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principles. ( for collective benefit, authority to control, responsibility, and 
ethics ; Carroll, et al. 2020 ). 

Two recent federal initiatives, the Nelson Memo (OSTP 2022 ) 
and the White House report Vision, Needs, and Proposed Actions for 
Data for the Bioeconomy Initiative (OSTP 2023 ), prioritize FAIR data 
practices and open science concepts and thus align well with ob- 
jectives of the broadly defined biodiversity community. The Nel- 
son Memo, issued by the White House Office of Science and Tech- 
nology Policy, calls on federal agencies to make publications and 
supporting data resulting from federally funded research freely 
available and publicly accessible immediately, without any em- 
bargo. The White House bioeconomy report describes the data and 
computational infrastructure needs required for a robust US bioe- 
conomy. Importantly, the report also calls for enhanced specimen 
collection and digitization to leverage biodiversity to achieve bioe- 
conomic goals. 

Another significant development has been the enactment of 
the CHIPS and Science Act of 2022 (PL 117–167), which makes 
historic investments in science and technology, including provid- 
ing a robust reauthorization for the National Science Founda- 
tion (NSF). Notably, the law supports a recommendation from the 
2020 National Academies of Sciences, Engineering, and Medicine 
(NASEM) report Biological Collections , calling for funding agencies 
to “require a specimen management plan for all research propos- 
als that include collecting or generating specimens that describe 
how the specimens and associated data will be accessioned into 
and permanently maintained in an established biological collec- 
tion” (NASEM 2020 ) . Furthermore, some biological collections are 
also defined as genetic resources; therefore, their stewardship and 
use are governed by international conventions such as the Nagoya 
Protocol ( www.cbd.int/abs) and Marine Biodiversity of Areas Be- 
yond National Jurisdiction ( www.un.org/bbnj). 
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ield- and lab-based research projects have the potential to am-
lify their impact through the generation, collection, and depo-
ition of specimens into established repositories (Peterson 2010 ,
all-Damerow et al. 2019 , Boundy-Mills et al. 2019 , NASEM 2020 ,
eberling et al. 2021 , Hardisty et al. 2022 ). Specimens are broadly
efined as organisms (including those that are genetically modi-
ed), parts of organisms, fossils and trace fossils, living organisms
e.g., microbes, algae), and nonbiological environmental samples
e.g., water, soil, rocks). Preservation of specimens is essential
or two elements of modern science: validating past results and
uilding on past discoveries. There have been calls for increased
ouchering or deposition of biodiversity specimens into estab-
ished repositories across the life sciences, including natural his-
ory disciplines and beyond (Funk et al. 2005 , Peterson 2010 ,
chilthuizen et al. 2015 , Buckner et al. 2021 , Colella et al. 2021 ).
imely and properly archived physical specimens and their digi-
ized data are accessible to an ever-increasingly diverse audience,
upport transparency and reproducibility in research, and provide
ritical information that can stimulate new avenues of research. 
The biodiversity science community has also been actively en-

aging in interdisciplinary conversations about creating and sus-
aining open data resources that are FAIR (for findable, accessible,
nteroperable, and reusable ; Wilkinson et al. 2016 ). The community
s working toward the creation of an extended specimen network
Lendemer et al. 2020 ), which will rely on a dedicated workforce
nd infrastructure to maintain in-network existing specimens
nd data, engage with other data sources, and ensure that newly
ollected specimens and links seamlessly enter the data network.
he societal value of managing extended specimens (Lendemer
t al. 2020 ) is very closely linked to our present and projected ca-
ability to mobilize local to global specimen access and to build
owerful tools to publish and share data under FAIR and CARE
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The Biodiversity Collections Network (BCoN, https://bcon.aibs.
rg), a national initiativ e that emer ged fr om an NSF gr ant awarded
o the American Institute of Biological Sciences (AIBS), has facil-
tated community discussions in partnership with the US Cul-
ure Collection Network (USCCN), an NSF funded research co-
rdination network, about the need for a specimen manage-
ent plan (SMP) requirement. This included a virtual discus-
ion held in February 2023 where many voices in the com-
unity expressed support for such an endeavor (BCoN et al.
023 ). 
Successful long-term specimen care, curation, and data stor-

ge require expertise and a detailed and specific management
lan. Biological collections are composed of an array of living
nd preserved organisms (including fossils), and their long-term
aintenance requires curatorial expertise and knowledge of
reservation techniques that are specific to the type of organism
o maximize future research. Although specimens are closely
inked with their associated data, physical objects differ widely in
heir requirements for physical care, method of preservation, and
uratorial needs across disciplines. Specimens therefore have
ifferent and more diverse management practices when com-
ared with data derivatives, especially concerning infrastructure
nd budget. Many federal agencies emphasize the need for and
mportance of specimen management. Box 1 lists some examples
f sample management guidance currently in place at various
ederal agencies, but there is a need for standardized policies
cross the federal government that formalize the relationship
etween the researcher who generates specimens and the in-
titution entrusted to conserve, curate, and provide access for
esearch, innovation, intellectual property development, and ad-
ancing the bioeconomy. A clear and standardized SMP supports
he data and integration required to achieve a truly extended
pecimen. 

ecommendations for specimen 

anagement plan implementation 

mplementation of a sound SMP has broad value for researchers,
ollections, their host institutions, publishers, and, in the case of
ublicly funded research, taxpayers as well (see box 2 ). Further-
ore, additional support and guidance are often necessary to en-
ure that collections follow the CARE Principles for Indigenous
ata Governance, which may limit or expand the availability of
pecimens and associated data. To this end, we recommend that
unding agencies require SMPs for biological specimens collected
r generated during government-funded research and that SMPs
rovide detailed information regarding the requirements for col-
ection, digitization, curation, long-term maintenance, and fund-
ng of accessioned specimens as a part of all research projects in
hich specimens of any type are generated or collected. 

Funding agencies would also be urged to provide specific guid-
nce on specimen acquisition and deposition through further
upplementation of current data management plan guidance. The
ncreased scope of such a document would serve as an instrument
o incentivize and promote the development, maintenance, coor-
ination, and enhancement of services built around supporting
hysical and cyber infrastructures for specimens and their asso-
iated data. 
Finally, we recommend that grant-receiving institutions sup-

ort their workforce and student researchers in adhering to
est SMP practices, whereas specimen-receiving institutions
re funded through SMP mechanisms to provide informa-
ion and infrastructure needed to support the deposition of
pecimens. 

uggested elements of a specimen 

anagement plan 

roposal submitters should engage and work collaboratively with
 selected repository to produce an SMP. This communication
hould occur well in advance of the submitted proposal date
nd should include the following: (1) the name of the collec-
ions repository that has agreed to maintain the specimens along
ith a statement of collaboration from the repository; (2) the
ype and anticipated number of specimens, variety of prepara-
ions, and associated collection metadata and extended specimen
ata (including genotype, phenotype, images, sequences, etc.) that
ould be deposited following all national and international col-
ecting, import, and export permitting agreements (Nagoya Pro-
ocol, etc.) that govern deposition of the collections; (3) plans
or collecting specimens and preserving them within a reposi-
ory that is in line with established best practices for the rel-
vant organisms (including the expectations of specimen cura-
ion and care), to ensure long-term utility that complements rec-
mmendations for the digital extended specimen (Hardisty et al.
022 ); (4) an estimated budget of the funding required by the
epository to curate, digitize, and care for the material once re-
eived, and how those costs will be covered; (5) a plan for mak-
ng the specimens available to the research community, such as
hrough data publication in the collection’s online catalog or other
ools. 
This minimum set of information could be used by reviewers

o judge the soundness of the SMP for physical samples and their
erivatives, which are equally important to preserve, if not more
o, than the associated data addressed in the DMP. 
A coordinated approach is needed to engage the living and

reserved collections and their associated research communities
o develop requirements and best practices for the collection,
eposition, accession, and sustained curation of specimens and
ssociated data that result from publicly funded research. In
ollaboration with NSF, the combined expertise of members of
he Society for the Preservation of Natural History Collections
SPNHC), the AIBS, the Natural Science Collections Alliance,
SCCN, BCoN, iDigBio (for Integrated Digitized Biocollections ), the
lobal Biodiversity Information Facility, and others, could gather,
reate, and publish documents outlining the best practices for
he collection, preservation or cultivation, and long-term main-
enance of samples, which would be subjected to community
eview. To be of maximum utility, such documents should include
ost projections for the curation and digitization of various
ategories of specimens and preparations. An online resource,
uch as the SPNHC website ( https://spnhc.org/resources), could
erve as a clearinghouse for publications, templates, and other
esources. In addition, grant writers could use tools designed
o help with these sections of grant proposals, such as DMP-
ool ( https://dmptool.org) and ezDMP ( https://ezdmp.org), to
ncorporate these guidance documents into their workflows for
emiautomated creation of data management plans. Coordinated
fforts at the national level, such as a biological collections
ction center, as was proposed in the 2020 NASEM Report
nd the CHIPS and Science Act, could provide the infrastruc-
ure necessary for the creation and dissemination of relevant

https://bcon.aibs.org
https://spnhc.org/resources
https://dmptool.org
https://ezdmp.org
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Box 1. Examples of current sample management guidance at federal agencies.

At the National Science Foundation , the current NSF Proposal and Award Policies and Procedures Guide (NSF 2023a ) allows pro- 
posers to request funds for “storage, preservation, documentation, indexing, etc., of physical specimens, collections, or fabricated 
items.” As it is currently written, the data management plan (DMP) guidance document associated with NSF Biological Sciences 
(BIO) directorate proposals (NSF 2020 ) mentions specimen curation but does not provide specific guidance or require sufficient in- 
formation from a proposed project to ensure specimen deposition, digitization, care, and curation. However, following the passage 
of the CHIPS and Science Act, NSF BIO has implemented new specimen management requirements as part of select solicitations 
that provide the following guidelines: “PIs who propose to generate or collect specimens in the execution of their research that will 
be vouchered or deposited into some type of resource designed for enabling their reuse are required to include in the Data Manage- 
ment Plan a section titled “Specimen Management Plan,” which should include a description of which specimens and associated 
data will be permanently accessioned into and maintained in an established repository or other similar resources. PIs planning 
to deposit specimens, as well as those who do not, should indicate how their plans are consistent with community norms, best 
practices, or standards.”

Divisions within the Geological Sciences Directorate (GEO) at NSF have provided more informative resources and guidance on 
sample management. For example, the Division of Ocean Sciences provides detailed sample archiving requirements for physical 
geological samples but only encourages the archiving of voucher biological specimens ( www.nsf.gov/pubs/2017/nsf17037/nsf17037.
jsp). The Division of Earth Sciences (EAR) recently announced updates to its Data and Sample Policy ( www.nsf.gov/pubs/2023/
nsf23131/nsf23131.jsp), which articulates expectations for the content of DMPs, including requirements for when and how data 
and samples must be made publicly accessible after collection (NSF 2023b ). EAR has also made available a list of resources to 
facilitate adherence to the new requirements (NSF 2023c ). 

The US Long Term Ecological Research Network (LTER) —a cross-cutting program administered through BIO, GEO, and the Direc- 
torate for Social, Behavioral, and Economic Sciences—requires that for proposals that include specimen collection (e.g., organ- 
isms, parts of organisms, fossils including trace fossils, microbial isolates) “the Data Management Plan must include a descrip- 
tion of how the specimens and associated data will be accessioned into and maintained in an established biological collection”
( www.nsf.gov/pubs/2024/nsf24520/nsf24520.htm?org=NSF). 

At the Department of the Interior (DOI) , the National Park Service (NPS) has outlined curatorial requirements for speci- 
men collection at national parks that apply to both NPS and non-NPS researchers—for example, at Denali National Park and 
Preserve ( www.nps.gov/dena/learn/nature/research-collecting.htm) and Acadia National Park ( www.nps.gov/acad/learn/nature/
collecting-specimens.htm). 

The US Geological Survey (USGS) provides resources for collection management ( www.usgs.gov/programs/national-geological-and-
geophysical-data-preservation-program/resources-collection). 

The US Fish and Wildlife Service (USFWS) provides guidance on the collection and donation of fish, wildlife, and plant specimens 
( www.fws.gov/policy-library/701fw5, www.fws.gov/policy-library/e1126fw2). 

The US Department of Agriculture (USDA) provides guidance on germplasm deposition ( www.ars.usda.gov/plains-area/
fort-collins-co/center-for-agricultural-resources-research/paagrpru/docs/plants/pages/deposit-germplasm). The National Insti- 
tute of Food and Agriculture (NIFA) provides management and access policies for institutional scientific collections that are finan- 
cially supported by NIFA (USDA 2016 ). The Agricultural Research Service provides guidance on scientific collections management 
and access (USDA 2014 ). 

E
R  

e  

r  

f  

l  

p  

i  

f  

v  

t  

f  

a  

t  

s  

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article/74/7/435/7687409 by guest on 20 M

ay 2025
valuation of specimen management plans 

eviewers of funding requests for projects that include the gen-
ration of specimens may be unfamiliar with sampling and cu-
ation protocols. For that reason, we suggest a potential rubric
or the evaluation of an SMP that includes responses to the fol-
owing questions: (1) Is an appropriate repository named in the
roposal, and does the proposal contain evidence that the repos-
tory has agreed to house the specimens? (2) If the agreement is
or a particular term, are there clear plans in place for the preser-
ation, care, curation, and distribution of specimens beyond that
erm? (3) Does the proposal demonstrate awareness of standards
or discipline-specific preparation and storage of the specimens,
nd is the work needed to accomplish this accounted for in the
ask analysis and the budget of the proposal? (4) Is there a provi-
ion for digitizing and sharing specimen data through a generally
accessible portal? (5) Does the proposal indicate that the grant re-
cipient will provide all the necessary legal documentation (e.g., as-
sociated permits or accession documents) to the repository outlin-
ing ownership or stewardship conditions? (6) For collections made
outside of US national borders, does the proposal outline the spe-
cific actions the researchers will take to comply with import or
export requirements, the Nagoya Protocol, biosafety, biosecurity,
and other relevant regulations? (7) Does the proposal contain an
explicit accounting of costs for acquisition, processing, and care,
with a consistent, transparent calculation? 

Conclusions 

In summary, for collections willing to partner with new research
projects, SMPs will maximize the return on long-term invest-
ments in collections infrastructure and ensure that they are

http://www.nsf.gov/pubs/2017/nsf17037/nsf17037.jsp
http://www.nsf.gov/pubs/2023/nsf23131/nsf23131.jsp
http://www.nsf.gov/pubs/2024/nsf24520/nsf24520.htm?org=NSF
http://www.nps.gov/dena/learn/nature/research-collecting.htm
http://www.nps.gov/acad/learn/nature/collecting-specimens.htm
http://www.usgs.gov/programs/national-geological-and-geophysical-data-preservation-program/resources-collection
http://www.fws.gov/policy-library/701fw5, www.fws.gov/policy-library/e1126fw2
http://www.ars.usda.gov/plains-area/fort-collins-co/center-for-agricultural-resources-research/paagrpru/docs/plants/pages/deposit-germplasm
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Box 2. Value-added benefits of a specimen management plan.

Robust SMPs increase the reproducibility, utility, and long-term value of federally funded, specimen-based research that benefits 
numerous stakeholders in the following ways: 

Researchers: Communication between researchers and repositories prior to lab and fieldwork and during the grant writing phase 
would ensure institution-specific protocols and best practices for the generation, collection, and preservation of specimens, data, 
and products are followed. It would lead to more timely curation of specimens and aid in meeting reproducibility and data avail- 
ability requirements of publishers and grant agencies when disseminating project results. It would also facilitate the exchange of 
information on relevant state, national, and international collecting and permitting laws and regulations, institutional animal care 
and use committee or institutional review board protocols, USDA-APHIS (Animal and Plant Health Inspection Service), biosafety, 
biosecurity, and ethical guidelines. Finally, it would enable the repository to provide inventories of existing specimens and data in 
their or other institutions, as well as information about complementary research projects, thereby preventing research duplication, 
ensuring ethical collecting and providing collaboration opportunities. 

Collections and Institutions: Collections would be funded at a negotiated rate to support the workforce and equipment needed 
to catalog, digitize, maintain, and curate specimens for an agreed-on period, following NSF’s mandate to fund the entire research 
endeavor. The funds would be directed to collections that are in active use and capable of growth. Likewise, SMPs may incentivize 
institutional leaders and communities to build more robust, sustainable, and powerful infrastructures and services around their 
managed specimens, thereby maximizing the specimens’ future scientific and societal impact. By disseminating funds at the local 
and regional level, agencies would create an equitable allocation of resources in support of a more sustainable infrastructure for 
the digital extended specimen. Collections would also receive high-quality specimens that were legally collected and preserved 
in a format compatible with their storage and data that adhere to standards and best practices compatible with their collection 
management systems. 

New investments in recruitment and training, whether directly through grant funds or through complementary institutional funds 
made possible by these additional funds, would sustain and diversify the collections workforce, per the NSF’s stated objectives of 
increasing equity for excellence in STEM (science, technology, engineering, and math) while simultaneously promoting diversity, 
equity and inclusion improvements in the collections community. 

Funding sources: Public funding agencies would receive a larger and earlier return on their investment in collections to leverage 
future research. They would have better metrics to understand the landscape of repositories actively involved in the curation of 
specimens generated through research. And small and underresourced collections that receive accessions from taxpayer-funded 
research would receive federal funding through SMP mechanisms in amounts that reflect the collection’s value to federally funded 
research. 

Additional stakeholders, such as publishers, data users, the general public, and early career scientists, also benefit from SMPs in 
ways similar to the groups above. Collectively, this increases the reproducibility and utility of funded, specimen-based research. 
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dequately safeguarded and ethically curated for the support of
ritical research, education, and innovation into the future. Both
esearchers and collections professionals have expressed the con-
ern that an SMP requirement would create additional burdens for
heir work, most recently in the February 2023 virtual discussion
ed by AIBS, BCoN, USCCN, and the Natural Science Collections Al-
iance (BCoN et al. 2023 ). However, we assert that a detailed and
utually agreed-on plan would have the opposite effect. With
nowledge of accepted best practices for specimen preparation
nd documentation, researchers can incorporate realistic time
nd budget commitments for this work. Receiving collections in-
titutions can feel confident of the value resulting from accessions
nd can incorporate these efficiently. Developing a consensus on
he requirements for an SMP and how to evaluate such plans is
ey for the efficiency of this process and the accrual of value-
dded benefits described above. 
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