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Abstract: The National Vegetation Survey (NVS) databank is designed to safegpard the investment of millions of !
dollars speat over the last 50 years collecting, computerising and checking New Zg, vegetation dafa and to
optimise the potential knowledge gains from these data, Data such as l.hese can be synthesised across a range of spatial

and temporal scales, allow novel ecological questions to be considered, and can underpin Yand and legal
Teporting obligazi The NVS builds largely on the base of data collected under the auspices of the New
Zealand Forest Service from the 1940s 1o 1987, In more recent yeass, it has incorporated data from Protected Natural

Area {PNA) surveys and from new and remeagured plots in a range of ecosystems collected by staff of, among others,

the Department of Conservation, Eandeare Research, regional councils and universities. The databank currently stores

data from approximately, 14 000 pecmanent plots, 52 (00 reconnaissance descriptions and PNA plots, and 14 000
timber volume plots measm‘em'émﬁs Ecosystems that are best represented are prasslands in montaxe

and alpine areas and indigenous forests. Geographic coverage is widespread but paichy. As the [VS databank
continues to develop and grow, a ﬁmmm_amgd:m%}isw_%nm include {(i}}developing
mechanisms to meet the needs of both data use: providers and incentives te encourage individusls and
crganisations to deposit data into the databank, ensuring that metadatz are adequate to allow raw data to be
interpreted, andT{iitk ensuring that the dasa stored meet s%t%w_m the future, the databank will take
advantage of technology to be 2L the needs of data users and providers. Further infermation about the

NVS databank ¢an be obtained fromf
Keywords: biodiversity information; data am]nve JataTiha
science; metadata; New Zealand; permanent p]ots, vcgclauon

atabase; environmental monitoring; infermation
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plots has. a]lnwed consmeranon of questions about forest
dynamics (e.g.. Mark ef al., 1991; Smale et al, 1995),

I eed invasion in grasslands and forests (e.g., Scott,
Data from a broad range of scales are vital if we are to ™ - P
address many of the iiceues at the forefront of ecology 1993; Wiser et al,, 1998), and grazing impacts in non-
(Michener ¢ al,, 1997). Such issues often requise more forest SCosysioms (e.g, Dickinson i ak, 1992),
data than an individual or team of researchers could Worldwide, efforts are ongoing to cnsure that

Introduction

collect. In New Zealand, syoth of broad-scale daa t data are well docurnented, archived and made
have been vsed to formulate and test hypotheses abour  Accessible (Table 1), In New Zealand, such efforts are
factors controlling vegetaston structure and composition 8621 as incl ly img by that fund dara

(e.g., Holloway, 1954; McKelvey, 1963; Osawa and  collection, or use such data fo support policy decisions
Allen, 1993; Leathwick er al,, 1998; Bellingham e a2, and assess compliance with legal obligations
1999), More recemily, such syntheses have allowed (Whitehouse. 1998). New Zealand has a range of
national-scale issves to be conrsidered that were not icnal reporting req 4 a signatory to the
anticipated at the time of data collection, such gs how  Convendon on Biol Diversity and the £ k

much carbon is stored in indigenous forests (e.g., Haller  Convention on Climate Change, and, gﬁummg___w__*___
al, 2001). Theexistence of leng-termdatafrompermanent  the Forest Resource Assessmentfof the Food and 4
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. (CTFS) of the Smithsonian Forest Dynamics Plots. Within each plot, trees
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'i‘able 1 Examp]r.s of i mu:maluma] efforts to document, archive and increase aceess 1o vogetation data. Vegemnon dataay be the

someoringluded ar data. Data imclude both those [rom one—oﬂsumysandfmmpemanenl
plots.
Crganisation and Project Scope Intemet address (URL) P e
. Bcological Monitoring and Provides a métadala search facility to allow hep:fi eciw, in_e.htm] ME i&ﬁf }‘d{;«h ? -
GQ Assessment Network searches for ecological data sets available v
(EMAN, Canada from around the world. CH ﬁg‘@%@&
National Biological Information  Electronic gateway to biological data and hitp:Ahewwnbil.govf
Infrastruclere {NBII), U.S.A.  information maintained by U.S, foderal, state w ?\,‘f’?@e}k j‘z@'{
and local government agencies and private ‘3}'
sector grganisations and other parties aroond the ) ‘g @

et

iy Mﬁn’ﬁmﬁ’”ﬁmle’mdé St peopia and . Hup: ﬂwww m.rorcgnamrg!mpm'
‘permanent plot information i

idwide that hold p plot { %f».\h‘%y%&,\‘ i,

SE1E, hatar bty y. uoqsaqd nammlfurcsls
.S, Leng Term Ecological Unibrelia organisation Tor 33 TeseATER sites hnp fillmeLcdu

Research (LTER) Progrant in the 15,4, Sites independently manage
\,Lﬁ\f‘\ their own long-tem data {e.g., from peonanent
vegetation plots, animal censuses, climate data).
Environmental Change Network  The U.K.'s long-1zm environmental
(ECN) (United Kingdom} monitoring programme, [t collects, stores,
U\Jf;\- analyses and interprets long-term data from a

range of terrestrial n.m! rreshwater siles a¢ross. ..

g the UK.,
ot CenmfurTmpw:ﬂl’-’orcst Stience” Provides daw[mnanumberot‘thesu -ha

. ’l'roplca] Research Inslitute axe ideatified, marked, measured and plotied

it hnp‘.l.f\- W
(Natural Resources Canada, from a plot-based inventory system across
Canadian Forest Service)} Canada, —_—
National Vegemuomlnfmmum Eeveloping a nauom\l
compiling and communicating information
about Australia’s vegetation.
French National Forest Inventory  Access to cartographic, sensuration and
{Inventaire Forestier National, infi i llected
EFM), Countryside an¢ Forgsiry France.
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hitp
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U.S. Man and the Biospt Developing d. of vascolar plant and titpiifice ucdavis.edu/mab/
{U.8. MAB) Program, in vertebrate animal occurrences on the world's
association with the Information blosphm reserves and other protecied areas.

Center for the Envicanment EEERER R ¥ Y Vol ;’f “-':?
~Naticfial Végatation Map of Vegclauzm smeydamfmm sites across hitp:/farww.nbi.ac. za/research/vegmap hom \5\}{. BRRTLEEE |
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. e ey egrpeen o o e sampling, smragc, qualuy controf and analysis.¢ -
S Matural Heritage Network (U8} Comprises § e

the U.5.A.). Personoel collect, organise and
shate data using a conumon, standards-based
methodology. The network helps provide
imfgrmation for land-use decisions and is also
consulted for research and education. i

e

g
A
mg ..

o FETF H s u e asaaem




WISER ET AL: MANAGING BIODIVERSITY INFORMATICN

Agriculture Organisation {FAQ) and the Montreal Process
(beth related to sustainable forest management} (see
Bellingham: er af., 2000). Domestically, government
agencies are charged with ensuring compliance with key
environmental laws [such as the Conservation Act 1987,
Resource Management Act 1991 and the Forests Act
1949 (and 1993 amendments)]. Accessible vegetation
datz of known quality are required to meet these
obligations. In recent years, the resurgence of interest in
vegetation menitoring has resvlied in a proliferation of
data collected and stored locally {e.g., by Department of
Conservation conservancies, temitorial local authoritics
and private consultants). However, these data are often
not archived or made accessible in ways that allow issucs
spanning largertemperal orspatial scales to be considered.
Adequate documentation and storage of data are especially
important in long-term studles based on permanent plots
(Bunt, 1994).

In New Zealand, the National Vegeration Suirvey
{NVS) databank stores, manages and provides access to
alarge postion of the data on vegetation composition and
structure collected in this conntry over the last 50 years.
Other impottant vegetation databases in New Zealand
inglzde the Scuth Island high country monitoriag data
currently held by Knight Frank (NZ) Ltd. (Webster,
1994} and data held by Timberlands West Coast Lid. A
myriad of smaller vegetation data sets are held by
individuals at univessitics, in private consultancies, within
nattonal and local poverament agencizs and Crown
Research Insfinntes {see Meurk and Buxron (1991) and
Bellingham (1996) for partial listings]. Some important
vegetation data are not available electronically [e.g.,
North Island Ecological Transects: McKelvey and
‘Cameron (1958); data from an extensive survey of Stewart
Island: Wilson (19873,

In this paper we describe she history of standardised
colleetion of vepetation data in New Zealand and the
resulting evolution of the NVS datzbank from paper to
the current electronic version. We then characterise the

descriptions to include changes in plant communitics
over time, based on observations from permanently
matked sites (e.g., Cockayne and Calder, 1932). Formal
national surveys of New Zealand’s vegetation began in
1923 with the National Forest Inventory, a standardised
inventory of the country’s forests to assess their potential
timber yield (Anos., 1926). The second standardised
survey was the National Forest Survey (NFS) of 1946-55,
which was primarily a timber inventory but ecclogical
data were also collected (Thomsen, 1946; Masters et al.,
1957}, It ainly covered lowland and mid-altitude forests
from which mber conld be extracred, with limited
coverage of upland forests. In 1956/57 this coverage was
extended by the North Island Forest Ecelogical Survey
(Ecosurvey) which provided comprehensive ecelogical
information on forests not surveyed in the NFS
(McKebvey, 1995), The NFS and Ecosurvey provided the
foundation for a community classification of New Zealand
forests {e.g., Nicholls, 1976; McKelvey, 1984).

The increasing focus on the zole of natural forest and
grassland ecosystems in protecting catchments and the
vulnerability of these to the effects of browsing mammals
ushered in an era of vegetation meonitoring. Standardised
methods were developed and Jater refined for foresis,
prasslands and other non-woody ecosystems (Holloway
and Wendelken, 1957, McKelvey and Cameron, 195§;
Wraight, 1962; Scott, 1965; Atkinson, 1975; Wardle and
Guest, 1977; Batcheler and Craib, 1985; Dickinson et al.,
1992; Allen, 1993; Wiser and Rose, 1997), Vegetation
comnminities were described in many parts of New Zealand
whers standardised swrvey data were scant (e.p., Kelly,
1972). Based on methods in widespread use
internationally (s.g., Mueller-Dombois and Ellenberg,
1974), standard methods using reconnaissance

. descriptions were tailoted to New Zealand ecosystems

and adopted for general surveys and for data collection in
the Protected Natural Argas (PNA) Programme (..,
Myers et al, 1987; Allen, 1992).

In 1987 the Department of Conservation (DOC) was

types of data stored in the databank, including the
geographic, ecosystem and temporal coverage, Finally,
we outline future plans for the databank, including plans
for meeting needs of both data users and providers,
expanding metadata and quality control, and enhancing
Pexibility and otility.

Evolution of a New Zealand
vegetation databank

History of collection of standardised vegetation data
Leonard Cockayne provided the first comprchensive

descriptions of New Zealand plant communitizs (2.8,
Cockayne, 1899; 1928). Later, he extended these

blished. This was during a time of upheaval in the
New Zealand civil service (Kelsey, 1997} and staff
turzover was high. During the lare 19805 and eatly
1990s, vegetation survey and monitoring was a relatively
low priority for the Department {Bellingham, 19963,

although some nattonal initiatives contimied, notably the |

PNA Programme. A result was the loss of many skilled
staff who had undertaken vegetation surveys. Staff
attrition resulted in a loss of institutional d a
1 f appreciation of the value of major data sets
mﬁ%ﬂwwm unfortunate losses
ofireplaceable vegetation data during this period. Paralle]
events and loss of data also occurred in some research
institutes and other government agencies.

In the early [990s, standardised data collection
costinued in a piecemeal fashien by individuals in
government agencies, universities, private consultancios

ADh Vet
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and research institutions. Starting in 1997, new
management procedures within DOC Ied to a revival of
vegetation survey and monitoring, and the Department
began to rebuild the requisite skill base. Standard methods
are now being used increagingly within DOC to ensure
comparabiltity of results. Regional and local authorities,
too, are placing more emphasis on vegetation survey and
moniloring to meel requirements of the Resource
Management Act 1991.

Development of a physical archive and electronic
databank

From the late 1960s, access to mainframe computers
enabled the organisation of data collected using standard
methods into defined electronic data formats, This made
it possible to analyse large amounts of data from
throughout New Zealand (e.g., Wardle, 1970). The Forest
Research [ostitute (FRI) and, from the eardy 1970s 10

1986, the New Zealand Forest ice, adopted standard
methods of data collection ford s SULVEYS
and permanent plots in forest and grassland. Concurrenily,

FRI develeped standard formats for electronic data entry
and storage, and computer packages for data checking
and analysis {Allen et al., 1983; Hall and Allen, 1983),
From the carly 1980s, data were collected and satered
using these standard formats for many of the
reconnaigsance descriptions used in PNA serveys {(e.2.,
Arand and Glenny, 1990). At that rime, however, computer
files and data sheets were held in offices and storerooms
throughout New Zsaland,

In the late 1980s, the creation of the NEVS (National
Indigenous Vegetation Survey) database foranalised the
process of obtaining and archiving clectronic data, copies
of original field data sheets, maps, aerial and plot
photographs, ancillary information and reports at FR1 in
Christchurch (Payton e al., 1988; Forest Research
Institute, 1989). The NIVS database also included data
from plot types such as variable arcaforest plots (Batcheler
and Craib, 1985) and those collected using the eruciform
method {Holloway and Wendelken, 1957). Hard copiss
of data sheets and ancillary information were organised
in aceniral archive and arcanged by ecological region and
district to allow ready retrieval. At that time, the electronic
database and analysis packages could be acoessed (read-
only) by anyone linked to the Ministry of Forestry VAX

changing technology, data analysis packages were
rewritten to allow them to be run from personal compurers
(e.g., Hall, 19942, b).

In 1997, the vegetation database was renamed the
National Vegstation Survey (NVS) databank and
incorporated data from the NIVS and NFS (NFS and
Ecosurvey data; Forest Research Institute, 1989}
datat recc i descriptions cellected by
the PNA Programme. The name reflects the intention te
crcempass data spanning a wide range of New Zealand's
vogetation types including communities where gither
indigenous or exotic plants dominate. In 1998, the
Foundation for Research, Science and Technalogy
accorded the NVS databank the starus of a Natlonally
Important Database, aud since 1999 has funded its
maintenance.

The NVS databank has two primary functions. The
first is }y_smmmw into which data can
be deposited with confidence that futore retrieval will be
straightforward, and that, with provises, these data may
be made available to others. The second js to achieve as
much congistency as possible in the ‘manner n wEih 3ata
ire stored and accessed to allow ready analysis ofw.,
combined data sets that span space and time.

What data are stored in the NVS
databank?

The NVS databank pettaing largely to vascular plants.
Data have been collected from both permanent plos and
one-off surveys (¢.2., teconnaissance survays, PNA
surveys and the NFS), The databank is not a single
agglomerative database; rather, it is composed of
individual data sets perfaining to individval surveys.
These are mostly groups of plots (fange 1 to ¢ 1000)
within a defined survey area collected over a sct time
period. Most data from permanent plots in indigetions
forests have been collected from 20-m x 20-m plots,
within which individual stems are tagged (Allen, 1993).
Data also include seedling and sapling couets, For
prasslands, permanent plot data consist of frequency
measuiments of alf vaseular plant species, statare and
density of dominant tussock species, and
sterecphotographs (Wiser and Rose, 1997). Data from

computer system. Later, 14 reporns p d for DOC
listed all available data sets for each Conservancy (c.g.,
Hall et al., 1991).

The NIVS database and staff associated with its
development and maimenance wansferred from FRI 10
Landcare Research when it was established in 1992,
Agreement was reached that copies of NFS data (plot
sheets and clectronic data) and atiendani maps and
documentation woold form: part of NIVS. To adapt to

e descriptions, ncluding those collected
under the auspices of the PNA Programie, include
assessments of abundance of each species in a given arca.
Some reconnaissance descriptions are asscciated with
permaneit plots, On all plot types site attibutes such ag
aliitode, slope and aspect have usvally been recorded,
Spatial locaticn coordinate data (recorded 10 the nearest
100 m) are present for ~95% and ~65% of the permanent
forest and grassland plots wespectively, for afl NFS and
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Ecosurvey plots, and for 80% of the reconmaissance
descriptions from reconnaissance and PNA surveys.

Currently the databank contains daia from ~10 000
permanent plots in forests, of which ~6500 are 20-m x
20-m plots, and of these, ~2100 {34%) have been
remeasured at Ieast once. There are data from 3800
permanent grassland transects [most follow methods of
Wraight {(1962)), and of these -390 (10%) have been
temeasred. Data collected under the auspices of NFS
and Ecosutvey comprise 14 000 plots. The databank also
contains data from ~52 000 recounaissance descriptions
(PNA Programme included); of these ~9000 (17%)
represent repeatl measurements, usually asseciated with
pennanent plots, Hard copies of data sheets completed
during field surveys and ancillary material such as maps
and aerial photographs showing plot locations are stored
in the herbarium (CHR) at Landcare Research, Lincoln.
Archiving hard copy as well as clecironic data s essential;
there are many unfortunate sicries of the loss of data
because of the dependence on elecironic media alene
(e.g., Michener ¢ ai., 1997}, Also, hard copies of data
sheets nommally contain information such as location
maps, thas is not compuierised.

For most data entry, checking, storage, analysis and
export, the NVS databank currently uses a computer
system designed in the 1980s and refined coxntinually
since. Most data are entered via REFLEX® (Borland
International, 1989), a database management systent. For
storage and analysis, data are converted 1o standardised
condensed formats of ASCH teat. Data of differsat types
(e.g., tree: diameters, sapling and seedling counts, species
composition) from the same survey are stored in files
having the same name, but different extensions. Such
condensed formats were required iz the 19803 when
¢lectronic storage space was limited, Programs for data
checking and analyses are written in FORTRAN (e.g.,
Hall, 1994a, b) and remain available for a norninal cost
from Landcare Research {see URL: www.landcare.cring/
science/uvs). These programs also allow export of
summarised datato other formats fe.g., suitable for analysis
by statistical pacl and ion analysis p
such as CANQCO (ter Braak and Stmilaver, 1998) and
TWINSPAN (Hill, 1979)]. Programs have been written in
SAS™ (SAS Institute, 1999) to readily manipulme and
combine these ASCII files, and to export and import data
to and from a wider renge of file types (e.g., MS-ACCESS,
MS-EXCEL, tab-delinited). A Microsoft Windows-based
platform for data entry ard management in a relationgk
database system is currently being developed. Electronic
files in the N'VS dntabank ase stored on a Digital Prioris HIX
200 MHz Pentium Pro serveeusing Novell Netware version
4.11 at Landcare Research, Lincoln. Back-ups are made
every night with a full back-up performed twice a week,
Monthly back-ups are stored in a fire- nd

Geographic and ecosystem coverage

Foresis and grasslands dominated by indigenous species
are well represented by permanent-plot data in the NVS
databank. Indigenous ecosystems that are either poorly
or 1ot represemted by permanent plots are subalping and
suecessional shrublands, freshwater and estuaring wetlands
and turés, Acressthetwomain islands, geographiccoverage
of permanent plots in indigenovs forests is widespread
bot patchy, with some areas well represented (e.g.,
Fiord!and, southern North Istand forests) and others poorly
wepresented {notably Northland, izland Taranaki and
north Westland) (Fig. 1). In general, upland areas are
better represented by permanent plots than are lowland
areas, The NVS databank also includes data from plots in
forests of the Chatham, Kermadec and Stewar: islands,
Grasslands in montane and alpine areas ars well represented
and coverage is strongest in wetter regions and on land
managed by DOC. Grasslands in drier regions of New
Zealand, especially the induced grasslands in the easter
South Iskand, are poorly represented, and no permanent plot
data are held for indigenous lowland and coastal prasslands,

Data from one-off surveys (¢.g., reconnaissance,
PNA, NFS) are mote comprehensive in geographic
coverage and the range of vegeation types sampled.
Omne-off surveys inckade ata fror coastal trfs to high-
altitode grasslands, and both woody and mon-woody
vegetation. Reconnalssance descriptions are concentrated.
on land administered by DOC, and in terms of absolute
mumbers there is geographic bias towards some areas
{e.g., Sonth Westland).

‘Temporal coverage

Most permanent plots in grasslands were established in the
1960s and 1970s and in forests in the 1970s and 1980s
(Fig. 2). With time, these dala comprised an increasing
proportion of plot remeasurement daia versus
establi data. Most i survey data were
collected in the 1970s and 19805, and FNA data in the
1980)s. Fewer plots are represented in the databank by data
from the 1990s, reflecting the lower level of data collection
during that decads {Fig. 2).

Permanent plots, especially those with a history of
measurement, can provide benchmarks against which to
assess Jong-cerm change in ecosystems (Bakker ef af,
1996}, The NS databank insd; secially
notable permanent-plot surveys from forests, These have an
average easurement span of 21 years (Table 2), Most used
similar methods, with plots systematically spaced along
randomly located transects, As such, they record the average
dynarnics andstand stryctuee of the catchiment, The databank
also holds daza from other notable permanent forest plot
netwerks, including data sets from the Crongotonge
Valley (Campbell, 1990) and the Hunua Ranges. These too
ha Jing histories of bur were: basexd

proof room in a separate building,

on different sampling regimes.
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Figure 1. Locations of plots for which data are stored in the NVS databank, and focation data is present, as of December 2000. These
are overlain on areas mapped as cither forest, scrub or mssock grassland by the Landcover Database (derived from a classification
of 8POT satellite imagery acquired in the summer of 1996/97) (a) North Tstand, {b) South and Stewart islands. Vartahle area plots,
NFS and Ecoservey plots are excluded.
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Table 2. Local nctworks of 20-m x 20-m plots ing indj forest catch baving data spanniog a1 least 14 years stored
in the NS databank and the mos recent measurement since 1992, Localitics of plotnetworks are ordered from north to sontk.
Locality Latitude, Longiude Number of plots Duration
Pironpia 37°59'8, 175°02°E 20 Z0years (1979-1999)
Okataina 38%08'S, 176°27E 36 17 years (1983-2000)
‘North Poreora 38°23'8, 175°35'E 28 18 years (1975-1993)
Eaimaawa 39°12'8, 175°59°E 30 18 years (1982-2000)
Kaweka 35°13'8, 176°25E 140 1+ yoars (1981-(1995-199%))
Ruahine (Pohangina Valley) 40°03'S, 176°02E 19 21 years (1975-1996)
Southem Tararua® 41971'8, 175°12E 12 22+ yoars (1975-{1996-1599)})
5 14 years (1985-1999)

Hurunui 42%43'S, 172°01'E 102 25+ years(1975-(2000-2001))
Kokatahi 42°57'8, 171962 22 23 years (1972-1995)
Whilcombe? 43705'S, 171°01 B 23 27 years (1972-1999)
Craigicburn® 43°10'8, 171°35'E 250 30 years {1970-2000)
Okarite® 43°13'3, 170°16E a2 14 years {1983-1997)
Arawata (Waipars) 44°15'S, 168°41E 4 29 years {1971-2000)
Kaipo 44°26'S, 167°53E 10 15 years {1584-1599)
Caples-Greenstone 44°55'S, 168°14E 38 22+ years {1976-(1997-2000
Murchisons 45°18'S, 167°38'E 5 29 years (1969-1998)

34 23 years (1975-1598)
Waitute 46°12'8, 167°04E 107 F9+ years (1978-(1507/1998))
Longwaod* 46°15'8, 167T°508 42 20+ years (1977-(1997/1938))
North east Stewart Istand 46°4T8, I67°59'E 23 24 years (1976-2000)
North Stewart Island 46°47'S, 168°00°E 47 18 years (1981-1959)
Bench Istand 46°54'S, 168°15E 5 20 years (1979-1999)

X=084 Average = 21 years

‘Tmost recently conducted by he Beparunent of CONSErvEGOR (of its contractors) except by: "Wellington Regional
Council; *Landeare Research (funded by FRSTY; *Timberlands West Coast (plots located o a grid within the catchment rather than

along randomly located “Wailats U

ly.

Note that the Ruahine and Tararua data sets are small subsets, remeasured in the 1990s, of very large (> 100 plot} surveys established
in the 19708 and 1980s. Likewise, the Murchisons data set s a subsetof 'k larger North Fiordland original data set from a survey

covering severat of the ranges of vorthem Fiordland.

FProgress in archiving new data

Efforis 1o procure copies of impoetant historical data sets
are ongoing. This is particularly important when people
retite or change jobs. At such times, Lifetime collections
of data are at risk of being lost or forgotten. Currently,
archival of new data focuses on types of data already
stored in the databank NVS lacks data from other widely
used methods, notably data from beight-frequency
transects {Scott, 1965; Dickinson ez al, 1992) and forest
transects (McKelvey and Cameron, 1958). Future efforts
will focus on incosporating these types of data, and data
from permanent plots with a notable history of
measurcment {¢.g., Calder and Wardle, 1969},

Where to go from here

The overall goal of the NVS k i3 to saf d

become more valuable with time, For this goal (o be
achieved, and 10 become a tmly national resource, the
NVS daiabank must be seen ag the logical place forlong-
term storage of vegetation data and the first pont-of-call
when such data are scupht (e.g., for design of menitoring
programmes and for information on vegetalion status).
Current barriers to achieving this goal, some real, others
perceived, include issues sutrounding rights of dara
users and providers, provision of adequate metadata to
interpret raw data, assurance of data quatity and
technological issues. These are detailed below.

Meeting needs of both data users and providers

As advences in technology have simplified storage and
transfer of efectronic data, issues of data access, ownership
and intellectual property rights have emerged wortdwide
(e.g., Frankel, 1999). The N¥S databank data-access

milliens of dollars worch of past investment in data and
thus facilitste knowledge gains from these data. The
unique time-series recosd from permanent plots and one-
off vegetation recerds from the past are imeplaccable and

policy has d 50 strike a balance between making
data freely available and protecting the zights of data
providers. The databank does not *own’ data; rather it
serves as an intermediary betweer data providers and
data users {cf. Nash, 1993). Data providers can set
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_~onditions of uge. Data users agree to a sct of obligationy
mmgovemusenfda’n%?,cmmmmm
of data to third parties etc.; see Appendix 1). Worldwide,
such agreaments arg becoming standand, particutarly for

large databanks,

Much of the data stored in the NVS databank (i.c.,
dala designated as nationally important} Hes in the public
domain. This includes most data cellected before 1987
{when DOC was formed), The policy of Landcare Research
regarding aceess to these data is atigned with the policy for
national databases and collections owned by Crown
Research Institutes. That policy was developed by the
Crown Company Monitoring Advisory Usit in 1996/97
and is designed to provide access (o these data for public
good or personal use, except where the access is clearly not
tothe benefitof New Zealand (Whitchouse, 1998), Requests
for public domain dzta can be met on the basis of cost of
supply (e.g., costs of downloading electronic archives,
determining any restrictions on distribution of data,
photocepying original data sheets). Costs may range from
nominal for simple queries to significant where
considerable manipulation of data is required. For private
2ood or commersial use other restrictions and costings
may apply; these are bandled on a case-by-case basis.

The NVS databank also stores data to which access
is restricted by the data provider {Appendix 1), There are
two levels of restriction, The first, and most common, is
that access is comingent on permission from the data
provider. Data providers may be individual researchers
or institutions {e.g., DOC). This restriction protects the
proprietary rights of data providess and is in accord with
the recommeadations of Nash (1993) that the generaling
researchen(s) o fafon(s} should control access to
their data. In meost cases this is formalised via a
memotandum of understanding with ihe data provider,
Access restrictions have been putin place because without
them many providers will not agree to store their data in
the NV§ databank. The second level of restriction is
reserved for confidential or commetcially sensitive data,
where the NVS databank fonctions as a data archive only.
Forindividual datasets, data access levels are periodically
reviewed, With time, and agreement of their owners, it is
expected that many currenily protected data sets will
move from restricted access into the public domain.

Preparing a dataset for deposit requires some effort to
ensure it is properly documenied, bard copies or ancillary
infortnation are available and the data are properly
organised, Clearly, there are advantages to being a data
user; less clear are the advantages to data providers. This
is a2 problem faced by databank projects worldwide, and
the solution is to have tangible rewards for data providers
{Porterand Catlahan, 1994), These coukt include provision
of resources by funding agencies or databank managers to
support technical services, such as data entry and quality
assurance, aliowing data providers preferential accass to a
databank and ensuring that data providers receive ac

recognition for their efforts (Porter and Callahan, 19943,
Recognition may incluide acknowledgement in
publications, collaboration and co-authorship of any
publications based on their data {or the right to publish a
disclaimer), and acknowledgement on the databank
website. In response 1o the cecognised lack of incentive for
data providers, the Ecological Society of America has
2dopted a policy to encourage publication of ‘data papers’,
Such papers emphasise the “collection, organisation,
synthesis and thorough docvmentation of data sets of
ecological value” (Pzet, 1998), The data will be stored in
Ecological Archives (Table 1). Providing better incentives
o data providers is an area that needs 1o be pursued to
promote archival of New Zealand vegetation data.

Metadata

Metadata ate the descriptive information about the data,
Comprehensive metadata should describe whar data are
stored, why and how they were collected, their quality,
their structure and storage medium and how they can be
accessed (Michener ef al., 1997; Michener, 1998).
Metadata are esseatial for 1wo primary reasons (Conley
and Brant, 1991; Stafford, 1993; Hale, 2000). First,
metadata provide the information required for long-term
use of a data set (Colwell, 1995). The importance of
mesadata 6 the NVS databank has become increasingly
apparent with the uneven financial suppert for databases,
loss of personmel and loss of institutional memory as a
result of the restrcturing of New Zealand science over
the last 20 years, Even without such events, good
documentation is required becamse of the difficulty of
remembering details about & research project that was
completed years ago (Fig. 3), Secondly, metadata allows
users to ensure their use of the datz is not heyond the
bounds of the questions that the data can answer
(Cheisenan, 1994). This is especially important when a
user is attempling to scale up point da to regional or
national spatial scales.

The types of meradata required for ecological
databases have been reviewed in numerous articles (e.g.,
Colwell, 1995; Michener 2 af, 1997; Hale, 2000).
Intemational standards exist for geospatial data [e.g., the
U.8, Spatial Diata Transfer Standard; Nationat Instirute of
Standards and Technology (1992)1 and taxonomic names
(e.g., Bishy, 1995), The rccently produced Biological
Data Profile (FGDC Biological Data Working Group and
USGS Biological Resources Division, 1599) incorporates
these standards and provides standards for other types of
metadata associated with biolegical data, such as data
collection methods and electronic data field content.
Michener ef af. (1997) suggested the major categories of

ol.hcr mfunnal.ion as a minimum, should include data set

nfthe study, h ob_]ccuves,
location}, msea:dl origin descri {&.g., site descri
pling design, p 1), data set statns and accessibility

(e.g., data quality assessment, conlact person, copyright
restrictions), data structural descriptors (.., foomat and
sterage mode, descriptions of variables), and supplerncntat
descriptors {location of data sheets and related materals
such as maps, history of data set usage),

Currently the NVS databank includes a database that
provides metadata for all individual data sets held
(summarised in Table 3). These metadata were infilally
published as a series of reports {e.g., Hall er af, 1991),
Since then, the electronic database has been updated
<ontinually. The storage of information in fields allows
easy searching of this database and ensures adequate
documentation of each data set. In 1999 a standard metadata
form for data previders te complete was produced to
ensure that adequate dnaxmemauon accompames all data
deposited in the NVS databank inft
#bout individual data sets resides in associatzd ext files,
‘These files also include records of corrections and changes.
made 0 electronic data files. Metadata for the actwal
variables stored in data sels [i.<., data structural descriptors
sensit Michener er al. (1997)] are provided in manuals
that describe the different standard data formats vsed
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Figure 2. The tamber of plot measurements in each decade for
which data are stored in the NVS databank. NFS and Ecosurvey
Pplots are not shawn. Summaries fer Qifferent types of data are
givenin -4, Thefilled portion of the bar indicates plots that were
first mezsured in that decade; the open portion indicates
remeaswrement of existing plots. Note different scales on the
vertical axes.

(e.g., Hall, 1994a, b). Metadata about individual plots
{e.g., grid reference, date sampled, altitude) are included
as part of the dara jiself or in an associated text fife if non-
standard methods were used.

Several key types of metadata have not traditionally
been stored in the NS databank, but should be in foturs
developments. These include methods used for
determining values of site vardables collected (e.g.,
whether grid references were determined from a Globak
Positioning, Systemn er read off a map), a record of the
personrel who collected the data, full references for
publications and rsports based on the data, and dates
when eiccironic files have been updated. Improving the
quality and breadth of metadata, particulaely for clder
daxz‘\_‘sels, isr_g‘pj:i.w.ﬁ\:y\fcr the NVS databank
Q

control

The sumber of new crrors entering a database can be
reduced by developing formal quality-control procedures
for adding, updating and editing data. It is essential to
temove errors befere analysis to preveat spurtous resulis
and misleading conclusions, Currently, some electronic
data in the NVS databank have not received the level of
checking desirable and this provides an ongoing challenge
for database managers and users.

‘When data are entered, efforts are made 1o ensure
that the data are as error-free as possible. Authority tables
are used 10 ensure that data, such as 6-letter codes for
species, are valid (e.g., Hall, 1994a). Validation pretocols
are used ro ensntre that data valnes f: Teasonable
limits {e.g., that tree diameters e not excessively large,
that the aspect for a plot does not exceed 360°). For the
most part, data stored is ‘raw’, i.2., exactly as recorded on
the data sheets. However, past effors to standardise data

Figure 3. How the information content of data and associated
metadata decays over tine. Reprinted with permission from
Michener et af. (1997).
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resulied in uniis being converied from imperial to metric
before the data were stored. In some cases this pives the
impression of higher levels of precision (e.g., “500 feel”
has become “152 metres”), Diagnostic tests have been
performed on different subsets of the ¢lectronic data to
sereen for errors, For example, tree diameter data were
recently examined for 7564 permanent plotsin indigenous
forests to determine whether tagged trees had plausible
rates of diameter growth.

Other types of emrors cannot be recopnised simply
by examining ¢xisting electronic data. For this reason we
conducted a test of data accuracy by remeasuring a set of

25 permancnt plots_in relatively- s Oniiane
AT S Whitcombe Valley, central Westland
(James ef af., 1973). As these plots had not been visited
in 19 years and accor in an area where high rainfall canses
frequent flooding and landslides, we anticipated that
relocation of plets and subplots would be difficolt. In
fact, all plots were successfully relocated. On average,
the locations as recorded on metric NZMS 260 serics
maps (1:50 000} were 130 horizontal metres from the
locatien originally recorded on imperial NZMS | series
maps (1:63 (00). Alrinude, aspect and slope data were
similar to those tgcorded in the past, although
measurements of aspect when slopes were < 3 proved
unrepeatable. In most plots, permanent markers for
seedling subplots were relocated readily using metal
detectors; on average 22 of 24 markers per plot wets
relocated. For permanently tagged stems having diameters
= 2,5 ¢m, species identifications were highly accurate;
only 1.6% of ¢. 2800 stems had been incormrectly identified
during the original survey. Taxonomic problems were
more cornon in seedling subplots, especially forsedges,
grasses and some ferns, Some problems resulted from
charges in taxonomic coacepts since the last
reeasurement and taxa such as Hymenophytum and
Eincinia only being identified to genus level in the past.
Some previcus identifications were suspect but ceuld not
be verified becavse we could not find that taxon on the
plot. Other errors arose because original tree tags had
been replaced with tags having different numbers; current
data formats do not distingnish retagged trees from
newly tagged ones.
Efforts are underway to improve quality control
Jures for the NVS databank, Auromated proced,

trained database administrator who has more than 10
years experience wotking with the NV$ databark and ns/"‘\
precursors. Errors found by data users and those who
curate the databank are corrected on the electronic files}
by the database administrator. Currently, data users tend=

1o find ervors and correct them on a copy of the file Lhaﬂ
they are using; only rarely are these corrections fed back é

3

into the master copy of the dataheld by the NVS da[ahank
Conversely, theseusers do not reap the benefits of ongoing
updates of the electronic datn.

Enhancing flexibility and wtility

Although the system meets most needs of the current
NVS databank users, it is now desirable to take advantage
of evolving technology to improve its capability and
flexibility. The technical solutions devised in the 1980s
anticipated many future develepments. With new
developments, the underlying strategy is o advance in
small steps that are driven by the needs of data providers
and users while reraining the flexibility to aliow future
developments that cannot be anticipated. To determine
optimal solutions to enhance the NVS databank, a
thomugh review of how vegelation and permanent plot
havebeen d d and implemented elsewh
in the world is underway. Each development of the NVS
databank will be preceded by a pilot project to ensure that
the funcsionality of the database is improved.

How is flexibility of a database best enhanced by
newdevelopments? Incontrast 1o bosiness data, scientific
data are often less structured and less formally organised,
and the needs of users a2 less prediciable (Hale, 1999).
Software wsed for databanks should provide maximuem
flexibility to import and export data and to allow access
via different piatforms [e.g., IBM, MacIntosh, Suzn
workstations; Porter {1998); Burley {(1898)], Many
ecological data archives require data to be stored as plain
ASCTI text (sometimnes called *flt files™) with cleaﬂy
defined formats. The of this were
by Colwell (1995} as: (i) ASCiTis platfonnqndependent,
{ii) ASCTI text can be read and written by 23l proprietary
software (2.8, selational database management systems,
spreadsheets, istical packages), wh directly
reading and writing between soffware systems is often
probl ic; and (i) ASCI offers the maximum

to allow longitedinal checks (e., comparisons with data
collected in the past) on permanest plot data at the time
of data entry ate being developed. Discrepancies arc
much easier to resolve when the people who collecied the
data can still remember what they did!? For permanent
plots, diserepancies that can only be resolved on-site at
the time of next remeasurement are now recorded in text
files which are retained with the original data sheets
(copies of which are given to data providers); these wilt
be given 1o the next remeaswenent ieam, To assuse data
integrity, write-aceess is currently restricted to a highly

flexibitity for structuring data. For some ecological
databanks, data cntry and guality control work s done
vsing a relational database management system, but data
are stered in ASCH text (e.g., Stafford, 1993).
Currently the NVS databank is going through a
major upgrade to increase its flexibility, improve
accessibitity of data and integrate it with other Landcare
Research darabases, The first goat is to facilitare storage
of data that do not fit imo the data structures currently
supported. This will require tajloring structures o
accommodate other widely used survey metheds {e.g.,
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“Table 3. Information stored in the metadata file in the NV'S databaok that describes individual data seis (modified from Hall esal.,

1591). Deseriptor classes foliow Michener ef al, (1997}

Descriplor Definit lanaticn
Class 1. Data sot descriplors
Survey pame Survey name and year data wers callected.

Class I. Research erigin descriptors -
overall and specific subproject descriptions

Organiser, organisation Thesurvey

iga i isation, goverament

department, institution e,

Department The department or conservancy that initiated the survey.

Aims ‘The rationale for the survey.

Vegetation “Type of vegetation sampled, ¢.g., forest, scrub, grassland.

Location Includes general location, specific tocation {catchment, hill, forest), Ecological
Region, Boological District, Ecological Code, DOC Censervancy, topographical
map code of the imperial NZMS 1 series or the metric NZMS 260 serics.

Survey method Deseribies whick of a set of standard sampling methods was used,

Modified Describes non-siandard sampling methods or bow standard methods were
modified.

Remeasure ‘Whether the survey Ly surveyed areas or plots. Previous

measurement years listed where nelr.vxm

No. lines, plot nnmbers

Number of lings and plots measured.

Exclosure Indicates whether the survey includes plots from animel exclosures.

Species information

Indicates what information was recorded about species (e.g., eccurence in

tiers, cover classes, stem density).

Site information
Plot goondinztes
Class TI. Data set status and accessibility
Coatact person
Access, access address and phone
BCTESS.
Class IV. Data structucat deseriptors

Indicates what site information was recorded {e.g., altitude, aspect, slope}.
Indicates whether grid coordinates were recorded on data sheets.

‘Whoever knpws most about the data at present.
Proprictary restrictions o use of data; contact details for permission for

Fije name and directory Name of computer file and directory where file resides,
Size (kb) Size of the computer files In kilobytes.
Dala entry Data enisy operator or data source if imported electronically.

Class V. Supplemental deseriptors
Data location
Box number
Missing plot shezts
Photocopy

Agency whers the original plot sheets or copies reside.

Box number where data sheets reside i the NS archive ar CHR.

Number of plot sheets not hekt at Landcare Research.

Describes whether data sheetsin the NVS archive are photocopies of originals,

and whether the quality is adequate.

File errors, species etrors, tnissing data,

wamings Summanes of resnlts Erom quamy control checks,

Cornections
c:hu:ks

ofecrors found during quality control

Aerial pholos, slides, soil reconds, bird records,  Indicates présence/absence of this type of irformation.

animal census, browse records, maps, location

diagrams on plot sheets

Repontsirefs The and year of any matesial genecated from
the data.

File distribution Deseribes who has been provided copies of computer £iles or data sheers and
when this was dooe,

Notes Any nforiation about the survey.

height-frequency data). For plots of standard types alteady
supperted, there is & need to accommodate ancillary
information such as additzonal site information {e.g., soit
chemistry data, GPS coordinates, topegraphic vanz.bles),
and more atributes of individual plants <d

Jecation of trees within a plot, presence of flowers, fraits
ard parasitic plants]. To allow storage of vegetation data
that do not fit into a standard format, an appreach such as
tha1 of Con.ley and Brunt (1991) is being adopted. They

plots [e.g., indices of browsing by introduced amma!s,
(Payton et al, 1999); individual tree heights, sparizl

a ised data structere (stored as ASCIT
text) that contains both the data and fall documentation
in one file that stands alone, The data can he extracted
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from such files with any text editor, then read into the
software system of choice (e.g., spreadsheet, statistical
package, graphics package).

‘The secend geal of the curent databank upgrade s

wsed 1o ensure that the substuntial investment of time spent
collecting, entering, correcting and managing biodiversiy
information is safegnarded for the future. For more
information: about the NVS databank see the internet site

10 enable data users to readily query the NVS databank
using sofiware systems of their choice, including
Geographic Information Systems (GIS), Over the next
yeat, the data are being restructured o enable just that,
Users will be able to access data with conventional
sofiware such as database, spreadsheet, statistical, or
graphics packages, with computer packages designed
specifically for the NVS databank (e.g., Hall, 1994a, &),
or specialised vegetation analysis software such as PC-
ORD {McCune and Meifford, 1999), CANOCO or
TWINSPAN. Conversion of spatial locatien data to a
range of forms is underway to increase the utility of the
data and facilitate interrogation with GIS.

The third goal is development of an internet sits to
facilitate acesss to information aboat the NVS databank
and to data stered there. Currently the site includes general
i ion about the databank, copies of data formats
used, copies of data colection manuals, data mequest and
deposit forms, and maps of plot locations. In the near
future the metadata will be available for guerying,
Eventually, we hope to have the plot data available as well,

The NVS databank is an invaluable source of point
data on vegetation composition and siructure, and there
are wide-ranging knowledge gaing 10 be made by
integrasing these data with other New Zealand databases
and sources of information. To date, this has been done
10 3 limited extent. GIS has been used to overday plot and
enimal distripution data to determine areas mest
susceptible 1o damage by exotic animals (e.g., Rose et al,
1994} and to model distributions of species in relation to
climate {e.g., Leathwick er a2, 1998). NVS data have
been linked to species-attribute information in the
Taxonomic Names Database held by Landcare Research,
to summarise point vegetation data in terms of plant
family membership and exotc or native status. Geo-
referenced pk data can also be used te verify other data
sources. Data from forest canopy gaps have been used to
verify canopy gap locations generated from digital
canopy-elevation models derived fromacrial photographs
{Betts et al, 2000). Vegetation data from which carbon
storage has been calculated have been linked to satellite
fmages to allow ground-trathing for ¢arbon menitoring
(Pairman ef al, 1999).

Concluding comment

Deta not only provide the foundarion for science, they will
increasingly provide the basis for many ef our management
decisions. As data acoumulate, there will be a critical need
to dardise, integ and di ii biodiversity
information — we me at the beginning of a revolation
{(Burley, 1998). Vehicles such as the NVS databank can be

www.land e ke divt fmvs. Queries about NVS can
be sent to nvs@landcare.orlne,

Acknowledgements

‘We thank Terty Savage for producing the maps, and Rob
Allen, Tan Payton, Cathy Allan, Tan Whitehouse, John
Leathwick, David Coomes, Michelle Breach and Christine
Bezar who all provided valuable comments on an earlier
version of the ipt, The NVS datak owes its
existence 1o many individuals whose efforts over the
years have allowed it to become what it is teday, These
efforts include, but are not limited to, the work done ro
stendardise methods, coliate and collect hard copies of
plot sheets and ancillary data, computerise data, develop
data checking and analysis routittes, and document
datasets. Some of the individuals who played a majer role
are: John Holloway, John Nicholls, Fohn Wardle, Gragme
Hall, Ian Payton, Martin Fastier, Shane Andreasend, Rob
Allen, Gracime Evans, Mac McLennan, John 1eathwick,
Shirley Chee, Npaiie Brenton and Michelle Breach,
Special thanks go to all those people who wore ot their
boots collecting data and those who have saved and
provided data to the databank. Financial suppon for the
prepavation of this paper was provided by the New
Zealand Foundation fer Research, Science and
Technology as part of contract CO9806,

References

Allen, R.B. 1992. RECCE - an invenrory method for
describing New Zeaiand vegetation. Forest Research
Institule Bulletin 176. Forest Research Institute,
Chrisichurch, N.Z.

Allen, RB. 1993. A permanent plot method for
monitoring changes in indig forests. Manaaki
‘Whenua - Landcare Research New Zealand Lid,
Christchuech, N.Z.

Allen, R.B.; Rose, AB.; Evans, G.R, 1983, Grasstand
survey manual: A permanent plot method, Forest
Research Institute Bulletin 43. Forest Research
Institute, Christchurch, N.Z.

Anon., 1926. The New Zealand official year-book.
Government Pricter, Wellington, N.Z.

Arand, J.; Glenny, Dn. 1990. Mathias and Mt Hunt
Eeological Disrricts. Protected Natural Areas
Frogramme Survey Report No. £2. Department of
Consetvation, Wellington, N.Z.

Atkinson, LA.E. 1975. A method for pesmanent transects
in vegetation. Tuatara 21; §1-91.

14 NEW ZEALAND JOURNAL OF ECOLOGY, VOL. 25, NQ. 2, 2001

Balkdker, I; OHF, H.; Willems, J.H.; Zobel, M. 1996. Why
do we need permanent plots in the sudy of long-
termn vegetation dynamics? Joumal of Vegetation
Science 71 147-156.

Batcheler, C.L.; Craib, D.G. 1985. A variable arga plot
method for assessment of forest condition and trend.
New Zealand Journal of Ecology 8: 83-96.

Bellingham, P.1, 1996, Surveys and monitoring of
vegetation. Landcare Research Contract Repost
LL£9596/026 for the Drepartmem of Conservation,
Landeare Research, Linccln, N.Z,

Bellingham, P.J.; Stewart, G.H.; Allen, R.B, 1999, Tree
species richness and turnover throughour New
Zealaad forests. Journal of Vegetation Science 10:
825-832. .

Beliingham, P.J.; Wiser, S.K.; Coomes, D.A,;
Dunningham, A. 2000. A review of permanent plots
for long-term menitering of New Zealand’s
indigenous foresss. Science for Conservaton 151,
Department of Conservation, Wellington, N.Z.

Betts, H.; Brows, L.; Stewart, G.H. 2000. Mapping canopy
Baps ir heech forest from # digital clevation model Jn:
I Southern Connection Congress, Programme and
Abstracts, p. 21, Lincoln University, Canterbury, N. Z.

Bisby, F. 1995. Plant names in botanical databases. Plant

[ Taxonomic Database Standards No. 3. Hunt Instimts
for Botanical Documentation, Pittsburgh, U.5.A.

Borland International Inc. 1989. REFLEX® 2.0. Borland
International Ing, Scoits Valley, California, U.S.A.

Brumt, 1. W. 1994, Research dasa management in ecology:
A practical approach for leng-term projects. In:
French, J.C.; Hinterberger, H, (Editots), Seventh
international working conference on sciemtific and

wtistical datab g pp. 272-275.1EEE
Computer Society Press, Washington, D.C., U.S.A.

Burley. k. 1998, Joining the revolution: A strategy for the
standardization, integration and dissemination of
biodiversity information - as @ prospective model
Jor the management of other kinds af environmental
information. Manaakt Whema - Landcare Resequch,
Lincoln, N.Z.

Calder, LW.; Wardle, P. 1969. Succession in subalpine
vegetation at Asthur’s Pass, New Zealand,
Proceedings of the New Zedland Eeclogical Society
16: 36-47.

Campbell, D.J. 1990, Changes in structurz and
composition of a New Zealand lowland forest
inhabited by brushtail possums. Pacific Science 44
277-296.

Chrisman, N.R. 1994, Metadata requised to determine
the fitmess of spatial data for use in environmentat
analysis, Ir: Michener, W.K.; Brunt, 1. W.;
Stafford, S§.G. (Editors), Envirenmental
information wmanagement uand analysis:
Ecosystems to global seales, pp. 177-190. Taylor
& Francis, London, UK.

Cockayne, L. 1899, A skeich of the plant geography of the
‘Waimakariri River basia, considered chiefly from an
vecological poini of view, Transections and
FProceedings of the New Zealand Institute 32: 95-136,

Cockayne, L. 1928. The vegetation of New Zealand,
Second edition. Engelmann, Leipzig, Germany.

Cockayne, L.; Calder, LW, 1932. The present vegetation
of Arthur's Pass {(New Zealand) as compared with
that of thirty-four years ago. Journal of Ecology 20!
270-283.

Colwell, R.K. 1995. Ecologicat Society of Americaspecial

ittee on ESA c« ications in the electronic
age. Bulletin of the Ecological Society of America
76: 120-131,

Conley, W.; Bruns, JLW. 1991, An institute for thecretical
ecology? Pam V: Practical data management for
cross-site analysis azrd synthesis of ecological
information. Coenoses 6: 173-180.

bickinson, K.JM,; Mark, AF.; Lee, W.G. 1992, Long-
term monitoring of non-forest communities for
biological conservation. NMew Zealand Journal of
Borany 30: 163-179,

FGDC Biological DataWorking Groupand USGS Biological
Resources Division. 1999. Content standardfor digital
geospatial metadaia - biological daa profile, FGDC-
STD-001,1-1999, Federat Geographic DataCornmittes,
Washington, D.C., U.S.A.

Forest R h Insti 1989, Datab Jor New
Zealand's indigenous vegetation, Whar's New in
Farest Research 175. Forest Research Ingtitute,
Rotorua, N.Z.

Frankel, M.S. 1999. Public access to data. Scigrice
283:1114.

Hale, 8.5, 1999, How te manage data badly (part 1).
Builetin of the Ecological Seciety of America 80¢
265-268.

Hale, 8.5. 2000. How 10 manage data badly (part2), Bulletin
of the Ecological Society of America 81:101-103,

Hall, GM.J. 1994a. PC.DIAM: Stem diameter analysis,
Landcare Research, Auckland, N.Z.

Hall, G.M.J, 1994b, PC-USTOREY: Seedling and sapling
data analysis, Landcare Research, Auckland, N.Z,

Hall, G.; Allen, R, 1985. Reconnaissance vegetation
survey programs, Forest Research Institute Bulletin
88. Forest R h Isstitute, Chri NZ.

Hall, G.M.J.; Payeon, I; Burrows, L.; Fastier, M.;
Andreasend, S. 1991, National Indigenous
Veg Survey datab Daabase directories.
Forest Research Institute contract report FWE 91/
16, prepared for the Department of Conservation,
Forest R h Insti Chri NZ

Hall, G.M.I.; Wiser, S.K.; Allea, RB.: Beets, P.N,;
Goulding, C.J. 2001. Strategies to estimate national
carbon biomass from forest inventory data: The
1990 New Zealand baseline, (oba! Change Biology
7: 389-403.




WISER ET AL: MANAGING BIODIVERSITY INFORMATION

Hill, M.O. 1979. TWINSPAN. A FORTRAN program for
arranging multivariate data in an ordered two-way
table by classificarion of the individuals and
attributes. Section of Ecology and Systemalics,
Cornell University, Ithaca, N.Y., U.S.A.

Holloway, J.T. 1954, Forests and climate in the South
Island of New Zealand, Transactions of the Roval
Soctery of New Zealand 82: 329-410).

Holloway, J.T.; Wendzelken, W.J. 1957. Some unusual
features of sample plot design. New Zealand Journal
of Forestry 7: T1-83.

James, 1L.; Jane, G.; Bar, C. 1973, The forests and sub-
alpine shrublands of the Hokitika catchment, Forest
and Range Experiment Station, Protection Forestry
Division Report 116, Forest Range and Experiment
Station, Rangiora, N.Z.

Kelly, G.C. 1972, Scenic reserves of Canterbury,
Biological Survey of Reserves Report 2, Botany
Division, Departtnent of Scientific and Tndustrial
Research, Wellington, N.Z.

Kelsey, 1. 1997, The New Zealand experiment - a world
model for structural adjustment, Auckland
University Press, Auckland, N.Z,

Leathwick, J.R.; Burns, B.R.; Clarkson, B.ID. 1998,
Environmental correlates of tree alpha-diversity in
New Zealand primacy forests. Ecography 31: 235-246,

Mark, AF; Baylis, G.T.5,; Dickinson, KJM, 1991,
Monitoting the impacts of deer on vap!

forthe ecological sciences, Ecological Applications
7: 330-342.

Michener, W.K. 1998, Ecological metadata. In; Michener,
W.K.; Porter, L.H.; Stafford, 5.G. (Editors). Data
and information £ in the lagical
sciences: A resource guide, pp. 47-51, Long Term
Ecological Research Network Office, University of
New Mexico, Albuquerqus, New Mexico, U.S.A.

Mueller-Dombois, D.; Ellenberg, H, 1974, Aims and
methods of vegetation ecology. John Wiley & Sons,
New York, US.A.

Myers, 5.C.; Park, G.N.; Qvermars, F.B. 1987. The New
Zealand Protected Natural Areas Programme - o

idebook for the rapid ecological survey of natural
areas New Zealand Biological Resources Centre
Publication No. 6. Department of Conservation,
Wellington, N.Z.

Nash, 1.E, 1993. Ownership and outreach: A model for
administration of shared data. Annals of the Missouri
Botanical Garden 50: 304-308.

National Institute of Standards and Technology. 1952,
Spatial date transfer standard (Federal
Information Processing Standard 173). National
Institute of Standards and Technelogy,
Gaithersburg, Maryland, U.S.A,

Nicholls, I.L. 1576. A revised classification of the Notth
Island indigenous foresis. New Zealand Jfournal of
Forestry, 21 105-132,

conditien of Secsetary Island, Fiordland National
Park, New Zealand: A clear case for deer contrel and
ecofogical restoration. Journal of the Royal Seciety
af New Zealand 21: 43-54,

Masters, §.E.; Holloway, 1.T.; McKelvey, P.J. 1957. The
national forest survey of New Zealand, 1955, New
Zealand Forgst Service, Wellingron, N.Z.

McCune, B.; Mefford, MLT. 1999. PC-ORD. Multivariate

self- thmmng telationships of mountain beech and

red pme Ecology 74: 1020-1032,

SN Bellin 51909 VegEiT
1denu.ﬁcal:|0n and biomass estimation vsing AIRSAR
data. Geocarte International 14: 67-75.

Payton, 1.3; Hall, G.; Burrows, L.; Hunt, J. 1988,

analysisofecological dara, Version 4. MjM Software
Design, Gleneden Beach, Oregon, U.S.A.
McKelvey, P.J. 1963. The synecology of the West Taupe
indigencus forests. New Zealand Science Bulletin
4. Government Printer, Wellington, N.Z.
McKelvey, P.J. 1984. Provisional classification of South
Island virgin indigenous forests, New Zealand
Journal of Ferestry Science 14: 151-178,
McKelvey, P.J. 1995, Steeplond forests, Canterbury
Univemsity Press, Christchurch, N2,
McKatvey, PJ.; Cameron, R.J. 1938, Design for 2 forest
study. New Zealand Journal of Forestry 7: 116-F22,
Meurk, C.I».; Buxton, R.P. 1991. A New Zealand register
af permanent vegetation plots. Department of
Scientific and Industrial Research Land Resources,
Christchurch, contrace report 93/35, prepared for the
Departroent of Conservation, Department of Scientific
and Industrial Research, Christchurch, N.Z.
Michener, W.K.; Brunt, 1. W.; Helly, I.J; Kirchner,
T.B.; Stafferd, 5.G. 1997. Nongeospatial metadata

Cercblich of a jon survey datab i
progress report, 1987/88. Forest Research Institute
report prepared for the Department of Conservation.
Forest Research Instituie, Christchurch, N.Z.

Payton, LI,; Pekelbacing, C.I.; Frampten, CM, 1999,
Foliar browse index: A method for monitoring
possum {Trichosurus wulpeculs) damage to plant
species and forest communities, Manaaki Whemua -
Landcare Research, Lincoln, N.Z.

Peet, RK. 1998, ESA journals: Evelution and
revolution. Bullefin of the Eceological Society of
America 79; 177181,

Porter, I.H. 1998. Scieatific databases for environmental
research. fn; Michener, W.K_; Porter, L. H.; Stafford,
S.G. (Editors), Data and information management
i the ecological sciences! A resource guide, pp. 41-
46. Long Term Ecological Research Network Office,
University of New Mexico, Albuguerque, New
Mexico, U.S.A.

Porter, 1H.; Caliahan, J.T. 1994, Circomventing a
dilemma; Historical approaches to data sharing in

5w A Allen, R, 1993 .‘Anomemmeonrexpl'aiﬁf"““j}
J

EY

%

J€‘

o

16 NEW ZEALAND JOURNAL OF ECOLOGY, VOL. 25, NO. 2, 2001

ecological research. fir: Michener, W.K.; Brunt,
J.W.; Stafford, 8.G. (Editors), Ervirenmenial
information management and analysis! Ecosystems
to giobal scales, pp. 193-202. Taylor & Francis,
London, UK.

Rose, A.B.; Wiser, 5.K.; Platt, K.H. 1994, Forest
suscapublhly to browsing by possems. Rose, A B,
(Editor), A review gf ond p abie
species in Nelson/Marlborough Conservancy, pp. 8-
21. Landcare Research Contract Report LC9394/119.
Landcars Research, Blenheim, N.Z.

SAS Imstitute, 1599. The SAS system for Windows,
release 8.00. SAS Institute, Cary, Noth Carolina,
US.A

Scott, D. 1965. A height frequency method for sampling.
tssock and shrub vegetation. New Zealand Journal
of Botany 3: 253-260,

Scott, D. 1993, Time segment analysis of perrmanent
quadrat data: Changes in Hieracium covet in the
Waimakariti in 35 years. New Zealand Journal of
Ecology I'7: 53-57.

Smale, M.C.,; Hall, GM.I.; Gardner, R.0. 1995, Dynamics
of kanuka (Kunzea ericoides) forest on Scuth Kaipara
Spit, New Zealand, al the impact of fallow deer
{Dama dama), New Zealand fournal of Ecology 19:
131-141,

Stafford, 5.G. 1993. Data, data everywhere but not abyte
to read: Managmg monitoring information.

itoring and A 26:

1125-141,

ter Braak, C.JF.; Smilauer, P. 1998, CANGCO reference
il n:md user’s guide 10 Canaco Jor Wmdows
Software for Co ical C ity Ord
{version 4}, Microcomputer Power, Ithaca, New
York, US.A.

Thomson, AP. 1946. Design for a forest survey, New
Zealand Journal of Foresiry 5: 191-189,

‘Wardle, LA, 1970, The ecology of Nothofagus solandri.
2. The associations. New Zealand Journal of Bolary
& 532-570

Wardle, 1.; Guast, R. 1977. Porests of the Waitaki and
Lake Hawea caichment. New Zealand Jouwrnal of
Forestry Science 7: 44-67.

Webster, B, 1994. Vegetation monitoring - Landcorp
Property Ltd pr and data, In; Proy
of the 1994 New Zealand Conference on Sustainable
Land Management, pp 192-198. Lincoln University,
Canterbury, N.Z.

‘Whitehouse, 1. 1998, Science database and collection
issues: Oceans of data, vulnerable collections, and
terubytes of power. Ministry of Research, Science
and Technology, Wellington, N.Z,

‘Wilson, HD, 1987. Vegetaticn of Stewart Isiand, New
Zealand. New Zealand Journal of Borany
Supplement: 1-80.

Wiser, 5.K.; Allen, R.B.; Clinton, P.W.; Platt, K.H. 1998,
Community stractuse and forest invasion by an
exotic herb over 23 years. Ecology 79: 2071-2081.

Wiser, S.K.; Rose, AB. 1997, Two permanent plor
methods for monitering changes in grasslands: A
Jfreld manual, Manaaki Whenua Press, Lincoln, N.Z.

Wraight, M.J, 1962, Methods of measurement of alpine
grassland, In: Methods of measuring plant
communities: Report of a seminar held ar Cass on
16-18 Ocrober [1962] under the auspices of the New
Zealand Institute of Agricultural Science with the
co-operation of the Botany Department, University
of Canterbury, pp 15-23. New Zealand Institute of
Agriculiural Scigece, Wellingion, N.Z.




WISER ET AL: MANAGING BIODIVERSITY INFORMATION 17

Appendix 1.

NVS Protocol

Purpose of the National Vegetation Survey (NVS) Databank

‘The goal is to develop NVS as New Zealand's prime repositery for ecologica daia on vegeiation structire and composition, and

specifically:

1, to enbance acchivat data storage of nationally important datasets;

2. toenhznce availability of archived data to users, while protecting the interests of data suppliers;

3 and to encourage users of stored data to provide some berefit which enhances NS as an in-kind contrivution.

Protocol ler Data Depositlon and Sternge In NVS

4. Hard copies of data, ¢k pies where avail and d ion about the data should be provided.

3. No costs will be associated with data deposit, stotage and retrieval by the provider.

6. Landcare Research will nol normally purchase data for inclusion in NVS,
Tssues of ownership of, and access o, data are of concem to data providers. Specifi itions regarding issues of ip
and access will be clearly definedina b of Und: ing berween Landcare Research (as curators and custodians
of NVS data} and providers (as pec the attached Agreement on Confidential Disclosure of Information and Memorandum of
Understanding). All data sets provided witl be assigned one of the access ievels listed below in constzltation with Landeans

Levels of Proprietary Ownership
Level I (Open D ) No limitation on availability of data, ‘The provider puts eo conditions on use of the data;
Level 2 {Conditional Ds Theexi f these data will be shown on data listings, butuseis restricted by the provider,

‘Wrillen approval must be obtained from the provider before data will be supplied;
Level 3 (Reserved Datasets) Confidential or commercially sensitive (the exisience of data will not be advertised; they will
be archived in NVS predominantly for &ata security).

Protocol for Data Use

4, D ¢in NV5 hasdeopy and/or ic files. pysight jectloLicence A by any party.
Licensed users of NVS data may not use the data for any prrpose other than the purpose specificd m the Licence Agreement, or
subsequently agreed in writing between Landeare Research and the Licersee.

9. Licensed users of NVS data mMay ot pass this information ko any other party ia any form unless this useis specifically provided
for in the Licence Agreement, or sebsequently agrecd in writing between Landeare Research and the Licensee.

19, Data are provided on a single-use hasis unless otherwise nogotialed.

11. Modification or addition of ancillacy data does not confer ownership of the original data to the nser,

Cost of Data Retrieval

12. Costs of dala handling (e.g., retricval, copying, analysis} must be me by the user.

Acknowledgements

13, A clear acknowledgement of NVS as a data source must appear in asty products (c.g., poblications, unpublished reports) in the
following terms:
We <or U name> ack dge the use of data <or other information> drawn from the Natlonal Vegetation
Survey Databank (NVS).
Additional acknowledgement of the original collector or organisation may also be necessary as a condition of use,

Data Accaracy

14. Landcare Research attempts 1o hold the most up-to-date and complele copies of data in NVS, but does net guarantce That aH data

free, Users arc ged to furnish copies of updaled or cerrected data or plot remeasurement data within'a sensible

tine frame for the purpose of updating records.

User Lists

15. Landeare Research will maintain a log of data users for reporting purposes (¢.g., to Public Goed Science Fund). [nformaticn pa
otber users of regnested data may be provided at cost and o the extent ajlowed by Licence Agresments.

Last updated 14 Jun 2000






