
Computerization of records in natural his-
tory collections is still in a long way from com-
pletion, and even when accessing collection
data that are computerized, navigating the
computer interfaces can be awkward without
adequate guidance. Management of collec-
tions also varies greatly from site to site, often
making retrieval of information a complicated
process. Retrieval and access of specimen data
will be necessary to objectively evaluate cur-
rent inventory and monitoring efforts of our
biological resources in the near future. Thus,
our objectives in this study were to locate,
compile, and organize specimen records orig-
inating within and around 14 national parks
throughout the northeastern United States.
(Table 1). We used a variety of strategies and
techniques to search natural history collec-
tions for four different taxa in three vertebrate
groups (mammals, birds, and reptiles and
amphibians) and vascular plants. We devel-
oped procedures for assembling collection
records into one of four locality categories in a
manner that established a database of histori-
cal diversity for the National Park Service
(NPS) at increasing scales, from within park
boundaries to outside park boundaries at

county and state scales.

Methods
We obtained information about vertebrate

(except fish) and vascular plant natural history
collections by first searching two web-accessi-
ble databases of natural history collections:
the Index Herbariorum (IH; www.nybg.
org/bsci/ih/ih.html) and the Directory of
Research Systematics Collections (DRSC;
www.nbii.gov/datainfo/syscollect/drsc/). We
also sent out requests for information about
collections to several e-mail listservs (TWS-L,
NHCOLL-L, ORNITH-L) and obtained a
list of museum contacts from John Karish
(NPS, Philadelphia Support Office) from a
similar project. Additional collection informa-
tion was found by searching web sites of
regional biology departments.

We mailed requests for data to 274 collec-
tion managers curating 299 natural history
collections and 8 state natural heritage pro-
grams. We specifically requested data for
specimens originating within the 14 north-
eastern national parks. Information about nat-
ural history collections was recorded in a
Microsoft Access 2000 database. Collection
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Introduction
Natural history collections are the fundamental source for understanding and interpreting

biodiversity, but their value is unappreciated and poorly supported (Cotterill 1995). An impor-
tant but often overlooked component of this information is the efficient retrieval and compilation
of records available. Museums and herbaria have not done a good job of marketing their
resources and services (Alberch 1993), and, as a result, the initial appeal and application of their
data are limited. In fact, specimens in museums and herbaria are an enigma to many outside the
museum environment because the information is often difficult to access. Furthermore, analyses
using only partial datasets may provide results different from those obtained from a full comple-
ment of records. For example, in the use of butterfly lists to make biodiversity comparisons in
Oregon, less than half of the dataset was used because only that portion was computerized
(Fagan and Kareiva 1997).



information was separated by taxa (e.g.,
Cornell University Museum of Vertebrates
ornithology collection) where taxa-specific
data were available. Information such as size of
collection, percentage computerized, contact
person and address, web address, and notes
about the collections were recorded. We
determined that much of the information pro-
vided in the two natural history collection
databases were out of date; therefore, we
checked contact information for all institu-
tions through web sites or by contacting insti-
tutions directly and updated information as
necessary.

To reduce search time and increase the
number of responses from institutions, we
broadened search criteria to county-wide
locality requests. This approach also had the
benefit of including locations that were mis-
spelled or used historic names. We sent insti-
tutions a list of parks and localities by state
and county. We requested that the following
data fields be provided: park name, taxonom-
ic name, common name, catalogue number,
accession number, condition of specimen, col-
lector’s name, date of collection, locality infor-

mation, latitude–longitude, and comments.
We e-mailed follow-up requests for data to
177 collection managers who did not respond
within six weeks of the initial request for data.
We logged responses into the collection data-
base as they were received. We established two
databases: one in Microsoft Access for collec-
tions, and the other in Microsoft Excel for
specimen records we located.

Results
We received a 70% response rate form the

curators we queried and tallied information
from 78 collections. We assembled 31,110
specimen records (30,833 categorized 1–4 by
locality; Table 2) of which 4,745 (15%) are
from within park boundaries (category 1) and
an additional 4,552 (15%) may be from with-
in park boundaries (category 2), but for which
we do not have enough information to deter-
mine their exact location. We gathered the
most specimen records for plants, followed by
birds, mammals, and amphibians and reptiles.
Within the four taxa, specimens comprised
260 families, 909 genera, and 2,055
species/species hybrids. Plant specimens rep-
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Table 1. National parks searched for vertebrate and vascular plant voucher specimens. 

National Park (Code)
State(s) Size (Ac) Year Est.

   Acadia National Park (ACAD) ME 46,784 1916
   Marsh-Billings-Rockefeller National Historical Park
(MABI)

VT 555 1992

   Minute Man National Historical Park (MIMA) MA 967 1959
   Morristown National Historical Park (MORR) NJ 1,685 1933
   Roosevelt-Vanderbilt National Historic Site
(ROVA)1

NY 683 1940

   Saint-Gaudens National Historic Site (SAGA) NH 150 1964
   Saugus Iron Works National Historic Site (SAIR) MA 9 1968
   Saratoga National Historical Park (SARA) NY 3,406 1938
   Weir Farm National Historic Site (WEFA) CT 60 1990
   Assateague Island National Seashore (ASIS) MD 39,732 1965
   Cape Cod National Seashore (CACO) MA 43,604 1961
   Fire Island National Seashore (FIIS) NY 19,580 1981
   Gateway National Recreation Area (GATE) NY, NJ 26,610 1972
   Sagamore Hill National Historic Site (SAHI) NY 83 1963
1 ROVA was consolidated from Eleanor Roosevelt National Historic Site (ELRO, est. 1977, 181 ac), Home of Franklin
D.Roosevelt National Historic Site (HOFR, est. 1945, 290 ac) and, Vanderbilt Mansion National Historic Site (VAMA,
est. 1940, 212 ac).



resented the highest diversity of taxa with the
greatest number of categories from
species/species hybrids to families and genera.
More than one-third of all records were from
Acadia National Park, the largest and oldest
park in this study. Acadia also had the most
category 1 and 2 specimens (4,615) followed
by Cape Cod National Seashore (2,180). We
were unable to corroborate taxonomic identi-
fication due to time constraints. Most transfers
of specimens to other institutions were cata-
logued as accessions, but in some cases dis-
posal of specimens was not recorded.

The software EstimateS 6 (Colwell 2001)
generated estimates of species richness for
plant diversity at Acadia (Figure 1) using sev-
eral different estimators (and functions).

Discussion
The staff of most natural history collec-

tions were unable to search records them-
selves because of the lack of time and
resources to fulfill such requests, which
understandably places the responsibility of
searching upon the organization requesting
the data. To conduct efficient manual search-
es, we offer several recommendations.

Preparation is the key. Knowledge of the his-
toric names for the localities for which you are
searching will be helpful in identifying rele-
vant specimens. In addition, lists of potential
species for a region can help narrow the
search field, although care must be taken not
to exclude rare, extinct, and vagrant species.

Efficiency in searching is also important.
We suggest searching specimen tags if the col-
lection is divided by locality. In most large col-
lections, specimens were divided regionally
into separate folders (for plants) or trays (for
vertebrates). Although size alone can make the
largest collections overwhelming, they often
were the easiest to search because they pos-
sessed enough specimens to be divided into
smaller discrete geographic regions. Smaller
collections tended to be divided into local
specimens, the rest of North America, and for-
eign specimens, thus requiring searching
most, if not all, specimens. Searching speci-
men tags can be tedious, but has the advantage
of having updated taxonomy and the assur-
ance that specimens are still in the collection.
Tags are often very difficult to read, particular-
ly for vertebrate specimens with small tags and
old writing. Additionally, handling specimens
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Number of specimen records1

Park
code Category 1 Category 2 Category 3 Category 4

Total (%)2

ACAD 3,392 1,223 7,739 149 12,503 (40.6)
MABI 1 199 273 20 493 (1.6)
MIMA 72 408 1,797 78 2,355 (7.6)
MORR 0 119 905 46 1070 (3.5)
ROVA 237 4 251 485 977 (3.2)
SAGA 0 10 102 19 131 (0.4)
SAIR 0 17 722 0 739 (2.4)
SARA 180 6 115 423 724 (2.3)
WEFA 12 15 983 8 1,018 (3.3)
ASIS 471 1 197 3 672 (2.2)
CACO 186 1,994 1,806 6 3,992 (12.9)
FIIS 109 276 4,026 0 4,411 (14.3)
GATE 30 277 1,107 75 1,489 (4.8)
SAHI 55 3 201 0 259 (0.8)

Total (%) 4,745 (15.4) 4,552 (14.8) 20,224 (65.6) 1,312 (4.3) 30,833
1 Category 1 = within park boundaries, 2 = may be within park boundaries, 3 = in county, 4 = in state.
2 Totals are reduced by 277 specimens (0.89%), because we were unable to identify current locality based on a
   historic place name, there were discrepancies in the locality data, or they could not be assigned to any one park.

Table 2. The number of specimen records received in each proximity category for all parks.



degrades them and may be irritating to the
searcher because of harsh chemicals (i.e.,
arsenic) that may have been used for their
preservation. Searching by catalogue is much
faster, but data are less reliable and taxonomic
updates are not usually made to catalogue
entries. If time permits, we recommend
searching catalogues, then checking and refer-
encing those records against specimens in the
collection. Ultimately, every collection is man-
aged differently, which will affect the search
strategy. Flexibility in search strategy is impor-
tant for determining the best method to search
for specimens at a particular site.

Natural history specimens originating
from NPS lands acquired prior to 1984, and
stored in a non-NPS repository, typically are
not catalogued in the NPS national catalogue
and are not tracked (i.e., on loan from NPS to
non-NPS institutions). A 1984 regulation
requires that specimens collected in parks and
permanently retained in collections (even in
non-NPS facilities) be catalogued into the

NPS national catalogue. Although most NPS
natural history catalogue records are now
recorded in the NPS Automated National
Catalog System (ANCS+), catalogue records
created prior to 1987, when the automated
system began, continue to be input into
ANCS+, a project the NPS expects to com-
plete within the next two years. Most collec-
tions we searched were in non-NPS reposito-
ries in an attempt to locate records unknown
to the NPS. In a few cases, we also searched
institutions considered NPS repositories as
part of our overall effort to compile all avail-
able specimen records. For example, the
College of the Atlantic in Maine maintains the
herbarium collection from Acadia National
Park and serves as an official NPS repository
and, as such, has records recorded both local-
ly and in ANCS+. The herbarium is on loan
from the park.

Natural history specimens originating
from NPS lands and acquired prior to 1984
typically are not catalogued in the NPS
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Figure 1.  Plant species diversity for Acadia National Park plotting the number of voucher
specimens identified (category 1 & 2) using the program EstimateS 6. Results are based
on actual observations (Sobs) and eight numerical estimators. A detailed description of
individual estimators is in Colwell 2001. 



national catalogue and are not tracked (e.g.,
those on loan from NPS to non-NPS institu-
tions). A 1984 regulation requires that speci-
mens collected in parks and permanently
retained in collections (even in non-NPS facil-
ities) be catalogued into the NPS national cat-
alogue. Although most NPS natural history
catalogue records are now recorded in the
ANCS+, data acquired prior to 1984 continue
to be input into ANCS+, a project that NPS
expects to complete within the next two years.
Most collections we searched were in non-
NPS repositories in an attempt to locate
records unknown to NPS. In a few cases, we
also searched institutions considered to be
NPS repositories as part of our overall effort to
compile all available specimen records. For
example, the College of the Atlantic in Maine
maintains the herbarium collection from
Acadia National Park and serves as an official
NPS repository and, as such, has records
recorded both locally and in ANCS+.

Given the volume of information, we did
not error-check data, assuming correct identi-
fication of specimens with accurate support-
ing information. Given that taxonomic revi-
sions occur frequently, verification of identity
may be necessary. Furthermore, data such as
locality or date can lack specific information
or be missing, particularly for older speci-
mens. Locality names can change over time
and historic names need to be checked to
ensure compatibility between the past and
current locations. Despite these limitations,
these data are useful as a set of tools for
exploring changes in biodiversity, especially
when records date back over a century or
more.

Estimation of species richness has become
an important topic in community ecology and
monitoring (Cam et al. 2002) and is an impor-
tant component of evaluating biodiversity
(Colwell and Coddington 1994). Species
accumulation curves (Soberon and Llorente
1993) have been used to estimate species
diversity, but the use of phenomenological
models to plot species accumulation data has
been criticized because there is no mechanis-
tic basis to correct for sampling effort (Fagan
and Kareiva 1997; Cam et al 2002). The

EstimateS 6 program is vulnerable to the crit-
icisms posed above. However, plotting the
relationship of the number of voucher speci-
men records against the number of species
identified in these records can be a useful
exploratory tool to view the “thoroughness”
of sampling conducted in an area and com-
pare sampling across regions (Fagan and
Kareiva 1997) or, in this case, park units.

For parks such as Acadia with intensive
sampling over several decades, voucher speci-
mens records may provide species richness
estimates that are nearly asymptotic for true
species diversity. Recent statistical proce-
dures, such as the information-theoretic
approach (Burnham and Andersen 1998), can
provide further objectivity in selecting a par-
ticular estimator (and function) to determine
the accuracy of species accumulation data,
assuming a reasonable a priori model set
(Cam et al. 2002). Additionally, techniques for
estimating species richness that are preferred
over the function-fitting approach employed
by EstimateS 6 (Cam et al. 2002) can also be
used. The lognormal distribution of species
abundances (Fagan and Kareiva 1997), mod-
els of detection probability (Cam et al. 2002),
and others based on capture–recapture theory
are preferred by some authors (see Nichols
and Conroy 1996; Boulinier et al. 1998).
These models can estimate the size of species
assemblages—an important consideration in
the design of biological inventories and moni-
toring programs. We recommend further
exploration of how to use these techniques
with voucher specimen data so that species
inventory results can be objectively evaluated
in the context of temporal change in species
diversity.
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