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INTRODUCTION

Hawal=because of its geographic isolation, rich volcanic snils, and enormous
mopographic and climatic diversity—has produced a binta with a very high per-
centage of endemism among multcellular rerrestrial organisms. The native baota
trcludes about 18,000 species (Eldredge and Miller 1998) (table 1), The 8,500
rerrestrial and aguatic plants and animals might have evalved from as few as 1,000
vnginal colonists I:G...IF'I.'IE |'D5E; sex also Sakai, and others 1999} in the absence
of many biotic influcnces thar are present on larger land mases {such as gprazing
herbivores), and they have proved vulnerable to extreme population reducrion
and even extinction owing w inmoduced predawoes, compernitors, and diseases.
Although Hawaii accounts for only sbout 0.2% of the land area of the United
Staves, it has 31% of the nation’s endangered species and 42% of its endangered
birds. OF the 1,023 species of nutive flowering plants 73 are down 1o abouc 20 or
fewer imdividuals in the wild, and nine are down o one (LIS Fish and Wildlife
Service 1999). Almaost 75% of rthe historically decumented extinctions of plants
and andmaals an the United Seates have ocearred in Hawadi,

About 1% vears ago, as the dimensions of this exdncrion crisis were beginning
o become clear, a wide array of state, federal, and private organizations, catalyzed
by The Mature Conservancy and the Hawaii Audubon Sociery, redoubled cheir
efiorts 1o develop effective mitigative measures. More recently, a formal consars
tium of spencics developed the Hawaii Conservation Biology Sccrewariar, which
has rabsed the profile of thess important ssues and helped to coordinate responses.
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TABLE | MNumbers of Species Known from Hawaii and Surrounding Warers?

Tinad Erelemic Alen Species Exrince
Species Specks Spuvics al Bk Speiey
Al and ocher prorisrs 1,950 ] 5 o ul
Fungl ared Lichens T 06 1l g o Q
Flrwening plants Lo 08 i1} 6 L
(hbser planvs THY T41 44 o
Ml ollhuiskes 1,6%) PG 44 EEs 7
Insects 7,848 5,045 1.5a0 s
Chibees mmhaogesds & 1 LI 517 i
Cubses inwvericlenies r Y] Y4 71 I
Fail 1.19% 15 7 | u]
Asmehilians % a 5 o o
Repriles i ) 11 i o
Hirds g Lk 46 3% 0+
Mlamesak i 1 13 1 I
Tenals 11462 5,864 4,508 Lol il +

4 Eplemic specses e restricted po Hawaii; nonindipenows alen, (mcludes infoduocd) do noe nam-
rally cocur i Hamail. Toral inclades enlemic, shien, snd indigenous (occur natursdly im Hawsii bud
moil gruligmic) species and species of unkoown steves “Speoses o risk” inclede federally endireered,
theeaencd, and candilsic B, rl‘l.ﬂ. “aperics of crmpern” “Extinct” inclusbes pre-Capiain Cook
cEIshLheini.

Sowirce: Rascd an H.‘uad:'r amd Meller 194,

Thuse efforts have been serigusly hampered by lack of fundamental informa-
vion, The basic taxonommy of many groups has not been fully worked our, and in-
formation on the ranges or identities of many species was until recently wvailable
only from scattered research publications o museum collections. Although a sub-
stantial mmount of information has been assembled on endangered planes, verre-
hrares, and a few invertebrare taxa, successful effors po mansge Hawaiian eco-
systems requites information shout all species, native and alien, In fact, the
preavest threar o Hawailan organisms and to the integrity of Howsitin consystems
s powed by alien species. To address the informadon need, the Hawain legisla-
vure in 1992 designated che Bishop Museuwm, which houses the worlds largest
natural-history collections from Hawail {nearly 4 million specimens) as che Ha-
wail Blological Survey (HBS) and charged it with the msk of compiling compre-
hensive infonmation on the entire biota of cthe state (Allison and orhers 19595).

The Bishop Muscum developed a six-stage process o implement the hiological
survey. Bricfly, rhis invelves, for each major group of ormenisms,

* developing a computerized darahase of the licecature;

* preparing a speebes checklist hased on the literature, collections, and consul-
tation with cxperes;

* developing a database of the collections, including coding localitics o facils-
tate geographic information system ((GIS) anolysis and presenracion;
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* developing a database of information from ather collections or from other or-
ganizanions that are conducting baological surveys {or establishing compurer link-
ape to such information);

* direcring rescarch effors wo high-priocioy needs; and

* filling gaps in information through addivional field surveys.

In practice, many of these are concurrent acvities. The liverature dutabases
and species checklists developed by HBS scientists and collaborators peovide a
firm foundation for the compurerization of specimen-based data from collecrions.
When specimen data are computerized and moorporsted into an enviconmental
information system, one can easily derermine the range of o specics, document
how it has changed, identify heoad multspecies parterna of diseriburion and Jdi-
versity (ecosystem characteristics), and evaluare how these features are related o
various enwvironmental fmctors such as climate and soals) andd have been or are
likely to be affected by resource-management and land-use stracegics. I is im-
portant to emphasize that specimen collections constitute the most accesible and
cost-effecrive source of dara for the development of comprehensive environmen-
tal-information systems (Allison 1921 Niclzen and West 1994). Those intorma-
tion systems, involving G1S and other sparial-analysis and database echnology,
are crucial to the efficient management of Howaii's (ragile ecosysiems and are in
use by all the scare’s matural-resource management and lamd-use agencies.

In its robe as HBS, the museum is providing a service to the scientific and local
communities as an information clearinghouse. It gathers, processes, synthesizes,
and distributes to 3 vardety of partmers information related to the biologival re-
sources of Hawail, Informarion from che collections is crucisl o provide suthor-
iry files, data points for distribution maps, additional ecolngical information, and
a historical perspective on the blota of Hawats. Inasmuch as completeness is nec-
essary for funcrionolice, HBS also plays o crucial role in centralizing and facilitag-
ing diseribution of information from parner osganizatons. The overall stracepy
is to streamline the process of developing information products while cantinuing
the development of longer-term projects and continuously improving and refin-
ing all products.

In this paper, we discuss the averall sorategy of HBS and s accomplishmenes
1o date, Although our efforrs arose out of an urgent need to address critical con-
serwithion 1sses 0o n:1u|:h'|:1lr sl Hul.mrupﬂ':i.-l; AN, W feel t|'|:||: rl:'l.ll‘."f' CaN Sefve
as an ctfecrive model for the role char muscums can play in understandding and
managing biodiversigy. Owur overall theme is that museum collections and associ-
ated darabases are crucial informarion rescurces for understanding and managing
bioloyrical diversity. With more than 400 million specimens in US museums alone,
and perhaps 2 billion museum specimens worldwide (Duckworth and others
19233, the implications are enormoas.

INFORMATIHON MANAGEMENT

The information -management strategy developed for HES s represented sche-
matically in figure |, Information sources for HRS include those listed on the left
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FIGURE | Hawasii Pichsgical Survey obtains dara from a vanery of sources and processes
them into infarmation useful mo diverse senkeholders.

side, including biological surveys, research projects, existing collections, existing
lirerarure, and special projects (such as synrheses underraken with collaboramors).,
In many cases, ihe flow of information is reciprocal; this is especially true for the
collections, where there 15 constant interaction berween scientists producing
reports based on the collections, which result in improved guality of lentifica-
vions and localizacion. HBS acovites are undertaken in collaboraton wich an
array of pariner organizations. The collaboration in some cases is formalized at
an institutional level, and an nfornasl nerwork of collaboration by schentific stall
cxtends internatienally, especially in systematics research. HBS information-based
producrs are used by government, commercial, and privare clients for a variery of
purpuses, including sgriculivre, conservation, education, fisheries, foresiry, healih
services, land management, quarantine and regulatory services, and other
research, as shown on the right side of figure 1.

Some of the primary partners of HBS in recent years have been state and fed-
eral natural-resource manapement agencies (Hawsii Deparmment of Agriculiure,
Hawaii Department of Land and Matural Resources, US Department of Agricul-
ure, and L2 Department of the Interior, especially the Fish and Wildlife Scrvice
and the former Mational Biolopical Survey, now pare of the 1% Creological Sur-
veyl, conservation organizations (Cenver for Plane Conservation, Ducks Unlim-
ited, Hawaii Conservation Biclogy Forum, and The Mature Conservancy), educa-
rional organizanons {Hawaii Deparoment of Education ond Universicy of Hawaii),
and other biodiversity research organizations (including Cornell Llniversity,
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Matinnal Tropical Botanic Garden, New York Boranie Garden, and Smithsondan
Insnioutbon).  Many of these ormnizations maintain specialized databases relaved
to apecific applications in conservation or agriculture ur to specific @xonUmic
groups. Rarher than duplicare these efforts, we seck o link with them through
the development of authority fles, data stundards, and information models (heap:/
M. hishop, hawaiLomgiasc-cnc.

FIVE-YEAR ACCOMPLISHMENT=S

During the last 5 years, HBS has deveboped comprehensive bibliographies and
species checklists of all major groups of plants and animals and some fungi, pro-
rists, and algae in Hawaii—terrestrial, freshwater, and marine. Hawaii is the only
state in the United States ather than Nineis (Fost 19910 and the n;:rn]',' ln[ge
rropical orca in the world in which the wtal number of described species is accu-
rately known (Eldredge and Miller 1995, 1997, 1998, Miller and Eldredge 1996;
hirp:fwww bishop. hawailorgbishopHBS hispp. biml).

HBE provides a venue for disseminaring work of individual scientists to a vari-
ery of wsers. Most individual researchers do not have at their disposal the con-
eacts, rime, or technolosy necded to deliver their produces o all porential users,
especially lund managers. A researcher might be the world’s expert on a particu-
bar taxom thae occurs in Hawaii but have neither the ime nor the means 1o cie-
culate research resules widely within the state. HBS provides an efficient aml
cont-eflective means of disseminoting varied research products and exwending the
useful life of darnsers hE'p'-:'!ll.‘u.‘l the funding of a particular project or the career of
un inddividual investigator (for example, Helly and others, 1996; US Natonal
Commirree for CODATA 1995; hetp:fiwww.sdsc.edufcompeco_workshop/report/
helly_publication.heml).

The products of HBS rake various forms to meet our diverse user communiry,
as shown in figure 2. We see our primary product as information on our Werld
Wide Web (WWW) server. The WW%'W server makes large amounts of informa-
tion available worldwide 24 hours a day, and we can updare or post information
immediarely at low cost. Information on the W% should be our mose recemt
wersion and should end confusion abour versions of informarion diserbuzed in
ather media of the use af outdated infarmation that mi,ght have been ],;ud'lcrn]
from our collecrions years agn, The "self-serve™ approach alio lowers our person-
nel eodrs in handling frequently asked guestions. Other produces beyond the
WENE include information services provided disectdy by staff, enhancements of
collections {fc:-:r exul:nrph.'. utum:in.g im[ﬂ{w-ecl idenrifications of .sp-tcimL*nEL such
technical publications as checklisss (Cowte and others 1995; Mishida 1997) and
spatemntic monographs (Gagmé 19971, popular publicacions like our nascent se-
ries of wser-friendly idennificarion handbooks (Pollkemus and Asguith 1996), con-
tributicns to formal and informal education, exhibits and internships. and prod-
wcts developed from various partmerships.

Ooe of the products of HBS is che unnual publication of a compilation of
changes in our understanding of the status and disviibution of the Hawaiian biota



T80/ BMATURE AND HUMAMN SOCIETY

PRODUCTS , Serir N

It il
UHCARL
HAWAII W
BIOLOGICAL e U
Partrar
Cuganissiicns.

"-lﬂli-"ﬂtl ™1 Publications
Sysiam

*—-—-—
\\ Uinta i Mainsec Peutner

Erterprisss | T | Cganizwiions

FIGURE 2 Dara managed by Hawad Bedogcal Sureey are made available ro orkers and
syntlsized inte vareus mlormaton products. Data and products are penerally acecssible
rhroayh the World Wide Wekh.

titled Revords af the Hewaii Binlogical Survey, Records is published annually in the
journal Bishop Museum Occasdomal Papers. It has been especially effective at pro-
viding a publishing vehicle for short papers o document distribution or taxonoemic
changes that are impartant in the Hawali context but might not have an appero-
priate venue elsewhere in the scienrific lirerature. A number of agencies use rhe
information from HBES w support their own prislucts. One, the Howati Ecosys-
tems at Bisk project, a consortium led by the US Geological Survey Biological
Resonirces Division, depends on Recards as i primiry source al doeumentation
of new reconds of weeds and of taxonomic validavion of these records.

We have largely completed the first two of the three levels of databuses that
provide the foundodon for HBS, The firs is liverature darabases. These focus
an the taxonoinic and dutrbotiona] beratiure bl tnchede any o lier FILIl\]I-I;Ililjnl
and repors thar come to our acentbon, The second is rakonomic avthority files
or species checklists. These databases, compiled largely from the literuture with
extensive consultation with specialists, provide an index o and synchesis of whac
has been learned in over 100 pears of hiological research on Hawais, aithoart them,
mausch historical informatioe would remaln unsecognized o inaccessible. The thind
is dutabases of Hawaiian specimens in the Bishop Museum’s extensive collections
{tuble 2}, Propres in each corepory of darabase for cach raxon depends on the
level of knowledge of the taxon, the expertise available wp help, funding priori-
ries, and the curatorial condition of our collecrions.
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IMSCUSSION

Bilological surveys are fundamental to the documentation of the plants and and-
mals of the corth (Blackmore and odhers 1997) and are one of the major reasans
for the founding of the world’s great notural-hiscory museams (Correrill 1997,
TLane 1996; Raven and others 19933, Early biological surveys wete closely associ-
ated with exploration of the earth during the last three centuries and had as their
purpose documenration of the general bivta of scientifically uncxplored areas (see,
for example, Viola and Margolis 1985). As major biological features of Earth
becime known, museums’ sclentific inrerese shifted more toward detailed taxo-
nomic studies of plant and animal groups. Government agencies were formed oo
manage natural resources, and they have conducted much of the hiclogical sur-
vey work dJuting the last century; for example, in 1919, the Pureaw of Biological
Survey, an apency in the US Deparement of Agricelture that developed in close
association with the Smithsonian Instimution, was, with the Burcaw of Fisheries,
transferred 1o the Depattinent of the Interior and later became the Fish and Wild-
life Service). With rising human populations and increasing Jemuand for Lend and
nutural resources, public and private apencies are now facing tremendous chal-
lenges in their efforts to obtain sufficient informartion o manage and pressrve the
world's hicsdiversity.

With the sdvent of modern database rechnology, the information in museum
collections can be made available for a wide range of uses. This hus led o the
development of new and strengthened partnerships berween museums and
resouTce-inanapement agencics, for cxample, creation of the Mardonal Biological
Survey in 1993, These parcnerships have focused maustly on the need for detailed
informaion on the distribution of plants and animals to support mansgement

TABLE 2 Estimated Mumbers of Hawniian Collection Records (Specimens or
Specimen Lots) in Bishop Muscum Darnhases As of March 19599

i aniams Lhnsts i Dhrinbosesd Toal Lnics” Percent Complets
Hirds. arad mammals {recenit)® 1.000 T 100
Fossil Lieds 100 10,000 1
Eeptiles and amphibizns 800 ] =
Fishi [mmmtly murimic) 5,000 5,000 100
Wokhsks (rerestrial and marine) 64 000 140,000 3
Insccts arel mites £0,000 F00,003 8
Deher invert=brates [maostly marina) 15,000 15000 100
Algse (tmimily meirine) 15,000 25,000 0
Fungi and lower planes 3,000 000 50
Vascular planes 45,000 145,000 11
TOTALS T18, 500 BET S0 15

4 Units nre specimens, sxcept for fish, invertebrares, and mollusks, which are in lots (ane or maore
comapecific specimvers with idontical daia).
B e Bisleg Muvscumn als mamtwins = doiakose of some 55,000 sighting records of Hawaitan birds
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efforts, Museums are the primary repositories of such information.  For exumple,
althowgh the systemarics of wvascular plants of the United States is reasonably well
kenown, precise distributional detadls on many specics ane not readily available, and
mauny of the data reside in muscum collections; it is therefore umgent to mobilize
information from musssm collections into databases and 1o link the databascs into
informating systems.

The major serength of TIBS is its comprehensive approach und the fact that its
mctivities are underraken in chuse partnership with management agencies. This
helps to ensure thut HBS produces and services meet vser needs. In addition,
working with partners helps 1o ensure thar collections are built in a purposeful
way {see Hawksworth 1991) and hove muimal wtilicy. We have cmphasized con-
servition applications in this paper, bur biological surveys also have important
applications in agriculture, medicine, and recreation {Elassen 1986; Roberts
19492},

The approach of HBS is unique in attempting to provide at beast basic infor-
mation on all organisms while focusing more deralled surveys or products on taxe
of concem to specific users. The All Taxa Biodiversity Inventory (ATBI) approach
is similar in covering all organisms (Miller 1993; Yoon 19923), but the approwches
differ in thar HBS synrhesizes the liternture first and then undertakes surveys o
update data wnd fill gaps, whereas the ATBI cmphasizes intensive surveys in
smaller areas.

Although many conservation agencies are moving away from cfforts to protect
individunl species and are insread highlighting the need to protect entire ecnsys-
tems (Kirlin and others 19943, the classilication of ecosystems tends to be rarher
atbitcary. In a promising alternative approach that has been recently developed
(Kicster and others 1996; White and ochers 1997), species occurrence dato (pres-
ence or ohsenee) are assembled into map layers and growped into classes. This
method, which can readily use museume-specimen data, involves a high level of
objectivity and therefore has many advantages, particularly in public-policy de-
hates, over the use of classed data, such as on vepetaton. A parvicular scremgth
of this approach is thar (e facilicates analysis and modeling of the risk w
biodiversiry, including individuul species and populations, posed by different land-
wie strabegies.

The scicntific imporcance of museum collections hus beenn well documented
(Mudds and Peceiee 1997}, but this value s poorly reflected in public policy. In-
deed, most museumes initially hegan computerizing thetr collections w gain inter-
nal manmgement efficiency and have heen slow o develop scientific products and
services nutside the maditional research enterprise.  The systematics communicy
hiss also been slow in providing autherity fles in readily accessible forms, although
the recent prodecrion of a checklist of almost 100,000 species of North Ameri-
can insects shows what can be done (Poole and Geneli 1997). We agree with
Lane (1996) thar compurerization of collections is central to an expanded role for
MASEINS in SETVing sclence andd .'u.rr_'le!]', anel nowhere is thar more urgent than in
the conservation of bindiversicy, Mew onranizations throughaur the world—such
ps [MNBic, ERIN, and COMARIOD (Anonymous 1994; Gamez 1991; Soberdn and
others 19%96)—und long-established organizations, such as the Illinods Narural
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History Survey {(Anonymous 1996), have proved the importance of museum col-
lectioms for understanding and managing btodiversity, The recent formartion of
the US Organizarion for Blodiversity Information (USOBI) signifies a mend ro
unite individual institutional efforts into & federation o achieve economics of
scale and develop standards and common gareways o highly dispersed datn (NRC
1903945},
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