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ABSTRACT

The previously published definitions of, and the philosophy behind, the voucher
specimen are reviewed. The concept of a voucher specimen is re-evaluated in the modem
biological research context, and a revised definition of a voucher is proposed. The
"primary voucher" and "secondary voucher" are newly categorized within the
comprehensive scheme of the voucher. The new definition and the introduction of
primary and secondary vouchers enable us to accommodate a wider scope of museum
resources of significant research value including those utilized for molecular studies in
the framework of the voucher system. Alternatively, the essential roles of natural history
museums in society as public voucher archives are evaluated. It is concluded that the
shared acknowledgement of vouchers in society will make a substantial difference in our
decision making and problem solving, particularly regarding the deposition of vouchers,
their use, and their in perpetuity preservation.
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CHAPTER I
INTRODUCTION

Voucher specimens have played a vital role in the development of modem
scientific research, no matter what they have been historically called. Biological
sciences, from the basic to applied, have used museum vouchers as the basis for a
universal vocabulary for describing life. Research involving the generation and use of
voucher specimens is germane to the foundation of fields of biology, such as taxonomy,
genetics, systematics, phylogenetics, and anatomy, and it is also critical to ecology,
physiology, behavioral science, molecular biology, cytology, biochemistry, wildlife
management, and conservation biology. Other academic disciplines, such as
paleontology, anthropology, archaeology, agricultural sciences, bioinformatics,
biomedical sciences, and environmental toxicology also could not function without
information from voucher specimens.
The hypothesis documented herein came from a prolonged period of
contemplation of voucher specimens, both their philosophical and practical aspects, in
relation to museums and research. The objectives of this thesis are: (1) to re-evaluate the
concept and value of the voucher specimen as they are perceived today, as well as their
roles in modem biological studies, and (2) to refine the meaning of the voucher so it is
better acknowledged in society, in the biological science and museum communities in
particular. The goal is to articulate the true value of voucher specimens to science and
society and thereby produce a stronger advocacy from scientists as well as the general

public for these valuable but underappreciated collections. Through such endeavors will
the environment for biodiversity research be improved and the maximum value of
voucher specimens be assured in perpetuity.
The chapters are organized in the following order. Chapter II is a review of the
previous references regarding voucher specimens, mainly those that dealt with the
definition of a voucher specimen, and/or voucher. Essential attributes of voucher
specimens are then outlined in detail. In Chapter III, a revised definition of a voucher is
proposed to reflect the ever-increasing diversity and complexity of research collections.
Two complementary subcategories of the voucher are recognized within the philosophical
framework of the voucher. Chapter IV explores the voucher system where interactions
among scientists, museums, and society take place with a critical interface of vouchers.
The mission and role of natural science collections are explicated from a perspective of
the public vouchers archives positioned in the center of the voucher system. Lastly,
Chapter V is a synthesis of the hypothesis developed throughout this thesis. Museumvoucher-research relationship is envisioned from a future perspective.
My motivation to analyze voucher specimens, museums, and research in a
nontraditional manner originally was fueled by my growing apprehension and frustration
from the circumstances confronting natural history research in my home country, Japan.
In my admittedly biased observation, few researchers and collection caregivers seem to
be cognizant of the philosophy and ultimate significance of voucher specimens: what a
voucher specimen is and why it matters to their collections, research, and to society. It is
my hypothesis that the misunderstanding of the need and value of voucher specimens

relative to biodiversity, medicine, disease, pollution, climate change, and extinction, is a
significant factor resulting in underfunding and suboptimal care of vouchers in Japan as
well as the rest of the world.

CHAPTER II
VOUCHER SPECIMENS AND BIOLOGICAL RESEARCH

Literature Review
The word "voucher" was not coined for the vocabulary of the natural history
community, but was adapted into the terminology of science. In the sixteenth and
seventeenth centuries, and as late as the turn of the 20th century, natural history
collections were thought of as cabinets de curieux (cabinets of curiosities). Slowly, these
collections have been better appreciated as materials of zoological, botanical, or
geological significance. Publicly and privatelyfiandedmuseums, as the repositories of
natural history collections, have provided a wealth of information through collectionsbased scientific inquiries. Examples are many but some are given below and others can
be seen in the brochure of the Natural Science Collections Alliance (2003, unpublished
manuscript). At the turn of the last century, mammal collections accumulating in Westem
countries made it possible for Osgood (1909), in his monumental work on the taxonomy
of the rodent group of Peromyscus, to use over 27,000 specimens. His study included,
"the available material in all the principal collections, both private and public, in this
country, supplemented by the examination of types and other important material in the
museums of Europe" (Allen, 1909, p. 634). The empirical knowledge derived from this
study ultimately was the foundation for our current understanding of geographic variation
within species as widely recognized in organisms today.

The Merriam-Webster's dictionary defines the word "voucher" as "a piece of
supporting evidence: proof." Given that a voucher specimen serves as "a piece of
supporting evidence" verifying a scientific discovery, "voucher" was a befitting word to
refer to collectively for archived specimens with appropriate data. However, exactly
when, in which specific group of people, or by whose efforts the term "voucher
specimen" along with its embodying philosophy came into being in the research lexicon
are not recorded in recent publications. It can be only surmised that its philosophy was
bom and elaborated in academia first, and then the generic word "voucher" was assigned
later to best conceptualize the idea and practice. A.3 such, it would not have taken long
for the term to gain wide acceptance among curators and researchers predominantly in
the North American and European regions. The common use of "voucher specimen" has
facilitated communication between scientists and collections care personnel as well.
In contrast to the somewhat vague origin of this term, the "type specimen," as a
voucher specimen that bears a scientific name, has been used and recorded far more
frequently because of the importance of type specimens in taxonomic studies. Strict mles
that govern the procedure for naming species were also responsible for the penetration of
this term into the scholastic community. Bibliographic appearance of the term "type
specimen" dates to circa 1891, according to the Merriam-Webster dictionary. The code
of rules for nomenclature that independently have been formulated by zoologists and
botanists provided the first logical foundations for implementing the standard of typifying
a newly named species with its representative museum material. This is generally called

the type system or type method, and the practice had been established by the first decade
of the twentieth century.
One of the more recent publications where the acceptation of "voucher specimen"
was articulated is Cato et al. (2003), which selected "voucher specimen" and "voucher"
for the vocabulary entry, contrasting subtle nuances of these terms. "Voucher" was
defined as follows:
voucher - a specimen and its associated data that physically document the
existence of that organism or object at a given place and time. This definition
is more broadly based than that put forth by Lee et al. (1982) in recognition of
the potential for specimens held in a collection for use as substantiating
evidence, (p. 368)
The above definition originally was presented at the culmination of the joint annual
meeting of the Society for the Preservation of Natural History Collections (SPNHC) and
the Association of Systematics Collections (ASC; currently the Natural Science
Collections Alliance) in 1994, and thus these two organizations employ the same
definition (Hoagland, 1994; SPNHC, 1994).
Regarding "voucher specimen," two definitions were juxtaposed under the main
index in Cato et al. (2003):
voucher specimen - any specimen identified by a recognized authority for the
purpose of forming a reference collection; a specimen that physically and
permanently documents data in an archival report by verifying the identity of
the organism(s) used in the study and by so doing ensures that a study which
otherwise could not be repeated can be accurately reviewed or reassessed,
(p. 368)
- specimen which physically and permanently documents data in an archival
report by (I) verifying the identity of the organism(s) used in the study;
and (2) by so doing, ensures that a study which otherwise could not be
repeated can be accurately reviewed or reassessed; three categories of
voucher specimens are: (1) type specimens, upon which names of

taxonomic units are based; (2) taxonomic support specimens, specimens of
primary importance in taxonomic studies other than nomenclatural studies,
such as range extensions, life-history studies and morphological
variability; and (3) biological documentation specimens - representative
organisms derived from studies or projects other than primarily taxonomic
(p. 368)
The first definition is a full citation from Duckworth et al. (1993, p. 92), whereas the
second definition and Duckworth's definition are both an adaptation from Lee et al.
(1982). Hence the above two definitions of a voucher specimen presented in Cato et al.
(2003) essentially are of the same origin, and Lee et al. (1982) serves as an eariy
prototype. Duckworth's definition contains in the beginning sentence "any specimen
identified by a recognized authority for the purpose of forming a reference collection."
Conversely, this statement excludes any specimen whose identity is not authenticated by
a recognized taxonomist from the category of voucher specimens, and therefore may
preclude a possibility of future reexamination. Although this definition is a very practical
expression reflecting the reference fijnction of the voucher specimen and its relationship
to the curatorial practice, it only partially justifies its originality and applicability.
In comparison with the definitions shown above, the following original version is
integrated from the text as it appeared in Lee et al. (1982):
A voucher specimen is an organism or a sample thereof preserved to document
data in an archival report (p. 1); A voucher specimen is one which physically
and permanently documents data in an archival report by: 1. verifying the
identity of the organism(s) used in the study; and 2. by so doing, ensures that a
study which otherwise could not be repeated can be accurately reviewed or
reassessed ... The three categories of voucher specimens are: 1. type
specimens, upon which names of taxonomic units are based; 2. taxonomic
support specimens - specimens of primary importance in taxonomic studies
other than nomenclatural studies, such as range extensions, life-history studies
and morphological variability; and 3. biological documentation specimens -

representative organisms derived from studies or projects other than primarily
taxonomic. (p. 5)
The strength of Lee's definition is that it tactfully describes the inseparable tie between
the voucher specimen and biological studies. Categorization of voucher specimens into
three classes is based on the different study purposes, namely, nomenclatural, other
taxonomic, and all other biological. Soon afterward, Yates (1985) followed Lee et al.
(1982) in his statement of the definition of the mammalian voucher specimen with minor
change in its wording. It can thus be regarded that Lee et al. (1982) have been influential
since the early 1980s on the systematic collections regime across different disciplines in
terms of disseminating and deepening the meaning of the voucher specimen. In the
meantime, a small but significant minority of academic societies related to systematic
biology, natural history, and evolutionary biology also made profound contributions to
the education of their members about the role and value of voucher specimens in research
in the 1970s, as found in the eariy initiative by the American Society of Mammalogists
(e.g., American Society of Mammalogists, 1974).
Yet another working definition of a voucher specimen, the U.S. National Park
Service (1998) states:
The voucher specimen is proof, as a single specimen or series of specimens, of
the existence of a species at a particular time and place. The presence of a
voucher supports the tracking of habitat and geographic expansion of a species,
or the presence or absence of a species following changes in its habitat, (p. 1:
37)
This definition resembles the SPNHC/ASC's definition, but there is no reference to the
innate and acquired data that a specimen may contain. The elimination of this key
information makes this definition less useful, regardless of its conciseness. A clear

difference is also exhibited in the phrase "existence of a species" in lieu of "existence of
that organism or object." The former phrase implies that an inference be made from a
specimen(s) to the species where it belongs, yet with little regard for the very existence of
that organism or object.
It is worth noting that Cato et al. (2003) was the first to delineate a semantic
demarcation between 'voucher' and 'voucher specimen.' The preceding literature (Lee et
al., 1982; Duckworth et a!., 1993; Hoagland, 1994; SPNHC, 1994) stipulated the meaning
of 'voucher specimen,' or 'voucher' without a special remark conceming their
relationship, implying that these two terms were basically interchangeable. Cato et al.
(2003) was the first to imply that a voucher was a more inclusive and broader term than a
voucher specimen, namely, a "specimen and its associated data" versus a "specimen."

Re-evaluation of Voucher Specimens
What makes a voucher specimen? In an attempt to answer this fundamental
question, the thorough re-evaluation of traditionally recognized voucher specimens has
demonstrated that they typically exhibit the following six attributes, or at least satisfy a
combination of these six characteristics.
First, a voucher specimen is an object that serves as supporting material or
evidence of scientific findings, or, in other words, a voucher specimen is a specimen that
validates or justifies particular study resutis. Famitiar examples of such findings include
new distribution records such as country, state, or county records of certain species (e.g.,
Sucheki et al., 2003). This does not apply only to such new records, but also to

generating a complete listing of known species inhabiting a particular geographic region,
community ecological studies of soil organisms, ethnobotanical monographs of local
plants, isolation of organic compounds out of marine invertebrates, all of which entail
material evidence to confirm data reliability. Conceming Recent organisms, a voucher
specimen serves as evidence in support of species, subspecies, race, or population
occurrence, as specified by the specific collection date and accurate locality data
provided by its field collector. This information is a direct indication of when and where
that particular organism occurs, or has occurred. On the other hand, in such fields of
study as archaeology and paleontology, radiocarbon dating, stratigraphical approaches, or
other special techniques are used to determine the period of existence of an object aside
from the collecting event data. These are only a few instances of voucher specimens'
basic role relating to their provenance: their temporal and spatial information. In
principle, a voucher specimen can serve as supporting material of any other forms of
biological information derived from that organism.
Second, voucher specimens play a part in biological research as proof of
identification. In fact, conventionally this has been regarded as the most important
qualification of a voucher specimen. This can be a critical issue, particulariy when
researchers or field collectors are uncertain about the taxonomic identification of the
study material that they used in their projects. In this regard, a growing need for voucher
specimens urgently has been professed during the past few decades, with most severe
criticism being aimed at those working in the emerging field of molecular phylogenetics
who are not frained as taxonomic experts for the organisms they study. Voucher
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specimens are viewed in this context as the specimens that substantiate the taxonomic
identities of DNA samples upon which phylogenetic hypotheses are based and tested.
Third, from the more realistic aspect, a voucher specimen or a suite of voucher
specimens serves as an entire or a partial representation of study material that was
actually examined in a particular research project. This information normally is indicated
in the publication as "Specimens Examined." Ideally, the entire set of samples subjected
to investigation should be archived, but because of limited resources such as storage
space and maintenance cost, researchers are sometimes forced to limit the number of
specimens that are to be held in a collection for perpetuity. Experimental designs are
another limiting factors of the number of specimens saved for a study. For example, in an
assessment of horizontal versus vertical disease transmission among individuals of mice,
the population mark and recapture method is usually required and the voucher material
for a marked individual may be limited to a biopsy of its toe or ear. Nonetheless,
standard vouchers (skins, skeletons, etc.) are desirably archived to represent the
population studied even though the sampling size may be small. Similar situations can
occasionally happen in ecological studies as well as exhaustive biological inventories.
Final decisions on how many and which specimens to be selected out of the whole set of
study material usually is left to a researcher or curator, and misrepresentation due to
misidentification, taxonomic uncertainty, or underestimation of genetic heterogeneity
contained in samples can lead to a fatal flaw, making future reinvestigation improbable.
The fourth point of importance is the comparative approaches upon which the
major stream of bioscience is based. These activities necessitate vouchers as reference

II

material to insure the objectivity and credibility of obtained data. As De Clercq and
Louren90 (2003, p. 5) point out, reference specimens serve "just like books in a library, in
which we search for new ideas, compare our own ideas with those of different authors
and come to our own conclusions." Authentic fossils and their numerous casts of
Archaeopteryx exist worldwide and they are utilized primarily as reference. In a similar
manner, it is highly probable that a given voucher specimen of a rare species is cited
independently in more than one paper to test hypotheses conceming the evolution of a
particular taxonomic group. Furthermore, time and place components of voucher
specimens as noted earlier provide historical reference points, enabling us to assess
change over time using a collection that spans over one hundred years (Baker et al.,
1998). Type specimens serve as reference as well. By tradition, taxonomists are
recommended to distribute series of type specimens, or type series, across several
collections in different regions so as to meet the convenience of colleagues in other
countries who want to reexamine such taxonomic references. This practice also means
diffusion of risks, circumventing a catastrophic loss of the entire type series. The above
instances clearly show that voucher specimens can be empowered byfiallyfunctioning as
cross-reference materials.
Fifth, a voucher specimen ultimately is a data-bearing object, and an
accumulation and organization of such objects of research potential comprise an
invaluable repository of fiature study resources. Every voucher specimen adds value to
the knowledge base of global biodiversity. There might be as yet unrecognized potential
uses

for existing collections in museums, including enormous benefits not previously
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anticipated. The taxonomy and biogeography of Peromyscus was important in
understanding the disease of hantavimses, its mode of transmission, and how to control
its spread to humans (Yates et a!., 2002). Cleariy, when Osgood (1909) assembled his
study of Peromyscus, it was difficult to envision how the work would have been
significant to today's human disease prevention, but such is the nature of the value of
museum voucher specimens. It is thus true, as Baker (1994, p. 282) states, "the limits of
use for such collections are set by our technology and our ability to organize scientific
experiments" rather than by the nature of specimens in so far as the relevant data are well
maintained so future investigators can take advantage of such information.
Last, museum preservation and material science perspectives make it possible to
interpret a voucher specimen as a tangible object that can be preserved in a relatively
stable condition for perpetuity. More fundamentally, only specimens that deserve to be
conserved at whatever cost for the benefit of researchers of next generations ought to be
called voucher specimens. Experience shows that the long-term stability and durability
of objects, characteristically organic material, are among the most important criteria for
designating voucher specimens in many disciplines. Once deposited as a voucher
specimen, preservation efforts are to be made for retaining as much of the scientific
information as possible that the object contains, rather than its aesthetic attributes, hi
contrast to works of art, museum vouchers are not untouchable. Rather, they are to be
subjected to scientific investigation and reinvestigation anytime subsequent researchers
necessitate it, and by so doing, multiply in value over time. Hence, museum preservation
does not exclusively forbid scientists from carrying out destructive sampling of existing
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voucher specimens in the case where there are no altemative methods. Conservation is
also a major topic of debate with respect to existing, old research materials and
documents collected in the early days. Some of these collections necessitate extra
investment such as special conservation treatments and new archival technologies to
mitigate their deterioration process. Old labels and catalogs may appear to be incomplete
by today's academic standards, but they should still be saved in order to have a better
historic view of the voucher specimens.
These six characteristics generally hold true with many of what we conventionally
recognize as voucher specimens, but the point is that a particular specimen or sample
does not necessarily have to satisfy all of these conditions to be acknowledged as a
voucher. Figure 2.1 schematically represents where voucher specimens are positioned in
relation to the synthesis of biological sciences. The big picture of biology includes supraorganismic and infra-organismic scopes of study, namely, biosphere, ecosystem,
community, species, population, organ, tissue, cell, genome, and molecule. This model is
oversimplified for clarification, and more classes should exist between every stratum.
Moreover, all other applied and interdisciplinary fields closely related to biological
sciences are assumed tightly linked with essential components of the hierarchical
stmcture of biology as delineated within the upper and lower triangles. In this diagram,
voucher specimens typically are, but not always, considered to lie in the center,
representing an individual organism with integrity. A pair of twisted arrows drawn on the
sides of the double triangles is interpreted to mean that all the differential subjects of
study and approaches, from molecular to environmental, address what classically is
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called voucher specimens, scientific underpinning of the original biological entity of
study material.
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Biosphere
Ecosystem
Community
Species
Populatiorii

Vouchers

Figure 2.1. Double Triangular Model of Vouchers.
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CHAPTER III
PRIMARY AND SECONDARY VOUCHERS

Definition of a Voucher
Subject matter of natural history research, in conjunction with its methodology
and experimental techniques has differentiated markedly as modem science constantly
has increased its depth and complexity over the years. Concurrently, the study materials
and the documentation that researchers may deal with have become more convoluted.
Simpson (1961) remarked on the trend of the ever-changing taxonomic approaches over
time as follows:
A first step is to extend anatomical data beyond those usual from traditional
forms of museum specimens, for example in mammals to the baculum ... to the
ear ossicles ... and of course to the soft parts ... A second step is to push
anatomical observation to deeper levels, to cytology and especially karyology
(nuclear and particular chromosome anatomy), (pp. 71-72)
In today's natural history profession it is not uncommon, and is even highly
recommended, to preserve parts of a specimen in many different forms. Information
drawn out of a single organism is documented in multiple fashions. The museum
community increasingly has been aware of its mission to take care of those diverse
resources in their holdings. As reviewed in the previous chapter and as put forth by Cato
et al. (2003), a "voucher specimen" basically is a special kind of specimen by definition,
and it is deemed to be in an inclusive relation with a 'voucher,' that is, a voucher
specimen and its associated data. However, today's value judgment and resource
allocation regarding many kinds of museum collections are becoming more stnngent.
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The molecular biological realm has forced us to change our mindset about how to view
existing museum resources, not to mention the analogy of a pinned butterfly in relation to
tissues obtained from that butterfly, to the mitochondrial DNA, to the amplified
cytochrome b gene fragments, and to the sequence data saved on a computer file. The
distinction of nontraditional research materials out of classical voucher specimens simply
as ancillary or "non-vouchers" seems to be becoming less clear and less beneficial. It is
preferably to think that the word "voucher" is also evolving and will acquire new
meaning. To project an expanding variety of new resources found in natural history
collections on an equal footing with those conventionally called voucher specimens, and
to reflect their impact on the modem museum and scientific arenas, a 'voucher' is
redefined as a technical word as shown below, although 'voucher specimen' also merits
further use because it is still conceived as the most convenient term to convey its
meaning to those outside the professional realm.
A voucher is a specimen, a sample thereof, or an artifact, and its associated
data, that documents the existence of that organism or object at a given place
and time in an archival manner, to ensure the repeatability of the stiidy which
otherwise could not be adequately reviewed or reassessed. The two categories
of vouchers are: I. primary vouchers - vouchers that physically and visually
document the existence of that organism or object; 2. secondary vouchers other vouchers not categorized as primary.
The word "sample" was placed in parallel with "specimen" to make it easier to
encompass such substances as those that constitute only a small portion(s) of an
individual, and organic or inorganic compounds of biological origin which do not
stmcture the core of an organism's body (e.g., spores, scat, serum, resin, stomach
contents, pigment, foot prints, sediments). Similarly, "artifact" was added in order for the
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definition to include various man-made media that record the tangible and intangible
information (e.g., castings, paper, tapes). The benefit of including these types of artifacts
as vouchers is discussed later in this chapter.
The above-noted samples or artifacts may not physically prove the presence of an
organism by means of their external properties. For this reason, the word "physically"
was left out from the definition of a voucher. Instead, these objects can serve as
existential evidence only when they come with their documentation in a time and space
format. In other words, the phrase "and its associated data" coordinates with whatever
the item, and gives greater meaning to this definition. A sample or an artifact with neither
its phenetic identity nor its complete provenance data seriously compromises its research
value. Inaccurate or unreliable data could make specimens even harmful to science.
When this definition is differentially applied to the material derived solely from
an organism(s), the phrase "or object" might be omissible. However, the phrase
"organism or object" is considered more suitable to make the wording broadly applicable
to abiotic or composite materials, such as geological or archeological artifacts. As
pointed out earlier, vouchers are preservable and worth preserving. Once a specimen is
designated as a voucher, it immediately takes on a special property: it must be maintained
for fiiture reexamination. Thus, any object, including a sample experimentally isolated
from an organism at the cellular or molecular level, should be non-ephemeral, stabilized,
and stored in "an archival manner" to be cataloged into the voucher collection. The
phrase starting with "to ensure the repeatability," as stated euphemistically in Lee et al.
(1982) but dropped off entirely from the definition endorsed by SPNHC (1994), has been
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brought back to this proposed definition to embody the raison d'etre of vouchers in
research.
In essence, there is no rank in value or importance in "primary" and "secondary"
vouchers unlike the pair of holotype and paratype in taxonomic nomenclature. In other
words, "secondary" does not necessarily mean "less important" or "subordinate to
'primary.'" Prioritization of one type of voucher over another is determined arbitrarily
based on the purpose of each research project, collection, or institution. Empirical
criteria forjudging whether a given object belongs to the primary voucher or secondary
voucher, or is not qualified to be a voucher, rely on its physical attributes and information
properties rather than its value. Standards are expected to differ substantially from one
discipline to another, as well as from one taxonomic group to another. Additionally, these
two subcategories are not contrasting, or definitive counterparts of conception. Rather,
they are relative and complementary to each other in their meaning and functions. A
fungus collected from a plant surface is a primary voucher of that parasitic organism, but
it can also serve as a secondary voucher from a host species standpoint.

Primary Vouchers
The first subcategory, 'primary voucher' is nearly equivalent to what naturalists
generally have acknowledged as voucher specimens. A primary voucher is defined as a
voucher that physically and visually documents the existence of that organism or object at
a given place and time. Being authentic, primary vouchers typically represent the whole
or major body plan of an organism or their equivalents. Since the human cognitive
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system excessively relies on the visual information, primary vouchers are expected to
meet traditional visual identification and verification purposes. Primary vouchers are
thus intended to remain intact, showing the original physical integrity that an organism
possessed when it was live. Consequently, criteria for preparing primary vouchers tend
to focus on saving as much morphologically usefiil information as possible. Obvious
dimensional change may be found even in such specimens due to the vice inherent to any
sort of organic materials. However, artificial modification found in primary vouchers
should be reduced to a minimum. Collecting, preparation, and preservation protocols are
traditionally established in each field of taxonomic groups. For instance, several
individuals in different life stages are often preserved for invertebrates, each serving as a
primary voucher.
Moreover, a primary voucher can be viewed as a unique specimen of its kind, or
as a unique set of specimens in time and space. In principle, replicates do not occur
naturally with a few exceptions, such as asexually reproducing groups of organisms.
Primary vouchers for animals above the Metazoan level, particularly vertebrates, are
mostly non-renewable even with the present level of cloning technology. There are,
however, instances where technically it is feasible to prepare more than one sampling
from genetically homologous material, chiefly plants and microorganisms. Multiple
specimens sharing the identical genetic background may be available for strains of
organisms specifically developed for laboratory use and grown or kept in culture under
genetically and environmentally controlled condition. Examples are tissue cultures of
higher plants, and cultures of fungi and microalgae. An example also is identified in the
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botanical nomenclature, where any duplicate of the holotype of a plant species validly is
recognized as another form of type specimen termed "isotype" (Greuter et a!., 2000).
Isotypes are acceptable as primary vouchers in recognition of their nature and function.
An unmatched example of primary vouchers is type specimens, the material
which the scientific name of a taxon is based. Once designated, type specimens
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remain

forever of unparalleled value, and are required for taxonomic study whenever that species
comes under reinvestigation. Type specimens of different kinds rigidly are demarcated in
the international codes of botanical, zoological and bacteriological nomenclatures
(Greuter et al., 2000; International Commission on Zoological Nomenclature, 1999;
Lapage et al., 1992). Primary vouchers rightfiilly can be selected as type specimens
under these codes. However, exceptions exist to this tenet: type specimens, even
holotypes, are not always primary vouchers. Scientific illustrations of plants can qualify
as type specimens, but they are more appropriately categorized as secondary vouchers as
will be explained in the following section. The case is just as valid for paleontological
type specimens of different forms (e.g., moulds, casts, impressions, trail fossils).

Secondary Vouchers
The secondary voucher, as detailed in this section, is far more inclusive than the
primary voucher in its meaning. This subclass is intended to encompass many of those
elements archived in museums but not explicitly acknowledged as 'vouchers' in the
classical sense. As mentioned, the trends and styles of contemporary biological science
have been experiencing unprecedented divergence. For the last several decades.
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museums take an active role in maintaining research collections resulting from such
emerging fields, including artifacts that are beyond the conventional category of voucher
specimens. This subcategory of the voucher allows for the recognition of such a
broadening range of museum resources.
Secondary vouchers are basically to follow the afore-proposed definition as with
primary vouchers. They serve to corroborate the existence of study objects, indirectly in
most cases. Specifically, a secondary voucher is a portion, piece, or sample derived from
original research material, either an organism or object, and its associated data. As a
logical consequence, a primary voucher can be divided into a group of secondary
vouchers. However, an object rarely can change its status from a secondary voucher to a
primary voucher, even though a secondary voucher can serve as a nomenclatural type as
detailed later. Preparation of secondary vouchers often necessitates special procedures to
meet specific experimental designs. In contrast to primary vouchers, secondary vouchers
may not be readily identifiable or verifiable by visual observation due to their major
physical alteration or localized representation.
For a lizard toe, for instance, to qualify as a voucher, its accompanied data
recorded in the field and laboratory, must be as complete and accurate as possible. The
researcher who is going to "voucher" the toe has responsibility to supply all available
information. The toe obviously can no longer serve as the visual documentation of the
lizard, so it is not a primary voucher. If a whole carcass of the lizard is preserved in
alcohol, the toe can be safely called a secondary voucher because its complementary
primary voucher directly verifies the existence of the lizard. When a primary voucher or
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any other form of secondary voucher is not archived for some reason, then the toe is the
sole material evidence that substantiates the presence of the lizard. In this case, the toe
remains a secondary voucher and this status is warranted only when the above-noted
supporting information about the lizard is recorded adequately
Specific small parts of an animal or plant that hold the information on that
organism, are likely to be included in secondary vouchers, which in turn compose a
subgroup of the larger scheme of vouchers. For instance, pollen may be able to be
collected from existing herbarium sheets, and they meet the criteria of secondary
vouchers.
Likewise, nontraditional samples or special preparations generated in laboratories,
such as karyotypic preparations also belong to the category of secondary vouchers, since
they are no longer suitable for gross identification of organisms. Biochemical
compounds that can be preserved for a relatively long period of time (e.g., protein, lipid,
polysaccharides, enzymes, venom, alkaloids, biominerals) also are eligible to be called
secondary vouchers.
For a very extreme example, any physically and chemically stable materials from
which DNA technically can be isolated and amplified, irrespective of their size, shape, or
condition, might deserve to be called secondary vouchers. This is because today's
improved molecular study techniques allow us to associate DNA data to a specific
species or geographic population as a "DNAzipcode" (Baker, 1994, p. 279), with a
greater reliability in the case of well-studied taxonomic groups. Frozen tissues
collections archived in a number of museums normally have been positioned outside of
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the category of standard voucher specimens. Indeed, many people argue that authentic
voucher specimens must be conserved to verify the identification of tissues used because
tissues are incapable of proving their biological identity unlike primary vouchers.
Nevertheless, based on the proposed idea, the same argument can be reinterpreted thus:
all vouchers that corroborate studies should be conserved, not only primary vouchers but
also secondary vouchers, to collectively verify the identity of that organism studied, ft is
not surprising that a secondary voucher may be able to provide a larger volume of
information than its counterpart for unveiling the evolutionary history of organisms.
Suffice it to say that tissues of a fish that was described based only on its distinctive body
color pattern may be more useful than its discolored fluid specimens.
Another important implication of secondary vouchers is irreversible analysis or
consumptive use of voucher material. A major concern in the natural science collections
community has been the balancing act between research and preservation. However, the
professional wisdom of preserving various forms of vouchers has offered reasonable
solutions to this issue by alleviating a dilemma between use and conservation of
traditional primary vouchers. As a matter of fact, the whole justification of starting
"ancillary collections" such as frozen tissues collections m museums over three decades
ago may have been that voucher specimens in the conventional sense would not be
subject to sampUng and intrusive analysis by using these extra tissues for research.
Therefore, a serious conflict exists between the traditional idea of voucher specimens and
destmctive analysis. However, according to the proposed concept of vouchers, sampling
and invasive analysis of secondary vouchers are not discouraged. On the contiary.
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secondary vouchers are expected to strengthen this role in the future, although long-term
quality management and monitoring of use of secondary vouchers must be positively
pursued at the same time.
Altematively, there still may be situations where dissection of primary vouchers is
the only means to examine genitalia or internal anatomy, or to obtain DNA for some
taxonomic groups. In the case of species where an individual is of very small size, such
as some invertebrates, the entire body of a primary voucher may need to be destroyed for
the purpose of sequencing. In spite of the loss of a primary voucher, an unused portion of
DNA can make a most important component of secondary vouchers in combination with
sequence data stored in a publicly accessible database. Complete and accurate field
notes, and visual data (e.g., photographs, illustrations) showing the essential characters of
the original organism reinforce the data as another secondary vouchers. All of these
compose a suite of secondary vouchers that serve as a solid basis for attesting the past
presence of the organism. Unfortunately, a high rate of human errors have been reported
conceming sequence and taxonomic data stored in the public data banks (Harris, 2003;
Vilgalys, 2003), suggesting that molecular data only are too unreliable to be useful as
secondary vouchers under present circumstances.
From a different point of view, a small number of duplicates sometimes can be
obtainable for secondary vouchers as opposed to primary vouchers. Section slides of
plant tissues, tape recordings of frog calls, and fossil casts are familiar examples of
secondary vouchers according to this criterion. As described above, this allows for
consumptive use of secondary vouchers under limited conditions. Nowadays,
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polymerase chain reaction method (PCR; Saiki et a!., 1988) confirms amplification of a
very small amount of DNA, and in a similar fashion, multiple copies of other types of
biocompounds might be available experimentally with benefits of recent biotechnology.
In the meantime, secondary vouchers will be a major focus of attention for field
scientists especially when their complementary primary vouchers are not accessible in the
wild. Nowadays, capturing individuals from endangered populations of wildlife are
regulated strictly in order to comply with growing conservation needs. To obtain an
excessive number of primary vouchers of such threatened groups may be unacceptable in
light of the present ethical standpoint, even if such conduct is meant for valid research
purposes. This is symbolized by the following questions: "Is it ethical to continue to
desfroy living creatures for museums? ... How many specimens are needed and for what
purpose? Is it not possible to collect the data without destroying the animal?" (Edson,
1997, p. 176). Today's naturalists have been required to seek altemative means to collect
and archive biodiversity resources with less impact on the environment during the
sampling process. As one of the solutions to collecting data without killing organisms or
disturbing local habitats, for instance, mammalian studies have elucidated the utility of
hair as a taxonomic tool for identifying animals above the species level, most elegantly
by use of scamiing electron microscope (e.g., Amman et al, 2002). This approach is
applicable to collecting taxonomic information from badly damaged or decomposed
carcasses as well. This offers a new option of not prepanng primary vouchers when hair
or feather in the case of bird species can be sampled as secondary vouchers in
conjunction with the sufficient information about that animal recorded in the field. As
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with skin appendages, biopsy specimens such as blood from live wild birds legitimately
represent secondary vouchers. In such cases, blood may be the sole material evidence in
a researcher's possession that can serve to validate the source of data and potentially
ensure the taxonomic consistency of the particular individual bird from which a blood
sample is derived.
The above conception of primary vouchers and secondary vouchers can be fit into
zoo biology (Hediger, 1964) as well, hi this context, animals in captivity are regarded as
living primary vouchers. They occasionally are not readily accessible to researchers for
gathering data on site. In addition, it is likely that primary vouchers possibly demonstrate
aberrant characteristics or envirorunental variation different from those expected from
original natural populations due to their prolonged exposure to the artificial environment.
Instead, ancillary samples obtained from those captive animals can provide reliable data
relating to conservation, reproduction, physiology, nutrition, and other usefial parameters.
For the promotion of these fields of zoo science, the full range of cryopreservation and
artificial reproduction technologies such as germplasm banks (International Union of
Directors of Zoological Gardens et al., 1993) are becoming adopted by a growing number
of institutions. These are considered as new integral components of zoo resources. The
idea of primary vouchers and secondary vouchers are also beneficial to other types of
living collections such as botanical gardens and public culture collections.
As briefly stated, 2-D and 3-D imagery, audio, movie, and other intangible
information (Monk and Baker, 2001) are classified into secondary vouchers so long as it
is fixed semi-permanently on either classical analog media such as paper and film
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negatives, or new electronic media such as CDs and DVDs. Photographs and digital
images can serve as visual, but not physical, documents of organisms, so they do not
qualify as primary vouchers. Well-preserved scientific illustrations are a good example
of secondary vouchers in the form of two-dimensional media. Such drawings are
exceedingly valuable in plant taxonomy, as they often provide more information than the
original specimens that inevitably might demonstrate degradation, fragmentation, or even
a trace of destmctive analysis. In fact, an illustration can be a valid type specimen in the
botanical nomenclature (Greuter et al., 2000).
It is also possible to understand e-vouchers (Monk and Baker, 2001) seamlessly in
light of the new definition of vouchers. An e-voucher is defined as "a digital image of a
specimen that is made available to researchers and the public through electronic
communication technologies" (Monk and Baker, 2001, p. I). The latter half of this
sentence obviously emphasizes the academic and educational utility of digital imagery as
opposed to their private and commercial use. Monk and Baker (2001) shed light on two
main purposes of e-vouchers: they provide additional documentation regarding
specimens in a readily transmitted, elecfronic form and they permit access to collection
holdings that would otherwise be difficult or impossible. However, once a digital
representation saved in a semi-permanent medium is reinterpreted as "an artifact and its
associated data" that records the existence of that organism in an archival manner, evouchers could be easily acknowledged as a special group of secondary vouchers. A
high-resolution digital image of a primary voucher might be as valuable as its original
physical specimen, since it can communicate a significant amount of morphological
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infomiation, and also make it possible to perform further computer analysis of digitized
data, for instance, morphometric analysis. Another merit of e-vouchers lies in the fact
that they can document primary vouchers in life. e-Vouchers allow archiving ecological
and behavioral information in addition to intact morphological data that otherwise could
not be retrieved from physically or chemically altered vouchers. They also offer the
enhanced accessibility by the use of the Intemet, including websites and emails.
The central concept of vouchers presented herein, that newly integrates primary
and secondary vouchers, can be illustrated by the Growth Rings Model (Figure 3.1). In
combination with primary and secondary vouchers, this diagram indicates how data, or
all the information consequentially drawn from those vouchers for the purpose of testing
hypotheses, relate to primary and secondary vouchers, and how scientific research
progresses. As depicted in Figure 3.1, primary vouchers make the central core of an axis.
Secondary vouchers surround primary vouchers in multiple layers, making the axis
thicker and stronger. The number of layers corresponds to the number of different kinds
of vouchers that have been prepared from the same organism. Data are generated out of
those strata of primary and secondary vouchers through scientific exploration and
accumulate onto the outermost layer of the axis like tree rings. As defined previously,
primary and secondary vouchers themselves contain raw data that document the existence
of organisms at a given place and time. Data layer lying around vouchers' layers in this
model refer to processed data that are not related directly to the description of organisms
being studied. In this conceptual framework, research makes steady progress along the
axis that grows in length and girth. Altematively, without a core matrix of the axis, or

30

vouchers, it will not be strong and robust enough to build sound research data around.
Lack of primary vouchers may make the axis weaker, but it is not cmcial so long as the
outer layers of secondary vouchers that constitute the tube are present. Overall, the more
vouchers we archive and catalog, the more data we could obtain from them and the
thicker the axis of research would grow.
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Figure 3.1. Growth Rings Model of Vouchers.
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CHAPTER IV
VOUCHER SYSTEM AND MUSEUMS

First and foremost, I would like to name the combination of all academic and
professional practices principally involving vouchers, that as a whole is assuming threedimensional dynamic stmcture as depicted in the Growth Rings Model (Figure 3.1) as the
"voucher system." The environment where vouchers and people reside is understood in
the whole perspective of the voucher system, ft encompasses vouchers, people, and
museums, as well as the relationship and interaction between every element occurring
within this vital system: values, ethics, moral judgments, and professional duties pertinent
to those who deal with vouchers; institutional missions, policies, and guidelines to
enhance the permanence and scientific utility of vouchers; overall societal infrastmctures
to promote their public accessibility. The overall development of the voucher system can
be regarded as the focus of our concerted efforts.
In the one hand, all biologists, as the main actors in the voucher system, have
accountability to the succeeding scientists for the material from which data are extracted
in their study. They have principal, if not sole, societal responsibility for their decision
making as to what to do with the vouchers that corroborate their findings throughout their
research activities, particulariy when they publish results as the final output to science
and society. Ironically, this responsibility does continue until they die. Whether
researchers view the study material they used as shared asset or merely in-house objects
will have continued effects on the perceived value of their research outcomes. Whether
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they take action at their discretion to deposit specimens in an accredited public collection,
or keep them in their attic, or dispose of them for nothing, undoubtedly will make a
cmcial difference in the fate of such precious resources. In fact, vouchers hoarded in the
private domain are under constant threat of disposal because of their disconnection from
the voucher system. History has proven that vouchers kept in closed private holdings, as
well as those left orphan in university and corporate laboratories, are hardly given a
lasting promise of their permanent care over generations. This is partly due to
substandard curatorial and maintenance efforts by owners, but greatly due to
underappreciated value of vouchers in society. The overall societal awareness of the
voucher system must be increased in order to overcome any such obstacle to the sound
development of modem science.
On the other hand, what is as imperative as the above-mentioned point is how
museums or other collection-holding institutions should meet the needs and expectations
of good researchers who desire to have intimate cormection with them as voucher
collection users and contributors. The future of museums will not be promising without
fostering stronger partnership with such reassuring collaborators. As recipients and
permanent caregivers of vouchers, natural history museums should acknowledge
themselves as public voucher archives.
Implementation of the proposed definition of vouchers inevitably will bring
transformation to the daily practice of museum collection management. Collection
organizations will be anticipated to assume much greater responsibility for taking care of
many different types of vouchers in addition to ordinary specimens. From a logistics
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management viewpoint, each of these newly cataloged materials will come with its
peculiar set of storage and care requirements. For example, cryopreserved tissues,
anatomical preparations, videotapes, and DNA in lysis buffer, all have their own special
maintenance and facility needs. It will also take highly specialized staff knowledge to
deal with these unconventional collections effectively. Limited resources in terms of
money, space, staff time, and personnel expertise will be a serious challenge to the public
repositories that archive multiple research collections. Reorganization of collections
based on logistic, preservation, or technology requirements rather than disciplinary fields
may offer more cost-effective means of enhancing collection management, while taking
advantage of collection managers who specialize in particular areas of collections. Other
community-wide solutions may include focused and concerted archiving of voucher
material. Based on careful analysis of strengths and weaknesses of existing collections
and facilities, every institution will make a strategic plan to launch selected types of
voucher collections, those that would make a most significant contribution to the regional
natural history community as well as a most relevant addition to its current holding.
Greater efforts also should be made to increase communication and coalition among
different museums to share voucher resources and associated data.
In order to augment their accountability for the ongoing preservation of vouchers,
enhance their accessibility, and have stronger impact on society, museums are encouraged
to develop, periodically review, and revise as needed, their missions, policies, and
guidelines. Particular emphasis should be made on research collections in their
stewardship as addressed in the Natural Sciences and Engineering Research Council of
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Canada (2003). Institutional policies desirably will cover all aspects of everyday
collections care and curatorial activities: field acquisition, collecting ethics, legal
ownership, accessioning, deaccessioning, cataloging, documentation, preservation,
conservation, public accessibility, loans, destmctive sampling, databases, networking,
data protection, security control, and use for exhibition and educational purposes, among
many other things. For instance, the American Museum of Natural History Department
of Herpetology developed the Reserved AMNH Catalog Number Policy, a unique policy
tailored specifically for researchers depositing voucher material. When investigators
need a few catalog numbers (e.g., for type specimens) ahead of time mainly for
publication purposes, the Department can send catalog tags to bona fide researchers upon
request without waiting for specimens to arrive at the Department. Accordingly,
researchers have the merit of publishing their data with AMNH's catalog numbers in a
timely manner (AMNH, 1999).
Professional accreditation and evaluation programs of natural history collections
should be able to offer an effective means of raising institutional standards of collection
management practices directly supporting the voucher system. In the United States, the
American Association of Museums (AAM) has extensive experience as the authority to
administer the accreditation and evaluation programs. The AAM's programs are
designed to address all types of museums and to conduct a multifaceted review of
museum operation. In recent years, however, academic societies and organizations of
natural science disciplines have been exploring a way of executing the accreditation and
inspection individually for the collections of interest. Such programs are developed
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based on specialists' knowledge and better suited for particular research fields of
collections. For example, Hafiier et al. (1997) reviewed the present status of mammalian
vouchers based on a comprehensive survey of mammal collections in the Westem
Hemisphere. Sixty-five collections in Canada, Mexico and the U.S. were listed as
accredited or reaccredited by the Systematic Collections committee of the American
Society of Mammalogists (Hafiier et al., 1997, pp. 84-85).
Vouchers claim their significance most prominently in scientific publications.
Allen (1909) made an interesting comment in his review of Osgood (1909): "in the list of
'specimens examined,' only the localities and number of specimens from each are
mentioned, the name of the collector and the collection where the specimens are located
being omitted, thus giving no clue to the particular specimens to which the monographer
refers." Although he did not use the term "voucher," this sentence straightforwardly
addresses the importance of not only vouchers themselves but also an indication of the
whereabouts of the vouchers. Ninety-one years later, Ruedas et al. (2000) brought this
"specimens examined" issue to today's systematic biologists' attention rather
sensationally. They raised an alert for the tremendous risk molecular systematists may be
taking as they are venturing unsubstantiated hypotheses in absence of vouchers. They
urged that the materials examined be deposited in a legitimate collection dedicated to the
storage of vouchers for posterity. Their recommendation with regard to the information
to be included in the specimens examined section in papers deems reasonable: current
scientific name of each taxon, individual specimen identifier number, name of collection,
locality data, and gene accession number for sequences obtained and used.
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From academic publishers' point of view, on the other hand, an increasing
number, but still not a majority, of scientific journals are addressing in their editorial
policies proper reference to voucher information as a requisite for accepting original
manuscripts. This is in response to the immediate need of scientists for public access to
vouchers to reassess published results. Wheeler (2003) conducted research on the
editorial policies of selected entomological and relevant biological joumals and revealed
that ten out of 16 joumals surveyed contained no statements on voucher deposition. This
gives evidence of the slow rate of progress, but the feedback from publishing circles
eventually will make paramount impact on transforming the professional practice and
duties of biologists. Even more so when such policies come to "require" instead of
"recommend" the deposition of vouchers in public collections.
With regard to the gene accession number, the world's three largest public DNA
sequence databases, namely GenBank, the European Molecular Biological Laboratory
(EMBL), and the DNA Database Bank of Japan (DDBJ) do accept the voucher
provenance data as specified by an optional qualifier (/specimen_voucher=) coupled with
the other source information at the time of sequence submission (DNA Data Bank of
Japan et al., 2003). Notwithstanding, they currently do not mandate that entry.
It will be also understood that museums are becoming more vigilant conceming
how vouchers in their collections were, or will be, used in study projects and cited in
publications as a consequence. The University of Alaska Museum (UAM), for instance,
has developed a policy that requests the investigators who are going to publish a paper
involving the UAM specimens to use the appropriate catalog numbers in the literature
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and to supply reprints or photocopies of publications to the museum. It is worthy of
special mention that this policy makes assertion that scholars must report the museum
catalog numbers of the specimens to the GenBank when they register sequence data
obtained from those specimens. At the same time, they are required to provide a list of
catalog numbers and GenBank accession numbers to UAM (Jarrell, 2002).
As was noted by Baker et al. (2003), our history indicates that it has been
extremely difficult to adequately cross-reference different types of vouchers of the same
origin. It would not be easy without having an efficient collection data retrieval system
to associate a study skin to an ectoparasite, or to a slide film, or to a blood tube stored in
different facilities of a single museum, let alone different institutions. Cross-referencing
capability among vast array of objects in conjunction with data linking between all of
them must be established urgently not only for enhancing the scientific utility of
vouchers, but also for facilitating the collection management activities. Modem
information technologies commonly apptied in the field of bioinformatics (Parker et al.,
1998; Baker et al., 1998), including, but not restricted to, electronic databases, bar codes,
Geographic Information System (GIS), and the World Wide Web, have provided effective
solutions to such difficulties over the years. Among other things, relational databases are,
and will be, a pivotal collections management tool. With an expanded scope of vouchers,
collections data will become so complex and diverse that the database that should
manage such data also no doubt will increase its intricacy at an exponential rate. In order
to respond to the growing demand of efficient collections data management, securing and
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training of specialized database managers will become a pressing issue in every
institution in the near future.
Inter-institutional collaboration has also been vigorously underway The Mammal
Networked Information System (MaNIS) promises to provide a strikingly improved
environment as the online voucher information retrieval system through networking the
distributed specimen databases held in 17 of the major mammal collections in North
America (Wieczorek, 2001). Other taxonomic disciplines as well as regional and local
organizations also are striving to create similar collection networks. As previously
mentioned, the University of Alaska Museum is among those institutions greatly
committed to the research collection data management, and the museum's relational
database named "Arctos" made it possible to link the information related to scientific
resufts, such as publications and gene accession numbers to the main collection data. All
of these data are available on the museum's website, openly benefiting outside
researchers. As found in these examples, it is imperative that institutional and
organizational efforts be made toward the constmction of voucher information
infrastmctures to insure the maximum scientific use of vouchers.
Limited funding availability and restricted museum resources have always been a
large threat to institutions holding collections, even well-established museums. More
than ever before, dozens of such institutions in North America are confronting challenges
in the face of severe financial cutbacks and budgetary constraints as recently bannered in
a newspaper article with a headline "Natural science at a loss" (Vergano, 2003).
Economic crises greatly inhibit museums from functioning property as voucher archives.
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Two decades ago, Lee et al. (1982) and Yates (1985) argued that main costs required for
acquisition and perpetual maintenance of vouchers ought to be covered by the contracting
or granting agencies operating major research projects that consequently yield vouchers.
However, it appears that the situation regarding the financial health control of voucher
specimens has improved little since then. In the recent past, Roosevelt (2000, p. 29)
severely warned of the shortsighted operation of National Science Foundation (NSF)sponsored projects, posing formidable barriers against the long-term collections-based
research: "many universities receiving sponsored research do not maintain the facilities
and know-how to curate the collections adequately. Even some museums with sponsored
funding do not take seriously their responsibility to house the collections gathered
through sponsored research." The criticism might be comparable to "the unresolved
sttiiggle between those who believe that museums must be essentially 'mission-driven'
and those who betieve that they must be 'market-driven"'(Weil, 1995, p. xviii). ft will
bring serious ramifications before long if institutions constantiy lose the tmst of sensible
researchers through discouraging them from adding new vouchers to existing natural
history collections as experienced by Roosevelt (2000).
To look at a brighter side, vouchers have provided information of prime
importance not only for scientists but also for enviromnental administrators. For
instance, one of the most cost-effective ways in which the U.S. National Park Service
(NPS) biological inventories could be accompUshed was by making maximum use of
existing infomiation, specifically that available from on-site and online examination of
vouchers maintained m parks and non-NPS museum and herbana collections (WUhams,
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2000). This can serve as a good proof of the long-temi economic effect of archiving
vouchers in public collections as well as making their infomiation available to society
The benefit can be measured by their actual contribution to cost saving for parks and
natural resources officers. The Patuxent Wildlife Research Center (2002, p. I), an
affiliation of the U.S. Geological Survey, declared its stance on financial measures for
assisting the voucher system: "Both governmental and non-governmental agencies that
require and carry out biodiversity assessments must recognize the need for voucher
specimens and provide the support in the field and museum budgets for their preparation
and maintenance." Improved acknowledgment of vouchers by the government, private
institutions, and research funding agencies should be the most effective means of
achieving their unanimous support for the voucher system.
When it comes to the general governance of the whole voucher system, our
society has yet to develop effective regulations or guidelines that monitor the course of
actions taken by people in the voucher system. However, there are certainly increasing
needs for such mles and policies. Lee et al. (1982) assessed the existing federal and state
laws and policies that potentially could affect bioscientific research and collection
management activities for the first time, and drew a conclusion that there were virtually
no federal and very few state or local regulations specifically addressed to vouchers as of
1982 other than the principle that collections generated for federal agencies must be
offered for deposit in the National Museum of Natural History, Smithsonian Institution.
Still in the current scientific community, decisions as regards the deposition of vouchers
are in large part made at each scientist's discretion. As an exception, the International
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Commission on Zoological Nomenclature (1999, p. 20), which has certain binding force
over the actions of animal taxonomists, added the following condition in terms of the
publication of a new scientific name for the first time to the latest edition of the code:
"Every specific and subspecific name ... must be accompanied in the original publication
... where the holotype or syntypes are extant specimens, by a statement of intent that they
will be (or are) deposited in a collection and a statement indicating the name and location
of that collection." Likewise, the International Code of Botanical Nomenclature
expresses the same content but in more definitive phrases: "It is strongly recommended
that the material on which the name of a taxon is based, especially the holotype, be
deposited in a public herbarium or other public collection with a policy of giving
bonafide botanists open access to deposfted material, and that it be scmpulously
conserved" (Greuter et al, 2000, p. 10). These statements equally ought to hold tme for
all kinds of biological vouchers, and the natural history community should assemble its
good practices into a professional code of ethics cleariy addressing the voucher system
for the sake of its own advancement.
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CHAPTER V
CONCLUSIONS AND FUTURE PERSPECTIVES

Our scientific pursuit for a better understanding of biodiversity and ongoing
phenomena of biological evolution on earth is tightly linked to the voucher system, where
vouchers are collected, archived, cataloged, and used through the interaction between
researchers and museums. This is because we need to carry out research in confomuty to
the modem paradigm of science, where we base our knowledge of the natural worid on
evidence.
This thesis was meant to envision the widening role of vouchers in the modem
biological research context, as well as the role of museums as permanent guardians of
vouchers in society based on a careful analysis of the past and current situation. The new
attempt of enhancing appreciation of museum resources that embrace a huge divergence
is deemed most effective by introducing the revised concept of vouchers, combined with
the idea of primary and secondary vouchers. This should help to recognize adequately
the immense research potential of those materials conventionally placed outside of what
we have called voucher specimens and hence sometimes marginalized particulariy in the
non-research quarter. The broadened perception of vouchers should be applicable to the
existing as well as future supporting material of biodiversity from which new pieces of
information will be added to the sum of human knowledge every day.
Only shared consciousness of vouchers among all community members involved
in the voucher system can lead to the development of this system. Adequate
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understanding of the potential impact of museums and vouchers on science and society
should empower our collaborative endeavors of archiving our natural and intellectual
assets in public voucher archives. Among all, mutual tmst and partnership between the
research and the collections arenas is a must for growing advocacy for the voucher
system. Of course, this discussion will continue to be open to any of those who care
about museum vouchers and I hope plenty of different opinions soon will be voiced. I
also hope that which was developed herein will give some clues to developing improved
professional standards and an umbrella code of ethics that gives order to scholars and
museum persormel alike.
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