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AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:In a recent Perspective, Byrne [1] emphasized that natural history museums “are essential

hubs for research and education” but that their mission should be reimagined to focus on non-

lethal collecting. We endorse many of the practices advocated by Byrne, including the storage

of tissues, recordings, photos, and other data; embracing new technologies such as massively

parallel DNA sequencing, μCT scanning, and stable isotope analysis; and large-scale digitiza-

tion of collections and associated metadata. Indeed, many of these practices are widely used by

museums today. We also welcome the call to provide stable financial support to maintain and

expand the infrastructure of existing collections. However, we do not support the call to use

new technologies “to replace the need for whole animal bodies.” Byrne’s position overstates

the potential of new technologies to replace specimen-based research and fails to acknowledge

the importance of whole-organism–based research in building the foundations of modern

biology and in continuing to promote new discoveries.

Our intention is not to address all the claims or ethical assumptions made by Byrne. We

fully realize that collecting specimens is not necessary or desirable in certain circumstances,

and we value the scientific contributions of researchers who choose not to collect whole ani-

mals. The importance and ethics of scientific collecting have been reviewed in many recent

papers (e.g., [2–4]). Rather, our goal is to underscore the tremendous value of ongoing, whole-

organism specimen collection by highlighting some of the key scientific and societal gains that

arise from this research (Box 1).

Box 1. The value of whole-organism specimen collection

Whole-organism specimens enable many kinds of research that would be difficult or

impossible to conduct in a comprehensive way with nonlethal samples such as record-

ings or photos. A few examples of research enabled by whole-organism specimens and

their associated tissues and data illustrate the value of museum collections [2–13].
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Documenting biodiversity

Most of the Earth’s biodiversity remains to be characterized, with an estimated 86% of species

yet to be described [14]. Voucher specimens in the form of whole organisms are an essential

part of species descriptions, providing a physical reference against which other individuals can

be compared. Photographs, recordings, and DNA sequences do not individually or collectively

provide the same quality of information, nor do they maximize the potential for linking geno-

type with phenotype. For example, as genomic data have become part of the standard taxo-

nomic toolkit, discovery of cryptic or nearly cryptic species diversity is now routine. However,

verification of these species requires intensive anatomical analyses that are impossible without

whole-organism voucher specimens. Moreover, most animal species are small arthropods

such as insects and mites, the majority of which cannot be found using nonlethal means and

cannot be identified without microscopic examination [5]. Similarly, research on the endopar-

asites of most species is not possible without collection of whole organisms. Finally, under-

standing evolutionary processes often involves the study of large series of voucher specimens

that document geographic, temporal, age, or sexual variation in specific traits. These studies all

rely on the collection of whole organisms.

Conservation of species

The International Union for Conservation of Nature (IUCN) assesses species once they are

described. Thus, there is typically no mechanism to initiate conservation efforts prior to spe-

cies descriptions. In addition, many conservation threats to individual species have been iden-

tified because of research conducted using combinations of modern and historical specimens.

For example, the effects of DDT on the thinning of bird eggshells prompted the ban on the use

of DDT as a pesticide, leading to the subsequent recovery of threatened species. This work,

which was based on linking eggshell weight and thickness to chemical concentrations [6],

could not have been carried out from photographs or eggshell fragments. Similarly, the timing

and spread of the chytrid fungus pandemic that has driven worldwide declines of amphibian

populations continues to be documented using both historical and recently collected museum

specimens [7].

• Discovery and description of new species

• The origins and spread of infectious diseases

• Studies of environmental degradation such as the accumulation of microplastics and

mercury in fish or DDT in eggshells

• Most research on endoparasites and small invertebrates (which constitute the majority

of all animals)

• Research on morphology and physiology of whole organisms

• Studies of gene expression and epigenetic modifications in wild animals, including

gene regulatory changes associated with adaptation to different environments

• Research that links genomic variation to phenotypic differences

• Studies of the biotic consequences of global change in the Anthropocene

• A global scientific resource for future studies and future technologies
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Conservation of geographic regions

Documenting regional patterns of biodiversity from museum specimens has led to the creation

of new national parks or protected areas in many regions of the world. For example, the most

important biodiversity hotspot of East Africa, in the Udzungwa and Rubeho highlands of Tan-

zania, was discovered and documented through comprehensive collecting efforts, resulting in

large investments in better management and the establishment of a national park [8]. Biodiver-

sity documented through collections is also helping conservations efforts in Guatemala, Indo-

nesia, the Philippines, and other countries. In such instances, the establishment of protected

areas preserves far more individual organisms than were collected by researchers at these loca-

tions. Biodiversity is highest in the tropics where it is understudied and underrepresented in

scientific collections, both locally and globally. Biodiversity is often highest in countries with

limited resources for technologies such as massively parallel DNA sequencing or μCT scan-

ning. Specimen collection is essential to document biodiversity in these critical regions, many

of which face habitat destruction.

Linking genotype to phenotype

Museum collections are repositories of phenotypic diversity. A central challenge of modern

biology is to understand how genetic variation generates phenotypic differences. Whole-

organism collections that preserve phenotypic diversity among many sampled individuals pro-

vide the opportunity to study how that diversity is generated and maintained. For example, the

NSF-funded oVert (Open Exploration of Vertebrate Diversity in 3D) project uses CT scanning

of approximately 20,000 museum specimens to provide high-resolution 3D representations of

internal anatomy across diverse vertebrate taxa. However, this database captures only a limited

portion of the variation in one lineage, and such databases will be improved in the future only

by adding more whole-organism specimens. By contrast, when only DNA samples are col-

lected in the field (e.g., by nonlethal collecting), it becomes impossible to associate genotypes

with most types of phenotypic data, severely limiting the utility of DNA sequences for many

types of future study.

Identifying, monitoring, and predicting zoonotic pathogen

emergence

Because the majority of emerging diseases in humans comes from animals, whole specimens

that include frozen tissues are essential to identifying new pathogens, understanding pathogen

circulation, spillover potential, and host immunology [9]. For example, deer mice were identi-

fied as the primary reservoir for a new hantavirus in the Southwestern United States in 1993,

and the origin and spread of this virus was traced using tissues archived in 2 museums [10].

Museum specimens also allow future pathogen discovery [11]. Indeed, the recent SARS-CoV-

2 pandemic has revealed a major gap in biosecurity infrastructure; the lack of biological sam-

ples across geographic regions and taxonomic groups prevents scientists from quickly and reli-

ably identifying novel pathogens and their hosts. Ongoing specimen collection would help

create a biorepository to prepare for future pandemics by enabling early detection and provid-

ing a framework for understanding spillover events [11].

Providing a resource for future technologies

Natural history museums are engaged in research today in ways that were unimaginable when

many of our institutions were founded. Specimens collected in the distant past have enabled

research that utilizes novel technologies including DNA sequencing, stable isotope analysis,
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chemical and pollutant analysis, and μCT scanning. Just as past museum scientists could not

imagine all the uses of specimens in the future, we cannot imagine the technologies that might

be available a hundred years from now. It is only by continuing to provide complete voucher

specimens with rich associated metadata that we will be able to empower discoveries using yet-

to-be developed technologies by future generations of scientists.

Establishing a baseline for the future

Environmental change in the Anthropocene, including climate change, land-use change, bio-

logical invasions, environmental contaminants, and habitat loss and degradation, is affecting

many aspects of life on Earth. Comparisons of historical and modern museum specimens

allow us to document and study the effects of global change on individual species and ecologi-

cal communities [12]. Specimen collections in rapidly changing habitats like urban environ-

ments provide a means for understanding both ecological and evolutionary responses to land-

use change and environmental degradation [13]. Similarly, museum specimens can reveal the

time course over which contaminants and pollutants have become widespread [13]. As we

move into a time of even greater climate transition and land-use change, there has never been

a more pressing need for contemporary collections that allow comparisons to the past and also

serve as a baseline for the future [4].

The contributions of whole-organism collecting listed above are not exhaustive but high-

light some of the key reasons why specimen collecting continues to add value to science and to

issues of societal importance including conservation, zoonotic pathogens, environmental pol-

lutants, and numerous others. Although a few of these lines of inquiry could be pursued in a

limited way without new collections or without whole organisms, most could not. We support

the development of new technologies that increase the information obtained from museum

specimens, but these should augment and not replace other methods. Specimen collection is

still essential for modern science.
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