, did not come by one means or another.
There has been an undercurrent of speculation as to whether an occasional
early Spanish ship did reach Hawai'i and bring humans, rodents, or metallic
implements (Jarves, 1843; Dahlgren, 1917; Taylor, 1927; Restarick, 1927;
McClellan, 1936; Cooke, 1949, p. 151). The matter was examined by Stokes
(1939) and seemingly refuted as highly improbable on the basis of available
evidence. However, with intensification of archaeological research it came
forward once more (Emory, 1961; Kirch, 1985). In addition to the possibility
that Spanish galleons were wrecked among the islands with few existing traces,
there is one actual record of an Oriental fishing boat, with surviving crewmen
aboard, that drifted to Hawai‘i in the 1830s (Emerson, 1838). This may not have
been the first such event.

The marine waters of Hawai'i are rich in various indigenous whales and
dolphins, and these constitute a prominent segment of the mammalian fauna.
The smaller of these cetaceans still enjoy a primeval existence only slightly
modified in our region of the Pacific by interferences of man. In sum, Hawai'i
presently claims in addition to one volant, two marine littoral, and at least 22
pelagic mammals (the naturally distributed forms), 19 free-ranging terrestrial
species that arrived through human agency, for a total of 44 forms. The horse
is no longer among the feral mammals in the state. Nomenclatural lists are now
reasonably well up-to-date. We have progressed a long way from the initial
attempt (Tinker, 1938) to gather and present information on all the mammals
known in Hawai‘i. Hypothetical species include two introduced bats that failed
to colonize, and there may be several cetaceans that will qualify eventually for
listing. With additions and deletions 22 whales and dolphins are accounted for.
Three others remain unconfirmed. The Pacific white-sided dolphin
(Lagenorhynchus obliquidens Gill), though reported (Nishiwaki, 1967, p. 38),
is supported by no specific records. The same author (p. 34) ascribes also the
common dolphin (Delphinus delphis Linnaeus) to Hawaiian waters. Again,
there are no specific records, and I have dropped both from the list.
Shallenberger (1981) has seen and photographed a bottlenose whale
(Hyperoodon sp.) but prefers not to list the animal until a specimen is examined
in hand or identified at sea by two or more experienced observers. In time, new
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species probably will be added to the Hawai'i list of marine mammals under
these cautious criteria. With vigilance, no additional land mammals will be
acclimated.

Nomenclature of the well-known mammals in Hawai‘i has remained gener-
ally stable. A notable exception is the immigrant mouse, which is now called
Mus domesticus (European house mouse) rather than as formerly, Mus
musculus (Linné’s house mouse). Hence, designation of our mouse is under-
going an awkward transition in the literature.

STRATEGY

Passage of some 16 years since first publication of Mammals in Hawaii
required a newer version of the book, though the original writings have stood
largely against change. A primary task, then, was to continue the story and
bring it once again up-to-date. The pattern of presentation is not changed.
Where revision has been appropriate, I have not hesitated. Accumulation of
vast new information on the cetaceans stimulated recasting of the entire species
list and related narrative sections. The overall plan for presentation of
bibliographic materials remains the same. All articles are listed in alphabetical
sequence by authors’ names. Each article is cited appropriately in the text, so
the perusal of any particular section will bring forth all pertinent references.
New entries are integrated with the old in a single list that now includes more
than 1,500 discrete items. The ambitious investigator may wish to scan all
entries in order to judge what may be useful to a present need. Notations of
various sorts accompany each item, including brief abstracts or descriptions of
the entire article, or of portions referring specifically to mammals. Some
contain salient quotations.

The setting for research in the form of basic reference sources survives as a
familiar friend. I cite the earlier collection here as a means of reference to it,
and include later in these pages those of newer vintage. Among the old titles
are sure to be fugitive materials that are too easily lost if cast aside, and if
regained at all, done so at some risk of trauma. Hence, I retain them.

Basic library resources have been summarized in several ways at several
times (Titcomb, 1961; Gregg M. Sinclair Library, 1963; Bernice P. Bishop
Museum, 1964a; Hawaii Library Association, 1965; Conrad, 1967). However,
the rapid deployment of computerized listings and search services since the
1970s tends to press some of them into the background. One newer aid is a
subject index to leading Hawai'i newspapers, published annually. It can be
found in even the smaller of public libraries (State of Hawaii, Department of
Education, 1968—). Sources of knowledge about research facilities and pub-
lished reports are contained in E. H. Bryan, Jr. (1936, 1961), Anon. (1947b),
Bernice P. Bishop Museum (1967a, 1967b).
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The physical and biological setting for field work, especially on ecology, has
been examined in its many aspects. C. J. Lyons (1884) was among the early
supporters of ecological research in Hawai‘i. Geological works include those of
Hinds (1930), Palmer (1927, 1930, 1936), and Wentworth (1925, 1926). A long
series of reports on geology and groundwater resources is exemplified by
Stearns and Macdonald (1946), and Cline (1955) has examined the soils. The
United States Department of the Interior (1964) and E. H. Bryan, Jr. (1964)
have provided maps. Wadsworth (1933), Wentworth (1947), Leopold and Stidd
(1949), Chang (1961, 1963), and Blumenstock (1961) discuss climate, weather,
and irrigation. Disruptive forces in nature (volcanic eruptions and so-called
tidal waves) are reported by Finch (1947), Macdonald and Orr (1950),
Macdonald (1962), Macdonald, Shepard, and Cox (1947), Wall (1860), and
Anon. (1967f). Zimmerman (1948) and E. H. Bryan, Jr. (1954) have made
masterly syntheses of most topics referred to in this paragraph, and have
interwoven in them also the flora and fauna. Mayr (1943) discusses further the
zoogeography of Hawai'i, and McKnight (1864) includes Hawai'i in the scope of
his work on feral animals.

More general works dealing with the environment, and brief reviews of the
mammals, include Alexander (1892), Affonso (1895), W. L. Hall (1904),
Goodrich (1914), L. W. Bryan (1933), Christ (1958), Nelson and Wheeler
(1963), Anon. (1927), Chun and Tinker (1940), Lennox (1951), E. H. Bryan, Jr.,
Wentworth and others (1957), Breese (1959), State of Hawaii, Department of
Land and Natural Resources (1962), and R. L. Walker (1963).

Serious work on Hawaiian flora is based on Hillebrand (1888) and has been
augmented particularly by Degener (1932-1980). Regional studies and those on
endemic and alien groups have been reported by Rock (1913), Degener (1930),
Christophersen and Caum (1931), Fagerlund (1947), Fagerlund and Mitchell
(1947), Wagner (1950), Matsuura (1956), Anon. (1962a, 1963a), and Neal (1865).
Hartt and Neal (1940) studied the ecology of plants in a specialized high altitude
environment. Ripperton and Hosaka (1942) established a system of vegetation
zones, and Schwartz and Schwartz (1949) applied this concept to a practical field
problem dealing with game birds. Other important reports concerned with
plants are those of Robyns and Lamb (1939), Krajina (1963), and Knapp (1965).

ACKNOWLEDGMENTS

Again I have relied on fellow professionals and kindred spirits, and they have
responded generously when called upon. New faces and personalities have
emerged. To name a few, Timothy A. Burr, Jon G. Giffin, Marie P. Morin,
Timothy W. Sutterfield, Meyer Ueoka, and Thomas C. Telfer of the State
Division of Forestry and Wildlife. David P. Fellows, Larry F. Pank, J. Michael
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F1GURE 1.—A primeval forest of Kohala Mountain, on Hawai'i, forms an important
watershed. Kohala Ditch Trail, shown here, provides a limited access to this region.
(Hawaii Visitors Bureau photo.)

Scott, and Robert J. Shallenberger of the U. S. Fish and Wildlife Service; C.
John Ralph and Paul G. Scowcrott of the U.S. Forest Service. Added to the list
are Donald W. Reeser and |. Kenneth Baker of the National Park Service, and
their successors, Dan Taylor and Charles P. Stone; Alan C. Ziegler of the
Bishop Museum; and Jerome S. W. Marr, Director of the Honolulu Zoo.
William Gilmartin, Louis M. Herman, Edward W. Shallenberger, Stephen
Leatherwood, George H. Balazs, and Dale W. Rice have been generous with
information about marine mamnals.

I thank E. W. Jameson, Jr., Glenn E. Haas, William S. Devick, and
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Kazimierz Wodzicki, long-time associates who have maintained an unremitting
interest in the production of this revised edition and have assisted in many
other ways. New-found friends, Graham Turbott, John Gibb, Robert Brockie,
and Rowland Taylor (all with research commitments to the flora and fauna of
New Zealand), and James Hone of Canberra College, A. C. T., and Astrida
Upitas of the Australian National Parks Service, Canberra, have added to my
understanding of Hawai‘i through their interpretations of ecosystems and land
forms in the Southern Hemisphere. Margot Tomich Griffith became the
premier typist and script processor for this edition, and her efforts are
generously acknowledged. I thank also Elizabeth K. Bushnell, scientific editor
for the project, for adding an appreciable polish to my writings.

Stephen Leatherwood generously permitted publication of Figures 14-24,
26, 28-31, 33-35, and 37-40 from Whales, Dolphins, and Porpoises of Eastern
North Pacific and Adjacent Arctic Waters: A Guide to Their Identification,
Leatherwood, Reeves, Perrin and Evans (1982). Whales and dolphins on the
end sheets, Figures 41-42, are the careful drawings of Marcia T. Rose.

Since 1970, formal attention was given the mammals of Hawai‘i in works of
Kramer (1971), Tomich (1973), Shallenberger (1981), and van Riper and van
Riper (1982); and in pertinent reviews by Walker (1970) and Gagné (1972).

A BRIEF ESSAY ON CLASSIFICATION

Systematic naming of living organisms is provided for under the binomial
system of nomenclature firmly established by the Swedish naturalist Carolus
Linnaeus (1707-1778), and it is appropriate to dwell on this topic. The tenth
edition of his Systema Naturae, published in 1758, is now considered the
starting point of zoological nomenclature. Names change with increased
understanding of taxonomic principles and of the organisms themselves, and
lists are periodically in need of revision. Yet many names have stood the test of
time and are as acceptable today as they were more than 200 years ago.

The scientific binomial of each animal consists of a capitalized generic term
and a lower case specific epithet. All names are written in italicized Latin form,
which is accepted as the universal standard by the International Rules of
Zoological Nomenclature. The binomial is often followed in print by the name
of the person who described the species. Thus the dog is called Canis familiaris
Linnaeus, for its name stands today exactly as listed by the author in 1758.
When a species (or subspecies) is allocated to a genus different from that in
which it was first described, the original author’s name is enclosed in
parentheses. For example, the roof rat is now called Rattus rattus (Linnaeus)
because the eminent Swede grouped it in his classification with the house
mouse as Mus rattus, and the genus Rattus was later erected by Fischer in 1803
to accommodate many of the rats.
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Biological science has also adopted an orderly use of trinomial nomenclature
for designation of subspecies (geographic variants), which is essential to the
understanding of differences among animals immediately below the species
level. Discretion is ordinarily applied in scientific reports so as not to burden
the literature unnecessarily with trinomials; these are used only when there is
cogent need to distinguish between the local form and other subspecies. In a
paper on the home range, for example, of the small Indian mongoose in Hawai'i,
it would be of no use to embellish the report with the bulky trinomial Herpestes
auropunctatus auropunctatus, because the binomial is perfectly adequate.

Application of trinomials to domesticated mammals sometimes has question-
able value because artificial selection and transport by man have distorted the
usual meaningful bases for subspecific designation. Nonetheless, such applica-
tion may allow a better understanding of degree of kinship, and is therefore
acceptable for certain polymorphic forms long in the service of mankind.

There are no international standards for vernacular names of mammals. Each
language ordinarily has its own usages and these are seldom directly translat-
able into other tongues. Attempts on the national scale to standardize the
common names for American wild species have met with reasonable success
(Hoffmeister, 1953; Rodeck, 1954; E. R. Hall, 1965). In the United States a
principle that is coming to be generally accepted is that the several subspecies
of a single species shall be called by a single name. When subspecies are given
separate names it tends to confuse persons with slight understanding of sys-
tematics by suggesting greater than actual differences within the species. There
is no one test to distinguish species, but a usually acceptable criterion is the
absence of interbreeding in nature between sympatric forms.

Subspecies, as populations, may intergrade over parts of their ranges, or
they may be reproductively isolated by barriers of various sorts, water, for
example.

To demonstrate relationships and differences among the Hawaiian mam-
mals, alien and native, they are classified by order, family, genus, and species,
and by subspecies when such are applicable. Genera and species are listed in
phylogenetic sequence, from the more primitive to those more highly advanced
in an evolutionary sense, following G. G. Simpson (1945) almost exclusively.
His important work provides a concise treatment of all taxa above the species
level, and treats relationships of a finer degree than is possible in this book.

TRENDS

The decade of the 1970s was a period of encouraging renewal and advance
for environmental care and protection, with formulation of studies in Hawai'i
especially under the International Biological Program (IBP). In addition to
some 77 technical reports issued by the project, and many published papers, a
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synthesis volume has appeared (Mueller-Dombois, Bridges, and Carson, 1981).
The concept of endangered species was developed at the state and federal
levels with consequent programs in the Hawaii Department of Land and
Natural Resources, University of Hawaii, National Marine Fisheries Service,
Bernice P. Bishop Museum, U. S. Fish and Wildlife Service, and the National
Park Service, including cooperative ventures between various agencies.

Under provisions of the National Environmental Protection Act (NEPA) of
1969 there have evolved requirements for the Environmental Impact State-
ment (EIS) for all actions of development or land use change supported by
federal funding (reviewed by Manta Corporation, 1979). Regulation is vested at
the state level in the Department of Health under the Office of Environmental
Quality Control (OEQC). Any number of EIS are now on file and provide
valuable natural resource inventories of sites where actions for change are
proposed. The law allows also for public input through a formal hearing
process. Examples of reports generated by the EIS process are diverse:
concerning a new management plan for a tiny islet (Manta Corporation, 1979);
development of astronomy facilities on Mauna Kea (Group 70, 1980, 1983);
proposed dams on Hawai'i and Kaua'i (Parsons, Brinckerhoff-Hirota Associates,
1974; Kennedy/Jenks Engineers, 1981); and the sticky challenges of producing
geothermal energy (R. M. Towill Corporation, 1982).

As agency support has declined for programs directed primarily toward
environmental studies on public lands, a private enterprise, The Nature
Conservancy, has risen as a strong leader in purchase, lease, and management
protection of privately owned habitats critical to survival of native species (see,
for example, Nature Conservancy News, 1982).

A Natural Area Reserves System for state-owned lands in Hawai'i was
established by statute in 1970 (Hawaii State Legislature, 1970). All these
activities have implications for mammalogy, for the further definition and
alleviation of damage wrought by exotics, and assessment of “what is left” of
natural ecosystems.

Perhaps the most important product of the 1971-1976 era of the IBP and
related projects in Hawai'i is a corps of well-trained students and emerging
scholars who have launched professional careers in ecosystem sciences. A
sampling of these includes Sheila Conant, Rangit G. Cooray, Carolyn A. Corn,
Betsy H. Gagné, Wayne C. Gagné, Francis G. Howarth, James D. Jacobi,
Kenneth Y. Kaneshiro, John 1. Kjargaard, Steven L. Montgomery, Lani
Stemmermann, Charles van Riper III, and Frederick Warshauer. The vacuum
of the 1960s has been filled beyond all expectations.

New works have appeared on volcanology (Stearns, 1966; Macdonald and
Abbott, 1970); origin and development of Hawaiian biota (Dalrymple, Silver,
and Jackson, 1973; Sibley and Ahlquist, 1982); flora (St. John, 1973; Lamb,
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1981; Haselwood and Motter, 1983); birdlife (Berger, 1972; Shallenberger,
1984; Banko, 1981); evolution of insects (Carson, 1970; Montgomery, 1975,
1983; Ashburner, Carson, and Thompson, 1982; and Hapgood, 1984); cave-
adapted microfauna (Howarth, 1981); and biogeographical subjects (Carlquist,
1970, 1980, 1981; Armstrong, 1973; Juvik and Austring, 1979; Pimm and
Pimm, 1982). Authentication of the concept that Polynesian settlers had, after
all, drastic effects on native bird, plant, and associated organisms in lowland
areas, is just now coming forth with the news that as many as 45 species of land
birds alone became extinct in prehistory (Kirch, 1982; Olson and James, 1982a,
1982b; James and Olson, 1983). Apt students have probed the last frontiers of
Hawaiian lands, as exemplified by Kjargaard (1972) and Peterson (1976), under
the federally supported Student Originated Studies program. One such project
resulted in discovery of what is possibly the last living bird species to be
described in Hawai'i (Casey and Jacobi, 1974). A variety of interesting
background on the flora, lands, and personalities is given in Anon. (1930), Doty
and Mueller-Dombois (1966), Sutton (1974), Handy and Handy (1972), Pukui,
Elbert, and Mookini (1974), Craig and King (1981), Fringsmyr (1983), and
Motteler (1983). Imber and Cumberland (1977) should be consulted for highly
instructive parallels in geographies of Hawai‘i and New Zealand.

Compendia of mammals worldwide have some bearing on knowledge of
their occurrence in Hawai'i, as Anderson and Jones (1967), Jones, Anderson,
and Hoffman (1976), Corbet and Hill (1980), Hall (1981), Honacki, Kinman, and
Koeppl (1981), Jones, Carter, and Genoways (1982), and Nowak and Paradiso
(1983). Tinker (1980) provides a checklist of terrestrial quadrupeds in Hawai'i.

Because of the unrelenting impact of introduced mammals on native
ecosystems, I call attention to the following resource inventories, treatises on
feral species, assessments of invasion, and new views on the uses of wildlife
species, some from distant locales: State of Hawaii, Department of Land and
Natural Resources (1981a, 1984), J. S. King (1978), Tomich (1983), Hafez
(1968), Rolls (1969), Geist and Walther (1974), Daniel (1976), Roots (1976), Case
(1978), Scheffer (1980), Bull (1981), Wodzicki and Wright (1983), C. M. King
(1984), Price (1984), and Walker (1984). Readers are referred to Miller and
Botkin (1974), Martin (1975), Regenstein (1975), Meyers (1979), Cairns (1980),
Ehrlich and Ehrlich (1981), and Nitecki (1984) for thoughtful arguments
concerning extinctions and possible means of staving them off.

In spite of reasonably encouraging actions of the past two decades as
documented in the foregoing pages, in the absence of a widely spread or long
enduring stewardship ethic among those in Hawai'i who control large tracts of
surviving natural ecosystems, the trends toward extinction continue. These
trends could have been reversed long ago except that the overall sorry record
for Hawai'i is linked to an ancient nature of man that appears to be immutable.
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It goes beyond the imperative for survival and a moderated existence. The at-
tractions to ease of living, aspirations to riches, and the drive to wring the final
harvest from natural resources available for the taking are all part of the fabric
of human societies, past and present. I trust that the following will be construed
not as an angered diatribe, but as a fair rendition of this reality.

The scenes in Hawai'i of flightless geese clubbed to the last bird, their nests
disrupted, several species driven to destruction; lowlands burned of their
native plant cover far in excess of need for cultivation of sweet potatoes, taro,
and other food crops; hoofed animals placed under royal kapu to assure firm
establishment beyond restraint; the lag effect of cattle and other grazers on
forest/pasture lands, which has doomed many plants, unknown insects, and
perhaps the ‘alala (Hawaiian crow) and other birds; a drive to plant the last acre
in pineapple, sugar cane, or macadamia nuts at the expense of native
vegetation, and its frequent proof as a futile economic exercise; replacement of
fine natural forest with alien monocultures of minimal commercial worth; the
insistence that sheep and other ungulates must be run as game animals at the
cost of native plants and birds; the hollow claim that the education of Hawaiian
children is well served by projects that destroy the forest heritage of those same
children; and ruin of the last extensive lowland forest to feed insatiable furnaces
for generating electric power because “a contract for biomass fuel must be
fulfilled.” All these are cumulative headstrong blunders that have made
Hawaiian environments what they are today. It is a way of life that spells death
to countless species found nowhere else on Earth. Extinction is indeed forever.
When an unreasonable share of natural ecosystems is wantonly disrupted, can
the demise of viable habitat for humans, or of humans ourselves, be far behind?

P. Quentin Tomich
Honoka'a, Hawai'i
June 3, 1985



A Checklist of Names and Origins

Class Mammalia
Mammals

Order MARSUPIALIA
Pouched Mammals
Family MACROPODIDAE—Rock-wallabies
Petrogale penicillata (Griffith, Smith, and Pidgeon, 1827). Brush-tailed rock-
wallaby.

Escape.

Order CHIROPTERA

Bats
Family VESPERTILIONIDAE—Common Bats

Pipistrellus javanicus abramus (Temminck, 1840). Asiatic pipistrelle.
Hypothetical (introduced).
Lasiurus cinereus semotus (H. Allen, 1890). Hoary bat.
Endemic as a subspecies.

Family MOLOSSIDAE—Mastiff Bats

Tadarida brasiliensis mexicana (Saussure, 1860). Brazilian free-tailed bat.
Hypothetical (introduced).
Order LAGOMORPHA
Hares, Rabbits, and Pikas
Family LEPORIDAE—Hares and Rabbits

Oryctolagus cuniculus cuniculus (Linnaeus, 1758). European rabbit.

Introduced.

11
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Order RODENTIA

Gnawers
Family MURIDAE—OId World Rats and Mice
Rattus rattus rattus (Linnaeus, 1758). Roof rat.
Immigrant.

Rattus norvegicus norvegicus (Berkenhout, 1769). Norway rat.
Immigrant.

Rattus exulans hawaiiensis Stone, 1917. Polynesian rat.

Immigrant or introduced {endemic as a subspecies).
Mus domesticus Rutty, 1772. European house mouse.
Immigrant.

Family CAVIIDAE—Cavies and Allies

Cavia porcellus (Linnaeus, 1758). Guinea pig.
Introduced.

Order MYSTICETI

Baleen Whales
Family BALAENOPTERIDAE—Fin-back Whales.

Balaenoptera acutorostrata Lacépede, 1804. Minke whale.
Indigenous.

Balaenoptera edeni Anderson, 1878. Bryde's whale.
Indigenous.

Balaenoptera physalus (Linnacus, 1758). Fin whale.
Indigenous.

Balaenoptera musculus (Linnaeus, 1758). Blue whale.
Indigenous.

Megaptera novaeangliae (Borowski, 1781). Humpback whale.
Indigenous.

Family BALAENIDAE—Right Whales

Balaena glacialis Miiller, 1776. Right whale.
Indigenous.



A CHECKLIST OF NAMES AND ORIGINS

Order ODONTOCETI
Toothed Whales and Dolphins
Family DELPHINIDAE—Dolphins and Allies
Steno bredanensis (Lesson, 1828). Rough-toothed dolphin.
Indigenous.
Tursiops truncatus (Montagu, 1821). Bottlenose dolphin.
Indigenous.
Stenella longirostris (Gray, 1828). Spinner dolphin.
Indigenous.
Stenella attenuata (Gray, 1846). Spotted dolphin.
Indigenous.
Stenella coeruleoalba (Meyen, 1833). Striped dolphin.
Indigenous.
Grampus griseus (G. Cuvier, 1812). Risso’s dolphin.
Indigenous.
Peponocephala electra (Gray, 1846). Melon-head whale.
Indigenous.
Feresa attenuata Gray, 1875. Pygmy killer whale.
Indigenous.
Pseudorca crassidens (Owen, 1846). False killer whale.

Indigenous.

Globicephala macrorhynchus Gray, 1846. Short-finned pilot whale.

Indigenous.

Orcinus orca (Linnaeus, 1758). Killer whale.
Indigenous.
Family PHYSETERIDAE—Sperm Whales

Physeter macrocephalus Linnaeus, 1758. Sperm whale.
Indigenous.

Kogia breviceps (de Blainville, 1838). Pygmy sperm whale.
Indigenous.

Kogia simus Owen, 1866. Dwarf sperm whale.

Indigenous.

13
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Family ZIPHIIDAE—Beaked Whales

Ziphius cavirostris G. Cuvier, 1823. Cuvier’s beaked whale.
Indigenous.
Mesoplodon densirostris (de Blainville, 1817). Blainville’s beaked whale.
Indigenous.
Order CARNIVORA
Flesh Eaters
Family CANIDAE—Wolves, Jackals, and Allies

Canis familiaris familiaris Linnaeus, 1758. Domestic dog.
Introduced.

Family VIVERRIDAE—Civets and Allies

Herpestes auropunctatus auropunctatus (Hodgson, 1836). Small Indian
mongoose.

Introduced.
Family FELIDAE—Cats

Felis catus Linnaeus, 1758. House cat.
Introduced.
Family PHOCIDAE—Hair Seals
Monachus schauinslandi Matschie, 1905. Hawaiian monk seal.
Endemic.
Mirounga angustirostris (Gill, 1866). Northern elephant seal.
Vagrant.
Order PERISSODACTYLA
Odd-toed Ungulates

Family EQUIDAE—Horses, Asses, and Zebras
Equus caballus caballus Linnaeus, 1758. Domestic horse.
Introduced.

Equus asinus asinus Linnaeus, 1758. Donkey.
Introduced.

Equus asinus X Equus caballus. Mule.
Sterile hybrid.
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Order ARTIODACTYLA
Even-toed Ungulates
Family SUIDAE—OId World Swine

Sus scrofa scrofa Linnaeus, 1758. Pig.

Introduced.

Family CERVIDAE—Antlered Ruminants

Axis axis (Erxleben, 1777). Axis deer.

Introduced.

Odocoileus hemionus columbianus (Richardson, 1829). Mule deer.
Introduced.

Family ANTILOCAPRIDAE—American Antelope
Antilocapra americana americana (Ord, 1815). Pronghorn.
Introduced.

Family BOVIDAE—Hollow-horned Ruminants

Bubalus bubalis (Linnaeus, 1758). Water buffalo.
Introduced.
Bos taurus Linnaeus, 1758. Domestic cattle.
Introduced.
Capra hircus hircus Linnaeus, 1758. Domestic goat.
Introduced.
Ovis aries Linnaeus, 1758. Domestic sheep.
Introduced.
Ovis musimon Pallas, 1811. Mouflon.
Introduced.

Ovis musimon X Ovis aries. Mouflon—domestic sheep hybrid.
Fertile hybrid.
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Species Accounts

Petrogale penicillata. Brush-tailed rock-wallaby.

OriciNaL Descrirrion: Kangus penicillatus Griffith, Smith and Pidgeon,
Cuvier’s Animal Kingdom 3 (Mammalia): Plate only, dated December 1, 1825.
1827 (see McMurtrie, 1834).

Tyre LocaLrty: New Hollandia (= Sydney, N.S.W., Australia).

Narive RancE: Mountainous regions of eastern New South Wales; scarce
except for scattered elements of earlier populations (Troughton, 1965, p. 178).

RaNGE IN Hawart: Restricted to sections of leeward O‘ahu.

Tate (1948) lists four subspecies in the native range, but which, if any of
these, occurs in Hawai'‘i is unknown. Origin of introduced parent stock was not
recorded except as from Australia. A scattering of skeletal materials from
Hawai'i includes a skull in the Bishop Museum and one and a portion of another
in the possession of Raymond J. Kramer.

Arrival of this small wallaby on O'ahu in August 1916, and its escape shortly
thereafter is described by Tinker (1938, p. 73). He informs me (pers. comm.)
that he interviewed the owner of these animals about 1936. Other original
sources are Anon. (1916a, 1916b). Two adults survived the accidental release of
three wallabies when dogs tore open their cage (a tent) on ‘Alewa Heights in
Honolulu. There are few well-documented early reports of them; however,
Anon. (1921) attests to the rapid development of an independent population,
and Anon. (1957a) records the accidental capture of one specimen.

Kramer, who studied these animals intensively in 1960, has indicated (pers.
comm.) that the population once extended between Nu‘uanu and Halawa
streams, for a distance of about 4.5 miles across a series of ridges and valleys of
the lower Ko'olau Range. Distribution was as low as 300 feet, as at Moanalua,
and perhaps seldom above 1,400 feet. This habitat is being increasingly
dissected by land development, and the wallaby seems to have survived
because of its adaptation to rocky slopes where there are many caves and

17
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Ficure 2.—Brush-tailed rock-wallaby at home in cliff-face habitat, Kalihi Valley,
O‘ahu. Conditions resemble those of native range in Australia. (Timothy Sutterfield
photo.)

recesses (Fig. 2). The population appears to be concentrated on the northwest
side of Kalihi Valley.

A wallaby was observed over a period of about three weeks in July 1963,
behind a residence at 2552A Kalihi Street, Honolulu, across the valley from the
principal colony. It readily accepted lettuce left for it, and allowed approach to
within about 40 feet. I visited the site on August 15 and noted a scattering of
droppings in and about a shed where the wallaby had climbed as much as six
feet above ground on stacks of building materials, as if to rest. Here the land
dropped abruptly off to Kalihi Stream below, so the wallaby had a ready retreat
from disturbances. On February 27, 1964, I interviewed Manuel Cabral,
occupant of an isolated residence at the foot of the main wallaby colony across
Kalihi Valley (elev. 450 ft.). He reported seeing the animals regularly in the
evenings on the rocky slope above his home, and had observed as many as 17
at one time during the past two years. At the top of this ridge at an elevation
of 1,100 feet, tracks were present in fresh mud of a roadway on February 10,
1965, and droppings were found in this same area.

The Honolulu Zoo ordinarily displays a specimen (Fig. 3). Breeding in
captivity has been unsuccessful because of agonistic behavior between the
sexes, which has resulted in fatal wounds (P. L. Breese, pers. comm.). On
February 27, 1964, I briefly observed the zoo animal bounding back and forth
on a wooden ledge four inches wide and some nine feet above ground at the
back of its pen, using only the hind feet and tail in this style of locomotion. It
had gained the ledge from a stout hibiscus growing against the wall. On a



ROCK-WALLABY 19

FIGURE 3.—Young female brush-tailed rock-wallaby (Petrogale penicillata) in the
Honolulu Zoo soon after its capture on May 13, 1957. Licked fur of the forelimbs denotes
stress, from an encounter with a cage mate. Penned separately, this specimen lived
peacefully for nearly nine years, until it died on March 1, 1966. Adults are judged to
weigh 8 to 13 pounds (3.6 to 5.9 kg). (Honolulu Star-Bulletin photo.)

previous occasion, only the long black tail of the wallaby was visible, extended
vertically downward as the animal rested in the dense shrub.

While there was no firm basis for an estimate in the 1960s, the entire O'ahu
population was thought to consist of only a few dozen individuals. The species
had been unable to spread widely and for this reason was harmless to native
vegetation. It apparently foraged mainly on steep open slopes. Kramer
examined some 300 fecal pellets and found that the principal foods were grasses
and ‘alei (Osteomeles).

This wallaby should be preserved in Hawai'i because it may be an endan-
gered species in its original range in Australia. Whether or not it should be
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transplanted to other Hawaiian islands with the purpose of exploiting it as a
game animal, as has been proposed (Riney, 1959), could not be determined
from a limited knowledge of its characteristics. Wodzicki and Flux (1967)
recorded its adaptation to conditions in New Zealand. Calaby (1966) provided
information on the ecology of this species in Australia.

Encouraging interest is shown in the rock-wallaby since the above paragraphs
were written in 1967. Kramer (1971) presented his data and added some his-
torical vignettes which had escaped my attention. He noted the small size of the
animal compared with size in Australia, and its predilection for dry ledge and
cave habitat with southern exposure; considered the population as a “remnant”
of perhaps 100 animals increasingly pressed by human disturbance; described
its behavior at the colony from long hours of observation; and reviewed aspects
of wallaby biology largely from the Australian literature. A scattering of evidence
indicated that some animals left the known colony but did not permanently
occupy distant habitat. No second colony was discovered. Aldrich, Beck and
Curry (1975) report on a productive foray to the colony to obtain photographs,
and Loftus (1976) reworks successfully the historical background in another
popular article. See also Titchen, 1974.

Lauret (1982) explored known range and potential habitat and concluded that
the population, though well-established, is unable to spread to neighboring
valleys. J. D. Lazell and co-workers began formal research in 1979 (Lazell, 1980,
1981) and determined that the Hawai‘i population is indeed strikingly different
in appearance from any known in Australia, and that in preliminary tests of
tissue, blood proteins, enzymes, and alloenzymes, the Hawaiian form emerges
distinctly among these populations. Perhaps its parent stock in Australia is
extinct, but there is also the intriguing possibility that rapid evolution of the
founder stock under new conditions in Hawai‘i may have produced a form not
readily identifiable with its progenitors in Australia.

A key to understanding the rock-wallabies in Hawai‘i and in Australia surely
depends on more information gathered in both locales. Some work has been
done, as reflected in the reports of Wakefield (1971), Johnson (1979), Short
(1982), Sutterfield (1982), Lazell, Sutterfield and Giezentanner (1984), and
Saito (1983, 1984). Fluctuation in numbers is evident (Hastings, 1985).

Pipistrellus javanicus. Asiatic pipistrelle.

OriciNaL DEescription: Scotophilus javanicus Gray, Magazine of Zoology
and Botany 2:498. 1838.

Type LocaLiTy: Java,

Native Rance: Eastern Siberia, Japan, eastern China, Burma, Indo-China
to Java (adapted from Ellerman and Morrison-Scott, 1951, p. 165).

RANGE IN Hawar1: As a probable introduction, O‘ahu.
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Bats were introduced from Japan in 1895 for control of sugar cane insects,
but none survived to establish a population. A skin and skull of the Asiatic
pipistrelle (Bishop Museum Acc. #9131) bearing the label, “? Honolulu,
1895+, suggests that this specimen was among those imported. On the basis
of this slim evidence, Pipistrellus javanicus may be considered an interesting
member of the hypothetical list. The Japanese populations of this bat are
referable to Pipistrellus javanicus abramus. The Hawai‘i specimen has been
compared with materials at the U. S. National Museum but cannot be assigned
with certainty to subspecies.

An active proponent of establishing bats in Hawai‘i was Professor Albert
Koebele (1852-1924), the pioneer in biological insect control for the islands
(Swezey, 1925). Letters on file at the Experiment Station of the Hawaiian Sugar
Planters’ Association, and other sources, give us some evidence of the interest
from 1895 to 1920 in foreign bats for pest control and of the attempts to get
them established in Hawai'i.

Koebele traveled widely and arrived in Japan from Ceylon on February 23,
1895 (HSPA letter #136), and apparently left that country in December of the
same year or in January 1896 (letter #144); letters #199 of April 30, #1390 of
October 28, and #209 of December 27 (all 1895) to Koebele from the
Agricultural Commissioner in Honolulu encouraged him to send bats and to
make arrangements for having large numbers of them sent in the future. It was
during this period, and perhaps also in 1896, that bats were brought from Japan
and released upon arrival in Honolulu. Koebele’s own appraisal of the results
is brief, and the details of these attempts are largely unknown, for he says
simply (1897, p. 80), “Several trials with Japanese bats resulted in a failure.”
This subject is further discussed under Tadarida. Pipistrellus javanicus is a
small, dainty bat found generally in small colonies about buildings and could
easily have been collected in good numbers for transport to Hawai'i. Their poor
condition on arrival and inability to adjust rapidly to a new environment might
have been prominent factors in failure of establishment.

Lasiurus cinereus. Hoary bat.

OriciNaL  Descriprion:  Vespertilio linereus (=cinereus) Peale and
Beauvois, Catalogue Raisonné du Musée de Peale. Philadelphia, p. 15, 1796.

Tyre LocaLity: Philadelphia, Pennsylvania.

Native Rance: Temperate regions of North and South America; island
groups such as the Bermudas and Galdpagos (in migration), and Hawaiian
Islands.

RaNGE IN Hawar:: Specimens recorded from Kaua‘i, O‘ahu, Maui, and
Hawai‘i, but probably occurs on all main islands at least sporadically, and
casually in flight over offshore islets.
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The endemic bat of Hawai'i was thought in early times to be a distinct
species, L. semotus, but its affinities with the American mainland populations
of the hoary bat have been established (Sanborn and Crespo, 1957), and these
authors were the first to use the combination Lasiurus cinereus semotus for the
Hawaiian form.

Very first mention of a bat existing in Hawai'i is apparently by Peale (1848)
of the U. S. Exploring Expedition which visited Hawai'i in 1840. He wrote (p.
24): “At Kaa-la-kea-kua on the island of Hawai'i, memorable as the place where
the renowned circumnavigator perished, a species of bat, which we believe
new to naturalists, was quite common. . . . 7 No specimens were taken and
Peale’s remarks in a preceding paragraph about having lost two species of bats
shot, because they fell “amongst the bushes and grasses™ refer in part to
another bat seen and not collected, at Bay of Islands, New Zealand. This
notation may have led R. C. L. Perkins (1903, p. 465) to suppose that possibly
two species of bats were observed in Hawai'i by early naturalists. Others have
alluded to this same concept but there is no evidence, presently or historically,
of any living native bat in Hawai'i other than the endemic race of the hoary
bat.

The first recorded museum specimens were taken in 1861 and sent to
London. The brief report on them (Gray, 1862) identified the bat of Hawai'‘i
with Lasiurus grayi Tomes collected at Juan de Fuca Island and in Chile (which
was later regarded as a subspecies of L. cinereus). However, H. Allen (1890)
proposed, on the basis of eight specimens in the U. S. National Museum from
the islands of Kaua‘i and Hawai‘i, that the bat was a distinct new form and
named it Atalapha semota, giving it the then current generic name of the hoary
bats. No type specimen was designated. Lyon and Osgood (1909) formally
selected the lectotype from the original series. In 1914, the generic name
Lasiurus again replaced Atalapha (Hall and Jones, 1861, p. 95), so the Hawaiian
bat became known as Lasiurus semotus. G. S. Miller (1939), in reviewing the
problem, discovered a serious error of measurement or of typography in Allen’s
description. Allen had considered the bat, on the basis of forearm length, a
close relative of L. borealis, the red bat, but Miller then noted that “in reality
its relationship is entirely with the hoary bats. . . . ” He went on to state:
“Cranial and dental characters are like those of Lasiurus cinereus, but size of
skull averages slightly less than in the continental animal.”

The way was then clear for establishing the currently accepted subspecific
name for the hoary bat population of Hawai‘i, as was accomplished by Sanborn
and Crespo (1957). In the somewhat sketchy Hawaiian literature the bat was
soon recognized as an endemic subspecies isolated from its mainland relatives
but closely allied to them (Altonn, 1960).
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Ficure 4.—Adult female hoary bat (Lasiurus cinereus) at rest on a branch of Java
plum. Hind claws grip a twig for support. The tail is curled over the twig and serves to
shed rain. (Sakata Art Studio.)

Principal stated differences between the continental and the Hawaiian forms
of Lasiurus cinereus are that the latter is slightly smaller and there occurs in it,
besides the gray pelage often indistinguishable from that of the continental
races, a red phase (G. S. Miller, 1939). G. M. Allen (1942, p. 32) says, in
comparing it with the South American race, “the Hawaiian form is darker, and
in the red phase lacks to a large extent the hoary tips to the hairs of the upper
surface in that race and in the North American L. cinereus.” My own
observations indicate that further comparisons should be made before we
accept the notion of color phases in the Hawaiian form. Differences appear to
be rather slight and to result from conditions of age and wear rather than
genetic anomaly.

The bat of Hawai'i is still poorly represented in collections; Sanborn and
Crespo were able to gather only nine specimens for study. There have been
remarkably few direct encounters with this bat. A Mr. W. H. Pease, who
forwarded the specimen to London from Honolulu (Gray, 1862) says, “It is
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F1GURE 5.—Hoary bat clinging to a picce of fabric. It climbed and crawled readily
by using the limbs, hind feet, and thumbs (claws of the thumbs are visible at the wrists).
Grizzled body fur is apparent in this specimen. (Sakata Art Studio.)

quite a curiosity to our natives, very few of them having seen one.” When a bat
was seen flying in the daytime at Lahaina, Maui, in 1874 it was reported by a
Honolulu newspaper (Anon., 1874). And the Hawaiian Gazette saw fit to print
(Anon., 1887a) that “Douglass Monsarrat, during his recent sojourn on Hawaii,
caught an Hawaiian bat which he has preserved in alcohol.” Similar records are
found scattered over the years. Several bats must come to the close attention
of humans each year, and even now some are occasionally noted in the press.
In my first seven years of residence in the Hamikua District, where people
have known of my interest in zoology, five downed bats were reported locally,
two others were brought from Hilo, one was found at Ni‘ilehu, and a ninth
specimen was obtained from Kaua'i. The bat has never been abundant in recent
times, and there are few estimates of its numbers. P. L. Breese once estimated
the entire population at about several hundred (Altonn, 1960).

As to conservation of the species, G. M. Allen (1942, p. 33) says, “While at
the present the species may be in no particular danger, it is likely that any
considerable changes, such as reduction in the amount of sheltering tree
growth, will affect the species adversely.” The hoary bat is highly unselective
in the kind of tree it chooses for roosting, and this is an apparent advantage to
it. The depletion of native forest cover in agricultural development of lands and
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FIcure 6.—Ventral aspect of the hoary bat. Specimen captured at Honoka'a, on
Hawai'i. Wing span is about 13 inches (33 cm). Males weigh approximately %2 ounce (13
to 15 g), and females are slightly heavier (14 to 18 g). (Sakata Art Studio.)

its replacement with introduced trees in urban areas may not be a significant
hazard to the bat population. There seem to be, in all lowland areas that were
formerly forested, enough tree cover and wild gulch habitat to provide
adequate shelter. We do not know with certainty what changes may have
occurred in distribution of this bat, or if range and abundance were greatly
altered when the native forests were removed from large areas of the islands.

Additional reports on the species include those of Poole and Schantz (1942),
who record the type specimen; Anon. (1960a, 1960b) dealing with a possible
means of arrival of colonizing stock; and Meinecke (1954) who contributes
miscellaneous observations. P. H. Baldwin (1950) and E. H. Bryan, Jr. (1955)
have reported original data and summarized those of others. Anon. (1963c),
E. H. Bryan, Jr. (1963), and Tomich (1964, 1965b) report variously on re-
search progress and attempts to stimulate further investigation of this species.

During intensive field operations in 1963 to 1965 I collected a series of
specimens in all months, and biological and behavioral data from these and
from the population at large on Hawai'i Island were recorded. I am indebted to
James T. Yamamoto of Honoka'a for able assistance with the field work.
“Rarity” of the hoary bat is a myth which stems from a lack of understanding by
the casual observer of how a nonsocial and scattered population should appear.
However, the bat is not abundant, although it possibly numbers a few
thousands rather than a few hundreds. Fall and winter evening concentrations
on feeding grounds just offshore sometimes result in a spectacular display of
numbers. At dusk on September 22, 1963, 12 bats were in sight at one time,
scattered over Hilo Bay. The largest group I recorded was of 22 well-dispersed
foraging bats at Honoka'a Landing on the evening of October 18, 1964. These
were seen from shore with the aid of 7 x 50 field glasses, over the water in an
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area extending about 0.5 mile seaward. Banks (1953) has reported this
behavior of the hoary bat on the west coast of Hawai'i Island. Titian Peale,
naturalist of the U. S. Exploring Expedition (1838—1842) spent the weekend of
November 14-15, 1840, in the vicinity of Nap6'opo’o, also on the western side
of Hawai'i (Wilkes, 1845, p. 90), and must have seen a similar concentration
that led him to remark, as previously indicated, that the bat was “quite
common.”

If this bat is not ruthlessly molested by man, it will probably maintain a
moderate population. Even collection for legitimate scientific purposes should
be carefully regulated in order to assure survival of this unique native mammal
as the pressures of human civilization bear increasingly upon it.

In 1985 the hoary bat is somewhat better understood than in former times,
but no comprehensive studies of it have been launched. So far as is known, the
major population is on Hawai'i and it may be locally numerous on the western
side of the island, especially in South Kona District. Except also for Kaua'i
where it is found with some regularity, the bat apparently is elsewhere rare or
absent. Evidence of former common occurrence on O‘ahu is recorded by von
Kotzebue (1821) in a tract not cited earlier in this book. On December 8, 1816,
a party proceeding westward from Honolulu toward “the Pearl River,” when
about six miles out of that village and possibly near the mouth of the present
Moanalua Valley, noted (p. 345) that, “the air was filled with a small species of
bats.” One was shot in flight. There are no subsequent records to suggest any
such abundance of the hoary bat on O‘ahu.

Listing as an endangered species (United States Department of the Interior,
1970, 1984b) was done near the same time that some populations, as on
Hawai'i and Kaua'i, were recognized as being in fair numbers. Hence, priority
for funding of research has been low. Tomich (1974a, 1974b) discusses in
further detail the 1816 record and the matter of need for protection. The bat
may be a regular resident of lowland reconstituted forest, to include orchards
of the macadamia nut (Macadamia sp.). Insecticides are proposed for control of
thrips (Insecta: Thysanoptera) which damage macadamia flowers; this may
stimulate research on the bat to obtain registry of such pesticides under EPA
regulation. A summary of foods taken by bats in the lowlands of the Himakua
coast on Hawai'i (Whitaker and Tomich, 1983) reinforces the evidence of
adaptation to alien vegetation. Kepler and Scott (1983) report on distributional
records made during systematic studies of forest bird populations. Wet forests
are a suitable, but not ideal, habitat for the hoary bat. See also Belwood and
Fullard (1984).

Lasiurus cinereus semotus may use rock structures for shelter more than is
realized. The bat is typically tree-roosting, but occasional specimens are found
in rock crevices and in buildings. One bat was reported to attempt a daylight
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escape among rock falls and sulfurous fumes from a shuddering, reactivated
eruption crater in Hawaii Volcanoes National Park, only to fail as if from
asphyxiation and fall into the gathering flow of lava (Tomich, 1974a). Late
summer deposits of fat account for 20 to 25 percent of body weight early in
winter as a possible preparation for lesser activity during cooler months of the
year. However, winter torpor or colonial occupancy of deep cave shelters is
yet to be demonstrated (Tomich, 1974c). During extensive searches for animal
life in lava tubes by personnel of the IBP in 1973, remains of four bats were
found at random in the dark zone of one cave, near a surface opening.
Elevation of the site is near 6,000 feet on the northeast flank of Mauna Loa, in
terrain not ideal for bats compared with lowland locations. Since then, bat
skeletons were collected in a few other lava tubes on Hawai‘i and on Maui. In
all examples the bats appear to have entered the caves accidently. There was
no evidence of guano deposits (F. C. Howarth, pers. comm.). Meyers (1960)
found a remarkably similar response to caves by continental hoary bats. Fat
reserves suggest a capability for hibernation, as in caves of higher, cooler local
climates, but it seems unlikely that stable conditions of deep caverns are of
advantage to the physiological needs of the hoary bat in Hawai'i.

The western side of Hawai'i is identified as a region of high concentrations
of bats. Sufficient numbers were seen in 1975 to invite investigation by D. M.
Turner (pers. comm.), a biologist experienced in bat research in Nevada, and
then a resident of South Kona. A collecting permit was applied for (Parcher,
1975) but I heard nothing more of this effort. In another achievement of SOS
projects, bats were recorded in large numbers in South Kona District, in 1977
(Fujioka and Gon, 1983). These observations provide new horizons for under-
standing the hoary bat in Hawai'i.

Comparative morphometric studies of museum skins and skulls of hoary bats
from populations in Hawai'i, North America, and South America reveal a
divergence of the Hawaiian entity from North American stock, and the
probable need, after all, for declaring the Hawaiian population distinct from the
continental forms as a separate species (Findley and Tomich, 1983).

Concerning parasites, the hoary bat in Hawai‘i harbors a tapeworm common
to the Hawaii and North American populations (Rausch, 1975). Mites
(Dusbdbek, 1973; McDaniel and Tenorio, 1979) show an even wider
distribution, with one form common to bats in Hawai‘i and Surinam (South
America). F. J. Radovsky notes (pers. comm.) that a parasitic mite of Lasiurus
cinereus in Hawai'i (Mesostigmata: Macronyssidae) appears to be indistin-
guishable from Steatonyssus furmani Tipton and Boese, 1958. S. furmani is
known otherwise only from collections of L. borealis, in North America. In
that region L. cinereus is not known to be parasitized by any member of
Steatonyssus sp. This record of S. c.f. furmani on the hoary bat in Hawai'i
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raises questions on the origin and history of migrations to Hawai‘i and
host/parasite relationships within the genus Lasiurus. No fleas are found on L.
cinereus in Hawai'i and this is expected because bat fleas are adapted largely to
host species which are colonial and roost habitually within closed spaces such
as caves, rock crevices, tree cavities, or man-made structures. Many colonial
bats have no fleas even when found in traditional roosts (Haas, Beck and
Tomich, 1983).

New information on bats in general and on the hoary bat outside Hawai'i is
contained in Wimsatt (1970), Bogan (1972), Zinn and Baker (1979), Fenton,
Jacobson, and Stone (1973), Shump and Shump (1982), and Hill and Smith
(1984). Daniel (1979) delivers insight on adaptation of a New Zealand bat
(Mystacina) over the eons in those islands, to the giant kauri tree (Agathis). The
bat lives often in the central hollow column of ancient trees where it has
adopted the habit of burrowing, for protection from the elements, in dry rotted
wood.

Tadarida brasiliensis. Brazilian free-tailed bat.

OniGINaL DescriptioN: Nyctinomus brasiliensis St.-Hilaire, Annales des
Sciences Naturelles 1:343. 1824.

Type Locavrry: Brazil.

Native RanGe: Much of North, Central, and South America; in the United
States as far north in summer as Oregon, Nebraska, and South Carolina. The
subspecies mexicana is confined to western United States and Mexico.

RANGE 1N Hawart: As a probable introduction, O‘ahu.

Like the Asiatic pipistrelle, this bat is a hypothetical species for Hawai'i
associated with Koebele’s program for biological control of insect pests. Large
numbers are assumed to have been introduced from California in 1896, but
none became established (R. C. L. Perkins, 1925). Five specimens in alcohol
(Bishop Museum Acc. #3820), accompanied by few useful data, are the basis
for this species in Hawai'i. All are definitely referable to Tadarida brasiliensis
mexicana. It is a vigorous, colonial, migratory form that is abundant in
California during the warmer months. We know that bats were brought to
Hawai‘i from San Francisco in 1896 (Anon., 1896a) aboard the steamship
Australia, which plied regularly between Honolulu and San Francisco in that
era and was scheduled to arrive in Honolulu on May 29, the day 225 bats were
released (Anon., 1896b, p. 163). Koebele had worked in California for several
years before coming to Hawai'i in 1893, and had visited there early in 1896,
after his return from Japan. He departed again for Hawai‘i on April 2 (HSPA
letter #144). The five specimen bats were presumably some of those dead on



BRAZILIAN FREE-TAILED BAT 29

arrival in Honolulu, or which were recovered at a later date. That there were
perhaps several shipments and that they were all unsuccessful is supported by
Koebele’s annual report for 1896 (Koebele, 1897, p. 80).

Attempted establishment of bats in Hawai'i seems to have ended here, but
hopes of the sugar planters for further action remained alive for some years.
Perkins (1903) reiterated the earlier failures; Lowrie (1904) favored bats from
Puerto Rico for mole cricket control; L. G. Blackman (1904) suggested bats for
control of the Chinese rose beetle, mosquito, leathopper, and flying roach,
optimistically predicting easy adaptation of “those belonging to the genera
Vesperugo and Molossus.” R. C. L. Perkins (1304) referred to previous failures,
but suggested that Mexican, Central American, and Australian species would
thrive in the Hawaiian climate better than the endemic Lasiurus. Nothing
seems to have come of these suggestions.

Resurgence of interest was shown when H.L.L. (1914) pointed out how
Campbell (1913) had established Tadarida brasiliensis in an artificial roost in
Texas (the practical success of which venture was later questioned by Storer in
1926). In summary, H.L.L. (1914, p. 107) says, “The introduction of this Texas
bat into Hawaii would be an especially easy matter to accomplish. Rocky caves
are their natural haunts, and there are many ‘bat caves’ in Texas known to be
inhabited by millions of bats. It should be possible to catch any desired number
of these animals in a single day at one of these caves, and they could be landed
in Hawaii ten or twelve days later.”

Mention of bats for leathopper control in 1919 met with some resistance
(Anon., 1919b), and the final and perhaps most analytic mention of bats for
agricultural purposes (1920) is by Fred Muir (HSPA letter, Library File E71),
“Itis . . . very doubtful if we have enough small, night flying insects to keep
alarge bat population going. Even the one species of bat at present in the islands
does not seem to be able to increase in numbers.” Insectivorous bats as a group,
of course, do vary greatly in food preferences. Some forms depend greatly on
minute flies; others are capable of eating large moths and beetles, and many even
forage for insects on the ground (G. M. Allen, 1939, pp. 86-87).

Many details of the story on bat introductions are missing. Dr. Koebele went
home to Germany early in World War I and never returned to Hawai'i. His
personal files seem to have been lost. A few additional sidelights emerge from
the available correspondence. A woman animal dealer from Albuquerque, New
Mexico, offered for sale to Koebele two species of bats, in 1898, at three dollars
per dozen (HSPA letter #165), and an editor of the Alameda (California) Call
requested in 1901 material for a story on the methods of bat handling and
results of the work (letter #32). These demonstrate that both economic and
popular interest were stimulated by these pioneer attempts to import and
establish bats in Hawai'i.
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It is easy to view these early fumblings with disdain from the standpoint of
modern population ecology, but the sincerity and concern of participants
cannot be questioned. They were earnest in their desire to strike a workable
solution to serious economic problems. Bats, under special circumstances,
could even now very likely be acclimated to Hawai'i, but their effectiveness in
insect control would be negligible. The question has become academic because
of the threat that rabies might be introduced by new bats, and because another
potential reservoir of rabies would be added to the local fauna with each new
species established. This disease has been found in bats in at least 31 states of
the United States mainland since 1951 (Sulkin, 1962; J. E. Wood, 1962).

Assuming that Tadarida brasiliensis was among the bats brought from
California, its failure can be attributed to any of several factors, such as homing
or migratory instinct that would carry it to sea, or inability to adjust to a mild
rather than a hot summer climate.

Oryctolagus cuniculus. European rabbit (to include the original wild form,
domestic breeds, and feral populations).

OricINaL DEscripTioN: Lepus cuniculus Linnaeus, Systema Naturae, Ed. X,
1:58. 1758.

Tyee Locarrty: Germany.

Native RaNGE: Western Mediterranean region including Morocco, Algeria,
and Spain, adjacent Atlantic islands and those east to Crete; British Isles;
central Europe north to Germany, east to Poland, and south to Italy.
Distribution modified by human agency (adapted from Ellerman and Morrison-
Scott, 1951, p. 443). Established in Australia, New Zealand, and on islands of
the central Pacific Ocean and western North America (see also DeVos,
Manville, and Van Gelder, 1956, pp. 169, 173-174).

RANGE 1N Hawart: Introduced to several small islands, notably Laysan and
Lisianski; also Ford Island in Pearl Harbor, and Minana off O‘ahu, Molokini
between Maui and Kaho'olawe, and Lehua off Ni‘thau; escapes have been
detected on Hawai'i, O‘ahu and Kaua'i; presently surviving only on Manana and
Lehua.

This rabbit still lives in the primitively wild state over much of its original
range, and the first domestic breeds were probably selected from Spanish stock
(Miintzing, 1959). The Hawaiian populations are most likely from the same
general source and should be referred to Oryctolagus cuniculus cuniculus
which ranges throughout central Europe north of the Mediterranean and west
to Ireland (Thompson and Worden, 1956, p. 9). Some free-living colonies of this
rabbit in Hawai'i and elsewhere have reverted to the wild type in color and
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other characteristics so as to resemble greatly the ancestral stocks. The rapidity
of this phenotypic change and adaptation is shown for an Alaskan colony by
O’Farrell (1965). Thomsen and Evans (1964) report on a Washington population
that may have been more than 70 years old and which has largely assumed the
wild-type agouti pelage, and Tomich, Wilson, and Lamoureux (1968) describe
the one on Manana, which is about the same age and also retains only traces of
domestic color traits (Fig. 7). Watson (1961b) reports on Hawaiian and other
Pacific colonies.

Rabbits and their allies have been by tradition grouped with the rodents, but
critical studies have revealed them to be actually widely divergent from the
Order Rodentia in such characteristics as fenestration of the skull, possession of
four upper incisor teeth instead of two, more cheek teeth than in any rodent,
and a tail that is always short, if present at all. They belong more properly in
a separate Order Lagomorpha. Their origin is still obscure, as A. E. Wood
(1957) points out. Van Valen (1964) suggests a line of evolution descending from
specific primitive insectivores.

Records of rabbit introduction to Hawai‘i are few, but there is evidence that
they were brought in soon after European settlement. Andrew Bloxam
observed on May 17, 1825, in reference to “the Pearl River,” O‘ahu (Bernice P.
Bishop Museum, 1925) there was “in one spot an island of nearly one mile in
length, on this a quantity of rabbits have been turned up and are now becoming
wild and numerous; they are of a black and white color, and the island is named
for them.” He was referring, of course, to Ford Island in Pearl Harbor, which
we may suppose was then called Rabbit Island. Manana currently bears the
popular name “Rabbit Island” and is the only islet near O‘ahu that now has a
rabbit population. Chung (1931) reports introduction to Hawai‘i in 1853, of
breeding stock from Australia.

Although the Ford Island colony disappeared at some unknown date, it may
have set a pattern for early rabbit management in Hawai‘i, which was to turn
the animals out on small islands to fend for themselves. Hall (1873) records an
early use permit for Mokuola (Coconut) Island, a three-acre islet in Hilo Bay.
Of the three recently existing feral rabbit colonies, we know little of that on
Molokini, and some of the few naturalists who have written about the island fail
to mention rabbits (for instance, Forbes, 1913a; and Caum, 1930). Perhaps the
colony was established after 1930. Franck (1937, p. 229) reports having seen
two white rabbits there, from a boat in the sheltered cove of the island, in 1936.
D. H. Woodside informs me (pers. comm.) that the rabbits were still there in
the 1950s. In answer to my inquiry of November 1965, to the United States
Coast Guard (B. V. Weston, pers. comm.), their operating units found that “no
wildlife exists on Molokini.” This suggests that the rabbit population there had
died out.
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FIGURE 7.—Feral rabbits (Oryctolagus cuniculus) freshly shot on Manana Island,
one mile off O'ahu. These rabbits have descended from domestic stocks placed there
about 1890, and now all have the wild-type brown pelage with white underparts. Weight
is 3% to 4% pounds (1.6 to 2.1 kg). (Raymond J. Kramer photo.)

The Lehua population is at least as old as that of Molokini and was apparently
large in 1931 (Caum, 1936). Woodside saw these animals in the 1950s and
described them to me as having strikingly mixed colors. Richardson (1963, p.
44) reports a moderate population in 1960. In 1965 the United States Coast
Guard found similar numbers, and noted prominent mixed black, brown, and
white pelage patterns. An early abundance and eventual stabilization of rabbit
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Ficuie 8.—Main crater of Manana Island on February 29, 1964, showing dense
stands of wild tobacco, impoverished coconut palms, and bunch grasses heavily used by
rabbits. Drought conditions were obvious. See also Figure 78, (Kazimierz A. Wodzicki
photo.)

numbers in relation to vegetation might well have been the pattern on each of
these islands.

Eradication of feral rabbits in Hawai'i has been advocated by ornithologists
and others interested in the welfare of nesting sea birds (for example,
Richardson, 1963). This would be a difficult undertaking even under ideal
conditions. Cox, Taylor, and Mason (1967, pp. 42—43) reported that nearly four
vears of repeated effort were required to eliminate rabbits from Motunau, an
casily accessible nine-acre New Zealand island. A different view of the problem
(Tomich, 1965a) is that we should admit that the rabbit has earned a place on
the Hawaiian faunal list, and that it should be exploited for its scientific value.
Preliminary study of the problem on Minana (Tomich, Wilson, and
Lamoureux, 1968) revealed no detrimental effects on the bird colonies. Both
Lehua and Manana should be investigated by means of thorough ecological
research before any management decisions are made. On the larger island,
Lehua, where there is some hope of saving a significant segment of remnant
native vegetation, removal of the rabbits might be advisable, but is likely to be
impossible with means that can be reasonably found to do it.

Two further examples of small-island rabbit colonies are those formerly
existing on Laysan and Lisianski. Rabbits were introduced here in 1902 and
1903 by Max Schlemmer, of Honolulu, in connection with a guano mining
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business. They increased to great numbers and heavily damaged the plant
cover. In 1912-1913 a government party was unsuccessful in eradicating these
populations. The effect of this control effort on the Laysan strain was perhaps
only one of rejuvenation, for the rabbits remained, depleted the vegetation still
further, and were finally shot in 1923. On Lisianski, where control was less
stringent, the vegetation was more quickly destroyed and the rabbits suc-
cumbed some years before 1923. This grim phase of Hawaiian ecology has been
documented by many writers. Principal reporters with firsthand information
were W. A. Bryan (1911), Dill and Bryan (1912), Elschner (1915), Thurston
(1923), Gregory (1924), Wetmore (1925), E. H. Bryan, Jr. (1942), and Bailey
(1956). Warner (1963) has appropriately reviewed the entire series of events.

Vegetation of both islands has made a remarkable recovery. Lamoureux
(1963, p. 13) states regarding Laysan: “Not only are many of the original species
still present, but the structure of the vegetation appears similar to that
described before the island was devastated by rabbits.” Three formerly
significant elements, the shrubs Chenopodium, Achyranthes, and Santalum,
however, he reports are absent. Birds have fared poorly, especially in that the
Laysan rail (Porzanula palmeri) was extirpated from Laysan and lost altogether
from its final refuge at Midway (P. H. Baldwin, 1947a; Fisher, 1949). Moreover,
the Laysan form of the millerbird (Acrocephalus familiaris familiaris) and of the
‘apapane (Himatione sanguinea freethi) also became extinct during the rabbit
era (Greenway, 1958, pp. 392-393, 408—-409). While private enterprise has
contributed vastly to human progress, the need for wisdom and restraint in its
application is underscored by the above examples of tampering with delicately
balanced small-island ecosystems. The guano diggers obtained a 20-year lease
and began operations in 1892. The guano business appears to have flourished
for a time without great detriment to the flora and fauna, but then it faltered,
for, according to E. H. Bryan, Jr. (1942, p. 186), the last load of fertilizer was
shipped from Laysan in May 1904; but the manager of the company continued
to live on the island until November 1915. His purpose in being there after
1910 has not been made clear. Following decline of the guano trade, a second
attempted means of gain from the island’s resources was to farm the rabbits by
turning them out in the native vegetation. According to Dill (Dill and Bryan,
1912, pp. 9-10), they were to be the basis for a proposed meat-canning
industry. When this enterprise failed to materialize, no known effort was made
immediately to suppress the numbers of rabbits.

At this stage there were few further possibilities for profiting, and the future
must have seemed bleak, indeed. However, direct attack on the great
populations of sea birds, mainly the Laysan albatross (Diomedia immutabilis),
for the plumage trade, remained as a final challenge. E. H. Bryan, Jr. (1942, p.
193) reports that as early as 1904, when 75 Japanese were apprehended on
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Lisianski on June 16, these feather hunters had already gathered several
hundred packages of dried bird wings. This traffic in plumage may have
continued uninterruptedly until 1910. Persistent reports of poaching had
resulted in the establishment in 1909 of the Hawaiian Islands Bird Refuge,
which includes both Laysan and Lisianski (Henshaw, 1911, 1918), but it was
only after the arrest of 23 more plumage hunters, and confiscation of a cache of
feathers from some 200,000 birds in January 1910, that this third phase of
exploitation was fully revealed (Anon., 1910a, 1910b, 1910c). The rabbits were
presumably the only further source of disturbance, and they plagued Laysan for
another 13 years.

Although there is no known record of early concern about the possible threat
of rabbits to agricultural lands of the main islands, on the strength of scare
stories from Australia, in 1890 stringent laws were passed to assure that Hawai'i
would be protected (Anon., 1954b). Chung (1931, p. 6) shows a facsimile of the
application required under Rule XIII of the Board of Agriculture and Forestry
for permission to keep domestic rabbits. Regardless of these precautions, it is
entirely possible that the test has been made; domestic rabbits may have been
accidentally or purposely released over the years, but failed to adapt them-
selves fully to conditions in the wild. D. H. Woodside {pers. comm.) reports
that about 1951 he observed rabbit tracks in the beach sand at ‘Anaeho’omalu
Bay, South Kohala District, Hawai'i. At this site there is a short stretch of shore
vegetation against rough lava flows that are virtually bare for several miles
inland. Rabbits are said to have come from pens of a Hawaiian family living
there. When I visited the site with G. E. Haas on March 13-14, 1964, one set
of fresh tracks revealed that a rabbit had left a kiawe thicket, moved slowly to
the water’s edge, and then rushed back. No rabbits were seen and none was
kept at that time by the resident family; they did have several coops of
chickens. By August 5, 1968, when I went again to ‘Anaeho’‘omalu, there was
a picnic ground in place of the old home and many surveyors’ stakes about the
area; sign of rabbits was not apparent. The presence of predatory mongooses,
cats, and dogs is a probable deterrent to widespread establishment of feral
rabbits on the larger Hawaiian Islands, and may even preclude such establish-
ment.

Examination of the later historical record uncovers additional information
about rabbits in the Northwestern Hawaiian Islands. Amerson, Clapp, and
Wirtz (1974) document introduction to Pearl and Hermes Atoll, a site not
usually associated with the rabbit, prior to 1916, and extermination in 1928.
These authors suggest that rabbits were brought to Southeast Island (one of
nine islets there) in 1908 by Japanese feather poachers; source of the stock was
probably Laysan Island or Lisianski Island. A party of the United States Coast
Guard found this population in 1916 and caught four animals. Tanager
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Expedition personnel shot 90 at Southeast Island on April 26 and 28, 1923, but
noted that about 30 remained. On four subsequent visits through 1928
additional rabbits were taken, and none was observed after April 1928.

Ely and Clapp (1973) give more detail about the rabbit on Laysan, and Clapp
and Wirtz (1975) place its introduction to Lisianski at any time between 1904
and 1907, after the population was well established on Laysan, rather than as
early as 1802 or 1903.

The European rabbit still demonstrates apparently temporary adaptation to
habitats on the larger islands. Kramer (1971) cites an example near Hanalei,
Kaua'i, and TenBruggencate (1978) reports rabbits in a wild upland area as well
as near the main harbor on the same island. In 1978 and 1979 W. S. Devick
(pers. comm.) observed an occasional rabbit along plantation roads of the
Helemano area of central O‘ahu. No established colonies are presently
identified. Also, demise of rabbits on Molokini in some past time is now
confirmed (Kepler and Kepler, 1980).

The well-known colony on Manana islet, off O‘ahu, received attention
through an intensive population study of more than a year (Dixon, 1973). Dixon
found that breeding was stimulated by the emergence of green vegetation after
seasonal drought. However, natural control seems to be through heavy
mortality of nestling and weanling rabbits rather than immediate cessation of
breeding as drought approaches. Infertility of females may be a contributing
factor in the observed generally low productivity of 6.6 young per adult female
per year. Dixon describes the population of Manana as living in a precarious
balance with the environment because of occasional prolonged droughts. The
burrow-inhabiting wedge-tailed shearwater (Puffinus pacificus) and the rabbit
appear to be mutually adaptable in their needs for breeding sites, and
frequently both occupy the same burrow. Brown (1973, 1974) studied the
nesting sea bird populations of Minana and found some interference by rabbits
with their biology. Lloyd and McCowan (1968) describe joint use of burrows by
rabbits and birds on Skokolm Island off Scotland; and Breummer (1983) notes
a negative relationship between sea lion pups and rabbit burrows on a New
Zealand island.

The Minana population remains a viable subject for further investigation.
Topics are suggested by other island reports (Johnston, 1973; Hall, 1977),
aswell as those on continental populations (Jaksi¢, Fuentes, and Yanez, 1979;
Wood, 1980). Although control of the population is neither necessary nor
advisable (Taylor, 1968), the method described by Hale and Meyers (1970)
reveals some interesting facets of rabbit behavior; and a reference is given to
chromosome number in the species (Issa, Atherton, and Blank, 1968). Rapid
evolution of transplanted species commands attention and the Manana popu-
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lation appears to be an apt subject for study (see McClusky, Olivier, and others,
1974; and Edmonds, Noland, and others, 1976).

Further reports of interest and applicable to rabbit studies in Hawai'i are
those of Gibb, Ward, and Ward (1978), Edmonds, Backholer, and Shep-
herd (1981), Jaksi¢ and Soriguer (1981), and Skira, Brothers, and Copson
(1982).

Rattus rattus. Roof rat.

OriGINAL DESCRIPTION: Mus rattus Linnaeus, Systema Naturae, Ed. X,
1:61. 1758.

TypE LocaLiTy: Sweden.

NaTive RANGE: Greater part of India, Ceylon, Himalayan foothills, Burma,
southern China, Indo-China, Malay States, Sumatra, Java, Borneo, Celebes,
Philippine Islands. Has spread with commerce to all tropical and temperate
regions of the world; particularly well established in port and coastal areas
(based on Ellerman and Morrison-Scott, 1951, p. 581).

RaNGE 1IN Hawart: Found on each of the eight main islands, also on Ford,
Kaohikaipu, Mokuolo‘e, Mokoli‘i, and Moku‘auia (all near O‘ahu), and Sand and
Eastern islands at Midway; may be the rat of Lehua, and possibly occurs on
other small islands and islets.

The roof rat in Hawai'i is derived from European-type stocks, and these are
referable to the subspecies Rattus rattus rattus (Johnson, pp. 26-27, in: Storer,
1962), which has been dispersed by human agency in a westerly direction to the
Americas and into the Pacific. This form is distinct from the many known in
Southeast Asia, some of which have invaded the Pacific in an easterly dispersal.
A prominent characteristic of R. r. rattus is a series of three well-established
color phenotypes, and although their genetic properties were described nearly
60 years ago (Feldman, 1926), the literature has been burdened with writings
that treat the color variants themselves, or groups of them, as separate
subspecies. The impropriety of this procedure is emphasized in some reports
by the lumping of the original white-bellied wild-type rats (“R. r. frugivorous”)
with the gray-bellied mutant phenotype (“R. r. alexandrinus”), under this
latter name. Further, all black individuals are called “R. r. rattus,” whereas
such rats consist of two phenotypically indistinguishable forms of quite different
genetic origin. Tomich and Kami (1966) have reviewed the problem at length
and have shown that Hawaiian populations are typical in having the expected
hereditary pattern for coat color (see Figs. 9 and 10). Tomich (1968) discusses
the distribution of the several color types on Hawai'i Island.
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FIGURE 9.—Genetic color types of the roof rat (Rattus rattus), dorsal aspect. The
outer specimens are mutants for identical black body color, but color in one is controlled
by a dominant gene, while color in the other is expressed by a recessive gene pair. The
inner specimens are both of the wild-type brown coloration. (Author’s photo.)

Rattus rattus in Hawai'i is adapted especially to wooded gulches, sugar cane
fields, and dry, wet, or even extremely wet forests. It retains, however, a
classical commensal relationship with man, and frequents ornamental vegeta-
tion, stone walls, buildings, and other structures. But it obviously does not
depend upon man for survival.

This species is locally common at lower and middle elevations, and is found
sparsely distributed at higher altitudes, for example, about ranch cabins on
cattle range in an open forest of mamane (Sephora chrysophylla) at Pu‘u Kihe,
7,750 feet, on Mauna Kea. Extreme station of record is 9,800 feet, in the attic
of the Crater Observatory (a heated building) at Haleakala National Park, Maui,
where this rat occurs sporadically. Four specimens were obtained there for
identification in July 1962, from Robert ]. Badarocco, courtesy of the National
Park Service.
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Ficurk 10.—Ventral aspect of rats in Figure 9. The two black rats have identical
slate-gray belly color. The white-bellied rat is of the original wild type, but the specimen
to its right expresses a mutation for gray that is similar in appearance to that in the black
rats. (Author’s photo.)

The roof rat has been noted specificallv as a predator on native birds. The
most striking and unfortunate example is that which resulted in extinction of
the Laysan rail (Porzanula palmeri) in its last refuge at Midway Islands, and
the extirpation of a population of the Laysan finch (Telespyza cantans) from this
same area (Munro, 1945; P. H. Baldwin, 1945b). Atsatt (in: Munro, 1945, p.
50) identifies the rat positively as Rattus rattus when he states that, at both
Sand and Eastern islands, “rats are Rattus rattus alexandrinus, (the gray or
roof rat, the predominant variety, 80% of the whole), and Rattus rattus rattus
(the black rat).” P. H. Baldwin (1945b, p. 348) reports that in its initial
abundance soon after the introduction in 1944, population density on Eastern
Island rose to 100 rats per acre (see also Anon., 1946b).

Richardson (1949, p. 228) found the roof rat on Moloka'i, and (1963) what
may have been this species on Lehua, in critically important habitats of native
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Ficure 11.—Damage to young koa trees by the roof rat. Stems often are girdled,
crippling the tree. (Panl Scoweroft photo.)

birds. Schwartz and Schwartz (1950a) report its predation on nestlings of the
zebra dove (Geopelia striata) on Hawai'i. Korte (1963), Whitesell (1964), and
Scowcroft and Sakai (1984) point out that the roof rat may be detrimental to
regrowth of native koa by stripping bark from saplings.

The classical view of the roof rat as an invader of native ecosystems in the
Pacific shortly after the voyages of Captain Cook has been seriously questioned,
with both New Zealand and Hawai'i as prominent examples (Atkinson, 1972,
1977). See also Ralph, 1978. In reality, all evidence as derived from the historic
record and the sequential decline of native bird species indicate that the period
1870 to 1890 may be a more likely era of final invasion. That the rat has entered
even the most remote forests of Hawai'i, where it is the prominent rodent
species, has been further documented in recent years (Conant, 1972; Tomich,
1981b).

Single species study and observation of the roof rat has produced an
abundance of reference material since 1969. For Hawai'i, see Buxbaum (1973),
van Riper (1974), Baker and Allen (1978), and Teracka, Nagata, and Corn
(1981). Additional reports. especially from New Zealand, are as follows: Best
(1969, 1973), Daniel (1972), and Michener (1976).

Rattus norvegicus. Norway rat.

OriciNaL Descrirrion: Mus norvegicus Berkenhout, Outlines of the Natu-
ral History of Great Britain and Ireland 1:5. 1769.
Tyre Locavrry: England.
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Native RanGe: Palearctic Asia, where it is common in the cooler countries,
throughout China, Siberia; has spread with commerce and become cosmopol-
itan, but the metropolis of the species is in the north temperate zone rather
than in the tropics (in part from Ellerman and Morrison-Scott, 1951, p. 588).

Rance IN Hawart: Recorded from Kaua‘i, O‘ahu, Molokai, Lana‘i, Maui,
and Hawai‘i. May occur on the few smaller islands where permanent human
settlements are present; known also from Ford Island in Pearl Harbor.

The Norway rat in Hawai'i is represented by stocks of probable European
and American origin. These are remarkably uniform in basic characteristics
wherever they occur, and are generally referable to Rattus norvegicus
norvegicus (Johnson, p. 31, in: Storer, 1862). This rat is best adapted to city,
village, and farm environments where foods from domestic or agricultural
sources are plentiful. Such nutritional materials may be fundamentally essen-
tial, whereas mildness of climate is only secondarily necessary. Schiller (1956)
reports survival of Norway rats in a severely cold climate under special
conditions of food abundance.

In the mild Hawaiian climate this rat is sometimes locally common in and
about lowland sugar cane fields, but is more likely to be absent from them
altogether. It occupies also middle elevation planted forests, although it is the
least numerous of the rats, and does not inhabit extensively the native forests
or wide expanses of grassland. Many field habitats were abandoned in the two
decades before 1970, and in Hamikua District, on Hawai'i, for example, this rat
is rarely found except in village and farmyard environments. Extreme known
elevation is 5,800 feet, at Halepiula on Mauna Kea, where the rat is associated
with water catchment and storage facilities in remnant forest range land. Soils
unsuitable for burrowing, the absence of man-made structures, and scarcity of
food and easily accessible water seem to restrict Rattus norvegicus from many
wild habitats.

No rats of this species were trapped in a two-year period on a transect in
wet to dry habitats from 3,000 to 10,000 feet elevation in Hawaii Volcanoes
National Park; and in neighboring rain forest of Kilauea Forest Reserve at
5,300 feet, a grid of traps on a 200-acre study area captured only four in the
same period (Tomich, 198la, 1981b). In another study at 20 to 120 feet
elevation in Waipi‘o Valley (Tomich, 1979), during a similarly intensive project
in riparian woodland, just four Rattus norvegicus were trapped in nearly five
years of operation.

Examples of reports outside Hawai‘i and pertinent to the study of this rat are
Calhoun (1962), Barnett (1963), Brooks and Barnes (1972), Yabe (1979a, 1979b),
Pye and Bonner (1980), and Lattanzio and Chapman (1980).



42 MAMMALS IN HAWAI'L

Rattus exulans. Polynesian rat.

OriGINaL DEescription: Mus exulans Peale, U. S. Exploring Expedition 8
(Mammalia and Ornithology):47. 1848.

Tyee LocaLity: Tahiti, Society Islands.

NaTive RANGE: Southeast Asia, from whence it has spread with man to the
East Indies, Philippines, New Guinea, and to the Pacific islands, reaching in its
farthest distribution New Zealand, Easter Island, and Hawai‘i. Occurs exten-
sively with Rattus rattus in these regions, but has not ventured deeply into the
Asian continent (based on Ellerman and Morrison-Scott, 1951, p. 590).

Rance IN Hawarr: Found on Kaua'i, O‘ahu, Moloka’i, Lina‘i, Maui,
Kaho'olawe, and Hawai‘i. May occur on Ni‘ihau, but is not specifically reported
from there. Inhabits also Kure Atoll (at the northwestern end of the chain);
Popoi‘a and Mokumanu (near O‘ahu), and Ka‘ula (off Ni‘thau).

Clapp and Wirtz (1975, p. 151) mention reports of rodents on Lisianski,
which may have included Rattus exulans, but no rodents are presently on the
island. Transect studies to 10,000 feet in Hawaii Volcanoes National Park
(Tomich, 1965d, 1981a) place R. exulans at a maximum elevation of 4,900 feet
on Mauna Loa, where a single specimen was caught in systematic trapping over
a period of two years. King (1971) caught two rats assignable to R. exulans on
the rim of the Haleakala Crater, on Maui, among nesting petrels at 9,400 and
9,700 feet elevation, but did not retain the specimens from this maximum
elevation range. Simons (1983) reports an additional six R. exulans in the same
petrel colony during work conducted in 1979-1981. Again, museum specimens
apparently were not retained, but it does seem assured that the Polynesian rat
exists, at least sparingly, at this unusually high altitude.

Rattus exulans in Hawai'i is characteristically a lowland rodent, and this may
be in part a result of its tropical and subtropical origins. However, its successful
colonization of Green Island at Kure Atoll (28° 25’ north), and Stewart Island,
New Zealand (47° south), which is its southernmost station (Watson, 1956),
suggests a reasonable adaptation to cooler climates. Hawaiian populations are
noncommensal in the sense that they do not often occupy human dwellings, but
flourish best on agricultural lands. This rat becomes most numerous in sugar
cane fields and abandoned pineapple fields, but does well in adjacent wooded
or grassy gulch and waste areas. It is usually uncommon in native or planted
forests, and is often absent from them at elevations above 2,500 feet.
Occurrence is rare in wide expanses of grassland. Only one has been caught in
repeated trapping at Makahalau, at 3,800 feet on the Waimea Plain of Hawai'i.

The Polynesian rat is presumed to have come to Hawaii with early
colonizers from the central Pacific. Because it was not used for food in Hawai'i
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as it was in New Zealand (Watson, 1956, p. 560), it would seem that the rat
came as an immigrant rather than as an introduced species. However, the
ancient Hawaiians did use miniature bows and arrows for sport hunting of the
Polynesian rat (Stokes, 1917, p. 270; Malo, 1951, p. 233; Buck, 1957, p. 376)
and may have purposely brought it in this connection.

The islands have been occupied from possibly as early as the second century
(Suggs, 1960). It would appear that the rat could have been in Hawai'i for 1,400
years or longer (Kirch, 1982). Rats are seldom recorded in the early literature
of Hawai'i, although one was known from Cook’s time, and is presumed to be
Rattus exulans. The documentation is quite clear, for Cook (1785, Vol. 2, p.
228) said in describing the fauna of Kaua'i, where he made his first landing after
cruising up from more southerly waters, “There were . . . some rats,
resembling those seen at every island at which we had yet touched.”

The Polynesian rat was thought to be rare in Hawai'i early in this century,
if not extinct, and R. C. L. Perkins (1903, p. 466) assumed that it had been
driven out by other rats. The first museum materials were collected only in
1913-1915 (Stone, 1917). Stone compared these with Peale’s Mus exulans from
Tahiti and Mus vitiensis from Fiji, and concluded that it was appropriate to
erect the new species, Rattus hawaiiensis, to encompass the Hawaiian popu-
lation. However, as early as 1897, Waite, according to Stone (1917, p. 259), had
suggested that populations from the various Polynesian islands should belong to
Peale’s species (= Rattus exulans). G. S. Miller (1924) was of a similar opinion,
but Tate (1935) chose to recognize several species groups. Ellerman (1947)
examined specimens from most of the range of this rat, on islands and on the
Asian mainland as well, and declared in support of Waite and Miller that all
populations should be referred to R. exulans. Ellerman (1947) studied and
listed a total of 12 subspecies, including (p. 64) Rattus exulans hawaiiensis, and
was first to use this combination.

The common name Polynesian rat is fitting for Rattus exulans and is derived
from the broad association of this rat with Polynesian cultures. The more
inclusive term “Pacific Island rat” has also been used, but local populations
have been called, for example, according to Hossack (1907) the “little Burmese
rat” (in Southeast Asia), “kiore” (in New Zealand), which is equivalent to the
Hawaiian ‘iole, and “Hawaiian rat” (in Hawai'i).

Questions still exist concerning degrees of relationship among the far-flung
populations of the Polynesian rat, whether within a single archipelago or
between widely separated islands. Marples (1955) discusses a segment of
thisproblem, and Uchida (1964) reports a probable extension of the known
range, to the southern Ryukyu Islands. However, on a visit to Hawai'i in July
1984, Dr. Tatsuo Yabe of Yokohama relayed the information (pers. comm.) that
on close scrutiny the Uchida specimens, collected on Iriomote-jima, all
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correspond to Rattus rattus, and that no authenticated records of R. exulans are
known from the Ryukyu Islands.

An item of interest has been the supposedly large changes in population
density, and decrease in previously known range in Hawai'i. Stokes (1917)
hoped for discovery of colonies additional to that on Popoi‘a, and Illingworth
(1931) pointed out some 15 years later that goodly numbers of the rat did in fact
live on parts of O‘ahu. Svihla (1936) recorded Rattus exulans to be of probable
general distribution in Hawai‘i. Whether this rat suffered a great decline during
the establishment and spread of later arriving species is not known. Supposi-
tion, rather than good observational evidence, secems to have been predomi-
nant during this period, and no one really knows what happened. A well-
documented parallel exists in New Zealand where Rattus exulans maorium was
known to be abundant over most of the country in early times (Best, 1898;
Marples, 1954). It is now common only on the peripheral small islands, and
may be absent altogether from North Island. Immigration and spread of R.
rattus and R. norvegicus are implicated in this radical restriction of range
(Watson, 1956).

If Rattus exulans in Hawai'i yielded to other rodent invaders, ecological
readjustments have been made and a resurgence has taken place, because this
rat is frequently the most abundant of any in lowland populations, for example,
on Hawai'i (Tomich, 1861). Spencer (1938, p. 26) states that it comprises nearly
75 percent of Maui rats. In popularizing Stokes’ report (1917) on this rat, Gill
(1929) proposed that R. exulans is poor at gnawing. The fact remains that it is
this species that often does most of the damage to standing sugar cane. At Kure
Atoll the population was extremely dense in 1923 at the time of the Tanager
Expedition, for Gregory (1924, p. 23) states that “thousands of a new form of
the Pacific Island rat were found on Ocean [now Green] Island.” High
population peaks have recurred there in a similar fashion over the years and are
of special interest as a populational feature of a small low island.

Other aspects of Rattus exulans may be mentioned here as possible aids to
the need for laboratory study of this species. Anon. (1960c) reports laboratory
reproduction in New Zealand, and a small breeding colony of O‘ahu stock was
maintained at the Experiment Station, Hawaiian Sugar Planters’ Association, in
Honolulu, for a number of years after 1956 (W. R. Smythe, pers. comm.). A
ventral dermal gland was described in this species (Quay and Tomich, 1963)
and it may be of significance to an understanding of its behavioral patterns.
Rudd (1966) has found the same feature in Malaysian rats.

While Rattus exulans has not been demonstrated to be a direct threat to
forest birds, it is a probable predator on Bulwer's petrel (Bulweria bulwerii) of
Popoi‘a, where Fisher and Baldwin (1946, p. 7) declared that this bird “has
been practically wiped out by rats in the last few years.” A report from Kure
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Atoll studies (Kepler, 1967) documents predation of the Polynesian rat on the
Laysan albatross (Diomedia immutabilis) in which the rats literally eat the birds
alive as they sit impassively on their nests. R. L. Walker reports (pers. comm.)
from a March 1966 trip to Kure that R. exulans is a serious predator on
burrow-nesting species including the wedge-tailed shearwater (Puffinus
pacificus) and Bonin petrel (Pterodroma hypoleuca). There was no evidence of
successful breeding by the petrel in later years of rat abundance following a
1961 low in rat numbers.

Studies of the Polynesian rat after 1969 have been numerous, and it is often
the subject of single species studies in Hawai‘i and other Pacific localities, where
the information gained is useful to understanding this rat. Williams (1973)
provides a thorough review, through 1971. Wirtz (1972, 1973) completed his
work on Kure and found limitations of food resources important to the economy
of Rattus exulans there (see also, Norman, 1975). Other island populations were
examined by McCartney (1970), Bettesworth (1972), Mosby and Wodzicki (1972,
1973), Mosby, Wodzicki, and Shorland (1974), and Moller and Craig (1977), who
add to information on basic biology, food habits, and ecological attributes.
Continental populations are treated by Dwyer (1978), Koeppl, Slade, and
Turner (1979, 1981), and Brooks and Pe (1980); and Taylor (1975) may have
reached a final explanation of what has driven the kiore of New Zealand from
the main islands in these southern latitudes. Refinement of methods for captive
rearing has led to increased use of R. exulans in controlled laboratory experi-
ments (Egoscue, 1970; Wirtz, 1973; Garrison, 1974; and Davis, 1979).

Mus domesticus. European house mouse.

OricINAL DEscrirtion: Mus domesticus Rutty, An Essay Towards a Natural
History of the County of Dublin . . ., Vol. 1. 1772.

Type LocaLity: Dublin, Ireland.

Native RaNGE: Southern Denmark, in most of the rest of western Europe,
and around the Mediterranean Sea (Ferris, Sage, and others, 1983). It has
spread widely with commerce and become cosmopolitan as an introduced
species. Highly adaptable to temperate latitudes, but occurs widely in the
tropics.

RANGE IN Hawart: Found on all major islands, except that specific record is
lacking for Ni‘thau. Known also from Midway Islands and Ka‘ula, Mokuolo'e,
Minana, Kekepa, and Kapapa (islets near O‘ahu).

House mouse populations of Hawai'‘i are referable to Mus domesticus. This
form, in its native range, is separated from the more northerly Linné’s house
mouse, M. musculus Linnaeus 1758, by a narrow hybrid zone crossing southern
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Denmark and extending through central Europe to the Black Sea. This new
view of speciation in Mus has emerged from the works of Sage (1981), Marshall
and Sage (1981), and Ferris, Sage, and others (1983). Mus domesticus is now
the preferred name for European mice that have colonized sections of North
America, Australia, Tasmania, and Hawai‘i. Obvious variations among Hawai-
ian populations are reported by Graf (1963) on Moloka‘i and on Manana Island,
and by Tomich, Wilson, and Lamoureux (1968), also on Manana. Berry (1964)
thoroughly explores the factor of isolation in a Scotch island colony. Long-term
study of isolated Hawaiian M. domesticus populations should reveal important
information on ecology and evolution.

I have found no evidence of any mouse other than Mus domesticus
established in Hawai'i, nor evidence that any rodent other than Rattus exulans
was present at the time of Cook’s arrival in 1778. R. C. L. Perkins (1803, p. 465)
is vague in his supposition of a pre-Cook mouse, and this is unsupported by
reference. There is further complication in Perkins’ statement of conditions at
the time of his writing (p. 466):

Mice abound throughout the grasslands . . . but it is by no means certain that the species,
now so numerous, is the same as the former inhabitant, and it may be that the latter like the
native rat has been supplanted by the common foreign mouse.

Perkins seems to suggest in this passage a native mouse, rather than
pre-Cook Mus domesticus, as the species present about 1825 when mice are
first reputed to have been common, and that this form was later replaced by
Mus. W. A. Bryan (1915, p. 293) confuses the issue further by reference to the
rural mouse as “a long-tailed field-mouse,” imported in fodder from California.
By this he implies that it represented a genus other than Mus.

An affirmation of Cook’s first appraisal of vertebrates in Hawai'i is given in
the summary pages of the journal (Cook, 1785, Vol. 3, p. 117): “The
quadrupeds in these, as in all other islands that have been discovered in the
South sea, are confined to three sorts, dogs, hogs and rats.” Surely such keen
observers as Cook and King would have distinguished easily between the small
Polynesian rat and the house mouse if they had seen both.

Until proved otherwise we must presume that the ancient Hawaiians’ quarry
in the sport of bow-and-arrow rodent hunting was confined to Rattus exulans.
The discussions of Buck (1957, pp. 376—377) and of Malo (1951, p. 233) specify
mice, but these may include post-1778 descriptions of the sport and an
undiscerning eye for rodents. Stokes (1917, p. 270) also treated rat hunting, and
he concluded from all evidence that no mice were known in ancient Hawai'i.
Cook (1875, Vol. 2, p. 247) saw tiny bows and arrows on Kaua'‘i and remarked
that they were too fragile and few to be effective in battle, but had not then
learned of their actual use.
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Ficure 12.—Comparative size proportions and prominent characters of rodents in
Hawai'i (left to right). House mouse (Mus domesticus): small slender feet and tail, weight
about 1/2 ounce (8 to 16 g); Polynesian rat (Rattus exulans): medium size, tail about as
long as body and with tail scales formed in prominent rings, ears of medium length, stifl’
bristles in the dorsal pelage, weight 1V% to 3 ounces (40 to 80 g); roof rat (Rattus rattus):
large size, tail longer than body, ears large, three color types, weight 3% to 6 ounces (90
to 180 g); Norway rat (Rattus norvegicus): large size, heavy body, feet large, tail shorter
than body, ears short, weight 4% to 12% ounces (125 to 350 g). (William S. Devick
photo.)

The house mouse is now ubiquitous in Hawai'i and may occupy in numbers
even more ecological niches than does Rattus rattus. The mouse accompanies
or meets man virtually everywhere he settles because it exists not only as a
commensal, but also as a highly adapted wild species. Dense populations occur
regularly in sugar cane and pineapple fields and are found also in lower
elevation wet forests. Extremely wet forests and upland swamps, however, may
be shunned entirely. Mus domesticus is sporadically common in mountain
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forest and scrub at higher elevations on Mauna Kea, as at Ahumoa (6,800 ft),
Pu‘u Kihe (7,800 ft), and Halepohaku (9,200 ft). The highest elevation record
for any live rodent before 1979 is a mouse, presumably Mus, seen July 13, 1962,
in the nearly barren summit region of Mauna Kea at the Keanakiko'i adz cave,
at 12,400 feet, and reported by Dwight L. Hamilton of the National Park
Service. A dead house mouse was recovered from the rim of a cinder cone at
13,000 feet near Lake Waiau, June 19, 1966, by a survey party. While it is
possible that this specimen was from a natural population on the mountain,
there is some likelihood that it had arrived with increased traffic to the summit
in that period, during the planning phase of the first astronomy observatory
there. The summit was for many years accessible only by foot trail from the
road’s end near Halepdhaku (9,600 ft) and was reached for the first time by an
autmobile, specially equipped, via the approximate route of the trail, in 1963
(Brock, 1963). An extension of the road from the 9,600-foot level to the summit
was built in April and May 1964, for limited public access and in anticipation of
construction of the observatory, which began in 1967.

Populations of mice reaching plague proportions irrupt sporadically during
late summer and fall in the drier beach, grassland, scrub, and forest areas,
especially on Maui and Hawai'i. Recent population highs occurred in 1963
and 1965 at South Point, Hawai'i (Anon., 1965¢), in the Waiki‘i-Pu'uwa'awa‘a
region of Hawai'i in 1963, 1964, and 1967 (Tomich, unpubl.), and in the cen-
tral lowlands of Maui in 1965 (Anon., 1965f). Rodent abundance on Maui in
1963 may have involved additionally Rattus rattus and Rattus exulans (Anon,
1963f). K. H. Korte (pers. comm.) recalled several mouse outbreaks on Maui
before 1965, usually in the vicinity of Kihei. A general pattern of August—
September peaks in abundance, restless daytime activity, concentration in
areas of food and shelter, and random movement, are characteristic during
these outbreaks.

Sporadic irruptions of Mus domesticus continue and have been noted,
through 1984, in the years 1974 and 1979 on Maui and Hawai‘i. As arid lands
are developed for housing and resort use, such abundances of mice are more
troublesome. In the Makakilo area of western O‘ahu invasion of newer suburbs
first occurred in the summer of 1979. There was another episode in 1982 (Voss,
1982), but at other traditional mouse sites threatened highs were averted or
otherwise failed that year. Key factors in mouse outbreaks are now seen as
severe drought, sometimes prolonged for several years, followed by early
winter heavy rains and consequent revival of food sources. These in turn
generate heavy mouse populations through the next summer (Tomich,
unpubl.). For the Big Island, in 1979 mice were common beginning in March
at such separated locations as South Point (800 ft), Waikoloa (1,000 ft), and
Halepohaku near the tree line (9,400 ft). The infestation ran its usual course
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Ficure 13.—House mouse (Mus domesticus) plagne of 1979. A 24-hour eatch from
several repeating live traps. Mice are active at all hours during periods of high
population density. The record catch for one trap is 51 mice. (George Komatsu photo. )

through the summer, taking in the entire dry lower slope of Mauna Kea and
Kohala Mountain between Waikoloa and Mahukona, and the whole of the
South Point region, in a usual pattern (Fig. 13). Watch was not kept at
Halepohaku, but in November when the surge of mice was exhausted in the
lowlands, they were invading the several astronomy observatories at the
summit of Mauna Kea (13,650 ft) and were seen commonly in that period along
the seven-mile access roadway among bare lavas above Haleposhaku. Mice
entering the observatory facilities became a threat to delicate electronic devices
used in operation of the telescopes. The problem was resolved when a
snowstorm blanketed the region late in the year (Anon., 1979). Thereafter mice
were no longer seen. For further reference see Bronson (1984).

A sample of nine mice captured inside two observatories by H. George
Lundburg and submitted to the State Health Department, was of notably large,
fat, and non-breeding animals. It appears they were generated in the middle-
elevation, vegetated region of the mountain, and had drifted upslope, finally to
the summit. Further speculation suggests that food in the form of wind-drifted
insects could have provided early winter sustenance in this barren region of the
mountain (Papp, 1980; Howarth and Montgomery, 1980; Ashlock and Gagné,
1983). I have noted seasonal concentrations of ladybird beetles (Coccinellidae)
wafted to the summit region, and these could supply a fair quantity of food for
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mice. Snow restricted mobility of the mice and probably annihilated the
population in a short time. This example again illustrates a facet of at least
partial adaptation to conditions above the vegetation zones of the mountain and
bears further study.

The broader topic of mouse irruptions, usually termed plagues, has been
researched in detail in Australia where economic stakes are high when mice
threaten crops of wheat. Seemingly erratic occurrences of plagues have been
correlated with drought and rainfall patterns bearing some resemblance to
conditions in Hawai'i (Plomley, 1972; Saunders and Giles, 1977; Hone, 1980;
Chapman, 1981).

Newer studies of Mus, in addition to those already cited on revision of
nomenclature, deal largely with social organization, distribution, and genetics
(Deol, 1970; Myers, 1978; Rowe, 1970; Berry, Sage, and others, 1981). These
last two include samplings from Pa‘auilo, on Hawai'i. Further reports from that
island are anticipated.

Cavia porcellus. Guinea pig.

OriciNaL Description: Mus porcellus Linnaeus, Systema Naturae, Ed. X,
1:59. 1758.

Tyre LocaLity: Brazil.

Native Rance: The ancestral wild form is distributed in South America from
the Guianas to Argentina (Gilmore, 1963, p. 455).

RanGe IN Hawart: Formerly as a feral population on Laysan Island.

The guinea pig was kept by nearly all South American cultures in
pre-Columbian times, and domestication probably arose among the indigenes
of Peru, Colombia, and Equador during an agricultural era about 1000 B.C.
The animals were kept primarily as a source of food. Gilmore (1963) and Wade
(1967) advanced the notion of single species ancestry, but perhaps because of
confusion in taxonomy, named different progenitor species. Weir (1974)
reviews available information, including breeding experiments with possible
ancestral forms, and concludes the probability of multiple contributions to
Cavia porcellus from such entities as C. aperea, C. tschudii and C. rufescens.
Taxonomy and interrelationships remain obscure among these wild forms,
which leaves the question unanswered. The paper of Rood (1972) provides
partial explanations. Beauchamp, Jacobs, and Hess (1971) made basic
observation of social rank in the domestic guinea pig, in a laboratory colony.

Hawaiian history of guinea pigs in the wild is brief and inglorious. W. A.
Bryan (1915, p. 293) says, “The familiar variegated guinea-pig . . . was
liberated on Laysan Island at the same time as the rabbits, and has found a
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congenial habitat, though its rate of increase has by no means been so rapid as
that of the rabbits.” This places the introduction at about 1903. A population
survived at least until 1911 (Dill and Bryan, 1912), but we may suppose that it
was overcome by Oryctolagus shortly afterward, for the guinea pig is not
mentioned by Elschner (1915) or by later visitors to Laysan. Ely and Clapp
(1973) insert the note that four guinea pigs were seen by the 1911-1912 survey
party, and that these were killed. Indeed, these four may have been the last of
the population on Laysan. Predation on the young by sea birds is suggested by
Tinker (1938, p. 113), but specific documentation is lacking.

Balaenoptera acutorostrata. Minke whale.

OriGiNaL DEescripTiON: Balaena rostrata Fabricius, Fauna Groenlandica, p.
40. 1780.

Type Locarity: Cherbourg, France.

GeNERaL Rance: Widely distributed in oceans of the world, to include
temperate and tropical waters, the Arctic and Antarctic.

Description: This is the most colorful and the smallest of the large whales
(Fig. 41, front endsheet). It is slender in form and weighs up to 11 tons (10,000
kg); adult males average about 26 feet (8.0 m). Dorsal surface is black to grayish
and the venter is white, with a sharp line of demarcation between the two.
There is a distinctive white band across each dark flipper. The head is narrow
and pointed as indicated by the descriptive name “acutorostrata.” It is known
also as the “little piked whale.” The more usual appellation is derived from a
nineteenth-century harpooner named Meinke who mistakenly shot one of this
species at a time when whalers were not bothering to take them. Since he had
killed the “wrong” whale it became known as “Meinke’s whale” and eventually
the minke whale.

RANGE IN Hawar1: Shallenberger (1981) reports the minke whale as probably
of regular seasonal occurrence among the Northwestern Hawaiian Islands. He
cites reliable evidence of infrequent identification of this species by persons
aboard a research vessel.

Total population stands at 50,0600~70,000, but the Pacific stock is small, at
perhaps 10,000 animals. Foods are principally fishes, squids, and planktonic
krill and copepods (Ridgway, 1972). Mitchell (1972) relates feeding habits to
color pattern of the minke whale. Northern Hemisphere populations seem to
be the better known. Those of the western Pacific migrate from the latitude of
Japan in coastal waters, north to the Bering Sea and Arctic Ocean for the
summer, with a return in the fall farther offshore. A similar pattern is observed
in the Atlantic along the coast of Norway. This species goes farther into iced
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Ficure 14 —Iead on underwater view of a minke whale (Balaenoptera
acutorostrata). The ridged and pointed rostrum prompt the literal name, “sharp-headed
finner,” assigned to this species. Sunlight is reflected from the white band on each
flipper; also, it distorts our view of the generally solid gray head coloration. (G.
Williamson photo, courtesy of General Whale.)

seas than any other, with females most aggressive in this respect. Winn and
Perkins (1976) relate some aspects of behavior and compare its sounds with
those of other mysticete whales. Leatherwood, Reeves, and others (1982)
report that the minke whale is now the mainstay of Japanese factory ship
whaling in the Southern Hemisphere.

Balaenoptera physalis. Fin whale.

OricinaL Description: [Balaena] physalus Linnaeus, Systema Naturae, Ed.
X, 1:75. 1758.

Tyre Locavrrry: “Oceano Europaeo,” snecifically the Spitzenberg Sea.

Generar Ranci: All oceans, but rarely in tropical waters or among pack ice.
Not found in coastal waters.

Descrirrion: Ridgway (1972) describes the fin whale (Fig. 41, front
endsheet) as having the dorsal surface brownish black, fading irregularly to
white on the abdomen. Various contrasted stripings may be present in the color
pattern. Lower lip is usually white on the right side, black on the left;
coloration of the baleen plates is similarly asymmetric. From above, a pale
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s :

FIGURE 15.—As the smallest and most agile balaenopteran, the minke whale
breaches often, sometimes in a dolphin-like manner, re-entering headfirst with little
splash. Here the white bar on the flipper and falcate dorsal fin are evident. (D, Calkins
photo.)

chevron mark is seen behind the head. Next to the blue whale it is the largest,
to about 80 feet (25 m) in length, with averages some 65 feet (20 m).

Rance in Hawarn: Shallenberger (1981) reports sightings of the fin whale in
May 1976 north of O‘ahu, and in February 1979 west of O'ahu. It is more
common in Hawaiian waters than has been known until recently. Using a
system of hydrophones Thompson and Friedl (1982) detected regular winter
occurrences off Ka'ena Point. This suggests, as for the blue whale, a pattern of
migration through the latitude of Hawai'i to more southern and more northern
waters. Fewest sounds, or no sounds, were heard in the period March—July. A
single stranding was reported in the 1950s at Kahakuloa, Maui, by Paul Breese;
identification was confirmed from a sample of baleen (Shallenberger, 1981).

According to Ridgway (1972) the world population is possibly 100,000, with
15,000 in the North Pacific. The fin whale feeds on krill and fishes, and may
take squids. In the 1976 Hawai'i sighting, a single whale apparently was feeding
on a school of “opelu (Decapterus pennulatus), a locally abundant small fish.
Herman (1980) states that swimming on the right side while skimming the
ocean surface for prey is almost certainly related to the asymmetric white to
gray disruptive facial color pattern, which extends to the mouth cavity and
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FIGURE 16.—A beached small fin whale (Balaenoptera physalus). The asymmetrical
coloration is diagnostic; right side of the mandible is white; the left is black, beginning
at the tip of the jaw. Note the smooth contour of the head and throat grooves extending
far back of the flipper. (Photo courtesy of H. E. Winn.)

tongue, although Leatherwood, Reeves, and others (1982) suggest that the fin
whale is characteristically a gulping feeder, rising obliquely to the surface.

The fin whale is the fastest swimming baleen whale. It can cruise casily at 8
knots and travel long distances at speeds up to 18 knots. For this reason it was
usually immune to capture by whalers until the advent of steam-powered
catcher ships.

Migration in summer is to colder waters for its principal feeding, and to
warmer seas for winter breeding. It is an offshore species. The fin whale is now
protected from whaling throughout the castern North Pacific (Leatherwood,
Reeves, and others, 1982).

Balaenoptera edeni. Bryde’s whale.

Oricinal Descrirrion: Balaenoptera edeni Anderson, Anatomical and
Zoological Research . . . Western Yunnan in 1868 and 1875, London, pp.
541-564. 1878.

Tyre Locavrity: Thaybyoo Choung, Gulf of Martaban, between Sittang and
Beeling rivers, Burma.
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FIGURE 17.—A large fin whale viewed from the air. Impressive bulk and long body
are accentuated by the ocean wave pattern. Note the slender tail stock, characteristic of
cetaceans, which allows for efficient propulsion by up-and-down movements of the tail
(unlike fishes). A light chevron mark behind the head serves to identify this species. (M.
Bonnell photo, courtesy of U. S. Minerals Management Service.)

GuneraL Rance: Tropical and warm temperate waters of the Atlantic,
Indian, and Pacific oceans.

Descrirrion: Bryde's whale is of moderate size, reaching a length of about
46 feet (14 m). Color is a rather uniform dark smoky grav. A distinctive
characteristic is the presence of three prominent parallel dorsal ridges anterior
to the blowhole (Fig. 41, front endsheet). A strikingly falcate (hooked) dorsal fin
is usual.

Rance v Hawarn Shallenberger (1981) lists Bryde’s whale as probably rare
in Hawai'i and reports a single confirmed observation 54 miles southeast of
Nihoa on April 7, 1977, Leatherwood, Reeves, and others (1982) note them as
“relatively abundant”™ over shallows northwest of Hawai'i and near Midway
Islands, and that they have “been hunted with some success northeast of
Hawai'i.”

This species seems not to be strongly migratory, as is evidenced by its
distribution within subtropical and tropical waters. When it became, recently,
the only remaining large baleen whale in the north Pacific abundant enough to
exploit, its distribution became better known. The adult population is esti-
mated at about 15,000 with the large majority in the eastern sector. The species
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FIGURE 18.—A Bryde's whale (Belauenoptera edeni) at the surface for breathing.
The raised “splash guards™ protect the blowhole from wave wash and spray. These
structures are lowered as the blowhole closes. Two of the three distinetive rostral ridges
are evident. (G. M. Wellington photo.]

may be continuously distributed from Baja California to the equator
(Leatherwood, Reeves, and others, 1982).

Balaenoptera musculus. Blue whale.

Oricinal. Descrirrion: [Balaena] musculus Linnacus, Systema Naturae,
Ed. X, 1:76. 1758. _

Tyre Locavry: “Mari Scotico,” specifically, the Firth of Forth, Scotland.

Generan Ranci: All oceans. Three subspecies are recognized: a small
Balaena musculus musculus of the Northern Hemisphere, including Hawaiian
waters; a large B. m. intermedia that summers in the Antarctic; and a “pygmy”
form, B. m. brevicauda, of the southern Indian Ocean. Additional definition of
populations is pending (Rice, 1977).

Descrirrion: The blue whale is the largest living mammal, some of the
Southern Hemisphere reaching a length of 100 feet (30 m), with a weight of 160
tons. In the North Pacific, specimens to 80 feet are known, weighing perhaps
125 tons (Fig. 41, front endsheet). The blue whale is a long, sleek species, with
a single prominent midline rostral ridge. Splash guards protect the blowhole
during respiration (Leatherwood, Reeves, and others, 1982). I was impressed
in viewing motion pictures of blue whales in calm water to observe the arched
body rising almost endlessly as the head submerged, and finally, an appearance
of the small dorsal fin, far to the rear. The motion of this animal certainly
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typifies the rolling “wheel,” from which the word whale is derived, although
dives are not as steep as in some other large whales. Body color is light bluish
gray overall, broken by gray to whitish mottling. Interior of the mouth is
uniformly black (Ridgway, 1972; Leatherwood, Reeves, and others, 1982). Karl
von Linné may have intended a witticism in applying the specific epithet
musculus (meaning a muscle, or “little mouse”) to this largest creature he
named, as well as to the house mouse, one of the smallest of mammals he
named.

RaNGE 1N Hawart: Though strangely enough not reported from sightings in
the Hawai'i region even in recent years of intensive research on cetaceans, the
animal was listed simply for “Hawai‘i” by Tomilin (1962) without specific data.
It is now confirmed from recordings of its voice in a hydrophone field off
Ka‘ena Point, O‘ahu. Over a period of two and one-half years sounds attributed
to the blue whale provided data on its regular occurrence in winter and late
summer (Thompson and Friedl, 1982). Only in June and October were no
sounds heard, and they were infrequent in April and May. The authors
postulate the bimodal pattern of their records to indicate two annual
migrations past O‘ahu, between seasonal population centers. Similar 20-Hz
signals of blue whales are reported near Midway Islands. The blue whale is an
offshore species, unlikely to be observed from land (Thompson and Fried],
1982).

Virtually nothing is known of this whale in Hawaiian waters except
for its occurrences as recorded from sound tracks. It appears to be making a
slow recovery in the North Pacific, from vast over-exploitation by whalers.
Small (1971) traces the story in some detail. The work of Gaskin (1982) has
numerous data applicable to world populations of the blue whale, bringing up
to date many matters and providing a view of possible futures for this and other
cetacean species. See also Leatherwood and Reeves (1983).

Megaptera novaeangliae. Humpback whale.

OriciNnaL DescripTion: Balaena novaeangliae Borowski, Gemeinniizzige
Naturgeschichte des Thierreiches 2 (Pt. 1):21. 1781.

Type LocaLrry: Coast of New England, United States of America.

GeNERAL Rance: Nearly worldwide; winters largely in tropical waters near
islands or along coasts; summers in temperate and subpolar waters. This whale
has been depleted heavily in the North Pacific. Stocks were large prior to 1905
when it was believed there were about 15,000. It was drastically reduced by
whaling but may be recovering slowly under protection. The total population
today in the entire North Pacific is unlikely to be more than 1,000 animals
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Frevre 19.—Humpback whale (Megaptera novacangliae) breaching, ofl’ Hawai'i.
Throat and belly are exposed and the 30-ton animal will strike the water on its back.
Knobby protuberances of the right flipper are especially evident. (Dan McSweeney
phnlu.)

(Leatherwood, Reeves, and others, 1952). Winn, Edel, and Taruski (1975)
report a similar trend in an Atlantic population that winters in the West Indies.

Descrirrion: As recorded by Leatherwood, Reeves, and others (1982), the
body is robust, narrowing rapidly behind the dorsal fin. In dorsal aspect the
head is broad and rounded. A median head ridge is present but obscured by a
series of fleshy knobs. Additional knobs are present on top of the head and on
the lower jaw, and there is a distinctive rounded protuberance near the tip of
the lower jaw. Length is about 46 feet (14 m). The {lippers are extremely long,
nearly a third of the body length and as such are a diagnostic feature (Fig. 41,
front endsheet). Basic color is gray to black, but there is a variable amount of
white spotting, streaking, or patching on the throat and chest.

Rance v Haware As recorded by Shallenberger (1981), the humpback
whales wintering in Hawai'i are found almost exclusively in waters of depths
less than 600 feet (185 m) and concentrated over large shallows such as Penguin
Bank; the area between Maui, Molokad, Lana’i and Kaho'olawe; and oft the
northwest shore of Hawaii. Small shallows such as those near South Point,
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Hawai'i, and Ka‘ula Island attract concentrations of whales. They are found near
French Frigate Shoals, Necker Island, and Nihoa, but probably not in large
numbers westward from Ka‘ula Island.

This is the common migratory whale of Hawai'i and is reported along the
coasts, mainly from January through March. Most records of large whales
observed are of this species. Anon. (1953b) and Bartlett (1958) report wintering
activities among the islands. Residents of Hawai‘i who operate pleasure craft
along the Kona Coast have expressed some concern about the danger of whales
to small boats. Paul O. Christensen (pers. comm.) has observed that calves leap
clear of the water quite unexpectedly, and could conceivably crush a boat by
falling upon it. Leon A. Thevenin (pers. comm.) reports cautiously cruising at
about seven knots into an area where whales had been seen, only to have a
35-foot specimen surface directly ahead. He avoided collision with the whale by
a hard rudder that threw his companion to the deck. This mancuver placed the
pilot directly adjacent to the whale’s eye as the creature spouted, swam on, and
sounded.

The Hawaiian wintering population has been studied carefully since 1977
and its characteristics are well known (Herman and Antinoja, 1977; Wolman
and Jurasz, 1977; Herman, Forestell, and Antinoja, 1980; Baker and Herman,
1981). Rice and Wolman (1977) place the wintering population of the shallow
banks around Hawai'i at an optimistic 650. Connections between the summer-
ing animals of Alaskan waters and those found in Hawai'i have been established
by observation and photographs of individuals (Earle and Giddings, 1979;
Long, 1985). Martin and others (1984) describe a parallel in Atlantic popula-
tions. Males are distinguished from females in the sca in having a scalloped
profile posterior to the dorsal fin, revealed especially when sounding (Jurasz,
McSweeney and Jurasz, 1980). Dawbin (1966) reports on migration in southern
waters.

The humpback whale is a master of sounds, many of which are pleasing to the
human ear and are properly termed songs for their regular cadences, fixed order
of their production only on the calving grounds, and changes from year to year
(Mrozek, 1978; Winn and Winn, 1978; Winn and others, 1979, 1981; Payne and
Ciddings, 1979; Payne, 1984). Thompson and Friedl (1982) made year-round
recordings of humpback whale sounds near O‘ahu and found associated with
them an abundance of “boing” sounds from November to April, coincident with
presence of the humpback whale but not attributable to this or any other known
whale species. Payne (1970) offers a recording of humpback whale songs which
has secured prominence among top tunes of that era. These recordings have
been a valuable adjunct to the classroom “whale unit,” and in one known case
have inspired a song suitable for elementary instruction (Jah, 1983).
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Fieure 20.—A normal sounding by a humpback whale gives this animal its name,
Sealloped profile behind the dorsal fin may mark this specimen as a male. In the
background is the rugged slope of West Maui. (Stephen Leatherwood photo. )
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Studies of humpback whales and their behavior include those of Machin and
Kitchenham (1971); Edel and Winn (1978); Baker and Herman (1984); and
Mobley and Herman (1985). Herman (1979) draws some interesting historical
perspectives which suggest that this whale is a relative newcomer to Hawaiian
waters. The program of research on the humpback whale in Hawai'i is reviewed
by Shallenberger (1981).

Amateur whale watching enjoved an early short period of popularity in
Hawaii (Anon., 1957b, 1962b; Fraser, 1957; G.B.B., 1957) but little of
immediate scientific value seems to have come of this pastime. However,
observation of cetaceans from shore by informed amateurs or professionals can
be especially rewarding. One inveterate observer at La Jolla, California,
reputedly installed a rocking chair on the roof of his house for comfort in long
periods of whale watching.

Observation in Hawai'i is directed usually to the seasonal presence of the
humpback whale, and this activity had a resurgence after 1975 with a statewide
whale watch program planned and coordinated by researchers on Maui (Anon.,
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1976; Nickerson, 1977). There has been related action.in Australia (Anon.,
1980a). Increase of popular fascination with the humpback whale of Hawai‘i has
placed these animals in potential jeopardy even though they are protected by
strict provisions of the U. S. Endangered Species Act of 1973 and the Marine
Mammals Act of 1975. A proposal for a designated sanctuary area was made in
1977 and this concept is still under development (Hudnall, 1978; Anon.,
1979-80; Conant, 1979; Anon., 1980c; Anon., 1982a). McIntyre (1982) places
much feeling into the human/whale relationship. Whether the sanctuary is
declared or not, it will be important to assure minimal human contact with the
whales in their delicate requirements for a normal existence and survival, in a
habitat increasingly congested by human activity. Maui County has taken
initiative in the matter at the local level (McCabe, 1977).

As a reflection of popular and scientific interest in the humpback whale, the
Hawaii State Legislature has designated this magnificent animal as the official
marine mammal of the state (State of Hawaii, 1979).

Balaena glacialis. Right whale.

OriGINaL Descriprion: Bfalaena) glacialis Miiller, Zoologiae Danicae
Prodromus, p. 7. 1776.

Tyre Locarrry: North Cape, Norway.

GeNERaL Rance: Temperate waters of the North Atlantic, the North Pacific,
and the Southern Hemisphere. Populations probably are separated by equa-
torial seas.

Descrirtion: The right whale is large and robust (Fig. 41, front endsheet),
the head forming a quarter or more of the body length. Total length is about 53
feet (16 m). Color is generally black, but white blotches occur, especially on the
ventral surface. Distinctive rugged callosities adorn the rostrum and head.
There is no dorsal fin. Payne (1976) shows many details of the right whale.

Rance N Hawart: The right whale is identified rarely in Hawaiian waters.
Omura and others (1969) indicate that populations of the North Pacific
seemingly are identical to those of the North Atlantic.

The right whale was taken exclusively by early shore and other whalers
because it floated when killed; hence, it was not lost and was thus the “right”
whale to pursue (Nickerson, 1977, p. 23).

Early summaries of whaling logs place the right whale in Hawaiian waters as
early as 1851 when a straggler was noted about 250 nautical miles west of Maui
{(Rountree and others, 1980). Except for a probable sighting north of O‘ahu
(Stanley, 1975) these authors found no other records until their observation of
one whale on March 25, 1979, in the channel between Maui and Lana‘i,
documented by photographs. This animal was followed for nearly three hours
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FiGuRE 21.—Head of a right whale (Balaena glacialis) emerging at sea, as viewed
from the rear. Concentrations of callosities form a prominent “bonnet” near the tip of a
narrow rostrum. The mouth is closed, bringing edges of the mandible high alongside the
head. The paired blowholes are partially open. (N. Fain photo, courtesy of Marineland
of Florida.)

as it cruised with a pod of humpback whales. Herman, Baker, and others (1980)
discuss further this observation and report an additional sichting April 10, 1979,
about 122 km to the west-northwest, off Moloka'i, judged from markings to
have been of the same whale. Though breeding grounds of the southern right
whale are known along the coast of Argentina, no such localities have been
discovered in the Pacific region. Herman, Baker, and others (1980) suggest that
Hawai'i may have been a traditional breeding area for the northern right whale.
It is one of the most eritically endangered whale stocks. The remmnant
population of the entire North Pacific numbers at most only 100-200 animals.
It is observed occasionally north and east of Hawai'i, in Alaskan waters which
formerly were a major summering ground (Leatherwood, Reeves, and others,
1982).

Like the humpback whale, the right whale may feed little or not at all in the
Hawaiian wintering grounds (Dawbin, 1966). Descriptions of feeding behavior
of the right whale and other baleen species are drawn from the Atlantic region
(Watkins and Schevill, 1979). The right whale swam steadily with the mouth
open for long periods through slicks of plankton, favoring the denser concen-
trations of this food. Humpback whales fed in the same area, but on densely
schooled fish, rushing them usually from below with much splashing at the
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surface, opening the mouth as the school was reached and closing it as the
whale rose through the surface of the water. Finback whales moved at
moderate speeds into schools of fish at less steep angles than the humpbacks,
slowly opening and closing the mouth. Enormous volumes of water were
engulfed and the throat diameter sometimes nearly doubled as the mouth
closed. Between passes at schools of fish the water is ejected through the sides
of the mouth by raising the tongue, seining the prey with baleen plates.
Lambertsen (1983) describes this adaptation of the tongue and its capacity for
cavitation to hold large volumes of water.

Calls of whales during feeding may attract others of their species to good
foraging sites. Watkins and Schevill (1976) report on other extensive observa-
tions of feeding right whales, noting a peculiar rattle of the baleen plates by
animals foraging at the ocean surface. Cummings, Fish, and Thompson (1972)
recorded sounds of the related southern right whale along the Argentine coast
and compare these to sounds of the northern Atlantic form. Underwater sounds
were described as belch-like utterances, moans of several sorts, pulses, and
miscellaneous. See also Payne (1984).

Steno bredanensis. Rough-toothed dolphin.

OriciNnaL Descrirrion: Delphinus bredanensis Lesson, Complément des
Ouvres de Buffon 3 (Cétacés):206. 1828.

Tyre LocaLrry: Coast of France.

GeneraL Rance: All tropical and warm temperate seas.

Descrirrion: Length to 8 fect (2.4 m); relatively tall dorsal fin in the middle
of the back. Most of the body charcoal gray, irregular white patches on the
underside (Fig. 42, back endsheet). The body often is scarred. The common
name is derived from the tips of the teeth being roughened by natural furrows
(Ridgway, 1972). This dolphin has a dished profile, with no demarcation
between beak and melon.

Rance In Hawart: The rough-toothed dolphin is found near all major islands
in Hawai'i and at least as far north as Necker Island. But there are no records
of it among the more distant Northwestern Hawaiian Islands. Group sizes are
reported to be small, almost always less than 50 and normally divided into
subgroups. The record of a herd of 300 (Tomich, 1969a, p. 43) may have been
a misinterpretation of unwritten information.

Shallenberger (1981) has brought the fragmentary information on Steno up
to date, demonstrating that this species is yet to come under regular research
scrutiny, partly because of its range in deep water rather than near shore.

The rough-toothed dolphin was recorded from Honolulu, O‘ahu as early as
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Ficure 22.—A captive rough-toothed dolphin (Steno bredanensis) showing detail
of the head: gently sloping forchead. speckled lips, and nearly white lower jaw; and the
blowhole indented in the midline, directly above the eve. (K. C. Balcomb photo.)

1923 (Hershkovitz, 1966, p. 16). Strandings were noted at Waitanae, O'ahu, in
July 1969 when a single animal came ashore, and at Kihei, Maui, in June 1976,
with 18 animals beached. The Sea Life Park crew captured 23 Steno over a
period of several years for research and exhibition purposes. Pelagic fishes and
squids are identified as foods (Shallenberger, 1981).

With accelerated research on pelagic dolphins in connection with the tuna
fishery of the eastern tropical Pacific, Perrin and Walker (1975} determined that
the rough-toothed dolphin is present in low densities throughout that region.
Records of body temperature were made by Whittow, Hampton, and Ohta
(1978). Steno has been kept successtully in captivity for display purposes. One
result of confinement of a female with male Tursiops truncatus was a viable
hybrid offspring (Dohl, Norris, and Kang, 1974).

Tursiops truncatus. Bottlenose dolphin.

Onicinan Descrirnion: Delphinus truncatus Montagu, Memoirs of the
Wernerian Natural History Society 3:75. 1821.

Tyre Locavrry: Duncannon Pool, River Dart, Devonshire, England.

Generar Ranci: Widely distributed in oceans of the world, including the
Black Sea. Ranges north to Japan, Hawai'i, California, New Brunswick and
Norway; south to southern Australia, New Zealand, Chile, Argentina, and
South Africa.
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Ficure 23.—Rough-toothed dolphins in quiet water of an oceanarium. Note the
prominent falcate dorsal fin of cach animal, showing variation. The low forehead and
large pointed flippers are evident. In one animal the blowhole is obviously fully opened.
Two appear to be exhaling, or “blowing,” sending up small fountains of spray. (Courtesy
of Japanese Whales Research Institute.)

Descrirrion: A large dolphin (Fig. 42, back endsheet), to about 9 feet (2.8
m). The body appears basically gray, slightly darker on the dorsal surface; an
indistinct black stripe runs forward from the eve (Ridgway, 1972). Specimens
from Hawaiian waters have been referred to Tursiops gilli Dall, 1837, but it is
increasingly agreed that the world taxonomy of bottlenose dolphins is still
obscure, and the best current course is to list them all as T. truncatus. 1 follow
Rice (1977) and Leatherwood and Reeves (1982) in this respect. Typically two
ecotypes are identified in studies of the several world populations, a coastal
form and an offshore form. There are probably well-defined subspecies based
on morphometric characters molded by sea temperature and depth.

Rance ix Hawar: Distributed throughout the archipelago from Hawai'i to
Kure. Among the main islands it is found in shallow inshore waters as well as
in deep water of the channels, but most commonly within five miles of shore,
generally over offshore flats. Herd size ranges from single individuals and small
groups of three to ten animals to aggregations of more than 100. The larger
groups are more common among the Northwestern Hawaiian Islands (Shal-
lenberger, 1981). Rice (1960a) suggests rather regular association of this species
with the shallower waters about the several islands and reefs from French
Frigate Shoals to Kure Atoll. Amerson, Clapp, and Wirtz (1974) cite four
observations of the bottlenose dolphin at Pearl and Hermes Atoll, 1918-1964,
labeling them as visitors.

A school of at least 80 is recorded from Penguin Bank in March 1965 (Norris,
1965). The bottlenose dolphin is highly adaptable to captivity and training, and
is used commonly in dolphin research and in oceanarium shows (Norris, 1965;
Lang and Norris, 1966; Brown, Caldwell, and Caldwell, 1966; Murchison and
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FIcure 24.—A typical leap by a fast-swimming bottlenose dolphin (Tursiops
truncatus). The short rostrum. or “bottlenose,” and generally unicolored body pattern
are distinctive. This is a relatively large, heavy-bodied species of dolphin. (Robert L.
Pitman photo, courtesy of NMFS.)

Pepper, 1972; Hollis, 1985). Shallenberger (1981) records 36 captured in
Hawaiian waters during 19631969 for these purposes. Lockyer (1978) de-
seribes an example of voluntary association with man of a wild dolphin in
English waters. Leatherwood, Gilbert, and Chapman (1978) report aerial
census techniques, and Leatherwood and Reeves (1982) provide a broad view
of the species in United States waters.

Stenella longirostris. Spinner dolphin.

Onicinal Descrirrion: Delphinus longirostris Gray, Spicilegia Zoologica,
Pt. 1:1. 1528,

Tyre Locatiry: Unknown.

Generar Rance: Tropical Atlantic, Indian, and Pacific oceans. There is a
marked geographical variation, suggesting rather localized regional populations.

Duscrirrion: Reaches a length of 7 feet (2.1 m). Dorsal body color is
charcoal-gray, venter white; anterior half of body darker than posterior. A black
stripe extends from the eye to the border of the beak and frontal head. There
are other less distinct lines associated with the head and beak. The dorsal fin is
erect and angular. Perrin (1972) describes in detail the patterns and their
variations among populations of the eastern tropical Pacific and Hawai'i. The
patterns can be analyzed in terms of discrete component systems, and most
geographical variation appears to be a “dorsal field system” overlying a basic
general pattern. The overlay is lightest and least extensive in the Hawaiian
form. The spinner dolphin (Fig. 42, back endsheet) is drawn after that of Perrin
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(1972, Fig. 26). Perrin (1975a) in a detailed dissertation describes four
geographical populations of the spinner dolphin, concluding that all spinners of
the Pacific belong to a single species. Subspecific designations are pending
(Perrin, 1975b).

RanGE IN Hawart: Norris and Dohl (1980) have produced a definitive report
on the spinner dolphin, mapping records of distribution from Kure Atoll to
Hawai'i, with dates and descriptions of sites. This dolphin is found gathered in
schools of six to about 250 near all major islands and shoal areas. Only at small
islands with surrounding abruptly deep water, as at Nihoa, spinner dolphins
were not seen. Following are some early observations on this species.

On December 30, 1967, in the company of William S. Devick, I observed an
estimated 150 to 250 spinner dolphins cruising in mid-afternoon at the lee
(west) side of South Point, on Hawai'i (Tomich, unpubl.). The dolphins were in
at least four separate herds of 30 to 70 animals and these herds sometimes were
broken into two or three loosely coherent groups. We did not observe one herd
to encounter or mix with another, but this may have happened.

Between 2:15 and 3:45 P.M. dolphins were almost continuously in sight as
we proceeded north along the rim of the 200- to 320-foot cliff for nearly a mile.
Three herds were in sight at one time at 3:20 P.M. and a fourth was seen by
other observers at the same hour, 1.5 miles to the south.

Identification is based on sporadic spinning behavior seen on five separate
occasions in at least three herds. This activity was similar, in all details we could
observe, to that described by Hester, Hunter, and Whitney (1963). Each
performance included perhaps three to ten animals of the herd.

The dolphins appeared to be loafing in the calm, wind-protected waters
below the cliff. Seas of the region were moderately rough and brisk northeast
trade winds blew continuously. The animals were always in motion and swam
along shore, out to sea for perhaps 200 yards, and inshore. Mainly they
remained near the cliff, moving about in rather aimless and easy fashion,
surfacing as arched waves of animals, swimming totally submerged, and
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