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The endemic terrestrial biota of the Northwestern
Hawaiian Islands  NWHI! contains at least 8 land
snails, l2 plants, 4 land birds, and an incompletely
known arthropod fauna in excess of 50 species. The
distributions of all of these organisms are restricted
to the NWHI. Nihoa, followed by Laysan and Necker
Islands, support the most diverse native biotas. The
NWHI land biotas are unique because in total they
represent the only Hawaiian high island remnant and
atoll biotas and because certain of their components
have been largely extirpated from the main Hawaiian
islands. An unknown number of plants and invertebrates
and three land birds became extinct in the early 1900s
due to the effects of human disturbance to some
islands. Undoubtedly, the most serious threat to the
land biotas of all of the islands is the accidental
introduction of exotic species. Predators such as rats
and carnivorous ants can destroy populations of
endangered birds and native invertebrates, and exotic
weeds can seriously alter the habitats of these animals
while displacing rare native plants. Although the
terrestrial ecosystems of the NWHI are not pristine,
their biotas are among the least modified in Hawaii and
populations of endangered and other vulnerable species
appear vigorous, "endangered" status being the result
of limited distributions, small populations, and
vulnerability to ecological perturbations. Effective
protection, monitoring, and enforcement measures can
help ensure that these ecosystems remain largely
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undisturbed. A wisely managed commercial fishing
industry need not negatively impact the terrestrial
ecosystems of the NWHI if authorized and accidental
landings are minimized and illegal landings eliminated.
At the same time, active protection of these ecosystems
is unlikely to have negative impacts on the fishing
industry.
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INTRODUCTION

The terrestrial biota of the Northwestern Hawaiian Islands
is comprised of a complex and poorly known assemblage of plants,
molluscs, arthropods, and birds. Although there are substantial
numbers of exotic species in the NWHI, particularly on Midway
Islands and Kure Atoll, most islands support a number of endemic
and indigenous species, especially those of plants and arthro-
pods. This paper presents an overview of the biogeographic
status, distribution, and present state of knowledge for plants,
land snails, arthropods, and land birds of the NWHI.

Four biogeographic terms should be clearly defined at the
outset. A "native" species is one whose occurrence on a
particular island is not due to deliberate or accidental human
influence. An "endemic" species, as used in this paper, is a
native species whose distribution is limited to the NWHI,
although it may occur on more than one island. An "indigenous"
species is a native species that occurs in the NWHI and elsewhere
in Hawaii and/or the world. Finally, an "exotic" species is one
that has been deliberately or accidentally introduced to the NWHI
by human actions.
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Studies of the terrestrial biota of the NWHI outlined in the
tripartite agreement focused almost entirely on seabirds,
undoubtedly because of their obvious and important relationship
to the fisheries. With the exception of some routine monitoring
efforts, a study of seabird energetics, and a study of the Laysan
duck that was logistically facilitated by seabird studies, there
were originally na specific surveys or ecological studies planned
for land-based flora and fauna. However, when we initiated
research on terrestrial organisms in l980, participating agencies
immediately responded with funding and logistic support. Never-
theless, it can be said that the terrestrial biota of the NWHI,
particularly the arthropods, is still poorly known. Far this
reason, we have assembled the material presented here to empha-
size the necessity for including consideration of essential
protective measures for entire terrestrial ecosystems as a
priority item in any plans for expansion of commercial fisheries
in the NWHI.



It should also be mentioned that Nihoa and Necker Islands
harbor significant cultural, archaeolagical, and anthropalagical
resources in their terrestrial environments  Emory, 1928!.

METHODS

The data presented here have been gleaned bath from the
literature and from unpublished data and collections made on
various expeditions to the NWHI. Recent  March thraugh May 1983!
collections af arthropods, algae, and lichens from Midway and
Nihoa have resulted in large numbers of new island records,
including those af species new to science and many species whose
identifications will require careful study by a number of experts
and, hence, cannot be reported in this paper. It is clear that
additional surveys will be required to complete basic faunal and
flaral lists far each island. Virtually nathing is known of the
ecology of terrestrial invertebrates in the NWHI, and ecological
studies of plants and land birds have only recently begun.

RESULTS AND DXSCUSSXON

Here the composition of several components of the NWHI
terrestrial biota is reviewed: plants, molluscs, arthropads, and
land birds. Following the summary for each element of the biota,
a brief discussion of the significance of that element as a
unique natural resource of the NWHI is given.

Plants

In 1981, D. Herbst campiled a list of all vascular plant
species that have been reparted fram the NÃHI. Magnusson  l942!
listed the lichens from Necker and Nihoa, and recent collections
from Nihoa are expected to add some algal and lichen species to
this list. Herbst's list includes a total of 312 plant species
fram the NWHI of which 151 are exotic cultivars and ornamentals
that have apparently not established naturally sustaining popu-
lations. Of the remaining, self-sustaining plants, 112 species
are exotic, 37 indigenous, and 12 endemic  Table 1!. Among the
endemics, same species are limited in distribution to a single
island. For example, all four endemic plants on Nihoa are

d ', 1 1
i~! may once have occurred on Laysan.
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TABLE 1 ENDEMIC g INDIGENOUS g AND EXOTIC PLANTS ESTABLISHED IN
THE NORTHWESTERN HAWAIIAN ISLANDS

Total
Indigenous Native
Species Species

Endemic

Species
Exotic
Species

Island Group

6 1 3
4

6

37 49 112
TOTAL 12

List compiled by Derral Herbst, July 1981. It does not.
include non-naturalized ornamentals and garden cultivars.
In calculating the totals each species was counted only
once even though many species occur on mare than one
island,

Note:

A number of the exotic plants found in the NWHI pose serious
P ~o~i~cig i

which is thought to have been introduced to Nihoa during military
operations in 1961  Herbst in Clapp et al., 1977!, has become

!' d h h
recent years. Six of Nihoa's seven land snails are endemic to

would seriously affect native snail populations. Clearly, pre-
vention of new plant introductions to any of the islands should
be a high management priority, and control or elimination of
currently existing weeds may be warranted. Accumulation of weeds
locally on Midway Islands may facilitate breeding of mosquitos
that are vectors of avian pox. Weed control coupled with elimi-
nation of standing water may be of great help in controlling the
serious outbreak of pox now occurring on Midway.

The flora of the NWHI contains important endemic and indige-
nous elements. Some species are important because of their

endemic in this large genus which contains many economically and
nutritionally important species. Several of the indigenous
species found in relatively large numbers in the NWHI  e.g.,
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Nihoa
Necker Island
French Frigate Shoals
Gardner Pinnacles
Laysan Island
Lisianski Island
Pearl and Hermes Atoll
Midway Islands
Kure Atoll

17 5
ll 1
23
13

12

21

14

21 5
13 1
29

14

15
25

20

5

28
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tributions in the main Hawaiian islands and are candidate endan-
gered species  Fosberg and Herbst, 1975!. Both the endemic and
indigenous plants can be found in associations now rare in the
main islands  e.g., coastal strand vegetation! and are certainly
important as host plants for the NWHI's numerous native inverte-
brates.

Terrestrial Molluscs

The land snail fauna of the NWHI is not large in numbers of
species, but it is of scientific interest and is certainly
unique. Table 2 lists the taxa that have been reported from the
various islands. The first observations of terrestrial molluscs

9, ' 9 1 1
1 ~bye. on

Laysan  Pilsbry and Cooke, 1914-16!. In 1923, C.M. Cooke, Jr.
and other Bishop Museum staff members with the Tanager Expedition
made major collections of land molluscs throughout the NWHI; the
25,000+ specimens obtained are the principal basis for current
knowledge of the fauna of these islands. Nihoa was found to have

f f 9
ff

endemic to the island. More than 96 percent of the specimens
d 9 f ~ 9

importance of this native bunch grass in the ecology of these
snails. The single species found on Necker was found to

9

Midway, Pearl and Hermes Atoll, and Lisianski. Despite careful
search, no land molluscs were found on Laysan, Gardner Pinnacles,
or French Frigate Shoals' Cooke attributed the absence of land
snails on Laysan, where two species had been reported a decade
earlier, to destruction of the island's vegetation by rabbits.
Much of the Tanager Expedition material remains undescribed,

91 ' ~ "d
n! cki~~ were described in a 1960 monograph of the family
Achatinellidae by Cooke and Kondo; these authors also provided a
brief summary of the land snail fauna of Nihoa and listed records

In 1959 and 1961, G.D. Butler, Jr. made small collections on Kure
and Laysan incidental to studies of terrestrial arthropods; his

1
and provided the first NWHI report for ~g~~a, from Laysan. In
1980, D. Herbst and W. Takeuchi of the U.S. Fish and Wildlife
Service obtained samples of leaf litter from Pearl and Hermes
Atoll, Lisianski, Laysan, and Nihoa; minute snails recovered from
this material were proof of the continued existence of previously
collected species on Pearl and Hermes Atoll and Lisianski, as

'1 . 1'

also demonstrated the recovery oE the Laysan fauna af ter its
devastation 60 years earlier. On Pearl and Hermes Atoll and

the first
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exotic land mollusc recorded from the NWHI. Also, in 1980 C.
Christensen visited Nihoa with the aim of ascertaining the status
of endemic species not observed since the l923 Tanager
Expedition. Despite a limited time on the island, he was
successful in demonstrating the survival of six of the seven
species previously encountered  the seventh, an undescribed

undoubtedly a more thorough survey would reveal it to be extant!.
In July l983 S. Conant and W. Gagne collected five exotic species

d '~ d'
Ih~ ~ ', d ~~I I
indigenous

The NWHI, particularly the island of Nihoa, serve as a
unique relictual example of the native land mollusc communities
that once occurred throughout the arid lowlands of the main
Hawaiian islands  their former presence there is documented by
extensive fossil deposits in areas where exotic species are now
dominant!. For example, some 200 species of the family
Endodontidae formerly inhabited the Hawaiian islands. Of these,

I
observed in the main islands in recent years; to our knowledge,

d I
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Endodontidae are thought by some to be the most primitive of the
higher land snails  order Sigmurethra!, and as these snails have
been extirpated virtually everywhere else in the Pacific, the
Nihoa populations provide a unique opportunity for research
regarding the biology of these animals. Lowland Achatinellidae
in the main islands have also been subject to massive extinc-
tions, and NWHI populations again provide a last haven for
relictual populations of endemic species.

Terrestrial Arthropods

The arthropod fauna of the NWHI includes a larger and more
ecologically diverse species assemblage than any other terres-
trial biota group. As such, its potential as a sensitive moni-
toring instrument is highly significant, and the potential for
studies of arthropods to contribute to our knowledge of evolu-
tionary biology and ecology of island ecosystems is of global
significance.

In this paper' the terrestrial arthropods are divided into
two groups: the acarine or mite fauna and the non-acarine fauna.
The class Acari includes mites and ticks. Spiders, myriapods
 centipedes and millipedes!, crustaceans  amphipods and isopods!,
and insects are discussed as a group.

Information on the Acari in Hawaii is, at best, fragmentary
and in the case of the NWHZ, almost completely nonexistent. The
most recent attempt at a listing of Hawaiian acarines was made by
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Garrett and Haramoto  l967!, who listed 2l0 species in 67 fami-
lies and 138 genera. When compared with the estimated total of
75,000 species in the 400 families and 5,000 genera of this group
 Krantz, 1978!, the Hawaiian fauna, at first glance, appears
depauperate. By contrast they are represented in the NWHI by
only 21 families and 32 species. Of these, l2 families and 22
species are in the order Oribatida, a large group of soil-
dwelling mites frequently mistaken for beetles. The suborder
Actinidida are represented by four families containing five
species, three of which are widely distributed pests of agricul-
ture. The suborder Gamasida list includes only two species, one
of which has been identified only to the generic level. The
Ixodid ticks are well represented at the family level with both
major families, Ixodidae and Argassidae, listed. Ixodidae has

d
Island. The Argassidae have one identified species,

h
h

species in the minor suborders, Opilioacarida and Holothyrida,
are listed for the islands. Neither are species recorded for the
maj or suborder, Acaridida.

Distribution records for Acari in the NWHI reflect
collecting efforts rather than actual distributions and are
closely associated with human activities. For example, Laysan
has 18 species recorded, Nidway 9 species, and Kure 8 species
 Garrett and Haramoto, 1967!. The other islands are less well
represented, with two species each reported from French Frigate
Shoals. Nihoa, Necker, Pearl and Hermes Atoll, and Lisianski
each have a single species recorded. These records by no means
accurately reflect the acarine fauna of these islands. Nore
recent collections have greatly increased knowledge of these
islands and their acarine fauna, but the picture is still far
from complete. Goff �971! recorded three species of trombiculid
mites from soil samples and marine birds collected on Laysan and
Pearl and Hermes Atoll, and Brennan and Amerson �971! described

p
9

d

recorded the families Laelapidae, Macronyssidae, Listrophoridae,
Ãyobiidae, and Myocoptidae for the first time in the NWHI.
Recent collections of soil samples and birds by A. Gettman and S.
Conant on Nidway and Nihoa, respectively, have provided specimens
of four additional species of trombiculids from the NWHI, three
of which are new, and the first record of a speleognathine
Ereynetidae from an endemic Hawaiian bird, the Nihoa finch,

LC . 1 ' ' » * by
produced the first record of the ixodid tick, 'L~x>~d ~>~n~
from Nihoa. Although Garrett and Haramoto �967! do not list any
feather mites  Analgoidea! from birds in the NWHI, recent collec-

ll

families af the feather mite complex  unpublished data! . Addi-
tionally, an unidentified ixodid tick larva was taken from a
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specimen of the Nihoa finch. Aside from bird-infesting acarines,
Furman and Dailey �980! described a species of halarachnid mite

1, on Laysan.

As evidenced by the above discussion, the primary emphasis
in acarine studies in the NWHI in recent years has been on the
parasitic species. There are two basic reasons for this empha-
sis. The parasitic species are frequently vectors of diseases of
potential concern to both veterinary and human medicine. For
example, the Trombiculidae are of significance in the
transmission of chigger-borne rickettsiosis, or scrub typhus
fever, and as causative agents for chigger-caused dermatitis.
While none of the vector species for chigger-borne rickettsiosis
has been recovered from the NWHI, to date, Goff �971! reported

Traub and Wissemann �974!, from Pearl and Hermes Atoll. Species
d

Y "" " d
dermatitis and are represented in the NWHI. In addition to the
Trombiculidae, Ixodidae and Argassidae are major vectors of a
large number of viruses. Recently a new virus, Midway virus, has
been characterized from ticks collected on Midway, Kure, and
Manana  Takahashi et al., 1982!.

The second reason for the apparent emphasis on the parasitic
acarines is the ease of collection. Parasitic forms are fre-
quently collected along with birds and mammals as an incidental
"bonus." But, collection of free-living Acari requires a dis-
tinct effort. Due to size, these acarines are not generally
noticed, even by entomologists, and require specialized
collecting techniques. Recent collections of soil and litter on
Nihoa and Midway revealed a large number of taxa from these
islands which had not been previously reported, including new
island records for the families Cryptognathidae, Camerobeidae,
Tydeidae, Paratydeidae, Sejidae, Uropodidae, Tetranychidae, and
Cheyletidae, as well as the superfamily Eupodoidea. Strandtmann
and Goff �978! reviewed the Eupodoidea in the Hawaiian islands
and listed 12 species in 3 families, including the descriptions
of 4 new species and 2 new genera, none of which were from the
NWHI. Zacharda �980! added several more species from the family
Rhagidiidae to the list of Hawaiian fauna, but none to the list
for the NWHI. However, examination of the Berlese samples from
Nihoa and Midway shows a rich Eupodid fauna that does not appear
to be closely related to that of the main islands, which is
comprised mainly of boreal forms having essentially holarctic
distributions. In addition to these works, there have been some
incidental descriptions of new species from the NWHI. For exam-
ple, Goff �982! described a new species of cheyletid from Kure
Atoll.

The significance of the acarine fauna as a resource is dif-
ficultt to describe because it is so poorly known. At the very
least there is a possibility for a large number of endemic spe-
cies to be discovered, although the actual status of "endemic" vs
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"exotic" may be difficult to determine due to lack of knowledge
of acarine fauna on a worldwide basis and human disturbance to
ecosystems in the main islands. Due to the limited size of the
individual islands involved, the NWHI represents excellent
possibilities for distributional and ecological work, as well as
the study of host-parasite interactions. Finally, due to the
possibility of disease vectors being accidentally introduced,
monitoring of parasites is essential from a public health and
veterinary health standpoint. The status of knowledge of this
faunal element strongly indicates that further research is
needed.

Regarding the non-acarine arthropods, available data
 Beardsley, 1966; Brindle, 1980; Butler, 196l; Butler and
Usinger, l963a, 1963b; Hardy, 1960-8l; Suehiro, 1960; Suman,
1964, 1970; Zimmermann, 1948-78! indicate that at least 451
terrestrial, mostly free-living species occur in the NNHI  Table
3!. Of these, 288 have been introduced, 99 are indigenous, and
64 are endemic. Similar to the molluscs, the largest numbers of
endemic arthropods occur on the two high islands of Necker and
Nihoa and on Laysan atoll. Nihoa, which rises to almost 275 m
and which supports a diversity of microhabitats, has more than 50
percent  at least 35! of the known endemic arthropods in the
NWHI. Biogeographical similarities between the plants and
arthropods emerge when the distribution of exotic species is
examined; that is, those islands that have histories of heavy
human use, particularly Midway, Laysan, and Kure, have the
largest numbers of exotic species.

In reviewing the data presented in Table 3, it is essential
to point out that all the arthropods, not just acarines, are
still very poorly known. Ten days of collecting effort on Nihoa
in April and May of l983 yielded over 50 new island records of
arthropods, including at least 6 new species that are probably
endemic to Nihoa only. These results underscore the need for
further baseline surveys of terrestrial arthropods, although we
do not expect results from the ecologically less diverse islands
to be as spectacular as those from Nihoa. Surveys are also
needed to document possible recent extinctions or rediscoveries,
as well as possible recent introductions, especially if very
harmful species are involved.

So far we know of no non-acarine arthropod group having
endemic taxa in higher systematic categories, i.e., genus or
higher, but this situation is likely to change when specialists
examine recently collected samples. Thus, it would appear that
most non-acarine arthropods have successfully colonized the NWHI
from the main Hawaiian islands, or vice versa. The means and
frequency by which they did so are of great scientific interest.

Just as certain biota represented by some of the terrestrial
molluscs, plants, and land birds contain species that have been
eliminated from the main Hawaiian islands, so also does the
arthropod fauna of the NWHI contain an even more remarkably



TABLE 3. APPROXIMATE NUMBERS OF ENDEMIC, INDIGENOUS, AND EXOTIC
TERRESTRIAL ARTHROPODS OTHER THAN MITES REPORTED FROM
THE NORTHWESTERN HAWAIIAN lSLANDS

Species Type

Island Group

35

15

3

26
12

10

59
37

39

132

71

52

17 4 4 8 5 59

7 9
36

19

96

24

34

157
81

195

35

51

221
105

64 99 163 288 451

List compiled by W.C. Gagne, S. Conant, and P. Conant. @merous
species are recently recerded or new to science, and many species
will probably be discovered if research is continued. Each species
was counted only once even though many species occur an more than ane
island.

Note:

Includes scme species for which biogeographic status cannot yet be
determined.

intact assemblage of species no longer found in the main islands.
It is postulated that there is a whole assemblage ar ecological
"guild" of crickets, earwigs, mites and their dependent preda-
tors, such as spiders, among others, which are directly dependent
upon large concentrations of breeding seabirds. Only fragments
of this postulated guild still survive on the main islands, for
most of these species have likely disappeared with the seabird
colonies formerly there  S. Olson and H. James, 1982!. These
NWHI species and their ecologies can also elucidate the biogeo-
graphic status and evolutionary biology of invertebrates in the
main islands. The opportunities for studies of speciation and
survival on high island remnants remain largely untapped.

Arthropod ecology in the NWHI may help provide keys to
understanding anthropogenic changes in the main islands, as well
as natural changes in geological  long-term! and ecological
 short-term! time scales. Each of the islands has a differing
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Nihoa
Necker island
French Frigate Shoals
Gardner Pinnacles
Laysan Island
Lisianski Island
Pearl and Hermes Atoll
Midway Islands
Kure Atoll

Endenic Indigenous M"
Native

Exotic Total. ~

61
27

27
 Unknown!

76

ll

13

44

24



complement of introduced ants, a group considered to have high
actual and potential ecological impact. Thus, we have in place
an accidental association of different ants and native species
with which to compare their impacts.

The entire terrestrial arthropod fauna of the NWHI has the
potential to serve as the most sensitive measure of perturbation
in the NWHI. There are more species of arthropods in all biogeo-
graphic classes  endemic, etc.! than in any other organism group
against which to measure changes due to extinction, colonization,
species turnover, seasonality and species interactions, and
interdependence  e.g., food for insectivorous birds, plant polli-
nators!. Other aspects of this interdependence are discussed
below.

Land Birds

In the late 1800s the NWHI had seven endemic land birds,
five of which were endemic to Laysan: the Laysan duck  ~a

h " � Q~
h f' h

h"  8
J '1. « g, ' ~

ular the impacts of devegetation by introduced rabbits, were
severe, resulting in the extinction of the rail, the millerbird,
and the honeycreeper. We know the special interdependence of the
land birds upon certain of the arthropods. When Laysan was
devegetated by rabbits, a biological chain reaction ensued. The
rabbits destroyed the plants upon which the larvae of miller
moths fed. The Laysan millerbird, so named because of its appar-
ent reliance on miller moths for food, followed these insects
into extinction  Gagne and Howarth, in press!.

Routine monitoring efforts by the U.S. Fish and Wildlife
Service indicate that Laysan finch numbers are stable and the
population vigorous. However, this species' life history and
ecology are virtually unknown, and no studies have been initiated
to fill this obvious gap in our knowledge of this endangered
bird. In contrast, Laysan duck numbers have been observed to
fluctuate markedly, causing concern for this rare species of
waterfowl. However, recent studies by D. Moulton and M. Weller
 in review! have raised a serious question as to whether many of
these fluctuations are real or at least in part an artifact of
census techniques used to study this secretive bird. These
researchers concluded that intensive management of this species
is not called for at this point, but that monitoring is essential
to ensure that appropriate action can be taken if the species
begins to decline. Part of this monitoring effort will require

f b*'"

found in the island's lagoon, because they are known to form an
important part. of the duck's diet  see abstract by D. Moulton and
M. Weller!.
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Recent studies  Conant et al., 1981! of the Nihoa finch
1

1 ' 1 d 1
of suitable census techniques and provide population estimates of
about 1,500 for the finch and about 300 for the millerbird. S.
Conant is continuing to study the life history and ecology of
these species and to date has found that the populations appear
vigorous, and are probably saturating available habitat on the
island.

It seems reasonable to say that the populations of the four
endangered birds in the NWHI appear to be vigorous and relatively
stable, their endangered status being primarily a reflection of
their extremely limited distributions and their vulnerability to
the potential effects of accidentally introduced weeds that could
replace plant species essential to suitable habitat, predators
that could eliminate their populations, or insects that could be
a serious source of competition  e.g., ants predacious on the
insects essential to the millerbird diet! or that might cause
deleterious habitat changes  e.g., by affecting certain key plant
species!. Clearly, the major threat to the endangered birds of
the NWHI is identical to that of the plants and other animals:
the accidental or intentional introduction of exotic species ta
the island.

Because of their legally recognized endangered status, the
land birds of the NWHI are a highly visible, internationally
significant resource. Aside from this consideration, the finches
are considered by ornitholagists to be uniquely important members
of the endemic land bird group called Hawaiian haneycreepers
 Fringillidae: Drepanidinae!. They are scientifically important
because they are thought to be mare similar to the hypothetical
ancestral type that gave rise to the honeycreeper line than any
other living species in this group. As such, studies of their
behavior and ecology could shed considerable light on the poorly
understood evolutionary history of the Drepanidines, whose diver-
sity is recognized as the most spectacular example of adaptive
radiation among birds. The finches and the millerbird are the
only surviving endemic land birds inhabiting lowland dry ecosys-
tems. As such they are a unique surviving element of the largely
extinct Hawaiian avifauna. Studies of Laysan finches have
already helped shed same light on the importance of avian
diseases for native Hawaiian land birds  van Riper et al., 1982!.

NANAGFJG3NT AND PROTECTION OP TERRBSTRIAL SCOSYSTEKS

In this section, we would like to offer recommendations on
haw the unique terrestrial ecosystems in the NWHI can be better
protected and further studied to provide new knowledge of both
scientific and management significance. We propose what we
believe to be essential and desirable protection measures,
monitoring efforts, and the significance of these ecosystems for
enhancing scientific management and cultural information bases.
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Three measures are regarded as essential to help provide
basic. protection for land-based ecosystems in the NWHI:

Authorized and accidental landings must be minimized
and illegal landings eliminated via careful planning
and a more comprehensive enforcement and contingency
response system than exists at present.

There must be regular, timely, and thorough monitoring
of ecosystem components, including aLL elements of
terrestrial ecosystems, rather than merely of seabirds
and the officially recognized endangered species.

2.

3. There should be an established, adequately funded and
equipped infrastructure to allow immediate emergency
reactions to accidental or illegal ecosystem distur-
bances, incLuding measures to eliminate disruptive
exotic organisms.

Among protection measures that are desirable we would like
to particularly mention the following two:

Future management planning should include design and
implementation of programs to eliminate or control
exotic species with high potential as ecologicaL
hazards  e.g., ants, mosquitoes, rats, weeds!.

2. Some effort, should be made to solicit the assistance
of appropriate agencies  e.g., U.ST Coast Guard! to
aid in aerial monitoring efforts aimed at precluding
accidents and enhancing enforcement capacity.

90

Several areas of scientific research on terrestrial ecosys-
tems in the Northwestern Hawaiian Islands could make major
contributions to our knowledge of the ecosystems themselves and
could enhance our understanding of island biology on a global
basis. Clearly, the terrestrial ecosystems of the NWHI are a
neglected resource from the standpoint of basic information and
understanding. These islands contain some of the last remnants
of dry Lowland ecosystems in the Hawaiian Archipelago, many
supporting species in groups long extinct in the main islands.
The great diversity of the biota renders it a potentially highly
sensitive monitoring device, provided we can reach a basic
understanding of its dynamics and constitution. Development of
monitoring techniques could be of benefit to managers of island
ecosystems worldwide. This biota offers ample opportunities for
in-depth studies of speciation and survival on high island
remnants, an aspect of Hawaiian natural history that is very
poorly understood. Such studies could elucidate the
biogeographic status and evolutionary biology of invertebrates in
the main islands and greatly enhance our present knowledge of the
role of pelagic seabird colonies in the distribution, evolution,
and ecology of terrestrial biota of these and other Pacific
oceanic islands. Finally, the terrestrial biota of the NWHI



pravides a baseline for studying, for example, the role of ants
and mosquitoes in the extinction and reduction  via predation and
disease transmission! af invertebrates and birds in the main
islands.

If Our recommendations regarding adequate monitoring are to
be implemented, we shauld provide some idea of the nature of the
effort that would be required' Ideally each refuge island, and
preferably aLL the islands, shauld have their plant and inverte-
brate papulatians surveyed twice per year -- at the end af the
"wet season" and at the height of the "dry season." If yearly
monitaring proves unfeasible, an every-other-year schedule might
be acceptable. The amount of time required on each island will
vary, depending an island size, Logistics, and, as always,
weather. Monitoring teams should include an invertebrate zoolo-
gist, a botanist, and, on Laysan and Nihoa, a land bird special-
ist. It is estimated that on the twa mast diverse islands,
Laysan and Nihoa, about 6 or 7 days per visit would be required
if all types af land biota sampling are to be accamplished.
Other islands wauld take less time to survey. These surveys
could become routine anly after all islands have been adequately
studied to establish basic faunal lists far the incompletely
known groups. Such a schedule will be difficult ta establish and
maintain. However, there are researchers anxious to conduct
surveys on an opportunistic basis. In some cases, such as far
surveys of molluscs and the free-living acarines, non-expert,
research workers could perform the required sampling. Without
adequate knowledge of the size and complexity of the ecosystems,
it is difficult to provide more specific guidelines. However, we
are optimistic that the cooperative spirit that has prevailed
among members of agencies and industry can facilitate an adequate
monitoring program.

CONCLUSXONS

Although the terrestrial ecosystems of the NWHI are not
pristine,,their biota are among the least modified by disturbance
in Hawaii, and most endemic populations that have not become
extinct appear relatively stable.

Provided essential protection and enforcement measures are
effective  e.g., no new introductions occur and monitoring pro-
grams enable quick and effective reactions to ecological pertur-
bations!, there is a good chance that the terrestrial biota of
the NWHI can remain relatively undisturbed.

Because Nihaa has by far the most diverse native biota, it
is especially deserving of strict protection. Similarly, Laysan
and Necker Islands should receive high management and protection
priorities.

Implementation of essential protection measures for NWHI
terrestrial ecosystems is unlikely to have a negative impact on a
carefully managed commercial fishing industry.
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A judiciously managed commercial fishing industry need not
jeopardize terrestrial ecosystems if authorized and accidental
landings are minimized and illegal landings prevented.
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THE BAWAZIAN NOHK SEAL: A SYHOPSIS OP RESEARCH

John R. Henderson and William G. Gilmartin

Southwest Fisheries Center Honolulu Laboratory, National Narine
Fisheries Service, NOAA, P.O. Box 3830, Honolulu, Hawaii 96812

EXPANDED ABSTRACT

II ' '"J
listed as an endangered species under provisions of the
Endangered Species Act in 1976, following a decline in
beach counts of seals by about 50 percent in the North-
western Hawaiian Islands. To reverse the declining
population trend, a research and observational program
was initiated. Survival of monk seal pups has been
greatly enhanced at Kure Atoll by maintaining weaned
pups in a large enclosure during their first summer.
At all of the islands west of French Frigate Shoals the
adult sex ratio is highly skewed toward males, but at
French Frigate Shoals it may be nearly equal. A weaned
pup flipper-tagging program has been initiated follow-
ing a study which showed no significant disturbance was
caused to the pups by the tagging technique. Temporal
haul-out patterns and depth-of-dive records suggest
that young seals dive deeper and forage for longer
duration than do adults. Attacks on females by adult
males and the first observation of sharks killing a
monk seal have been documented at Laysan Island,
Reduced human use of beaches at Tern Island, French
Frigate Shoals during the last 3 years has coincided
with a marked increase in seal counts from a few ani-
mals to over 100. The incidence of the entanglement of
pups in lost or discarded fishing nets and other flot-
sam indicates that this may be a potentially serious
problem. There appears to be a difference in the pre-
ference of food among seal populations on the various
islands.
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A recovery plan has been approved for the Hawaiian monk
seal and will serve as a guide far the National Marine
Fisheries Service research on this endangered species.

Note: A full-length conference paper was delivered at the
symposium; however, only an expanded abstract appears here to
avoid duplication with other published work. Reference to the
paper s! can be found in the "Abstracts of Published Papers" and
"Abstracts of Unpublished Papers" sections in Volume 2 of this
proceedings.
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NORTHWESTERN HAWAIIAN ISLANDS

George H. Balazs*

Hawaii Institute of Marine Biology, P.O. Box 1346,
Kaneohe, Hawaii 96744

EXPANDED ABSTRACT

A history of underprotection and overexploitation has
resulted in a reduction in the range and numbers of the
Hawaiian green turtle  ~~~~ ~i+g! . In an effort
to reverse this trend, the state of Hawaii closed down
the commercial turtle fishery in 1974. In 1978 the
population was granted full legal protection when it
was listed as "threatened" under the U.S. Endangered
Species Act. State wildlife rules were later revised
to afford equivalent protection. At present there are
some encouraging signs that the population has started
to recover. However, full recovery is likely to be a
protracted process due to slow growth rates found for
turtles living in the wild and the impacts of natural
and human predation.

Between 1977 and 1980 the University of Hawaii Sea
Grant College Program and the state of Hawaii funded a
study of the green turtle. Since 1980, research
responsibilities of Hawaiian and certain other Pacific
sea turtles have been assumed by the Southwest Fish-
eries Center Honolulu Laboratory of the National Marine
Fisheries Service.

Hawaiian green turtles migrate to breed in the North-
western Hawaiian Islands where at least 90 percent
of all nesting occurs at French Frigate Shoals. An

*The author's current address is Southwest Fisheries Center

Honolulu Laboratory, National Marine Fisheries Service, NOAA,
P.O. Box 3830, Honolulu, Hawaii 96812.
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estimated 300 adult females were present at this key
location during each of the past two breeding seasons.
The important aspects of reproductive ecology at French
Frigate Shoals, as determined by tagging, have been
identified. The study has also yielded significant
published results relevant to migrations, food sources,
growth rates, predation, and the unique land-basking
behavior that takes place at undisturbed sites in the
Northwestern Hawaiian Islands.

Note: A full-length conference paper was delivered at the
symposium; however, only an expanded abstract appears here to
avoid duplication with other published work. Reference to the
paper s! can be found in the "Abstracts of Published Papers"
section in Volume 2 of this proceedings.
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