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Abstract.—The SPNHC membership was surveyed to develop a list of priorities for nat­
ural history collections conservation research. The survey was mailed to 548 individual and 
institutional members and 229 responses (42%) were analysed. Ten topics were identified 
by at least half of the respondents with above average priority ratings. Additional topics 
were rated as priorities for transfer of information, with special attention given to conser­
vation of documentation. These priorities reflect research needs that serve multiple disci­
plines and complement priorities identified for conservation research in art and historical 
collections. This paper represents the report submitted to the agency that funded the study 
in fulfillment of the grant requirements. 

EXECUTIVE SUMMARY 

The Society for the Preservation of Natural History Collections (SPNHC) is a 
multidisciplinary international organization composed of individuals and institu­
tions who are interested in the development and preservation of natural history 
collections. Under the direction of the SPNHC Conservation Committee and its 
Research Subcommittee, the project coordinator surveyed the SPNHC member­
ship by mail to develop an updated list of priorities for natural history collections 
conservation research. This report summarizes background information, devel­
opment and implementation of the survey instrument, results and data analysis of 
this project. 

The survey instrument was developed with input from a core group of 40 
professionals. The results from a previous multidisciplinary project on the con­
servation of natural science collections (Duckworth et al. 1993) and projects on 
conservation research needs conducted by the American Institute for Conservation 
(Derrick 1996, Hansen and Reedy 1994) were used as a guide for the development 
of topics for research and/or transfer of information. Given the variety of disci­
plines and job functions represented within the SPNHC membership, the survey 
was structured to permit analysis of respondents' most critical needs based on 
their job functions and type of materials. 

The survey was mailed to 548 individual and institutional SPNHC members in 
September, 1999. From the 244 surveys returned, 229 were used for analysis, 
representing 42% of the membership. Responses were analysed and tables in­
cluded in the report show percentages and weighted averages for research prior­
ities. Sixteen topics were rated with an above average priority rating. Ten of these 
topics were selected by at least half of the respondents as the highest two ratings: 

• Impact of preparation materials and methodologies on chemical and physical 
properties of specimens; 
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• Impact of preparation materials and methodologies on scientific utility of 
specimens; 

• Development of preparation methodologies that maximize scientific utility 
of specimens; 

• Impact of treatments on the scientific utility of specimens; 
• Methods to assess systematically the condition of specimens over time; 
• Methods to assess systematically the condition of a collection of specimens 

over time; 
• Methods to assess risks to collections to rationally identify priorities for 

collection preservation investments and research; 
• Proper relative humidity and temperature parameters for general collection; 
• Materials specifications for containers; 
• Methods for repair/restoration of damaged specimens. 

All of these topics should be given the highest priority for natural history collec­
tions conservation research. Additional topics were rated as priorities for transfer 
of information (Table 5), with special attention given to conservation of docu­
mentation (Table 8). 

BACKGROUND 

Natural history conservation is among the newest fields of conservation even 
though natural history specimens are among the most common of objects found 
in museums, visitor centers, and interpretive sites, numbering more than 2 billion 
worldwide (Howie 1993). Although there are the ubiquitous mounted specimens 
of birds and mammals, the bulk of natural history collections consists of research 
material reflecting the disciplinary specialties of natural science interests and re­
search: anatomy, botany, entomology, evolutionary biology, geology, herpetology, 
ichthyology, invertebrate zoology, mammalogy, mineralogy, molecular biology, 
ornithology, paleontology. Natural history research collections can consist of the 
hundreds of thousands of specimens in a single institution, with only a small 
percentage (usually less than 1%) of the total representing "exhibit quality" ma­
terial. These specimens document variation over time and space; they are irre­
placeable as one can never travel back in time to collect sites that have become 
interstate highways or the foundations of schools. The value of natural history 
collections continues to grow as habitats disappear, geological and paleontological 
sites are destroyed, or as species become extinct (Cato 1990). 

Our ability to learn from samples of our natural history diminishes as various 
agents speed their decay and destruction. It is essential that the conservation 
profession apply its collective knowledge and skills to improve the life expectancy 
of natural history specimens in museum collections. The needs of natural history 
specimens focus on a range from the treatment of individual specimens to the 
issue of providing the best storage environment for whole collections consisting 
of thousands of specimens. Preservation requirements also must address through 
research the myriad of materials that comprise natural history specimens: organ-
ics, inorganics, and composites (Duckworth et al. 1993). 

Professionals working in the field recognize the need for accurate, useful in­
formation to improve preservation and conservation methodologies for natural 
history specimens. This is evident from the results of the 1989-1993 project 
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supported by the National Science Foundation, the National Institute for the Con­
servation of Cultural Property (NIC), the Association for Systematics Collections 
(ASC), and the Society for the Preservation of Natural History Collections 
(SPNHC). This project brought together at a national level representatives from 
various natural science disciplines with conservation and materials science experts 
to discuss not only the conservation needs for collections and specimens, but 
areas of concern that needed to be addressed through research and the transfer of 
existing information in other fields. Natural history disciplinary and specialty 
groups were contacted, and more than 12 meetings held with the following groups 
to discuss needs and priorities: Mineral Museums Advisory Council; U.S. Fed­
eration of Culture Collections board; American Society of Mammalogists; Amer­
ican Society of Ichthyologists and Herpetologists; Council of Systematics Mala-
cologists/American Malacological Union; American Institute of Biological Sci­
ences; Mycological Society of America/Bryological and Lichenological Society/ 
American Fern Society; American Society of Parasitologists/Society of 
Nematologists; American Ornithologists' Union; Paleontological Society/Society 
of Vertebrate Paleontologists; Mineralogical Society of America; Entomology 
Collections Network/Entomological Society of America; and Material Sciences 
panel. It becomes obvious, just from this listing of groups, that the variety of 
materials found in natural history collections are the result of an enormous range 
of project goals, collecting methodologies and protocols. It could be predicted 
that the range of concerns and preservation priorities would also be substantial. 

Collection care needs and issues of concern raised during the various disci­
plinary meetings were summarized in a series of unpublished reports. These in­
dividual reports were used by the NIC project group to develop an extensive list 
of needs for preservation research and technology transfer that were organized 
into four divisions: fluid-preserved specimens, inorganic/organic matrices, plant 
material, and animal material. This list of research information needs is so exten­
sive as to be overwhelming, yet valuable in providing an organized sense of the 
overall needs (Appendix B. Recommended Topics for Research and Technology 
Transfer in Duckworth et al. 1993). 

The final report from this project, "Preserving Natural Science Collections: 
Chronicle of Our Environmental Heritage" (Duckworth et al. 1993) provides an 
excellent presentation for the need for conservation, the problems faced by stew­
ards of natural history specimens, and the need for improved training and research 
in the field of natural history conservation. Although it lists and organizes the 
needs for conservation research in a general manner, it does not concentrate suf­
ficiently on prioritizing those needs to provide guidance for researchers or to 
support funding requests for research projects. In addition, there has been progress 
in the field of conservation since the beginning of the NIC project, and many of 
the research topics may have been dealt with, at least indirectly. The Research 
Subcommittee of the SPNHC Conservation Committee felt it important to review 
the issue of priorities for natural history collections conservation. Thus it initiated 
a project to identify current priorities, looking at changes since the initiation of 
the NIC project in 1989 and its final publication in 1993, and efforts to identify 
research priorities in the related areas of conservation of art and cultural collec­
tions. 

The primary objectives for this current project were to gather information 
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through a literature search; to solicit input from active professionals working with 
collections care and conservation research for natural history collections; and to 
write a report summarizing and describing research priorities for natural history 
collections conservation. The literature search focused on published material re­
lating to priorities and progress in the conservation of natural history collections 
with a particular emphasis on articles appearing since the 1993 publication re­
sulting from the NIC project. Input from professionals was sought at two levels. 
(1) A core group of 40 individuals composed of the SPNHC Conservation Com­
mittee, SPNHC Executive Council, and several independent collection managers 
and researchers provided the first level of recommendations, comments and feed­
back through e-mail, letters, phone calls, a discussion meeting, and a pilot mail 
survey. (2) Using a mailed survey that had been tested by the core group, the 
SPNHC membership was then surveyed in order to gain a broader perspective 
through the input of individuals working in multiple disciplines and having dif­
fering job priorities. 

LITERATURE 

Since the beginning of the NIC project in 1989, there has been an increase in 
the literature with respect to (1) clarifying the philosophical basis for natural 
history collections conservation and management; (2) formalizing the terminology 
and policies affecting natural history collections management; and (3) specific 
studies investigating the materials and methods used in natural history collections 
management and conservation. In addition, the American Institute for Conser­
vation has supported and published research priorities that reflect conservator-
driven needs for the specialties represented within AIC (Derrick 1996, Hansen 
and Reedy 1994). 

The philosophical basis for the care of natural history collections was sum­
marized in the "Guidelines for the Care of Natural History Collections" (Society 
for the Preservation of Natural History Collections 1994). Endorsed by the 
SPNHC Council, these guidelines were developed with the input of numerous 
professionals associated with the use and care of natural history collections. The 
first section of these guidelines clearly states the parameters that make these col­
lections unique and how that uniqueness affects care and management of the 
collections. Part of the uniqueness of these collections originates with the idea 
that the inherent value of the specimen depends on use; the intended use dictates 
both the initial and the subsequent specimen preparations, and scientific research 
using the specimens enhances the value of the specimens. However, there is also 
recognition by professionals of their obligation to maximize the value of each 
specimen for future uses. Thus, there needs to be a balance between use and 
preservation, balancing the competing demands of today's use with future uses. 

Another parameter is the size of these collections. Decisions made to conserve 
and manage these collections must take into account the vast size of most col­
lections. Specimens are acquired in series and stored, handled, and used as part 
of a group. It is the rare exception that a single object or specimen is accorded 
the detailed scrutiny of a conservation assessment that might be given an object 
in an art or historical collection. The issue of size of the collections has been the 
driving force behind the growth of preventive conservation in natural history 
collections management, an approach discussed by Rose and Hawks (1995) and 
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others in the volume, Storage of Natural History Collections: A Preventive Con­
servation Approach (Rose et al. 1995). 

Williams and Cato (1995) emphasized the need to interweave the institutional 
functions of research (specimen use), collection management and conservation to 
maximize the long-term survival and value of natural history collections. Profes­
sionals who work in these functional areas approach the use and care of collec­
tions from differing perspectives, but it is necessary to achieve effective inter­
action of these different viewpoints in order to serve the long term needs of the 
collections. Conservation of collections can be effective only if it is inclusive and 
takes into consideration the perspectives of management and specimen use. 

The issue of managing and caring for vast collections effectively has been 
approached as well using the principles of risk management. This philosophical 
approach, developed for natural history collections by Waller (1995), stresses the 
need to develop decision-making tools that are based on rational and analytical 
approaches. Recognizing the competitive pressures of limited critical resources 
and the need to preserve huge numbers of specimens, decision-making tools based 
on risk management can provide a more objective basis for analyzing an insti­
tutional situation. Specific examples of tools and applications reflecting this ap­
proach include those offered by Price and Fitzgerald (1996) and Williams, et al. 
(1996). 

In addition to contributing to the philosophical basis for natural history collec­
tions management and conservation, the last few years have seen an increased 
emphasis in the literature on terminology and the formalization of standards and 
policies for various aspects of natural history collections management and care. 
When professionals in disparate fields begin to work together, there are frequent 
misunderstandings because of a lack of common definitions for a term. As an 
example, the terms conservation, preparation, and treatment have different defi­
nitions depending on one's perspective as a conservator, a collection manager, or 
a researcher in the natural science disciplines. Glossaries such as found in Guide­
lines for the care of natural history collections (Society for the Preservation of 
Natural History Collections 1994), and Rose et al. (1995) expand on terminology 
defined in Duckworth et al (1993) and Rose and de la Torre (1992). These glos­
saries help to improve the level of mutual understanding among conservators, 
collection managers and researchers, and are essential if conservation research is 
to play an active role in assisting the professional community to preserve natural 
history collections. 

Standards and guidelines for developing policies for institutions housing natural 
history collections have been formalized and published by the Museums and 
Galleries Commission (1992a, 1992b, 1993), Cato and Williams (1993), and the 
Association for Systematics Collections (Hoagland 1994). These publications not 
only reflect the wide range of institutional concerns, but also particularly reflect 
issues that had not previously been addressed, such as sampling and destructive 
testing, preventive conservation, specimen treatment, and use of specimen data. 
Natural history collections conservation occurs within the context of both insti­
tutional and scientific discipline frameworks, and the development of professional 
standards and guidelines in these areas directly impacts the development of natural 
history conservation and its conservation research priorities. 

The number of published studies investigating various aspects of natural history 
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specimen preparation, storage, management and conservation has increased since 
the 1980s, but is still very small. As an example of a typical computerized bib­
liographic search using the Conservation Information Network on the Canadian 
Heritage Information Network (CHIN) for the years 1993-1999, an effort to find 
published research relating to the conservation of mammal collections using the 
keyword, mammal, resulted in 27 hits. Only 16 dealt with topics relating to con­
servation and/or preservation, and 5 of these were case studies. Of these 16 con­
servation-related articles, five were published in Collection Forum, two in Geo­
logical Curator, three in the Journal of Archeological Sciences, and one each in 
six other sources. The two in Geological Curator pertained to mammalian fossil 
material, and the three in the Journal of Archeological Sciences related to mam­
malian finds in zooarcheological sites, with minimal discussion of preservation. 

During the period, 1993-1999, approximately 48% of the articles published in 
Collection Forum, the professional journal for SPNHC, reported on completed 
research, or on progress made in the analysis of materials, or on procedures used 
in the preparation and storage of specimens. This is a significant increase over 
the very small numbers reported in the past (Cato 1988). However, given the 
small size of Collection Forum, the total number of articles for this research arena 
is still quite limited. 

Relevant conservation research, news and case studies have been published in 
a variety of other professional outlets as well, including: the Journal of the Amer­
ican Institute for Conservation (JAIC), Geological Curator, Biological Curator, 
SPNHC Leaflet series, SPNHC Newsletter, Natural Sciences Conservation Group 
Newsletter, Natural History Conservation, Conserv-O-Gram, Conservation News, 
Journal of Archeological Science, and the Journal of the International Institute 
for Conservation-Canadian Group (J. IIC-CG). The quantity and availability of 
information from conservation research reported in these other journals that is 
directly pertinent to natural history collections conservation through these avenues 
is small. Although several of these journals and newsletters focus on natural 
history, their circulation is small and their availability is limited. The ones that 
are more general, and have a larger circulation, have very few articles pertaining 
directly to natural history objects. 

There also has been an increased effort to publish books reviewing the state of 
knowledge, and workshop proceedings on topics pertaining to areas of natural 
history collections conservation (e.g., Metsger and Byers 1999, Collins 1995, 
Rose et al. 1995, Child 1994a, 1994b). Williams (1999) reviews the effects of 
standard preservation techniques, concluding that many are in fact destructive and 
interfere with the potential scientific value of the specimens. These publications 
are particularly useful for the wider dissemination of information and for increas­
ing the awareness of professionals to areas of need and concern. Most highlight 
or discuss areas of natural history collections conservation that need further re­
search to determine the effectiveness or impact of existing procedures and tech­
niques on the long-term preservation and scientific utility of specimens. 

Finally, the fastest growing tool for dissemination of information has been web 
sites such as CoOL (Conservation OnLine; <http//palimpsest.stanford.edu/>) and 
the Heritage Forum: Resources section of the Canadian Heritage Information Net­
work (<www.chin.gc.ca>). Not restricted to a single discipline, sites such as these 
encourage transfer of information among disciplines. 

http://www.chin.gc.ca
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DEVELOPMENT AND IMPLEMENTATION OF THE SURVEY 

Development of the survey instrument followed standard procedures for ques­
tionnaire design, beginning with input by the core group to focus the content and 
approach. This group received copies of relevant sections of three publications 
(Duckworth et al. 1993, Hansen and Reedy 1994, Derrick 1996) to initiate dis­
cussion; members were asked to consider terminology, gaps and areas of overlap 
in the framework presented by Duckworth et al. (1993), and how to best identify 
top priorities. Comments were received by e-mail, mail, and during a discussion 
at the Conservation Committee meeting (June 1999, annual SPNHC meeting). 

The initial comments were varied. There was general support for the approach 
taken in Duckworth et al. (1993) because the categories were relevant to those 
who manage and use the collections. It was noted that priorities need to be defined 
in the context of the needs of the profession, and how the collections are to be 
used. Because a basic premise in the development of natural history collections 
is for the use of specimens, it was felt that the terminology of this survey would 
need to be different from that used by the AIC surveys which emphasized art and 
cultural materials collections. Several individuals noted that in the Duckworth et 
al. (1993) listing, many of the topics listed for research were very specific, too 
much so to be considered a profession-wide priority. A few noted that research 
has been done in several of the areas listed, and that the priority now should be 
to transfer the information to the natural history collections field. 

The group's primary recommendations, therefore, were that (1) the objective 
of the research priorities be goal oriented not merely specific research topics; and 
(2) the priorities must reflect research that would have the biggest impact on the 
collections as a whole. The survey needed as well to indicate the primary focus 
of the respondent's work, such as, collection manager, curator, conservator, reg­
istrar, or administrator. An earlier survey by SPNHC (Cato 1991) identified these 
categories as distinct, relevant functional areas, regardless of job titles. It was also 
recommended that the survey be designed to permit analysis based on the per­
spective of the respondent given the scientific discipline(s) he/she works with and 
the degree to which he/she focuses on different materials. These distinctions are 
necessary in order to clarify the difference between the functional organization 
of most natural history collections (e.g., mammals vs. birds vs. fossils, etc.) from 
the material science approach of conservation (protein-based animal materials, 
inorganic materials, etc.). 

With these recommendations, a four page pilot survey was designed. After 
review by the Chair of the Conservation Committee (D. Dicus) and the Chair of 
the Research and Technology Subcommittee (D. von Endt), the pilot was revised, 
then mailed to 32 members of the core group. The recipients were requested to 
(1) respond to the survey, and (2) comment on the content, wording and structure 
of the survey itself. Based on responses and comments from 16 individuals (8 
collection managers, 8 conservators/conservation scientists), the pilot was revised 
and the final survey (see appendix) was prepared for mailing to the SPNHC 
membership. 

An effort was made to balance the terminology and wording of the questions 
in the survey between the needs and perspectives of those who use the collections, 
and approach issues of collection care from the background of management or 
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Table 1. Percentage of respondents selecting 

Priority scale 

Animal materials 
Fluid-preserved specimens 
Inorganic materials 
Plant materials 
Inorganic/organic complexes 

ranking 

1 

47.8% 
16.2% 
19.3% 
17.5% 
15.8% 

numbers 1 1 or 2 for listed materials. 

1 + 2 

60.1% 
32.5% 
28.9% 
25.9% 
23.2% 

Average 

2.4 
3.5 
3.7 
3.7 
3.8 

natural science-disciplines and with those who view collections from a back­
ground of materials science. The first half of the survey targeted broad priorities; 
the second half focused on whether a series of more specific topics should be the 
focus of research or transfer of information. At the end of the survey, a short 
series of questions asked which topics relating to conservation of documentation 
would be most useful for workshops or publications focusing on the perspective 
of natural history collections. (It was felt by the core group that most topics 
involving the conservation of documentation had been well researched already, 
but that technology transfer was critical.) In each area, respondents were given 
the opportunity to provide additional suggestions. 

Surveys were mailed to 548 individual and institutional members of SPNHC. 
From the 244 surveys returned, 229 (42%) were used for analysis. The survey 
responses that were not used for analysis included five returned due to wrong 
addresses, and five from individuals who indicated they were not directly involved 
with natural history collections conservation and did not feel adequately informed 
to respond. Some questions were not answered by all respondents; results were 
analysed on the basis of the number of responses to the particular question. 

RESULTS 

Almost half of the respondents (47%) work primarily with only one discipline, 
whereas 25% work with five or more disciplines. The majority of respondents 
(57%) described their work as collection manager, 22% as curator, 10% as con­
servator, and 11% marked the "other" category. The latter included 19 different 
job titles; five listed "registrar" and five listed administrator-type titles (e.g., di­
rector, administrator). 

Respondents were requested to indicate the degree to which their priorities 
focused on each of five categories of materials. These categories were not intended 
to be exclusive, recognizing that the majority of respondents work with multiple 
types of materials. Using a relative scale (1 to 5, greatest to least priority) almost 
half indicated animal materials comprised a significant priority, with a priority 
ranking of 1 (Table 1). The other types of materials were considered to have a 
high priority by at least 15—20% of the respondents. When the top two priority 
rankings are considered, fluid-preserved specimens are rated by almost one-third 
of the respondents as a high priority; as this category might include animal, plant, 
or geological samples, it reflects a broad interest. The weighted average for each 
material was also calculated; a lower number means a higher priority, and the 
value of 3 is considered to be a moderate priority. 

Table 2 summarizes responses to the survey questions to assign a priority rating 
for each of 30 topics in the areas of specimen preparation, post-preparation treat-
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Table 2. S u m m a r y of priority ratings for 30 topics (n 

indicated by an asterisk (*). 

229). Sixteen above average priorities are 

Research topics 

% respondents 

Rating Rating 
= 1 = 1 + 2 

Weighted 
average 

33.0 

33.8 

28.1 

56.2 

62.3 

57.0 

2.5* 

2.3* 

2.4* 

24.8 

29.7 

53.1 

61.6 

2.5* 

24.8 
11.9 

17.5 

8.3 
7.4 

26.2 
20.1 

50.5 

26.0 

42.9 
19.2 
27.5 

58.5 
56.3 

2.6* 

3.4 

2.9* 
3.6 
3.3 
2.5* 
2.5* 

Specimen preparation 

Impact of preparation materials and methodologies on chemical and physi­
cal properties of specimens 

Impact of preparation materials and methodologies on scientific utility of 
specimens 

Development of preparation methodologies that maximize scientific utility 
of specimens 

Post-preparation treatments 

Methods to assess systematically the condition of specimens over time 
Methods to assess systematically the condition of a collection of 

specimens over time 
Effect on specimens of adding and/or changing storage fluids 
Techniques to clean specimens (e.g., greasy bone; specimens stained by 

pollutants, mold) 
Mechanisms of oxidation reactions 

Methods to mitigate sampling of specimens for discipline-based research 
Methods for repair/restoration of damaged specimens 
Impact of treatments on the scientific utility of specimens 

Understanding specimen/collection damage & functions 

Impact of pest control methods on chemical and physical properties of 
specimens 

Long-term impact of pest control residues on scientific utility of specimens 
Proper relative humidity and temperature parameters for general collection 
Optimal parameters for particularly sensitive materials 
Effects of visible light, infrared, and ultraviolet radiation on specimens 
Optimal environments for materials taken from or stored in extreme 

environments 
Effects on specimens of glycerin, buffers and other additives to storage 

fluids 
Impact of storage materials on histological and chemical analyses of 

specimens 
Impact of currently used environments on the scientific utility of specimens 

Specifications for collection housing & use 

Methods to identify pest control residues on specimens 
Impact of pest control residues relative to human safety 

Materials specifications for containers (e.g., jars, lids, unit trays) 
Materials specifications for storage furniture 
Design specifications for specialized collections (e.g., marine core) 
Cost-effective methods to create microclimates 

Management of collections conservation and conservation research 

Methods to assess risks to collections to rationally identify priorities for 
collection preservation investments and research 

Methods to balance conservation parameters with specimen use for identi­
fied collections of like material or discipline (e.g., collections organized 
by strata rather than material; mammal collection) 

Methods to mitigate impact of inherent specimen properties (e.g., radon; 
oxidation of naturally occurring elements; water content of minerals) 

Methods to integrate conservation research with other discipline-based ana­
lytical research 

19.3 
11.4 
36.7 

10.9 
13.5 

6.5 

10.4 

10.4 
14.8 

14.4 

20.1 
27.1 
18.3 

6.5 
13.5 

46.9 
40.8 
69.0 
30.1 
42.3 

24.2 

25.7 

23.9 
41.4 

36.7 

45.0 
56.8 
46.2 
16.5 
30.5 

2.9* 
3.1 
2 .1* 
3.1 

2.9* 

4.0 

3.6 

3.6 
2.8* 

3.2 

3.0 

2.5* 
2.8* 
3.8 

3.3 

2.3* 

13.1 

10.4 

11.4 

41.9 

23.5 

32.8 

2.8* 

3.4 

3.1 
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ments, understanding specimen and collection damages and functions, specifica­
tions for collection housing and use, and management of collections conservation 
and conservation research. The responses were summarized for both the top pri­
ority rating (1), and the top two ratings together (1+2); a weighted average was 
also calculated. The seven topics that were selected by at least one-quarter of the 
respondents as the highest priority (rating #1) were: 

• Proper relative humidity and temperature parameters for general collection 
(36.7%); 

• Impact of preparation materials and methodologies on chemical and physical 
properties of specimens (33.0%); 

• Impact of preparation materials and methodologies on scientific utility of 
specimens (33.8%); 

• Methods to assess risks to collections to rationally identify priorities for 
collection preservation investments and research (29.7%); 

• Development of preparation methodologies that maximize scientific utility 
of specimens (28.1%); 

• Materials specifications for containers (e.g., jars, lids, unit trays, etc.) 
(27.1%); 

• Methods for repair/restoration of damaged specimens (26.2%). 

When the top two ratings are combined, at least 50% of respondents selected 
the seven above, plus three additional topics: 

• Methods to assess systematically the condition of specimens over time; 
• Methods to assess systematically the condition of a collection of specimens 

over time; 
• Impact of treatments on the scientific utility of specimens. 

Using the weighted averages, there are 16 topics that were rated as above 
average (i.e., having less than a value of 3 which is average) in priority (Table 
2). Thus, the choices with above average priority ratings include all three topics 
in the specimen preparation grouping; five from the post-preparation treatments 
group; four from the grouping, understanding specimen/collection damage and 
functions, and two each from the other two groups (specifications for collection 
housing and use, and management of collections conservation and conservation 
research). 

Having reviewed this list of 30 topics, respondents were then requested to select 
the three areas that are the most critical of all these; for each of the three areas, 
respondents were asked to select a type of material for the research topic. The 
top seven responses, all of which were included in the top seven listed in Table 
2, were: 

• Methods to assess risks to collections to rationally identify priorities for 
collection preservation investments and research; 

• Impact of preparation materials and methodologies on scientific utility of 
specimens; 

• Proper relative humidity and temperature parameters for general collection; 
• Impact of preparation materials and methodologies on chemical and physical 

properties of specimens; 
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Table 3. Top 3 priorities listed by respondents for a category of materials. 

Category of materials Topic 
Number of 
responses 

Fluid-preserved specimens 

Plant materials 

Animal materials 

Inorganic materials 

Inorganic/organic 
complexes 

Effect on specimens of adding and/or changing 
storage fluids 17 

Impact of preparation materials and methodologies 
on chemical and physical properties of 
specimens 12 

Materials specifications for containers 12 
Methods to assess risks to collections to rationally 

identify priorities for collection preservation in­
vestments and research 11 

Proper relative humidity and temperature parame­
ters for general collection 9 

Impact of pest control residues relative to human 
safety 8 

Techniques to clean specimens 21 
Methods to assess risks to collections to rationally 

identify priorities for collection preservation in­
vestments and research 18 

Impact of preparation materials and methodologies 
on scientific utility of specimens 17 

Methods for repair/restoration of damaged 
specimens 17 

Methods to mitigate impact of inherent specimen 
properties 6 

Impact of preparation materials and methodologies 
on chemical and physical properties of 
specimens 5 

Impact of preparation materials and methodologies 
on scientific utility of specimens 5 

Proper relative humidity and temperature parame­
ters for general collection 5 

Methods to assess risks to collections to rationally 
identify priorities for collection preservation in­
vestments and research 8 

Methods to assess systematically the condition of 
specimens over time 7 

Proper relative humidity and temperature parame­
ters for general collection 7 

• Development of preparation methodologies that maximize scientific utility 
of specimens; 

• Materials specifications for containers (e.g., jars, lids, unit trays, etc.); 
• Methods for repair/restoration of damaged specimens. 

Analysis by the type of material selected indicated a broader range of priorities. 
The top three responses according to material type are summarized in Table 3. 
(Many respondents chose to circle multiple types of materials rather than just one, 
and these responses are not included in Table 3.) There is overlap with the seven 
topics listed above, but more discipline- or material-specific topics were selected 
for each of the categories. 

Respondents were given the opportunity to suggest additional, broad priorities 
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Table 4. Suggestions by respondents of "broad research priorities," grouped for analysis. 

Preparation of sample/specimen; impact of materials, methods used. 
• Ability to prepare (remove rock matrix from) ever smaller, more detailed morphologies in verte­

brate fossils 
• Impact of field collection techniques on scientific utility (e.g., tropical collection with ethanol in 

field for pest control interferes with DNA isolation from herbarium material) 
• Most interested in consolidants/adhesives in paleontology 
• Preparation techniques for skeletal materials 

• Specific effects of freezing on skeletal material before and after preparation 

Understanding specimen/collection damage 
• Determination of the best storage media for fluid amphibian larvae with regard to concentra­

tion, pH, buffers, and maintaining neutrality. Is commonly used 10% formalin better for larval 
storage than 70% ethanol? 

• Long-term effect of lipids present in specimens (bones and fluid-preserved specimens) 
• Methods of pest control 
• Methods to prevent/reduce/eliminate insect pests 

• Protection of all specimens from pests (insects) 

Specifications for collection housing and use 
• Impacts of visitor handling of specimens on long-term preservation and on future scientific 

value 
• Earthquake & fire ratings for available storage equipment 
• Packing methods and materials used for transport of collection for loans, etc. 
• Proper storage and handling of color photographs and slides 
• Providing access to all elements of a collection (biological specimen, photograph, DNA se­

quence, etc.) 
• Destructive sampling of collection material 
• Use of tissue & frozen samples, DNA codes and relationship to vouchers 
• Specimen labeling 

Policies and decision-making protocols (a component of management of collections) 
• Developing protocols for sample sizes & integrating storage problems with scientific or research 

use of such things as fossil tusks 
• Development of a template for risk management and disaster mitigation of natural history 

collections 
• Policies on consumptive/destructive sampling 
• Uses of collections objects in public programs (exhibits, teaching, imaging) and related conser­

vation priorities 
• Valuation of collections by means of scientific parameters 

• Impact of databasing a collection vs. future use (patterns) of the collection 

Communication; education; information transfer 
• Education of discipline-based researchers in best collection/preservation/storage methods for 

material they collect, research, and turn over to museums for long-term care 
• Is there an area where curators and conservators can move together? There is a necessity to 

educate curators and museum managers to start thinking of the long-term life of their 
collections. 

Other 
• Paleontology has many problems not applicable to 'inorganic' in general 
• Anthropology (ethnographic & archeological) 
• Dried specimens of invertebrates 

that were not already listed. Twenty-nine suggestions were made and then grouped 
for analysis (Table 4). The wording of some of the suggestions made interpretation 
difficult, so these groupings might change if the suggestion had been more fully 
described. The majority of additional suggestions fall within three categories: 
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preparation of samples/specimens and the impact of the methods and materials 
used; understanding specimen/collection damage and functions; and specifications 
for collection housing and use. Six suggestions relate to the development of pol­
icies and decision-making protocols or framework, a process that is an aspect of 
the management of collections. Two relate to the need for communication of 
information among fields. 

The second major section of the survey questionnaire included a listing of 40 
specific research topics; many of these were discipline-specific and some had been 
listed in Duckworth et al. (1993). Respondents were asked to indicate for each 
topic whether this should be a priority for research or for the transfer of infor­
mation from allied fields (the term "technology transfer" was used in the pilot, 
but replaced as being field-specific jargon and too unclear for the majority of 
respondents.). A "don't know" option was also provided; respondents indicated 
this option was used as well when they felt the topic was not applicable to their 
discipline. Table 5 summarizes the responses for this section; the number of re­
sponses for each topic varied between 206 and 229. 

The ten topics with the highest percentage response for research priority were: 

• Quality of newer preparation methods and materials; 
• Methods of assessing the impact of past and current preparation techniques 

on both long-term preservation and biochemical analyses of specimens; 
• Quality of traditional preparation methods and materials; 
• Impact of methods of removing flesh, fats and oils from bone on the long-

term stability of skeletal material; 
• Preservation of color in biological specimens; 
• Impact of molding and casting materials on specimen preservation and 

specimen-based research; 
• Impact of various consolidants and adhesives on the chemical and physical 

stability of specimens; 
• Substitutes for formalin in the fixation of plant and animal material; 
• Effects of cleaning and staining on the stability of bone; 
• Impact of acid preparation on long-term stability and on biochemical anal­

yses of paleontological bone and shell. 

The ten topics with the highest percentage response for transfer of information 
were: 

• Educating researchers in specific disciplines about best practices for speci­
men preparation; 

• Understanding how specimens are used; 
• Methods of packing and shipping field-prepared specimens; 
• Understanding of technological applications; 
• Development of integrated information system to share conservation research 

data; 
• Methods of preparing specimens for specialized uses, such as educational 

programming; 
• Specifications for materials used in specimen preparation; 
• Methods of testing the alkalinity, acidity and general composition of the 

papers used in herbaria collections; 
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Table 5. Summary of responses indicating for each specific topic: a need for research, transfer of 
information from an allied field, or "don't know" (shown as %). 

Specific topic 

Don't 
Research Transfer of know 
priority information or not 

(%) (%) applicable 

Substitute(s) for formalin in the fixation of plant and animal 
material 34.8 23.3 41.9 

Appropriate buffers for fixatives 22.3 30.2 47.4 
Methods of determining when fixation is complete 24.8 22.9 52.3 
Preservation of color in biological specimens 36.9 26.2 37.4 
Preservation of color in geological specimens 12.6 17.3 70.1 

Mounting media for microscope slide preparations 18.2 26.2 55.6 
Methods of ringing microscope slides to prevent deterioration of 

the mounting media 14.0 22.9 63.1 
Clearing and staining agents for use in microscopic and macro­

scopic preparations 10.3 27.6 62.1 
Impact of fixatives and clearing and staining agents on histologi­

cal and biochemical analyses of specimens 23.8 17.8 58.4 
Impact of methods of removing flesh, fats and oils from bone on 

the long-term stability of skeletal material 45.1 15.3 39.5 

Effects of clearing and staining on the stability of bone 27.9 15.3 56.7 
Impact of preparation chemicals such as formaldehyde, glacial 

acetic acid and other acidic preparation chemicals on the devel­
opment of soluble efflorescent salts on calcareous specimens 24.8 21.0 54.2 

Impact of various insecticides on the development of soluble 
efflorescent salts on calcareous specimens 18.2 18.2 63.6 

Impact of acid preparation on long-term stability and on biochem­
ical analyses of paleontological bone and shell 26.0 14.4 59.5 

Impact of various consolidants and adhesives on the chemical and 
physical stability of specimens 34.9 25.6 39.5 

Impact of molding and casting materials on specimen preserva­
tion and specimen-based research 35.3 22.8 41.9 

Materials for temporary storage of specimens awaiting processing 20.9 41.4 37.7 
Methods of testing the alkalinity, acidity and general composition 

of the papers used in herbaria collections 8.9 45.3 45.8 
Optimum methods of attaching specimens to herbaria sheets 18.7 29.4 52.3 
Cryopreservation methods for algae and slime molds 7.9 8.9 83.2 

Methods of preserving plant tissue cultures that do not remain 
viable with current cryopreservation techniques 

Effects of freeze-drying on plant materials 
Methods of assessing the impact of past and current preparation 

techniques on both long-term preservation and biochemical 
analyses of specimens 

New methods of field capture/killing 
Specifications for materials used in specimen preparation (e.g., 

metal insect pins, support wires) 

14.0 
25.6 

51.2 
26.5 

22.9 

8.9 
17.7 

21.4 
28.8 

47.7 

77.1 
56.7 

27.4 
44.7 

29.4 

Specifications for adhesives and pointing materials for use in 
mounting insect specimens 14.0 31.3 

Specifications for herbarium mounting and packet paper 14.9 36.3 
Specifications for adhesives and consolidants for geological 

specimens 20.6 27.1 
Methods of drying specimens in the field, particularly in tropical 

environments 20.6 31.8 
Methods of packing and shipping field-prepared specimens 22.3 58.1 

54.7 
48.8 

52.3 

47.6 
19.5 
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Table 5. Continued. 

Specific topic 

Research 
priority 

(%) 

Don't 
Transfer of know 
information or not 

(%) applicable 

12.7 
20.7 
47.5 
53.5 

13.1 
16.4 

27.2 
15.0 
32.3 
28.2 

54.5 
59.2 

60.1 
64.3 
20.2 
18.3 

32.4 
24.4 

Methods of preparing specimens for specialized uses, such as ed­
ucational programming 23.9 51.6 24.4 

Preparation of tissue samples for histological and biochemical 
analyses 

Preparation of subfossil material 
Quality of traditional preparation methods and materials 
Quality of newer preparation methods and materials 

Understanding of technological applications 
Understanding how specimens are used 
Educating researchers in specific disciplines about best practices 

for specimen preparation 17.4 66.6 16.0 
Integration of conservation research with other types of analytical 

research 20.7 43.7 35.6 
Development of integrated information system to share conserva­

tion research data 24.9 53.1 22.1 

• Integration of conservation research with other types of analytical research; 
• Materials for temporary storage of specimens awaiting processing. 

The highest percentage responses for the "don't know" category are for those 
topics that reflect very specialized areas of interest, e.g., cryopreservation methods 
for algae and slime molds. 

Suggestions were made by 31 respondents for additional aspects of specimen 
preparation that should be a research priority, and 15 for the focus of a transfer 
of information (Tables 6, 7). Several of these suggestions repeat topics listed in 
the previous section, some are so general as to provide little direction for the 
topic, and a few refer to other aspects of collection management. 

Respondents were also requested to indicate how useful a workshop or publi­
cation might be for a series of topics relating to the conservation of documentation 
if the workshop or publication were oriented specifically to natural history col­
lections. All ten topics had weighted averages less than 3, indicating an above 
average rating for usefulness (Table 8). At least 62% of the respondents rated 
seven of the ten topics with a 1 or 2. The top three topics overall were: 

• Standards for equipment and materials used to produce laser-printed labels 
or labels via photocopy processes; 

• Specifications for materials used in specimen labeling, including durable red 
inks; 

• Guidelines for the care and handling of a variety of field records, photo­
graphs, color slides, maps, original catalogs, etc. 

SUMMARY AND CONCLUSIONS 

Responses to the survey reflect the diversity of disciplines and work functions 
represented within the SPNHC membership. Responses also reflect concern with 
a variety of materials. Although 60% noted animal materials as their greatest 
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Table 6. Suggestions by respondents of aspects of specimen preparation that should be a research 
priority. 

Accurate data especially dates and localities. 
Add complete utilization of every specimen resulting in a standard specimen but also tissues, parasites, 

vocalizations, photographs, notes, electronic data. 
Best all around preservation techniques for maximum uses, including unknown future uses. 
Computer generated labels for wet collections; can a laser label hold up in alcohol or formalin? 
Cryogenic collections are fraught with problems, not the least are cost and electrical service and 

mechanical reliability; surely research on new preparation techniques can identify better methods. 
Degreasing. 
Educating curators, collection managers and researchers in specific disciplines about best practices for 

specimen preparation and general collections preservation. 
Effect of compactor movement in storage for wet collections. 
Effect of temperature fluctuations on the evaporation of solutions used in wet specimen storage. 
Effect of consolidants on geological specimens; of option of slow drying of specimens to reduce need 

for consolidants. 
Effect of freezing/low temperature on a wide range of materials. 
Effects of freezing cycles on herbarium specimens and sheets. 
Effects of time between death and preparation on specimen quality. 
Freezing and gluing of botanical specimens. The two processes do not complement each other yet 

just about every botanical institution continues to do this. Why? 
How to salvage specimens that were poorly or improperly prepared. 
I am working with specimens that break down to produce concentrated sulfuric acid (cell wall poly­

saccharides undergo anolytic process)—I am looking at inherent properties. 
Impact of methods for removing fat, muscle, bone, etc. from specimens. 
Impact of preservation techniques on the potential viability of algal, fungal, and bryophyte spores as 

well as seeds of vascular plants stored in herbaria. 
Investigate feasibility of multiple techniques on individual specimens; of isolating/protecting speci­

mens from post-preparation damage/contamination; utility of traditional preparation methods. 
Long-term stability of adhesives used in vertebrate fossil preparations. 
Minimizing damage to DNA in various specimen preparation techniques (e.g., plants-alcohol 

collecting). 
Non-cryogenic methods of tissue preservation for DNA extraction. 
Optimal concentration of preservative (and fixatives) for long-term preservation of wet specimens. 
Preparation of succulent plants (drying techniques that render specimens most useful to researchers). 
Preservation of mammal skins to prevent shedding hair in sensitive specimens, e.g., deer, cats. 
Preservatives used in bird skins—how to handle old specimens on which arsenic was used. 
Product reviews in terms of long-term stability and effect. 
Quality of preparation methods and materials. 
Should be a major thrust to coordinate "autopsy" procedures (necropsy). 
Simple, inexpensive tests to determine composition and concentration of fluid preservatives for spec­

imens of unknown or uncertain preservatives and to check for changes in concentration. 
Specifications and methods for adhesives and mounting of herbarium plant material. 

priority, inorganic and plant materials were each noted by more than 25% of the 
respondents. Fluid-preserved specimens, which can include samples of animal, 
plant or inorganic materials, were selected by approximately one-third as a high 
priority. In spite of the weighting towards animal materials, it is interesting to 
note that all of the highest research priorities are ones that encompass the needs 
of all the disciplines and material types. As evidenced by additional comments 
made by respondents, the specific materials and methods will vary with the dis­
cipline, however, and it is important that the research reflects the uniqueness of 
the disciplinary requirements. This situation is similar to a statement made in 
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Table 7. Suggestions of aspects of specimen preparation that should be the focus of a transfer of 
information. 

Appropriate application of adhesives in vertebrate fossil preparation. 
Assessing impact of plastic coverings on plant herbarium sheets. 
Automation of locality label data using GPS/GIS. 
Curation of seed collections (for herbaria); containers, labeling, storing; curation techniques for library 

books, reprints, proper labels, attach labels with Library of Congress call numbers, etc. 
Deterioration and chemical changes to mammal and/or bird feathers brought about by lux, rH and 

chemical (off-gasses) vapors. 
Digital imaging and archival, especially minute specimens. 
Gathering of data during preparation. 
Have a symposium where people present various methods of preparing specimens; devote a SPNHC 

conference to specimen preparation techniques. 
Health and safety issues concerning exposure to pesticides (fumigants such as methyl bromide, naph­

tha, PDB) used on specimens. 
Information already available in anthropology objects conservation literature dealing with bone, shell, 

feather, skins/leather, ivory, etc. should be reviewed to see what can be used. 
Mount making. 
Placing collections "on the web" to allow exchange of information, global search capabilities and 

educational tools for students. 
Preparation of tissue samples for histological and biochemical analysis should be well understood 

within the medical professions. 
Standardization of skeletal preparation methods; what is best method when considering time, materials, 

long-term effects on specimens? 
Understanding preparation strategies as they apply to various applications provided by changing 

technology. 

Table 8. Percentage of responses rating the usefulness of each topic for a publication or workshop 
oriented specifically to natural history collections (rating of 1 = very useful; scale 1 to 5). 

% respondents 
Rating Rating Weighted 

Topic = 1 = 1 +2 average 

Paper substitutes and their potential utility for specimen labeling and 
other specimen or collections documentation 

Clarification of terminology used in paper chemistry and in the de­
scription of paper stocks 

Methods to test pH, and other testing methods to verify the quality of 
paper stock 

Guidelines for the care and handling of a variety of field records, 
photographs, color slides, maps, original catalogs, etc. 

Proper environments for the storage and display of archival and li­
brary materials 

Specifications for materials used in specimen labeling, including dura­
ble red inks 

Standards for equipment and materials used to produce laser-printed 
labels or labels via photocopy processes 

Appropriate adhesives to attach labels to a variety of substrates in­
cluding paper, glass and plastics 

Deterioration of labeling materials 
Effects of fats, oils, and preparation and pest control chemicals on the 

preservation of specimen labels 33.5 62.1 2.1 

30.1 

11.2 

13.1 

42.6 

30.0 

44.0 

45.9 

36.2 
38.5 

62.6 

34.0 

37.8 

77.0 

54.1 

72.0 

74.4 

65.2 
67.8 

2.1 

2.7 

2.6 

1.8 

2.3 

1.8 

1.8 

2.0 
1.9 
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Derrick (1996) with respect to the responses from the seven specialty groups in 
AIC, that although there were several recurring priorities among the groups, each 
specialty targeted unique aspects of those broader priorities as specific issues of 
concern. 

Topics listed in the second section of the survey were intentionally more spe­
cific, reflecting the individual natural history disciplines to a greater degree. This 
process allowed respondents to target issues that were more directly aligned with 
their disciplines, or indicate a lack of familiarity with the issue by selecting the 
"don't know" category. The topics selected as appropriate for "transfer of infor­
mation" should be further investigated to develop review articles, books or work­
shops as appropriate. 

There are some areas of overlap between the priorities identified in this survey 
and those recorded in the AIC survey. In particular, studies evaluating materials 
might be applicable to the priorities identified within this study. Research priorities 
identified in Derrick (1996) that might be relevant for natural history collections 
conservation include: aqueous cleaning methods and solutions; consolidation 
methods; deterioration of synthetic resins; in-situ and low-tech examination prac­
tices and analysis methods; and removal of adhesives and consolidants. However 
these depend on the systems used to approach the broader research question. 

One of the most distinctive characteristics of the research priorities identified 
as part of this study is that many are in the context of the 'scientific value' of the 
specimen, and/or the size and extent of a large collection. As noted in the earlier 
sections of this report, these are characteristics that distinguish natural history 
collections from other types of collections and form the context for management 
and conservation of the specimens within the collections. 

This project, based on direct input by the SPNHC membership, provides an 
updated set of priorities for research in natural history collections conservation. 
Ten topics were selected as the highest priorities by 50% of the respondents, and 
comprise the most critical research priorities. Of particular concern are methods 
and materials used in the initial preparation and subsequent treatment of speci­
mens particularly as they impact the scientific utility of specimens, as well as 
methods to guide decision-making with respect to collection management and 
conservation, and materials and parameters for storage of collections. 

The results of this survey also provide guidance for topics that should be the 
subject of efforts to transfer information from allied fields. Respondents recog­
nized a number of topics that would be useful for natural history collections 
conservation, particularly if oriented for the context of such collections. 
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> 5 Circle the number of disciplines your focus on with your collections or research. 
Circle the description that BEST fits your work: 

Collection Manager Conservator Curator Other: 

greatest- -least 
5 
5 
5 
5 
5 

Fluid-preserved specimens 
Plant materials 
Animal materials 
Inorganic materials (earth science) 
Inorganic/organic complexes (i.e., include a biological component) 

Assign a PRIORITY rating for each topic. Use the "highest" rating only for topics that are the most critical to your work. 

greatest 
I 2 
1 2 

1 2 

greatest 
1 
1 
1 
1 
1 
1 
1 
1 

greatest 
1 2 

-least 
5 
5 

5 

-least 
5 
5 
5 
5 
5 
5 
5 

5 

-least 
5 
5 
5 
5 
5 

Specimen Preparation 
(a) Impact of preparation materials and methodologies on chemical and physical properties of specimens 
(b) Impact of preparation materials and methodologies on scientific utility of specimens 

(c) Development of preparation methodologies that maximize scientific utility of specimens 

Post-Preparation Treatments 
(d) Methods to assess systematically the condition of specimens over time 
(e) Methods to assess systematically the condition of a collection of specimens over time 
(f) Effect on specimens of adding and/or changing storage fluids 
(g) Techniques to clean specimens (e.g., greasy bone; specimens stained by pollutants, mold) 
(h) Mechanisms of oxidation reactions 
(i) Methods to mitigate sampling of specimens for discipline-based research 
(j) Methods for repair/restoration of damaged specimens 
(k) Impact of treatments on the scientific utility of specimens 
Understanding Specimen/Collection Damage & Functions 
(1) Impact of pest control methods on chemical and physical properties of specimens 
(m) Long-term impact of pest control residues on scientific utility of specimens 
(n) Proper relative humidity and temperature parameters for general collection 
(o) Optimal parameters for particularly sensitive materials 
(p) Effects of visible light, infrared, and ultraviolet radiation on specimens 
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BROAD RESEARCH PRIORITIES 
FOR NATURAL HISTORY COLLECTIONS CONSERVATION 

RETURN BY OCTOBER 1, 1999 

greatest 
1 2 

1 2 
1 2 
1 2 

greatest 
1 2 

greatest 
1 2 
1 2 

1 2 

1 2 

-least 
5 

5 
5 
5 

-least 
5 
5 
5 
5 
5 

5 

-least 
5 
5 

humid tropics; Antarctic ice 
Understanding Specimen/Collection Damage & Functions 
(q) Optimal environments for materials taken from or stored in extreme environments (e.g., 

columns; nonterrestrial specimens) 
(r) Effects on specimens of glycerin, buffers and other additives to storage fluids 
(s) Impact of storage materials on histological and chemical analyses of specimens 
(t) Impact of currently used environments on the scientific utility of specimens 
Specifications for Collection Housing & Use 
(u) Methods to identify pest control residues on specimens 
(v) Impact of pest control residues relative to human safety 
(w) Materials specifications for containers (e.g., jars, lids, unit trays, etc.) 
(x) Materials specifications for storage furniture 
(y) Design specifications for specialized collections (e.g., marine core) 
(z) Cost-effective methods to create microclimates 

Management of Collections Conservation and Conservation Research 
(aa) Methods to assess risks to collections to rationally identify priorities for collection preservation investments and research 
(bb) Methods to balance conservation parameters with specimen use for identified collections of like material or discipline 

(e.g., collections organized by strata rather than material; mammal collection) 
(cc) Methods to mitigate impact of inherent specimen properties (e.g., radon; oxidation of naturally occurring elements; water 

content of minerals) 
(dd) Methods to integrate conservation research with other discipline-based analytical research 

WHAT ARE THE TOP PRIORITIES? 

Which 3 areas of the 30 listed above are the most critical of all the research priorities? 
List the 3 areas below and circle the type of material that is most critical to you for that priority. 

LETTER MATERIAL (circle one material) 
1. ( ) fluid-preserved plant animal inorganic 
2. ( ) fluid-preserved plant animal inorganic 
3. ( ) fluid-preserved plant animal inorganic 

inorganic/organic 
inorganic/organic 
inorganic/organic 

Is there a BROAD research priority you would add that is not included in the list above? Please describe. 
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RESEARCH OR TRANSFER OF INFORMATION? 

Specimen preparation varies greatly among disciplines and materials. The previous 2 pages dealt with broad priorities for the field at large. On these pages, we would 
like to identify specific areas that are research priorities. We also want to distinguish the need for research from the need to transfer information from allied fields. 

Indicate which areas reflect primarily a Research Priority (R) and which are a priority for Transfer of Information (T). 0 

Res. Transfer Don't g 
Priority of Info. Know ^ 

H 
R T D Substitute(s) for formalin in the fixation of plant and animal material > 

l — i 

R T D Appropriate buffers for fixatives -
R T D Methods of determining when fixation is complete i^ 
R T D Preservation of color in biological specimens 2 
R T D Preservation of color in geological specimens eg 

H 
ra 
X/i 

O 

R T D Mounting media for microscope slide preparations 
R T D Methods of ringing microscope slides to prevent deterioration of the mounting media 
R T D Clearing and staining agents for use in microscopic and macroscopic preparations 
R T D Impact of fixatives and clearing and staining agents on histological and biochemical analyses of specimens & 
R T D Impact of methods of removing flesh, fats and oils from bone on the long-term stability of skeletal material Q 

Z 
R T D Effects of clearing and staining on the stability of bone in 
R T D Impact of preparation chemicals such as formaldehyde, glacial acetic acid and other acidic preparation chemicals on the jb 

development of soluble efforescent salts on calcareous specimens S 
R T D Impact of various insecticides on the development of soluble efflorescent salts on calcareous specimens | j 
R T D Impact of acid preparation on long-term stability and on biochemical analyses of paleontological bone and shell 9 
R T D Impact of various consolidants and adhesives on the chemical and physical stability of specimens jg 

Cd 
R T D Impact of molding and casting materials on specimen preservation and specimen preservation and specimen-based research 2j 
R T D Materials for temporary storage of specimens awaiting processing > 
R T D Methods of testing the alkalinity, acidity and general composition of the papers used in herbaria collections n 
R T D Optimum methods of attaching specimens to herbaria sheets * 
R T D Cryopreservation methods for algae and slime molds 

R T D Methods of preserving plant tissue cultures that do not remain viable with current cryopreservation techniques 
R T D Effects of freeze-drying on plant materials 
R T D Methods of assessing the impact of past and current preparation techniques on both long-term preservation and biochemical 

analyses of specimens 
R T D New methods of field capture/killing 
R T D Specifications for materials used in specimen preparation (e.g., metal insect pins, support wires) 
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RESEARCH OR TRANSFER OF INFORMATION? 

Specimen preparation varies greatly among disciplines and materials. The previous 2 pages dealt with broad priorities for the field at large. On these pages, we would 
like to identify specific areas that are research priorities. We also want to distinguish the need for research from the need to transfer information from allied fields. 

Indicate which areas reflect primarily a Research Priority (R) and which are a priority for Transfer of Information (T). 
R T D Specifications for adhesives and pointing materials for use in mounting insect specimens 
R T D Specifications for herbarium mounting and packet paper 
R T D Specifications for adhesives and consolidants for geological specimens O 
R T D Methods of drying specimens in the field, particularly in tropical environments p 
R T D Methods of packing and shipping field-prepared specimens t~ 

Methods of preparing specimens for specialized uses, such as educational programming _j 
Preparation of tissue samples for histological and biochemical analyses Q 
Preparation of subfossil material Z 
Quality of traditional preparation methods and materials 2 
Quality of newer preparation methods and materials Jo 

C 

R 
R 
R 
R 
R 

R 
R 
R 
R 
R 

T 
T 
T 
T 
T 

T 
T 
T 
T 
T 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

Understanding of technological applications 2 
Understanding how specimens are used 
Educating researchers in specific disciplines about best practices for specimen preparation 
Integration of conservation research with other types of analytical research 
Development of integrated information system to share conservation research data 

Is there another aspect of specimen preparation that should be a research priority? 

Is there another aspect of specimen preparation that should be the focus of a transfer of information? 
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RESEARCH OR TRANSFER OF INFORMATION? W 
H 

Specimen preparation varies greatly among disciplines and materials. The previous 2 pages dealt with broad priorities for the field at large. On these pages, we would > 
like to identify specific areas that are research priorities. We also want to distinguish the need for research from the need to transfer information from allied fields. 
Transfer of information occurs through publications, workshops, etc. Much information about documentation media exists in the conservation literature. To what 3 
degree would a publication or workshop oriented specifically to natural history collections be useful for the following topics? K 

&. 
Very Not . 

'ul useful in 
2 3 4 5 Paper substitutes and their potential utility for specimen labeling and other specimen or collections documentation Jfl 
2 3 4 5 Clarification of terminology used in paper chemistry and in the description of paper stocks 50 
2 3 4 5 Methods to test pH, and other testing methods to verify the quality of paper stock O 
2 3 4 5 Guidelines for the care and handling of a variety of field records, photographs, color slides, maps, original catalogs, etc. Q 
2 3 4 5 Proper environments for the storage and display of archival and library materials GO 

s 
2 3 4 5 Specifications for materials used in specimen labeling, including durable red inks 5 
2 3 4 5 Standards for equipment and materials used to produce laser-printed labels or labels via photocopy processes ;> 
2 3 4 5 Appropriate adhesives to attach lables to a variety of substrates including paper, glass and plastics | j 
2 3 4 5 Deterioration of labeling materials Q 
2 3 4 5 Effects of fats, oils, and preparation and pest control chemicals on the preservation of specimen labels __ 

W 
Thank you for your time and effort! pi 

Please return this survey by mail using the enclosed label, or by fax to: Paisley S. Cato, 619-232-0248. ^ 

o 
x 



DISASTER RECOVERY IN THE HERBARIUM 

DEBRA S. BAKER AND CALEB A. MORSE 

R.L. McGregor Herbarium, University of Kansas, 2045 Constant Ave., Lawrence, Kansas 66047, USA 

Abstract.—In conjunction with developing a disaster preparedness and recovery plan for 
the R.L. McGregor Herbarium, we staged a mock disaster and recovery in which herbarium 
specimens of nine taxa were damaged by mud, by fire, or mechanically. Each damage 
treatment involved water. Recovery involved either immediately freezing the specimens, or 
waiting 24 hours before either press drying the specimens with either heated or unheated 
forced air, or air drying the specimens on a newspaper-covered table. Most of the damaged 
specimens required some minor repair. Mechanically damaged specimens fared best. The 
exsiccatae of the remainder of the specimens either needed to be transferred to new sheets 
as soon as possible, or were stable enough to transfer at a later date. Freezing further 
damaged the specimens. Air drying resulted in specimens inferior in quality to press-dried 
specimens, and is not an acceptable method. Of the specimens dried in presses, there was 
no difference in quality between those dried with heat vs. without heat. The most important 
lesson that we learned was that in the event of a disaster, there would not be enough time 
to recover the entire collection. Thus we have prioritized the collection for recovery. 

No institution is immune from natural disasters such as flood and fire, tech­
nological disasters such as chemical spill, or security emergencies such as van­
dalism. As repositories of collections that could be destroyed by such crises, 
museums are not complete without disaster preparedness and recovery plans that 
detail how to avoid potential disasters and what to do in the event of a disaster. 
A comprehensive plan includes the emergency management steps of preparation, 
response, recovery, and mitigation (FEMA 1994). Implementation of the plan 
reduces the chaos that arises from a disaster and thus increases personal safety 
and recovery of objects. 

Preparation procedures are designed to protect people and objects from poten­
tial disasters (FEMA 1994). Examples of preparation include posting emergency 
phone numbers, assembling emergency supplies, housing specimens in properly 
sealed cases, listing which objects will have priority in response and recovery, 
and providing staff with training in first-aid. 

Response involves actions taken to respond to an emergency, to save lives and 
property, and to prevent further damage (FEMA 1994). A museum's plan should 
include response procedures for emergencies such as chemical spill, earthquake, 
fire, flood, power outage, and severe weather. The plan should also detail steps 
to stabilize collections. The first 48 hours following a disaster are crucial to the 
welfare of objects (Lord et al. 1994). Limited resources and time, and large num­
bers of objects, may make it impossible to stabilize everything within this critical 
time period. Many, but not all, types of materials can be frozen to stabilize water 
damage, and then dealt with at a later date (Lord et al. 1994). Knowing in advance 
what to do with the collections will increase response efficiency. 

Recovery actions are taken to return activities to normal after a disaster (FEMA 
1994). Repair of collection objects and associated equipment varies with the dam­
age and the types of materials of which the objects and equipment are composed 
(Lord et al. 1994). The disaster preparedness and recovery plan should outline 
recovery steps by type of damage and material. 

Collection Forum 2001; 15(l-2):26-35 
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Mitigation either prevents emergencies or minimizes their negative effects 
(FEMA 1994). Examples of mitigation include insuring museum property and 
backing up computers. Mitigation is closely related to preparedness and recovery. 

Learning about other museums' experiences is one starting point in the for­
mulation of a plan. Some recent examples are: recovery from a tornado strike to 
a storage facility for anthropology and paleontology collections at the Smithsonian 
Institution National Museum of Natural History (Mellon et al. 1995); recovery of 
fluid-preserved herpetological and ichthyological specimens from a 1992 flood in 
the Texas Cooperative Wildlife Collection (Vaughan and Arrizabalaga 1994); 
long-term recovery of vertebrate specimens from this flood (Vaughan et al. 1999); 
and case studies in herbarium design for disaster preparedness (Ertter 1999, Lull 
and Moore 1999). 

Once a disaster preparedness and recovery plan has been developed, practicing 
it will help to address uncertainty and will give staff experience in performing 
the procedures. In conjunction with developing such a plan for the R.L. McGregor 
Herbarium (KANU), a unit of the University of Kansas Natural History Museum 
and Biodiversity Research Center, we staged a mock disaster and recovery. Our 
purpose for doing this was twofold. First, we wanted to examine qualitatively 
how damage and recovery interactions affect specimens, herbarium paper and 
boxes, and various glues and labels. Second, we wanted to practice recovery 
techniques, with an eye toward improving recovery efficiency and the outcome 
of an actual disaster. 

We simulated several kinds of damage to herbarium specimens: mud, fire, and 
mechanical. Since disasters will most likely involve water damage, each damage 
treatment involved water. We wanted to see how freezing affected water damaged 
specimens, and compare the quality of frozen specimens with those that had not 
been recovered until 24 hours after damage. We also wanted to determine the 
most efficient method of drying water damaged specimens. 

MATERIALS AND METHODS 

Specimens 

Nine taxa were selected to reflect a variety of specimen characteristics (Table 
1). Eighteen specimens of each taxon, except the Malus fruits, were pressed be­
tween newspapers and blotters, and then dried by forced hot air for a period of 
from 24 hours to five days, depending on the species. Prior to drying, Opuntia 
stems and fruits were sliced lengthwise in order to maximize exposed surface 
area, and thus minimize drying time. Malus fruits were sliced in half and air-
dried for a period of three weeks. 

" M O " type PVA resin herbarium glue, "Yes" paste, and "UC" type (68 m, 
0.15 caliper) mounting paper were obtained from Herbarium Supply Co., Menlo 
Park, CA; "XX-heavy" weight mounting paper was obtained from University 
Products, Inc., Holyoke, MA; and barcode labels were obtained from Intermec 
Media Products, Fairfield, OH. Prior to damage, specimens were mounted on 
100% rag standard-sized mounting paper using an over-all gluing method with 
" M O " type glue (thinned to six parts glue:one part water). Pinus specimens were 
mounted on "XX-heavy" weight paper, while the remainder of the specimens 
was mounted on "UC" type paper. 
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Table 1. Characteristics represented by specimens damaged in the mock disaster. 

Taxon Common name Selected to represent: 

Pinus nigra Arnold Austrian pine 

Opuntia macrorhiza Engelm. var. plains prickly pear cactus 
macrorhiza 

Artemisia ludoviciana Nutt. var. Louisiana sagewort 
ludoviciana 

Asclepias tuberosa L. subsp. interior butterfly milkweed 
Woods. 

Agrostis stolonifera L. var. stolonifera redtop 
Erigeron annuus (L.) Pers. annual fleabane 

Convolvulus arvensis L. 

Impatiens capensis Meerb. 

field bindweed 

spotted touch-me-not 

Malus pumila P. Mill, cultivar domestic apple 

coniferous habit, bulkiness, 
fruit 

succulent habit, fruit 

herbaceous habit, dense 
pubescence 

herbaceous habit, dense 
pubescence 

graminoid habit 
herbaceous habit, delicateness, 

easily damaged and lost 
dried inflorescence and 
florets 

herbaceous habit, delicateness, 
thin and easily torn dried 
foliage 

herbaceous habit, delicateness, 
thin and easily torn dried 
foliage 

woody habit, boxed fruit 

An identification label was affixed with "Yes" paste. The identification label 
indicated taxon and which damage and recovery treatment the specimen would 
receive, in addition to whether or not it would be frozen or treated 24 hours 
following damage. Above this label, an annotation label was affixed with the 
"MO" type herbarium glue. Both labels were printed with a Hewlett-Packard 
LaserJet4 laser printer on Gilbert 100% rag paper. A self-stick plastic barcode 
label was affixed to the lower left corner. Dried Malus fruits were placed in 122 
mm X 85 mm X 45 mm chipboard boxes (non-archival, brand unknown) to which 
were affixed the same labels as the mounted specimens. In addition, a second 
identification label was placed inside each box with the specimen. 

Henceforth, unless otherwise specified, the term 'exsiccata' refers only to the 
pressed plant material; 'sheet' refers to the herbarium sheet; and 'specimen' refers 
to the exsiccata and its associated sheet and labels. 

Damage 

Each specimen was subjected to one of three damage treatments: mud and 
water, mechanical and water, or smoke, fire, and water. Fruit specimens were 
subjected to damage while in their boxes. Individual specimens were damaged to 
ensure that each was damaged to the same degree. Mud and water: Specimens 
were submerged for five minutes in a basin of sterilized mud suspended in water. 
Mechanical and water: Specimens were rolled along their widths, folded in half 
and unfolded, unrolled, and then submerged in a basin of water for five minutes. 
Boxes of fruit were stepped on to simulate mechanical damage, then submerged 
in water for five minutes. Smoke, fire, and water: Specimens were scorched and 
partially burned over a smoking grill, then submerged in water for five minutes. 
Following damage treatments, mounted specimens were segregated by recovery 
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method, interleaved with waxed paper, and placed into genus folders (non-archi­
val, brand unknown). Boxed specimens were placed in larger corrugated card­
board boxes. 

To examine how well genus folders protect specimens, folders containing one 
specimen of each species were also damaged using one of the three treatments. 
Two different types of folders were used, "USC" type 42.2 cm X 61 cm (Her­
barium Supply), and an unknown brand of non-archival materials. Folders and 
contents were then frozen without interleaving the specimens with waxed paper. 
After the freezing period, specimens were examined for quality, but not dried. 

Recovery 

The first stage of recovery was either to freeze the specimens immediately, or 
to wait 24 hours before treating the damage. Boxed specimens were recovered in 
a similar manner as the mounted specimens, but were not press-dried. Freezing: 
The entire folder of damaged specimens was frozen at — 20°C for eight days. To 
thaw, folders were arranged on tables covered with newspapers. The frozen spec­
imens could not be removed from the folders without damage. Frozen folders and 
specimens thawed in less than three hours. Waiting 24 hours: To maintain damp­
ness, folders of damaged specimens were immersed in water, covered with a stack 
of wet newspapers, then placed in an herbarium case in the specimen drying room 
(not climate controlled). 

Triage took place outside after either the 24-hour waiting period or the freezing 
period. We assumed that all specimens were important and should be saved. Many 
exsiccatae and labels had come loose from their sheets. We used gently running 
water to facilitate their removal and remounted some of the wet exsiccatae and 
labels from extensively damaged sheets. Others that we removed from the sheets 
were placed between waxed paper for press drying. Mud-damaged specimens 
were rinsed under gently running water and dabbed with sponges to remove the 
mud (Lord et al. 1994). Then all specimens and exsiccatae were either air dried, 
or were dried in presses with either heated (45-55°C) or unheated forced air. Time 
required for drying each specimen was noted. 

Air drying took place in a temperature controlled room (21°C, 60% relative 
humidity) in another building. Twenty-four mounted specimens were arranged 
face-up on tables covered with newspapers. A fan was placed at the back of the 
room to maintain air circulation. Room temperature and relative humidity were 
monitored with a Bendia Psychron Model 566-3 psychrometer. Drying progress 
of the specimens was closely monitored and newspapers were replaced three hours 
after specimens were laid out. 

The room in which specimens were press-dried was not temperature controlled 
(37°C, 44% relative humidity). Presses were assembled in the order of cardboard 
corrugated ventilator, specimen or exsiccata, waxed paper, repeat. Each press con­
tained 24 specimens or exsiccatae. Boxed specimens were removed from their 
boxes and spread out on blotters to dry in this room. What we learned from the 
recovery efforts that took place 24 hours after damage (see Results section) was 
applied to the recovery efforts of the frozen specimens, so frozen specimens were 
press-dried only, with and without heat. 

Initially, we also wanted to examine the efficiency of drying water-damaged 
specimens by microwave. Microwaving specimens has been examined for pest 
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control (Hall 1981) and for decreasing drying time in the initial preparation of 
herbarium specimens (Baker et al. 1985, Bacci and Palandri 1985). Recommended 
irradiation (2450 MHz) times varied from two to four minutes for pest control 
(Hall 1981, Philbrick 1984), to 25-35 minutes to dry newly-collected succulents 
(Baker et al. 1985). Concerns about microwaving specimens include its effect on 
seed viability (Hill 1983, Philbrick 1984), and damage at the morphological and 
macromolecular levels (Philbrick 1984, Bacci and Palandri 1985). In a trial run, 
we smoked and charred a mounted woody specimen, then soaked it in water for 
five minutes. We dried it in a 2450 MHz Amana household microwave at 30 
second intervals on power setting five. After 150 seconds, we saw sparks in the 
microwave, and the charred edge of the exsiccata caught fire. The specimen was 
still slightly damp, but for safety reasons we decided to discontinue the experiment 
and not use the microwave as a recovery method. Interestingly, the water damage 
had resulted in the detachment of the exsiccata from the sheet due to remoisten-
able mounting glue; microwaving re-adhered it to the sheet. 

RESULTS 

It took three hours to damage approximately 150 specimens. In the fire, the 
barcode labels melted, while the "Yes" paste turned brown and crisp and lost its 
adhesiveness (MSDS indicates a boiling point of 100°C). Wet folders and sheets 
tore easily, while wet exsiccatae were easily damaged. 

Triage took approximately 6 person hours per 100 specimens. Wind made the 
work difficult and easily damaged wet exsiccatae. Also, the more wet or burned 
specimens were handled, the more damaged they became. The two types of genus 
folders suffered equally in their damage, which was primarily tearing along the 
fold. Their contents suffered less damage than the specimens we damaged indi­
vidually. 

Gently rinsing and blotting mud from specimens was preferable to rinsing with 
higher water pressure. Higher water pressure did not rinse off any more mud, but 
only rinsed away chunks of dirt from roots, in addition to rinsing away flowers 
and other plant parts. Because the "MO" type PVA resin herbarium glue is not 
fully water reversible, but only remoistenable, annotation labels remained stuck 
to the sheets and were difficult to remove without tearing. Labels affixed with 
the water reversible "Yes" paste, however, detached from the sheets and were 
easily transferred to new sheets, but did not securely re-adhere. Barcode labels 
were not removable. Their slick surfaces, however, were easily wiped clean of 
mud. The print on burned annotation and identification labels remained legible, 
but the labels themselves disintegrated easily. 

Significant problems developed with the frozen specimens. The specimens 
came out of the freezer drier than those specimens that had been set aside for 24 
hours prior to recovery, presumably due to some sublimation. This made mud 
more difficult to remove from frozen specimens and sheets. Also, freezing dam­
aged many exsiccatae, especially delicate exsiccatae (Impatiens and Erigeron, but 
also Artemisia and Agrostis). Exsiccatae were discolored and mushy, probably 
due to cell damage. Only Pinus did not appear to be adversely affected by freez­
ing. 

Air-dried specimens took 18.5 hours to dry. Initially, room temperature was 
21°C at 60% relative humidity. At the end of the drying time, room temperature 
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Specimen requires no further repair. 
Herbarium sheet should eventually be replaced, but specimen can remain as it is in the mean time. 
Herbarium sheet replaced during triage due to extensive damage. Specimen now requires no further repair. 
Exsiccate requires repair and immediate transfer to a new herbarium sheet. 
Specimen is not recoverable (due to severe bums). 

was 25°C at 44% relative humidity. While air drying, edges and tips of organs 
became brittle and the sheets warped. Pinus specimens that had been rinsed of 
mud took the longest to dry due to water trapped among the needles. For these 
reasons, air drying was not as satisfactory as press drying, so we decided to press 
dry all frozen specimens. In addition, to determine if heat affected the degree to 
which sheets warp, we decided to press dry the frozen specimens using either 
heated or unheated forced air. 

Press-dried specimens were dried with heated air for 19 hours or unheated air 
for 43 hours. There was no noticeable difference in quality between specimens 
dried with and without heat. The heavy mounting paper used for Pinus, however, 
did not warp as severely as the lighter paper. Exsiccatae removed from their sheets 
during recovery and dried between waxed paper adhered to the waxed paper as 
residual glue dried. Press-dried specimens were not as brittle as air-dried speci­
mens. 

All specimens were evaluated after they had dried (Table 2). Most specimens 
required at least some minor repair. Sheets became discolored from leached plant 
pigments, smoke, fire, and mud that either had been originally on roots or intro­
duced during the damage process. Those exsiccatae that had been transferred to 
new sheets during triage could remain as they were without further repair. 

No mechanically damaged specimen required immediate repair. The only non-
recoverable specimens were four that had been severely burned (three Convol­
vulus and one Impatiens). All frozen, mud damaged (but one, Artemisia) and the 
remaining fire damaged (but one, Asclepias) exsiccatae required immediate trans­
fer to new sheets. The remaining mud damaged exsiccatae (but one, Agrostis) 
were stable and could be left as they were until it was possible to transfer them 
to new sheets. We are keeping all damaged and recovered specimens and plan to 
examine them periodically in the future to monitor their stability. 

Boxed specimens received little damage due to the protection provided by their 
boxes. The boxes had to be carefully emptied of water before freezing or drying. 
Freezing did not appear to affect the specimens. Distorted or damaged boxes and 
labels required replacement. 

file:///Convoivulw
file:///Erigeron
file:///iiiiiiiiiii
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DISCUSSION 

This mock disaster was useful in the formulation of our disaster preparedness 
and recovery plan. The exercise revealed what we may expect in the event of a 
disaster involving water and it made clear how a plan can mitigate the results of 
a water disaster. Our disaster and recovery occurred under controlled conditions 
and involved a small number of specimens that occupied less than a quarter of 
an herbarium case. An actual disaster would most likely affect a large portion of 
the herbarium collection, and most certainly would be unexpected. Extrapolating 
the triage time of our mock disaster to the entire 350,000-specimen collection at 
KANU results in a total of 21,000 person hours required for triage, or 2,625 
eight-hour days. This calculated triage time does not include post-triage steps of 
drying and remounting specimens, recreating labels, filing specimens, or recov­
ering the herbarium's other holdings, such as computer equipment, library ma­
terials, and transparencies. We estimate that to remount the entire collection would 
take 17,500 person hours, or 2,188 eight-hour days. Even with a moderately large 
staff, recovery of the entire collection would be an impossible task to accomplish. 
The resources necessary for such large-scale recovery would soon be depleted. 
To remount and replace the labels and folders of the entire collection would cost 
over $90,000 in supplies and $122,500 in labor. Finally, it should be noted that 
most older, brittle specimens and specimens mounted with poor-quality materials 
would require more extensive treatment and would be more difficult to salvage 
than our disaster exercise specimens which were mounted with high-quality ma­
terials. 

Freezing water-damaged specimens will buy time, but the additional damage 
caused by freezing must be considered. Thick-leaved and thick-stemmed speci­
mens, such as Pinus, as well as boxed fruit specimens, fare better when frozen 
than do delicate or thin-leaved specimens. If the extent of damage requires that 
some specimens must be frozen, we recommend freezing the more robust speci­
mens rather than the delicate ones. 

Freeze-drying, a recovery alternative that we did not explore, is recommended 
for many types of objects when large numbers of items have been water damaged 
(Lord et al. 1994). However, Vaughan et al. (1999) found that freeze-drying may 
damage specimens. Specimens that are to be freeze dried must first be cleaned of 
mud or debris, for they will come out dry, but otherwise in the same condition 
as they went in. 

The rise in relative humidity in the building housing the specimens is an ad­
ditional factor placing water-damaged specimens at risk of deterioration from 
mold. After our damaged specimens were transferred to the herbarium case to 
await recovery, relative humidity rose to approximately 20% above ambient rel­
ative humidity. There is a great need to expedite specimen recovery. This can be 
facilitated by including in a disaster preparedness and recovery plan localities of 
recovery equipment, locations available for triage and relocation of specimens, 
and the names and phone numbers of people who will help with the recovery. 
Specifying details of removal and treatment of specimens and alternative methods 
may also increase recovery efficiency. For example, recovery from our mock 
disaster revealed that if forced-air heat dryers are in short supply, additional dryers 
that do not produce heat, such as box-fans, can be used. 
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Table 3. Outline of the University of Kansas R.L. McGregor Herbarium (KANU) Disaster Prepared­
ness and Recovery Plan. 

I. Introduction 
A. Purpose of the Plan 
B. Location Covered by the Plan 
C. Relationship of the Plan to the University of Kansas Natural History Museum and 

Biodiversity Research Center's Plan 
II. Summary of the Plan 

III. Preparation 
A. Plan Revision Procedures 
B. Photographic Records 
C. Computer Back-up 
D. Recovery Team 
E. Relocation of Items 
F. Chemicals and Material Safety Data Sheets 
G. Priority Specimens and Library Materials 
H. Criteria for Salvage of Specimens and Materials 
I. Supplies Used in the Herbarium 
J. Supply Vendors 

IV Response 
A. Emergency Procedures 
B. Protection of the Collection and Equipment 

V. Recovery 
A. Assessment of the Situation 
B. Recovery Procedures 

VI. Appendix A. General Recovery Procedures for the University of Kansas Natural History 
Museum and Biodiversity Research Center 

VII. Appendix B. Floor Plans of the Herbarium 
VIII. Appendix C. Specimen Case and Bookshelf Dimensions 

IX. Appendix D. Disaster Preparedness and Recovery Training 
X. Appendix E. Recommendations 

Given the time, expense, and effort that it would take to recover from a disaster, 
perhaps the most important lesson that we learned from our disaster was that a 
plan should prioritize specimens for recovery. We have categorized our collection 
by three levels of priority. Within each level there are specific criteria for deter­
mining which specimens to salvage. For the R.L. McGregor Herbarium, Priority 
Level One includes all type, loan, and fungal specimens. All specimens of Priority 
Level One will be salvaged irrespective of condition. Priority Level Two includes 
taxa that are particularly rich in historically important and voucher specimens. 
Priority Level Three includes the remainder of the specimens. Within both Priority 
Levels Two and Three, historically important and voucher specimens will be 
salvaged before others within the respective level. For the R.L. McGregor Her­
barium, historically important specimens are those collected before or during 
1930, a year arbitrarily chosen for the sake of reducing deliberation time. Because 
vouchers serve to confirm an identification published in a scholarly journal, they 
remain useful so long as someone can identify the specimen and even heavily 
damaged specimens are of potential use. A more lengthy discussion of our priority 
levels is available upon request. 

Other preparatory steps will further mitigate the effects of a disaster. For in­
stance, we recommend choosing the types of materials used to prepare specimens 
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with an eye toward their recoverability. In our mock disaster, we discovered that 
wet exsiccatae mounted with dilute remoistenable glue were easily removed from 
their sheets and could be remounted during triage. Labels attached with water-
reversible glue easily detached from their sheets, though they did not securely re-
adhere. Labels affixed with remoistenable glue were not removable from the orig­
inal sheets. Time was lost in recovering these labels, thus delaying the triage of 
the remaining specimens. Use of a water-reversible glue for all labels will improve 
the triage process, though care must be taken to ensure that the labels do not 
detach from the sheets until they can be attached more securely. One may also 
want to consider the use of a water-reversible glue for exsiccatae. Gibson (1999) 
noted the advantages and disadvantages of the water-reversible adhesive methyl 
cellulose and Down (1999) evaluated various adhesives. 

A comprehensive disaster preparedness and response plan will delineate the 
four emergency management steps of preparation, response, recovery, and miti­
gation, reducing injury and damage to people, property, and the collections during 
crises, and increasing the efficiency of recovery from crises. This mock disaster 
has given the staff of the R.L. McGregor Herbarium practice in handling damaged 
specimens and valuable insight in developing our plan (Table 3). 
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