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xil FOREWORD

however, a project altogether unfit for a nation of shop keepers; but extremely fit for
a nation whose government is influenced by shop keepers.’

Yet we feel ill at ease with the ethic of the grocer. It seems to run contrary to the
civilizing influence of science as the pursuit of knowledge for its own sake. This
philosophy is, perhaps, epitomized in Apsley Cherry-Gerrard’s (1922) account of his work
as a scientist with Scott’s expedition to the South Pole, earhier this century:

‘And I tell you, if you have the desire for knowledge and the power to give it
physical expression, go out and explore... Some will tell you that you are mad, and
nearly all will say, “What is the use? For we are a nation of shopkeepers, and no
shopkeeper will look at research which does not promise him a financial return
within a year. And so you will sledge nearly alone, but those with whom you sledge
will not be shopkeepers: that 1s worth a good deal. If you march your Winter
Journeys vou will have your reward, so long as all you want is a penguin’s egg.’

References

SMITH, AL (1776). Wealth of Nations. Strahan & Cadell, London.
CHERRY-GERRARD, A, (1922). The Worst Journey in the World, Antarciic, 1910-1913 Vol 11. Constable, London.
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THE SCIENTIFIC VALUE OF COLLECTIONS 3

evidence of the Ministry of Agriculture, Fish-
eriecs and Food (MAFF) stressed that the
protection of the United Kingdom from pests
and diseases, both imported and domestic, i1s a
major function of the Ministry. Invertebrates,
fungi, bacteria, viruses and plants which must
not be imported into the UK are named in Plant
Health Import legistation. It is necessary for the
implementation of these laws to identify these
organisms: considerable financial losses could
result from erroneous naming of organisms.
Similarly, the Weeds Act, which requires that
certain named weed species should not be
permitted to grow in the UK, relies on the
accurate identification of weeds.

Accurate identification of organisms 1s also
needed for MAFF to meet its commitments
under European Community (EC) legislation
and International Plant Health requirements.
Mistakes in detection or identification of organ-
isms could have severe consequences for the
UK’s export trade. Imports of undetected alien
pests (e.g. Colorado potato beetle, South Amer-
ican leal miner) and diseases (e.g. rhizomania)
might threaten the UK agricultural and hort-
cultural industries.

Pesticides Use Regulatuons define species of
organmisms against which individual pesticides
are permitted to be used, the crop species on
which pesticides use is permitted, or both,
Again, it 1s necessary to identify the organisms
in order to enforce these provisions. The
systernatics of bacteria and viruses is particularly
important to MAFF in the fields of Animal
Health and Welfare and Veterinary Medicine.
An understanding of systematics aids in the
identification of new and emerging diseases of
animals and defines zoonotics by establishing
exactly the species or subspecies etc. of organism
which is involved. Systematics research facil-
itates studies of epidemics by, for example,
finger-printing individual strains following typ-
ing at the species and sub-species levels. Sys-
termatics aids in disease control by helping in the
production of diagnostic kits and vaccines; and
facilitates studies on pathogenesis by defining
virulence determinants. Studies in systematic
biology may benelit the investigation of diseases
that may be transmitted from animals to hu-
mans. In this context, studies on the systematics
ol the ammal vectors of disease are particularly
relevant and reference collections are corre-
spondingly important,

The application of basic studies in systematic
biciogy which provides the ability to identify
causative agents of diseases in animals 1s
relevant to MAFF's responsibility as Licensing
Authonty of vetermary immunological pro-

ducts. MAFF also requires the means of
specilying organisms in relation to intellectual
property rights in the field of biology-based
innovation. Up-te-date techniques enable or-
ganisms to be identified, for example for patent
descriptions relating to diagnostic kits and
vaccines. For microbiological and biotechnolo-
gical patents, the deposition of precisely char-
acterized organisms 15 necessary under the
Budapest Treaty on the International Recogni-
ton of the Deposit of Microorganisms for the
Purposes of Patent Procedure 1977,

MAFF fisheries scientists are involved with
the epidemioiogy of disease-causing orgamsms
in fish, Here interest centres on viruses (down to
serotype), bacteria (particularly those associated
with fish and shellfish diseases) and, to a lesser
extent, fungi (for example in relation to craviish
plague). The application of systematic biciogy is
also important 1o the study ol toxin-producing
umiceliular aigae (e.g. those that cause Paralytic
Shellfish Poisoning).

The accurate identification of, and thus
discrimmation between, plant genotypes per-
forms a vital function in MAFF’s statutory role
in carrying out Plant Breeders™ Rights legislation
through the Plant Vanety Rights Office. This
waork enables new crop cultivars to be character-
wed, included in the UK National Last and
subsegquently made avatlable lor sale in the UK
and other parts of the EC.

MAFF has a sigmficant interest in the ex-situ
conservation of plant genetic resources and
currently funds the Vegetable Gene Bank, the
MNational Fruit Collection and Pea Gene Bank.
Indirectly, it also funds the gene bank of Wild
Species at RBG (Kew). Such gene banks
represent specialized biological collections; they
are important in many ways. In particular, they
are designed to ensure that genetic resources are
available for research {e.g. screening for resis-
tance to diseases) or as material for the
development of new crop varieties (e.g. 10 meet
new pests and diseases, changes in demand and
vartations in climate). Gene banks also serve to
maintain a part of the UK's agricultural heritage
and to meet certain international obligations,
Thus the Vegetabie and Wild Species gene banks
are designated as base collections under the
International Board for Plant Genetic Re-
sources. MAFF 1s also leading for the UK n
international discussions aimed at co-ordinating
the international efort devoted to the conserva-
ton of plant genetic resources and to research
upon the collections.

In medicine and medical research, the Public
Health Services Laboratory (PHSL) pointed out
that cultures provide the links between succeed-
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THE SCIENTIFIC VALUE OF COLLECTIONS 9

data could provide a foundation for creating
new insights into the organisation of life on
Earth. The creation of these databases will
require vast resources, but their existence could
save millions of dollars by eliminating redun-
dancies in research and management activities.
Is this the route we should take?

The educational role of material in collections
must not be overlooked. The wvalue of well
exhibited displays of specimens from these
collections 15 unsurpassable in its educational
and inspirational impact. Modern museum dis-
plays tend to be more thematic, imposing the
objectives of their designer but, in my view,
sometimes thereby diminishing their flexibility in
use. [ believe that there is still a need for good,
old-fashioned displays of adaptive radiation and
systematic variety.

The importance of curation

Whatever the nature of the specimens and the
manner of their preservation, there must be
agreed rules to safeguard their value to science.
Let me propose a few, for your consideration.

The instances quoted above strongly suggest
that the process of curation must be designed on
the premise that the full extent of the scientific
value of a specimen was probably not perceived
by its collector, and may still not necessarily be
fully comprehended by the curator. To meet this
objective, the ideal curation technology should
conserve these unknown characters. It is prob-
ably safest to favour preservation technigues
that conserve the original in a form as lLttle
altered as possible.

Botanists are therefore fortunate that the
traditional procedure for preservation was by
desiccation. Cryo-preservation might be super-
ior, but the traditional dried herbarium speci-
men, without further treatment, is probably a
near-substitute. The modern preference among
plant coliectors for inttial fixation and storage in
methanol solution does offer convenience in the
field, but may prove to be less than ideal for
realization of the full potential value of speci-
mens.

Secondary treatment is probably also undesir-
able, in principle. It is obviously tempting to
make use of chemical msecticides or fungicides
to control pests, or other preparations to limit
the effects of other natural processes of degrada-
tion. Recourse to such substances is often the
instinctive reaction of the curator, anxious for
the security of specimens under care. Are their
potential effects on the quality of the specimen,
and its value to science, sufficiently evaluated?

If museums do move to regimes of minimal

curation for such reasons, it may become vital to
devise rigorous procedures for the quarantine of
new material, of borrowed specimens and of
examples put on exhibition for any period of
time. Stored organic tissue 15 a natural resource
for a multitude of scavenging or saprophyvtic
organisms and these pose a constant threat.

The managers of collections must also accept
the responsibility to organize them so that ali
items are accessible with minumum effort.
Although it may not happen, they should expect
constant referral to the resource in their care. As
I have mentioned, new technology in data
storage and recovery will undoubtedly be of
greatl assistance but, in the end, the proper
arrangement and physical organization of the
stored specimens remains an important task.
They, too, must be easily and reliably recover-
able!

We should, finally, not overlook the training
needs of the stafl involved in the curation of
specimens. There has been intense debate on the
role of the curator. To what extent is curation
itsell’ a career, with suitable prospects for self-
development and openings for promotion? Is it
necessary for a curator’s motivation that he or
she should participate in systematic research?

I have no doubt that the curatoral task,
properly pursued. 1s highly professional, intel-
lectually demanding and of itself inherently
rewarding. But, I suspect, to be a good curator
inevitably requires some level of inspiration that
can only come from the scientific use of the
specimens themselves. This question has become
more Pressing as museums increasingly separate
curatorial stafl and research teams.

Conclusion

Systematic-research centres housing collections
of specimens are national and international
repositories of knowledge about biodiversity.
Their collections are the permanent record of
our natural heritage, and contain the materials
that support the research of many scientific
disciplines, including those working to preserve
biodiversity and monitor global change. Their
collections meet the needs of applied hiology,
including the health sciences (parasitology,
eprdemiology, diagnostics), agriculture, resource
management, and biotechnology. Their coliec-
tions provide broad support for public and
formal education programmes. Through exhi-
bits, thetr collections serve a prnimary role in
promoting public awareness of nature and
hodiversity.

The data centres, hbrarnes, and archives
associated with systematics collections also
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WHAT'S IMPORTANT? 13

simplify museum objects as scientific evidence.
In attempting to emulate scientific objectivity
there is a temptation to believe that a valid
measure of scientific importance has been
created. It would be as wrong to claim objectiv-
ity in this method of evaluation as it would to
claim 1t for science. The selection of variables
and how they are used 15 totally subjective, as 15
the decision to call this ‘scientific importance’,
something it certainly does not represent.
Instead the method gives a tally of use in
publication, but since acgusition by the museum
may have been prompled by and indeed post-
dated publication it is impossible to use these
figures in a meaningful way to understand past
use or future potential. *Scientific importance’ 1s
such a valuable category that it would be wrong
to use it in such a limited way. It would imply
that most museums could refer to only a very
small part of their collections as being scientifi-
cally important; the pre-1983 conoedont animal
would be of no scientific worth!

The allocation of scientific importance to a
specimen requires a much deeper understanding
of the relationship between the specimen and
science. Natural science objects are kept in
preference to data because we recognize the
complexity and indefinable nature of the in-
formation they contain; there is always more
data to extract or to be interpreted. Because of
this the relationship between object and science
cannot be simple. Any specimen in a public
collection is capable of influencing scientific
thought. So is publication really necessary for
the attribution ol scientific worth?

Returning to the example of articulated fossil
starfish, these have been used as evidence to
support a theoretical model for rapid sedimen-
tary deposition known as obrution {Brett 1994).
The attributes of the specimen in terms of form,
preservation, mineralogy, etc., all contribute
evidence supporting the establishment of this
model. This model influences work on taphon-
omy, sedimentology and geochemstry in mod-
ern environments. The specimen’s characteristics
present evidence which does not support other
depositional models; these require other materi-
al. The model is also applied at other sites and
with other specimens. All this research, much of
it in areas remote from the initial interests of the
worker who used the museum specimen, is
capable of affecting future perceptions of the
importance of that specimen.

Not only do objects [eed inte a complex web
of research and i1deas, but one which 1s
constantly changing and deeply affected by
changes of fashion, techmique, opportunity,
personality and the destruction of language

barriers. It extends far beyvond the bounds of
systematics; natural science collections are so
often portrayed n terms which make this appear
to be the only scientific use. As curators we may
be unaware of this complexity; the only link
between the specimen and the science may be
ong research paper or an unrecorded visit from a
single academic. How then can we hope to get an
accurate pauge of the importance of that speci-
men? What is certain 1s that simple tallies of
published matertal will always undervalue col-
lection importance.,

The curator as connoisseur

Il we cannot claim objectivity even in scientific
evaluation then the role of the curator as
connoisseur becomes even more cntical in the
assessment process. But in this we bring our own
strengths and weaknesses, and despite attempts
1o be even-handed it 1s inevitable that we will
collect, protect and exploit that with which we
are most familiar. Collection assessments then
reflect our ignorance as much as our expertise
and are hkely to distort perceptions of worth.
While we can do httle about this 1t should at
least be used to encourage those who arrogantly
believe their own assessments to be the final
word to think again.

Inevitably curators must evaluate collections
themselves during object curation; rarely, but
wdealiy, they would have a team of specialists on
hand who mught contrnibute other wviews. Our
task is made particularly difficult due to the
increasing complexity of the myriad of sciences
which our collections support; we cannot be
expert in them all. In the distant past natural
science collections were served by teams of
honorary curators who, whilst lacking the
training of modern staff, were quite able to
maintain the hmited breadth of understanding
necessary o follow scientific progress. Today,
collections become ever larger while staff prowvi-
sion continues to diminish. As a consequence we
mereasingly become scientific generalists with-
out the time to develop the specialisms which
might aid cellection evaluation. The focus on
local matters makes evaluation more manage-
able, but removes this evaluation from the
context of mainstream science.

Echoing our experiences in systematics what
we yearn for are simple and obvious character-
istics which might enable fairly objective evalua-
ton. For these purposes the most commonly
grasped straw 1s that of associated data. It 1s
assumed that specimens lacking data are of no
value. But poorly documented specimens en-
abled the discovery of ammonite jaws; type and
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Calculating the financial value of systematic biology collections

STEPHEN BLACKMORE, NICOLA DONLON & EMMA WATSON
The Natural History Museum, London

Intreduction

What is the financial value of a major natural
history reference collection, such as that of The
Natural History Museum (NHM) in London?
This apparently simple question i1s very difficult
to answer, primanly because accepted methods
for quanufying the scientific, cultural, educa-
tional and other values of a collection do not
exist. However, there are increasing pressures on
the systematics community to attempt these
calculations for a variety of reasons, including
insurance of collections and public accountabil-
ity (Boreham 1994; Maslen 1994a, 1994b: Evans
1997).

Despite the difficulties, we believe that there
are several reasons why it 1s not adequate to
assert that this kind of valuation is impossible
without first having attempted the exercise.
First, monetary wvalues are the most widely
understood units of comparison in communicat-
ing relative importance. Therefore, there 15 a
potential benefit in providing some general
guantitative basis for discussing wvalues that
have previously been stated in gualitative terms,
In this respect, we consider there to be a strong
parallel with those studies that attempt to assign
financial values te particular components of
biodiversity.

Second, if the systematics community does
not attempt to provide well argued estimates,
there is a danger that the value of naturai
history collections will simply be assumed or
calculated by others with less knowledge of their
worth. By participating in the debate, we as

systematists are better placed to influence the
OuULlcOome.

Thas paper describes our experience in explor-
ing the financial value of the collections of the
NHM. It 1s essentially a cautionary tale that
identifies some important issues about valua-
tion. Qur purpose is not to produce a definitive
value but rather to examine some ways in which
the probiem may be approached. We hope to
identify where difficulties arise and to inform
discussion on the question of whether the
valuation of collections 1s a worthwhile exercise.

Valuation methods in the absence of markets

If one accepts that there i1s merit in stating the
financial value of a natural history collection,
how can 1t be calculated? Collection items for
which there is an established market in opera-
tion, such as works of art, fossils, minerals and
historical collections, do have an identifiable
financial value. This figure may reflect certain
features of the specimen, such as its aesthetic
appeal, more than others, including its scientific
value.

However, for many natural history specimens
there 15 no market, making it more difficult to
ascribe financial value. A number of approaches
have been developed for estimating financial
values in the absence of a market. Perhaps the
closest analogy for museums can be found in the
field of environmental economics, especially as
applied to biodiversity. Environmental econo-
mists such as McNeely (1988) emphasize the
need for applying appropriate financial values
because the accelerating pace of destruction
indicates that biodiversity is under-valued.

Using the NHM as an example, we have tried
to develop one method of estimating the
financial value of its collections that captures
both the investment costs of creating the
collection and the value of the future benefits
that arse from its existence and use.

Investment costs of collections

The total investment cost of the collection can
be broken down into three main elementis:

o Cost of Acguisition (5} — by either collec-
tion in the field, purchase (in which case the
collection will have a known price, which
may or may not reflect the true cost of
acquisition and preparation) or donation
(where another party has made the invest-
ment);

o Cost of Curation (C ) — mcluding time and
materials for identification, preparation,
maintenance, conservation and the loan of
specimens to other institutions;
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CALCULATING THE FINANCIAL VALUE OF SYSTEMATIC BIOLOGY COLLECTIONS 21

biologists today, is also substantial. For exam-
ple, the project to complete the taxonomy of
Costa Rican Hymenoptera, a total of 20000-
40000 species, will cost an estimated US $20
million to $40 million {1.ID. Gauld pers. comm.).
Calculating the cost of establishing and main-
taining systematic reference collections and their
associated research provides a salutary reminder
that systematic research is not cheap. Never-
theless, the benefits this vields to society in
supporting all other biological and geological
research, agriculture, medicine, industry, and in
enriching our knowledge, appreciation and
enjoyment of the natural world, make this an
invaluable investment,

We thank our colleagues at the NHM who provided
costed examples for the collection of natural history
specimens,
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Fig. 3. Structure of expenses of a collection of 45000 specimens.

The total expenses are about 124 000 CK per
year, but the principles are the same as in a
bigger collection (Fig. 3). The wages actually
take about 10% more from the whole budget.
Twenty times fewer specimens are preserved in
Mikulov, but the costs are only ten times lower.
The average cost of preservation of one plant
specimen is about 2 CK, 1.e. twice as much as in
the bigger collection in Brno,

Conclusion

From an economical point of view large
collections are more advantageous. However,
small, local, regional collections are a separate
1ssue. If they are useful, then despite the higher
costs, they are to be accepted. If not, then the
material would be better placed in a bigger
collection.

Another way of increasing efficiency and
sparing the time of personnel, as well as costs,
is the use of computers. We can place the
material stored in databases in deposits out of
major centres, in places where storage is not so
expensive. If for some reason we do not need to
use the dried plants, the computerized informa-
tion may well prove sufficient in some cases.

Finally, modern technologies (e.g. e-mail)
enable us to use distant databases without
having to involve other curatorial staff,
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Fig. 3. Dates of foundation of the main natural science museums,

and Palermo. These collections still contain very
impoertant matenials, valuable evidence of how
scientific knowledge developed in our country.

Conclusions

This brief overview of Italian scientific museol-
ogy leads Lo some interesting conclusions about
the situation relative to science muscums in our
country. First of all, 1t 1s apparent that most of
the science museums today are located in
Northern Italy. This 1s a direct consequence of
our country’s political history. For many years

ltaly was divided into separate states each of
which created its own museum. In [act the oldest
museums can usually be found 1n the oldest
capitals of the former Itahan states. Therefore,
the oldest and most valuable historical collec-
tions are all concentrated in these museums,
Fortunately, almost all are public (owned by
universities or local governments),

In addition to this heterogeneity of distribu-
tion, there is also marked heterogeneity of
content. Zoclogical and palaeontological coliec-
tions are the most prevalent (the latter are often
associated with archaeological collections),
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include: ‘Life on the Danube bank’, ‘Life 1n the
Romanian Plain’, *Life in the hilly region’, ‘Life
in the Carpathians’, ‘Life in the Danube Delta’,
“The tundra’, ‘The North-American prairie’,
“The fauna of Southern oceans’, “The African
Savannah’ and ‘“The Sahara Desert’. Since 1964,
12 palaeontological and 5 anthropological
microdioramas have been made. In 1967 an
artificial cave was opened where visitors could
see along its 11 m length, stalagmites, stalactites,
curtains, towers, shelves, columns, bat colomes
and the remains of Ursus spelaeus.

The invertebrates include several hundreds of
sponges from the Adnatic Sea, Indian and
Atlantic oceans. Coelenterates are represented
by jellyfish and corals from almost all seas and
oceans of the world, and totalling upto 1500
exhibits, Helminths total 3000 specimens. The
most recent specimens are from the newly
described group, Vestimentiphera, e.g. Riftia
pachyptila, Molluscs total over 200000 speci-
mens and include marine, freshwater and
terrestrial species, the largest being the so called
“Bielz’ collection with 98 000 specimens. During
the last decades additions have been made of
some molluscs collected by the Oceanclogical
Centre of Bretagne (Brest, France) from the
eastern Pacific rift, at 2600-3000 m depth, in the
vicinity of hydrothermal vents (e.g. Calyptogena
magnifica, which can reach 30 cm long). Recent
expeditions from the Museum to Indonesia
{1991) and Brazil (1994) enriched these collec-
tions with species from the Indian Ocean and
the Atlantic. Arthropods (excluding insects) are
well represented by 150000 specimens, the
Crustacean collection having about 500 type
specimens,

Insects are represented by collections ar-
ranged according to the most important orders:
Coleopterans, with more than 100 000 specimens
of 73500 species; 244 specimens belong to
different categories ol tvpes. Heteropterans
include 35000 specimens of 3500 species. Lepi-
dopterans are represented by 250000 specimens
from all over the world. Many microlepidopter-
ans from Europe and Central Asia are in
*Caradja’ Collection. In the same collection
there are also macrolepidopterans (especially
Papilionidae) from the following regions: Pa-
laearctic, IndoMalayesia, Indonesia, Africa,
Central and South America. This collection
includes over 110 000 specimens with more than
3000 type specimens. Hymenoptera includes less
than 30000 specimens of 3000 species. A
relatively new collection 1s that of Dipterans
with Romanian, Palaearctic and exotic material,
totalling about 5000 specimens, 109 of them
being type specimens. Trichopterans form a

good collection, totalling about 100000 speci-
mens. Other orders (Orthoptera, Neuroptera,
Homoptera, Thysanoptera, Odonata, Malopha-
ga) are represented by several thousands of
specimens from Romania and world-wide.

Vertebrate collections are organized accord-
ing to the main classes. Fishes include over
10000 specimens of holocephalians, sturgeons
and bony-fishes with 46 type specimens for 23
species,

Over 3000 herpetelogical specimens include
the giant Adrias japonicus, Megalobatrachus
maximuss, Telmatobius culeus and Sphaenodon
punctatus, Eunectes murinus, Python sebae,
Dermochelis coriacea, Testudo gigantea elephan-
tina as well as specimens of every species of
crocodiies.

Birds are represented by many rare or extinct
genera (e.g. Apteryx, Grus, Goura, Didus,
Gypaetus) in almost 9000 specimens. From
exclusively Romanian fauna there are 320
species and subspecies.

Mammals include monotremes, marsupials
and eutheria from all over the world, including
Crnythorhynchus, Tachyglossus, Uncia, Qkapia,
Dugong, Trichecus, Daubentonia, Gorilla and
many others from 5500 skins, skulls and
skeletons in the museum’s collections. Some
other vertebrates are included in about 1300
exhibits of the collection of comparative anat-
omy.

All these natural history collections are a part
of the planetary biodiversity, helping us 1o
understand the physical, natural and cultural
features of our planet. Each specimen is an
encyclopedia of complex information regarding
cell and molecular biology, chemical structure of
the soil, water or air, degree of pollution, etc.
Being preserved in collections of natural history
enables a better understanding of phyletic
relationships between species with a large range,
centres of evolution, adaptation to lecal ecolo-
gical conditions and degree of emergency
protection.
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and dry insects, plus the problems of fires and
wars, have resulted in only a small fragment of
the eighteenth and early nineteenth century
collections being extant. It i1s only from the
beginning of the nineteenth century that we have
satisfactory preservation of the collections.

The Zoological Institute understands its
international responsibility for the National
Russian Zoological Collection, but the state
does not. The systematic collection of amimals is
kept in 11 laboratories, plus the museum. The
Mammal Laboratory takes care of 100000
specimens belonging to 1350 species including
the osteological collection (nearly 25000 exhi-
bits). In the laboratories of Ornithology and
Herpetology the collection of birds numbers
200000 specimens of 4240 species, mainly as
stuffed skins. The collection of amphibians and
reptiles contains 200000 specimens also mainly
in alcohol. The large collection of fish in the
laboratory of Ichthyelogy inciudes 150000
specimens, representing 8300 species. The lar-
gest is the entomological collection with 14 mil-
lion specimens of 100000 species. Other
invertebrates (including Protozoa) represent 1
million specimens belonging to 30 000 species. In
total the whole collection numbers nearly 16
million samples. A sample as a unit of con-
servation is, in most cases, a specimen (dry or in
alcohol or in formalin} or a part of a specimen
(e.g. a skull) or a wvessel with samples of
plankton or other groups of microscopic ani-
mals.

This cellection consists mainly of animals
from the Palaearctic region and the World
Ocean, but also of amimals from the rest of the
world. The collection includes hundreds of type
specimens, many of rare and endangered spe-
cies. We have umique exhibits of anmimals
belonging to extinet species and subspecies.
The collection of mammeaoths and other animals
of that ume (woolly rhinoceros, cave bears,
ancient bisons etc.) 1s well known all over the
world. All of this huge collection needs everyday
care including control of conditions, taxonomic
arrangement, exact identification etc. At present
there are 46 official keepers and curators, who
fulfil this work at a salary of approximately 303%
per month, less than half of the official
subsidence level in Saint Petersburg. This
example alone shows that the existence of
Russian zoological collecting continues now
only through the enthusiasm of the keepers,
not by financial support.

The future

Much more money i1s needed for the technical

maintenance of the collection. A good example
concerns the use of alcohol as a preservative.
The whole collection contains 200 tons of
alcohol and requires 10 tons annually to
compensate for evaporation and to change old
solutions. At today’s price of 72008 per ton, this
requires 720008 per vear. In short the state
spends nearly 1000005 annually just to keep the
collection at a minimum level of maintenance.
Beiow this level a catastrophe will become
inevitable, and destruction of specimens will
begin. Moreover,financial support is necessary
to prevent the danger of fire; at the present time
fire fighting measures and equipment are at the
same level as at the bemnning of the century.
The same 1s true ol security and recently some
loss through theft has occurred. In Russia there
is currently no system of insurance of collections
against fire or theft. We understand the position
well and our great hope at the moment 1s mainly
i Grod !

During the last 100 vears the state spent on
average 130000% annually just to support the
cellection, It is very hard to estumate expenses
connected with numerous expeditions at differ-
ent times and in different locations. We have
made several attempts to estimate the monetary
value of the collected specimens, but with little
success; the main problems arise when we try to
evaluate type specimens or specimens belonging
to extinct species or subspecies. We consider
that the value of every specimen consists of the
expenses for oblaining, preparing and preser-
ving that specimen. We are sure that careful
calculation ol all expenses [or most of the
collected specimens will show that every 1tem is
very expensive. Concerning the specimens of
extinct amimals it is really impossible to establish
value, they are priceless.

The Russian people fully understands the very
high wvalue of their national zoological collec-
tion. Thus the opinion of the Academy of
Science is now to do everyvthing possible to
preserve the national treasures. But is the
opinion of the government the same? And thes
problem goes further than our own government;
there are an increasing number of cases when
rare specimens are collected by foreign institu-
tions, especially in the remoter parts of Russia.
The weakness of our laws and the greed of local
leaders now present a great danger for mu-
seums. In our own experience we know that
international agreements and declarations are
most effective in this direction and we thus have
three ways to safeguard our treasures: by
improving the laws, by increasing awareness of
society, and by encouraging international soli-
darity.
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Table 1. Continued

Use Organism Reference for
further information
BIOCONTROL
Locusts & grasshoppers Metarhizium anisoplia Lomer & Prior (1992)

Weeds

Puccinia spp.

Julien (1992}

Phragmidium spp.

Plant parasitic nematodes

Soil-borne plant pathogens

WASTE:
Anacrobic digestion of food
processing wastes

Arthrobotrys spp.
Daciryelia spp.
Trichoderma spp.
Fusarium spp.

Lactobacillus casei

Stirling (1991)

Hornby (1990)

Greenshields (1989)

Acetobacterivm woodii
Methanosarcing barkeri

Composting organic wastes
Town wasles
Agricultural wastes

Detoxification
Recovery of heavy metals from
agueous ellluents

Chaetomium spp.
Zoogela ramigera

Hawker & Linton (1971)

Greenshields (1989)

Uranium Chiorella regularis
Aspergilfus niger

Gold Chiorella vulgaris

Copper Penicillium spinulosum

Trichoderma wviride

such as those between trees and mycorrhizas or
legumes and rhizobia are essential for healthy
growth. The establishment of such plants would
require the associated microorganisms. Further,
the very nature of those microorganisms that
can be cultured renders them particularly
suttable for ex sitw conservation, and this wall
rarely affect their number in nature; i.e. they can
be used in 2 sustainable manner. However, the
numbers currently held fall well short of
representing the genetic resource of those known
to nature.
This begs the lollowing questions:

e are there sufficient collections to preserve
adequate representatives of microorgan-
isms?

e are those that exist duplicating effort?

e what could be done te rationalize existing
collections?

s what should be done to co-ordinate the
activities of collections world-wide?

Microbial resource collections retain represen-
tatives of biodiversity to supply to users. In
theory, all microorganisms have something to
offer with regard to morphological or biochem-
ical properties and there can be vast differences

between properties of strains of one species.
Therefore the task of providing adequate cover-
age of microorganisms is an enormous one, The
estimated number of fungi in nature is 1.5
million (Hawksworth 1991), the majority of
which are yet to be discovered, and c. 11500
species of fungi (0.77%) were held in collections
in 1990,

There are, on average, 41 strains for each
name listed in the WDICM. Following compen-
sation for teleomorph/anamorph connections,
spelling vanations and synonyms there is an
average of 7! strains per species currently held.
An example of the variation in a species is seen
in the holdings of the Fungal Genetics Stock
Centre where in excess of 3000 strains of
genetically marked Newrospora crassa are kept.
A conservative estimate to give modest repre-
sentation for a species could be as high as 50,
based on morphological and physiological
variation within a species; this would mean 73
million strains would have to be maintained by
collections.

Each of the 246 fungal collections listed in the
WDCM would need to hold 304878 strains to
achieve this target. This is an unrealistic
chalienge for existing collections, particularly
with the current lack of co-ordination which has
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Table 2. The ten largest microbial collections listed at the World Data Center and their holdings ( Sugawara et al.

19493 )
Collection Country Number of Organisms held
sirains
Agricuitural Research LUSA TRO1D Algae, bacteria, fungi
Service Culture Collection (NREL)
American Type Culture USA 53615 Algae, bactena, fungl, prolozoa,
Collection (ATCC) cell lines, hybridomas, viruses,
vectors, plasmids, phage
Centraalbureau voor Schimmelcultures Netherlands 41 300 Fung, plasmids
(CBS)
University of Goteborg, (CCUG) Sweden 28 100 Bacteria, funm
International Mycological Institute (IMI}  UK* 200000 Fungi, bacteria
Mycotheque de I'Universite Catholique Belgium 200000 Fung
de Louvain (MUCL)
Institute for Fermentation Japan 13443 Bacteria, fung, cell
Oska (1IFO) lines, viruses
Canadian Collection of Fungus Canada 10000 Fungi
Cultures (CCFC)
Fermentation Research Institute (FRI) Japan 9200 Bacteria, fung
The Upjohn Culture Collection, LUSA 9390 Algae, bacteria, fungi, protozoa,

[UC(UPJOHN)]

plasmids, hybridomas

* International, based mn the UK bul owned by IMI on behall of the 37 Member countnes of CAB

INTERNATIONAL.

Growth in Europe {(BRIDGE) Programme
(until 1994) and is an integrated catalogue
project, incorporating a European network of
microbial collection data banks. The objective is
to improve awareness of strains available and
facilitate ordering. There are eleven national
nodes which can be contacted directly (Table 3)
and the whole database 15 available on-line
through Deutsches Institut fiir Medizinische
Dokumentation und Information (DIMDI),
Welllhasstralle 27, D-5000 Kdéln 41, Germany,
Tel: 49 221 47241, Fax: 49 221 411429,

The first phase of the MINE project under the
CEC Biotechnology Action Programme was
completed at the end of 1989, all fungal and
bacterial data have been integrated into one
centralized European database, with common
data formats (Gams er al. 1988, Stalpers ef al.
1990) which went on-line in 1993 under the CEC
BRIDGE programme on the database host
DIMDI. Further details can be found m the
booklet Eurapean Laboratary Without Walls: In
the field of MINE, The Microbial Information
Network Europe (Aguilar 19920).

Reorganization of collections

Rationahization of collections can begin nation-
ally. In the UK the Office of Science and
Technology commussioned a review of microbial
resource collections {(OST 1994). The UK
collections were considered to have been un-
der-resourced. The review team suggested a

reduction of the eleven collections to three main
centres with one contact point. They also
recommended the reduction of the nine funding
bodies to one and wished to keep the main
advantage of the existing situation where there is
a wealth of expertise. The latter would be
attained by keeping seven of the eight collections
as satellite collections of the three main centres,
relocating only one in 1ts entirety. This was
envisaged as resulting in a more eflicient use of
equipment and resources and co-ordination of
marketing. The extent to which these proposals
can be implemented will ultimately depend both
on the resources that can be made available and
the policies of the owners of the coliections
themselves.

Co-ordination of collection activities world-
wide

There are national and international organiza-
tions established to encourage the collaboration
between collections. National Federations exist
in Australia, Canada, China, Crechslovakia,
Japan, Korea, New Zealand, Turkey, UK and
USA (Kirsop & DaSilva 1988). These carry out
useful work in their own right co-ordinating
traming, producing publications and represent-
ing microbial resource collections in societies,
unions and in governmental surveys and discus-
sions. The European Culture Collection Orga-
nization (ECCO) offers a forum for discussion
of topics relevant to collections and brings
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The social history value of natural history collections

GRAHAM WALLEY
Nottingham Natural History Museum, Wellaton Hall

Introduction

Matural history specimens and the collections
they form are directly and inseparably con-
nected with individual persons and their indivi-
dual lives. This paper attempts to show that
natural history information is an important
source of social history information and should
be considered as an important part of the overall
value of natural history collections.

The author writes as a natural history curator
in a provincial UK museums service which
covers the major aspects of human and natural
history. Both the local dimension and the links
between the natural and man-made world are
very important; the wider context is the one
most of our customers and users recogmze; it
reflects how they make inquiries. Their interests
in social history move seamlessly into ethnology
and the natural sciences. Looking at the wider
context of natural history collections 1s there-
fore, second nature; appreciating all values of
natural history collections is also second nature
where they are competing for attention with
other collections and their relevance i1s under
constant scrutiny.

In addition, the author has had the benefit of
being involved with a local Collections Research
Unit (CRU) and FENSCORE (see below),
whose accumulated data greatly facilitate using
specimen and collection data lor social history
purposes,

Social history can be viewed as an all-
embracing term that covers anything done by
humankind. In this paper the social history of
natural history is the history of individuals,
proups and societies as evidenced by biclogical
and geological specimens and collections. Social
history value is one of six values that can be
assigned to natural history collections, the other
five being: scientific value, time-capsule value,
inventory value, monetary value and ethnic
value. These are discussed in more detail 1n
Appendix 1, and Pettitt's paper gives a very
useful summary of the uses of natural science
collections and the prejudice against them in
some guarters (Pettitt 1991).

It is possible, of course, that a single specimen

or collection may have two or more of these
values at the same time.

Social history content of collections

Social history value comes from data which are
either directly associated with the specimen,
such as the locality, date ete, or with wider
associations with the people, places and times
connected with them, or else associated with a
collection, for example its cabinets, or its sale or
other transfer.

The great strength of natural history matenal
is that, even at its most basic level of prove-
nance, individual items are so clearly attached to
individual persons, places and dates. A collec-
tion is like a series ol diary dates with a three-
dimensional piece of the living world attached.
People-time-places are what human history is
all about. Whether they are great naturalists or
little-known local naturalists, it 1s fascinating to
link real people to real specimens and objects
and places. The people may have relatives and
friends to show an interest in their work. Past
times retain a fascination for many. Even in the
UK the places are often stili there, either as an
extant feature, such as a wood, or as an imprint
(for example the line of an urban reoad following
the edge of a wood now long-gone).

For easy reference, the social history signifi-
cance of the various data that can be attached to
individual specimens 1$ listed in a separate section
below. The many areas of interest that can be
linked to persons involved in natural history
collections are also discussed In a separate
section, as is the sigmificance of the various data
that can be attached to collections themselves.
There is not enough room for these sections to
be exhaustive bul curators and researchers will
no doubt be able to think of their own examples
and probably add new categories of social
interest.

An increasing interest

From the experience at Nottingham Museums,
and from anecdotal evidence from natural
history colleagues elsewhere, there has been an
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Fig. 3. H. Fisher, ¢. 1900,

Fig. 4. Boxes used for storage in the Harry Fisher
Collection.

Valuing the resource

If natural science collections have a social
history value through their links to people and
places etc, then perhaps they can by analogy
achieve the same monetary value, Like natural
history items social history objects are often of
low intrinsic resale value but high in local
relevance. The insurance value aimed at the
replacement cost of a social item has been

recently estimated as part of a general valuation
exercise at Nottingham (Nottingham Museums
Insurance Revaluation Project 1995 — internal
document). That figure, £35 per item, is of the
same order as the replacement cost of field
collecting natural history specimens. Monetary
value 1s of course of interest in setting replace-
ment costs. The real day-to-day value of the
resource is in its usefulness to the many types of
users; in most case this will be an intellectual
value given by the user. Occasionally it will be a
commercial value based on some other equiva-
lent such as a standard market rate for buying
access to photographic/ theatrical props. The
value of the potential use also needs to be
considered — this is the value of the collection
being there for future users. There is no obvious
way this can be quantified.

Size of the resource

Through the work of the CRU' and FEN-
SCORE an estimate of the size of the national
database of natural science collections informa-
tion in the UK can now be made. Based on the
75% of the UK so far surveyed it is likely that
there are some 80-100 million specimens in
some 20000 collections, outside the Natural
History Museum in London. Including the latter
gives an overall figure of about 150-170 million
specimens in the UK. Even allowing for a
percentage of specimens that have little or no
individual provenance this is a substantial
dataset. For example, the accumulated UK
Census data from the nineteenth century is of
the same order of magnitude in terms of items,
although the social significance of that will be
greater.

The significance of the resource

How important is this resource? Most natural
historians will need little convincing of the social
significance of natural history collections. It is
important not to overestimate the value. Nat-
ural history collections are unlikely to replace
other social history resources but they may
prove to be a useful addition. The question of
significance can be looked at both qualitatively
and quantitatively.

Qualitatively the value of social history data
from natural history varies greatly. If the civil
war in Afghanistan in the 1980s were to be
studied the data from the natural science
collections collected there during that period
would not compare to the mass of data available
from newspapers etc. Indeed the normal ‘news’
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voyages for example will set some pulses racing
as much as the mention of Darwin, Banks or
Wallace.

Habitat information is predominanly of scien-
tific interest but looked at on the wider {ront its
absence from manyv of the pre-1970 specimens
reflects the late appreciation of this aspect of site
recording.

The coflecting process and the conservation
process 1s perhaps of most interest to those
studying the history of science. Changes in the
status of using alcohol, phenoxytol, brandy and
other preservatives over the years says some-
thing about fashions and science; the return in
recent years to ground glass stoppers for spint
collections over plastic caps might be interpreted
in one way by an economist —a latter day
William Morris might regard it as an example of
the superiority of the craft product.

Specimen trade and dealer details have obvious
uses in building up the extent and value of trade
in items that by 1900 included most of the
remotest places in all continents except Antarc-
tica. The sorts of trials and tribulations suffered
by Nottinghamshire collector Mansfield Par-
kyns in the 1840°s in trying to get his collections
back from Ethiopia make us appreciate the
determination of earlier scientific ingquiry to
defeat the rats, the thieves, the decay and the
ship-wrecks (Parkyns 1833).

Specimen exchange detatls are an indication of
the activity of naturalists, as well an indication
of the postal contact between scientists shanng
information and resources, at varying tumes
throughout history, and how the most was
made of the communication system of the day.
MNatural science collections have been tradition-
ally added 1o by exchanging between naturalists,
especially amongst plant collectors and herbaria
OWNETS.

Label information can be useful in linking
specimens together when the actuil written data
are insufficient to do this; handwriting compar-
ison is regularly used to associate specimens
collected by a previously unidentihed worker
with those where a signature or name 1§ present.
Printed labels can perform a similar function.

Person dara attached to the field-collecting,
collection-building and determining activities
obviously allow numerous connections to be
made with the wider social world and these will
be considered in the next section.

Finally, individual specimens take on addi-
tional value when they have been used as the
subject of an illustration, especially if figured in a
publication. To give a local UK exampie, the
mounted bird collection of the Foljambe family
in Nottinghamshire has additional value as
some of them were reputed to be the subjects
used by John Gould, the famous British wildlife
illustrator. Natural science illustration and art is
a study in itself, and the recent investigations by
the Musee d’Histoire Naturelle in Paris should
prove valuable in making this natural science
resource more widely known and available.

Social history aspects of persons

Person information 1s attached to specimens in
at least one of three ways, by being a field
collector, a collection builder or a determiner.
Person names lead us into that persons hife and
experience and then into the lives of all the
people connected to them. This provides an
incredibly rich area of study. This can be
summarized under the following headings:

SEX
name, surname and family relauonships
name, forenames, intrinsic interest
pastimes and hobbies
addresses
profession — changes
— collecting opportunities
~ place of work
publications
gualifications
status
biography -~ traditional
— series of times and places
- ¢ollecting areas, holiday areas

¢ lists of specimens |/ records

e acquired collections, collection histories
® companions

e societies

e fashions

L

links with other cultures

Personal details can be useful in scientific
purposes as well as the wider social reasons.
The association of two previously unconnected
collections might depend on recognizing com-
mon data such as a profession, a birth date or a
co-workers name attached to specimens.

Sex of the persons associated with specimens
has some interest; for example looking at some
6000 collectors in part of the UK (Walley, 1993)
the proportion of men to women is approxi-
mately 20 to 1. This was calculated over a period



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



Criteria for establishing the scientific value of natural science
collections

ANDREW J. JERAM
Ulster Museum, Belfast

Introduction

Natural science collections consist of objects
which have a complex variety of properties, and
any comprehensive valuation of an object or
collection must take all of these into account. It
15 not difficult to identify object properties which
have traditionally been used to ascribe value to
natural science collections; cultural value, heri-
tage and historic value, economic value, market
value, entertainment and aesthetic value, and
scientific value are all familiar concepts in the
realm of natural science collections (e.g. Wil-
liams 1987, pp. i-4). Somewhat more intract-
able is the problem of how to determine values
in each of these areas for an object, either in
absolute or relative terms. This is mainly
because some aspects of valuation are subjective
and context sensitive, depending upon the
purpose of the valuation and the perspective of
the valuer.

The aim of this paper is to examine just one of
these attributes, that of scientific value. The
reason for concentrating on scientific value 1s
not because it is inherently more important than
other attributes (it certainly is not), but because
the underlying philosophy of science 15 one of
objectivity, and so, for this attribute at least, it
should be possible to construct an objective set
of criteria to establish value. Determining vaiue
in such a mechanistic way 1s not an option when
considering, for example, the cultural, aesthetic,
or historical value of material. It is theoretically
possible to calculate the economic value of a
collection by an analysis of its wealth generation
potential, but in most cases this'is completely
impractical because of the difficulty and cost
involved in obtaining sufficient data for a
meaningful analysis. This leaves financial value
as the value parameter most easily assessed,
either by reference to the marketplace, or in
terms of replacement cost of material. It is
hardly surprising then that financial value 1s the
preferred parameter for expressing the value of
collections in many quarters. It has an air of
objectivity which is lacking in other value
parameters, is universally understood, and 1s a

form of ‘common currency’ imto which almost
anything can be translated for the purpose of
measurement or comparison. However, financial
values as applied to natural science collections
almost invariably fail to take into account any
of the other value parameters, except where they
may contribute to the market valuation (e.g.
Rolfe er al. 1988), and must be regarded as an
extremely poor guide to the overall value of
material.

In order to arrive at criteria for the scientific
valuation of natural science specimens and
collections, il is first necessary to examine the
nature of the relationship between the scientific
process and material evidence. Much of the
ground covered in this paper will be familiar to
readers with a research background, and to
some of those with responsibility for the care of
natural science collections. Others may have a
less complete understanding of the concept of
scientific value, its origin, and implications for
collections care and management, and it is
hoped that they will find the discussion below
particularly useful.

The nature of scientific value

In 1ts broadest definition, scientific value 1s the
value placed on material by the scientific
community. Thus an object regarded as having
great scientific value may have no value at ali
outside the context of science. The value of such
an object to society at large is a function of both
the value with which the scientific community
invests it and the value which society places on
science itself. This is the critical benchmark to be
applied to objects or collections when assessing
their scientific value,

In practice there are two broad categories of
material which are regarded as having value in
the natural sciences:

1. Material which is integrated into the fabric
of science
= seientifically important material

2. Material which facilitates scientific work
= material of value to science
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Category 2B: reference material. A major func-
tion of some natural history collections is to
serve as working reference collections for the
identification of specimens, and to provide
comparative matenal for taxonomic and other
studies. Often these will be held by what may be
regarded as single function institutions, e.g.
agricultural or fisheries bodies etc. The value
of such collections to science can only really be
judged by the frequency of usage, and this will
depend upon both the comprehensiveness of the
collection in the institution’s sphere of interest,
and upon the quality of data associated with the
collection. This category may also apply to parts
of collections, [or example, most museum
collections contain elements which, in terms of
their scientific value, may be regarded primarily
as reference material.

Category 2C: potential for scientific imporitance.
In the discussion above it has been staled that
just because material has potential for being
scientifically important, that does not make it
scientifically important. However, such matenal
may be of great value to science because its
preservation might permit studies which would
not otherwise be possible. This is an important
factor in, for example, acquisition policies,
This potential is one of the more difficult and
subjective quaiities of natural history material
that a curator may have to assess., There are
clear-cut cases, such as when material is novel,
and would almost certainly yield useful data in
the short term if it were studied. There are also
tess obvious cases where material is unique in
some aspect (e.g. from a locality which 1s no
longer collectable) and may prove to be
important at some point in the future, but for
which there is no obvious importance at present.
Finally, there are those cases in which only a
crystal ball could possibly hint at the future uses
of material currently held in collections, and
thus the potential value of that material.
Obvicusly every specimen held in every
natural history collection world-wide could be
said to have potential for some unspecified
purpose at some unspecified time in the future.
However, there are two sides to the potential
equation. Against the potential for some future
benefit to science as a result of preserving
matenal, we must balance the potential damage
to science that preserving matenal can cause by
acting as a drain on finite resources. If maternal
15 to be of value to science, therefore, there must
be a perceivable benefit which could be realized
within a definite time period, such that the
resource cost of preservation is reasonable when
measured against the anticipated benefit,

A further consideration which should be
taken into account is the resource investment
which has already been made in the material.
Clearly there is a case for preserving material
when a substantial resource cost has already
been incurred, and in comparison with this the
preservation cost is low. There is also a good
case for preserving material which would be very
costly, or indeed impossible, to recoliect in the
future.

All of the above cases are context sensitive
and subjective, most particularly in the way that
perceived benefits of preserving material will
change through time, and as the resource base of
science varies. It 15, however, incumbent upon
those responsible for collections of natural
history material to ensure that, as far as
possible, if they are preserving material on the
grounds that it is potentially important to
science, then it does not become an unreason-
able drain on the resources of science, and do
everything in their power to realize the perceived
potential.

Quantifying the scientific value of collections

In addition to simply classifying various parts of
a natural history collection in terms of their
scientific importance, it is useful to quantify the
value of matenal if possible. Quantification
facilitates comparisons both within and between
collections, and is necessary if we are to fully
understand how our collections are made up
and the scientific significance of the various
parts. This information is essential for the
effective management of natural history collec-
tions,

The most practical method of quantification
which can be applied to all categories, and used
as a universal measure of comparison, is simply
to count numbers of specimens in each category.
This methed is currently used, and conveys
some useful information (e.g. Nudds 1994).
However, numbers of specimens are not neces-
sarily the best guide to the scientific value of
material in all the categories listed above, and
more appropriate measures could be used for
particular categories.

Scientifically importantmaterial { category 1 )

Category 1A4: subject material. The quality of
value to science in this category is certainly not
the number of specimens, but rather the number
of concepts, or validly reached conclusions, that
the material supports. For example, it is of no
consequence to science if the type series of a
species consists of one or one hundred speci-
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gardens, supplying and investigating plants for
use in medicine: the Royal Botanic Garden,
Edinburgh, is one such, founded in 1670
(Fletcher & Brown 1970). Whatever therr
origins, however, the principal purposes of
botanic gardens today are to furnish material
for systematic research and to display plant
diversity, for education and amenity,

Around the time Pisa and Padua re-invented
svstematic collections of living plants, collec-
tions of dead plants also began to be established.
According to Arber (1986), Luca Ghini (71490
1556) at Bologna ‘seems to have been the sole
initiator, in the renaissance period, of the art of
herbarium making, which was then dissem:-
nated over Europe by his pupils’, although the
earliest extant herbarium is that of Gherardo
Cibo, who began to collect ¢. 1332, The first
institutional herbaria were founded in the latter
half of the sixteenth century, the earliest being at
Kassel in 1369 (Holmgren et al. 1990). As with
botanic gardens, early herbaria were often
associated with medicine, the collections being
used during the preparation of printed herbals.

For over 450 vears, governments, universities
and private individuals have thought 1t worth-
while to make collections of plants. As a result,
there are now well over 270 million herbarium
specimens, in more than 2600 herbaria, and the
number is increasing at a rate of around 3.5
million per year (Holmgren er al. 1990). Given
that the total number of plant species 1s
decreasing (since extinction 1s currently remov-
ing species at a much higher rate than they are
being replaced through evelution: Systematics
Agenda 2000 1994), and that the world has been
scoured for specimens, dead or alive, [or over
400 years, 1t would be surprising il questions did
not anse from tme to time, such as; haven't we
collected enough and do we need 1o keep what
we already have? As Davis & Heywood (1963)
asked, in a textbook on flowering plant taxon-
omy: ‘can governments be expected Lo go on
expanding their herbaria indefinitely?” But these
questions are in fact a distraction. Assembling
and maintaining botanical collections are cheap,
compared with most other scientific activities
(and insignificant in relation to particle physics
or molecular biclogy), while the benefits are
demonstrable and great,

A personal perspective on accountability and
accounting in systematics resesearch and
collections management

The intellectual challenge of putting figures to

the costs and benefits of botanical collections
provides minor satisfaction, but is it necessary’

It is certainly healthy for scientists to be
reminded how much therr activities cost and
that they should have long-term goals, set short-
term targets, work hard, be eflicient, and
publish. But current norms of public sector
management go far bevond this. In the UK
(and, I suspect, elsewhere), a generation of
politicians and civil servants has brought words
like accountability and aundit to prominence. The
people whose taxes pay for herbaria and botanic
gardens have been encouraged to exert their
right to bring public servants to account, to
insist that they are told how “their’ money 1s
spent, that it 18 being spent wisely and that it
represents the essential minimum of spending, In
order to improve efliciency and performance,
there must be clearly defined objectives, and
targets and criteria against which performance
can be measured (HM Treasury 1992), These
principles and practices are obviously good, as 1s
the 1dea, embodied in the UK Citizen’s Charter,
that the public sector should aim to give a high
quality service to the citizenry.

The central issues are: what is wise and what
is essential? These questions are always difficult,
but particulariy so in relation to basic scientfic
research, where discovery cannot be planned
and the significance of observations may not
appear for many years. No-one has discovered a
rational way to plan spending on basic scientific
research, because there isn't one: it's a gamble,
where the outcome and odds are unknown, but
where benefits sometimes accrue. 5o, since no-
one can determine in advance what 15 wise and
essential, we hide our inadequacies by concen-
trating instead on things we think we can do
well, which 15 to use auditing and accounting
procedures to show how money 1s spent and that
it is indeed a mimimum. Unfortunately, many
values cannot easily be turned into valuations.

At the Manchester conference and at a
subsequent meeting 1n Leiden (Systematics
Agenda 2000 - the challenge for Europe: the
action plan, 14-17 May 1995), most participants
were confident that systematics research, to-
gether with the natural science collections that
underpin it, are vital, but that they are under-
funded and in decline. Cottenill (1995) expresses
a similar view. The response of many govern-
ments will probably not be dissimilar to the UK
Crovernment’s (1993) wview that: "“Whilst the
Government is committed to supporting sys-
tematic biology, 1t has to consider its claims
alongside other important branches of science
and other claims eon public funds’ - the cake-
server’s dilemma. Those managing bielogical
collections, believing in the value of what they
do, work to persuade their sponsors that they
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