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THE ROLE OF THE RESEARCH MUSEUMS

WEDNESDAY, APRIL 17, 1985

House oF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY,
Task Force oN Science Poricy,
Washington, DC.

The task force met, pursuant to notice, at 9:39 a.m.. in room
2318, Rayburn House Office Building, Hon. Don Fuqua (chairmnan
of the task force) presiding.

Mr. FuqQua. The task force will come to order.

Today the task force will begin its regular hearings on various
aspects of American science policy. During February and March,
we conducted a series of minihearings which were held more or
less weekly. These were focused on the generai topic of the goals
and objectives of national science policy, and they served to give us
a useful overview and a good preparation for the hearings on the
individual, more specific topics which we begin today.

The research activities carried out at American museums are
perhaps less well recognized and less clearly understood than re-
search done at universities, in Government laboratories, and in in-
dustry. Yet, in certain disciplines, especially in many of the social
sciences, museum-based research is highly important.

Such research is frequently based on extensive collections of arti-
facts which are the reason for the existence of the museums in the
first place. The large collections are, however, expensive to develop
and maintain. In that sense, they are not unlike other aspects of
big science which also require extensive facilities and demand high
operating costs.

Collection-based resenrch is undergoing much change, all of
which may not be for the better. Some universities are phasing out
such research, and that raises questions about the disposition of
their collections, about the divorce from graduate education, and
about the future supply of scholars in certain fields.

Before we call our first witness, we will place opening statements
of any members who so desire intw the record at this point.

[The prepared opening statemer.t of Mr. Lujan follows:]

OPENING REMARKs OF HON. MA? JEL LUJAN, Jr., Science Poricy Task Force

Today’s meeting on the role of the scientific research museums begins our task
force's more formal and directed hearing schedule. Over the past two months, the
task force has received overview briefings on the goals and purpose of U.S. science
policy from five distinguished individuals. Dr George Pimentel of Berkeley, Dr.
Alex Roland of Duke University, Dr John Foster of TRW, Dr. James Wyngaarden
of the NIH and Dr Lewis Branscomb of IBM. We owe these individuals a vote of
thanks for providing us with both a broad review of past and present U.S. science
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policy as well as identifying some interesting areas for continuing attention
throughout our study.

Our focus today is cn one aspect of the U S. scientific establishment which is fa-
miliar to most of us although not necessarily for its unique role in research. The
scientific research museums have a distinguished reputation and through their col-
lections contribute to scholarly pursuits in selected fields of science. How their capa-
bilities fit into the overall pictwe of U.S. research activity is of interest today, as
well as 1he composition of, and future requirements for, financial support of the mu-
seums’ ‘esearch programs Also of interest are the procedures which the museums
use in selecting which research activities to pursue and how these may differ from
those of, for example, the research universities.

! would hike to join Chairman Fuqua in welcoming today’s witnesses. I look for-
ward to their testimony.

Mr. Fuqua. To discuss these important subjects, we are very for-
tunate to have with us {oday a number of distincuished leaders
from American research museums. The first of our witnesses is Dr.
Robert McCormack Adams, the Secretary of the Smithsonian Insti-
tution.

Dr. Adams came to his present position only last September after
an outstanding academic career, principally at the University of
Chicago. Since coming w Washington, he has expressed a particu-
lar interest in the strengthening of the Smithsonian’; research ac-
tivities.

We welcome him to the task force for his discussion on the
future role of research museums and the role of the Federal Gov-
ernment in their development. Dr. Adams we are pleased to have

| you today.

STATEMENT OF DR. ROBERT McCORMACK ADAMS, THE
SECRETARY, THE SMITHSONIAN INSTITUTION, WASHINGTON, DC

Dr Apams. Mr. Chairman, it is, of course, a great pleasure to be
here. I welcome the opportunity to appear before the Task Force
and to participate in your examination of Federa! science policy.

I have submitted a somewhat longer statemen . than I would pro-
pose to begin with today before submitting to your questioning.

Mr. Fuqua. We will make the prepared statement at part of the
record, and if you wish to summarize, that will be fine.

Dr. Apams. Thank you.

I believe that the research enterpuyise of the United States can be
thought of as a house, the foundations of which are securely an-
chored by the building blocks of scientific inquiry pursued in uni-
versities, industrial laboratories, the Federal establishment, and
museums.

I do regret, by the way, that the term “museums” does not
appear, as far as I can find it, at least, in the initial agenda that
was publir* ed for the work of the Committee. I think that the
museum c( .:ponent is indeed one of the anchors of the foundation
of that house.

While the role of museum research is clearly of most interest to
you today, my analogy is nonetheless purposeful in stressing the
interdependence of these activities. If any of the blocks were al-
lowed to crack or crumble, the essential structure of the entire re-
search house would be weakened and in jeopardy.

It is only recently that I have moved from an academic setting,
with which I have been associated for decades, to the Smithsonian,
the charter of which commits it to aims s'milar to those proclaimed

/

' ERic

IToxt Provided by ERI




E

Q

3

in the mottoes of many universities—the increase and diffusion of
knowledge. Not unnaturally, I find myself thinking about the dis-
tinctive features of museum-based research, especially as it com-
pares with research in universities.

First and most importantly, museums are built around collec-
tions. In order for the study of collections to be made meaningful,
museums staffs include individuals who are competent in, and who
give attention to, the means of :lassification by which alone those
collections can be reduced to intelligible order. Systematics—the
proper identification and classification of organisms and their evo-
lutionary and ecological relationships—is essential to museum-de-
rived knowledge.

Second, because systematics research tends to require large col-
lections, museums tend to be preoccupied with collections and their
management. On the whole, therefore, museums have been less in-
volved in the laboratory-based or experimental approaches that
characterize universities, although this is now changing.

Third, since museum research is collections-based, museums
often pursue a different balance nf strengths than that which char-
acterizes universities. A single museum with anything approaching
the universalistic aspirations of at least a few of the great universi-
ties i: an absurdity. The Smithscnian probably goes as far in this
direction as any institution ir. the world; and, significantly, it does
su by loosely linking together no less than 14 highly diverse, phvs-
ically as wel] as professionally, di<tinct units.

Museum collections, and the exhibits representing them, have
many of the qualities of capital investments. Prudently assembled,
they can almost endlessly repay further study from viewpoints
bevond the imagination of those originally responsible for them.
The prudence, of course, is difficuit to maintain over time.

The factors [ have just mentioned would seem to limit the re-
canck effectiveness of museuams. But there are other, more positive
consider ations.

Pirst. the broad. voluntary. and unselected character of a muse-
win's audience sumewhat counterbalances the narrowing effects of
concentrating on specialized collections. Visitors' questions. not to
spe ik of the powr 1 ced to make exhibits intelligible, encourage a
di oy, 1eaching fur beyond the stratified circles to which most aca-
demic faculties confine themselves,

Jecond, accompuny ing museums' dnect dependence on the public
and Luck of selectivity with regard to their audience are gratifying
cpputtunities to respond to national needs and problems that are
beyonu the reach of universities. There are many practical demon-
stratiuns that muscums offer constructive supplements and alter-
iwiatives 1o the detes .otating environment of many ordinary class-
toutits. and are a means to mobilizing creative effort and accom-
plishing genuine learning.

Tuining more directly to research in museums and 1its relation-
+hib to the scemingly more competitive world of university re-
~earddi ot is worth noting that work in universities is typically tied
tu thie relatively narrow telerances and priorities of the peer review
systeuis of the national Toundations, institutes and endowments;
that in muscums is less so. Hence, museums are particularly suita-
ble us a Lase for long-term undertakings, the priorities for which
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would shift through time as they were perceived in relation to a
field of competing proposals at a single moment in time.

Similarly, the tendency within museums for a preoccupation
with systematics to lead to isolation and corresponding theoretical
weakness, has a matching strength: modern ecological problems
underscore the need for more, not less, systematics.

Take what can only be described as an approachiang world crisis
of tropical deforestation. These forests are biologicaily the richest
of the Earth’s environments. A proliferation of species is now being
found in them that far exceeds earlier estimates. This suggests that
we may need to alter evolutionary views concentrating on the dif-
ferential survival of variably endowed individuals within a species,
and to give greater emphasis to processes of interspecies competi-
tion. Fundamental to any such research effort must be a securely
established basis of species identification, classification, and rela-
tionships, the only source for which today is the great natural his-
tory museum collections.

Collections remain the raison d’etre of museums and form a pre-
cious resource for science which must be nurtured and maintained.
Our knowledge of the natural world derives in large measure from
studies of the collections. As new insights and technologies are de-
veloped, collections are reexamined and more information is
gleaned. Hence, we should not think of coilections as stagnant, but
rather as dynamic assemblages of the natural world which grow in
value over time. The Smithsonian’s collection of eggshells has been
crucial to understanding the impact of pesticiges on the size,
growth rates, and sustainable populations of birds, while our fish
collections, which date from the 1880’s, have provided important
evidence of significantly higher concentrations of methyl mercury
in fish in the 1970’s. Furthermore, in addition to our own scientific
staff ot the Naticnal Museum of Natural History are scientists
from organizations such as the Department of Agriculture, the Fish
and Wildlife Service, the U.S. Geological Survey, and the National
Institutes of Health, who work daily with our collections on issues
associated with the missions of their respective agencies.

The collections in American museums have been called a “biolog-
ical/physical national bureau of standards,” the baseline upon
which all branches of science can draw. Continuation and fulfill-
ment of this daunting task require sustained financial support to
conserve existing collections properly, to acquire new collections,
and to provide thoroughly trained personnel with proper equip-
ment for the vital process of documentation. Constant attention
must be paid to these efforts so that our stewardship for future
generations is not called into question.

Museums overlap with universities, industrial laboratories, and
Federal science efforts along the single continuum of research ac-
tivity in the United States. Doubtless we can find better ways to
share tasks or divide responsibilities all along that continuum, so
as to improve not only our interaction, but also the overall effec-
tiveness of our combined effort. The first step is to recognize that
there is a high degree of complementarity to the entire research
enterprise and that all four of its components are necessary if that
enterprise as a whole is to meet the increasing demands we are
making of it.




Thank you, Mr. Chairman.
[The prepared statement of Dr. Adams follows:]
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WASHINGTON, D. C.

APRIL 17, 1985




Thank you, Mr. Chairman.

I appreciate the opportunity to appear before the Task Force
today, to participate in your review of Federal science pol:cy,
and to talk specifically about museum-based research.

The research enterprise of the United States can be thought
of as a heuse, the foundations of which are securely anchored Ly
the building blocks of scientific inquiry pursued in
umiversities, industrial laboratories, the Federal establishment,
and museums. While the role of nuseum research 1s clearly cf
most 1interest to you today, my analogy is nonetheless purposeful
in stressing the interdependence of these activities: if any of
the blccks were allowed to crack or crumble, the essential
structure of the entire research house wonld be weakened and in
jeopardy.

Beyond the interdependency of and the similarities between
the various research sectors in the United States, there are, of
course, crucial differences that can usefully be examined and
unique roles, such as those performed by ruseums, to consider.
It 15 only recently that I have nmoved from an academic setting,
with which I have been associated for decades, to the
Smithsonian, the charter of which commits it to aims similar to
those proclaimed in the mottoes of many universities: the
increase and di‘fusion of knowledge. Not unnaturally, I find
myself thinking about the distinctive features of museum-based
research, especially as it compares with research in

vniversities.
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* First and most importantly, museums are built around
gollections. 1In order for the study of collections to be made
meaningful, museum staffs include individuals who are competent
in, and who give attentiun to, the means of classification by
which alone those collectione can be reauced to intelligible
order. Systematics - the proper identification and
classificiation of organisms and their evolutionary and
ecological relationships - is essential to museum-derived
knowledge.

* Because SystematiCs research tends to require large
collections, museums tend to be preoccupied with collections and
their management. On the whole, therefore, museums have been
less i1nvolved with laboratory-based or experimental approaches,
although this 1s changing. Museums have always emphasized
working 1n the field - the living laboratory - with both
observational and manipulative studies. Museum departments of
biology are likely to have descraptive titles reflecting the
organic character of their collections, bzsically subdivisions of
botany and zoology, even though their rzsorarch may be
theoretical, experimental, and multidisciplinary in thrust. 1In
universities such taxonomic titles have largely disappezared or
become more generalized, reflecting subordinate components in a
more thematically unified approach to the field at many
alternative levels of analysis.

* Since museum research 15 collections~based, museums often
pursue a difference balance of strengths than that which

characterizes universities. True, there are some more-or-less




O

ERIC

Aruitoxt provided by Eic:

‘natural' units, such as perhaps Modern Art or Natural History,

within which bodies of method, theory, ano data are so widely
shared that real eminence is difficult to achieve on a narrower
basis. But contrariwise, a single museum with anything
approachinq the universalistic aspirations of at least a few
great universities is an absurdity. The Smithsonian probably
goes as far in this direction ac any institution in the world,
and, significantly, it does so by loosely linking together no
less than fourteen highly diverse, physically as well as
professionally distinct units.

* Museum collections, and the exhibits representing them,
have many of the gqualities of capital investments. Prudently
assembled, they can almost endlessly repay further study from
viewpoints beyond the imagination of those initially responsible
for them. But such prudence is difficult to maintain uniformly
over a long period of time. And even when it is, the sheer mass
and importance of major collections tends to perpetuate existing
divisions of specialization and, perhaps, to slow responses to
newly opened fields of knowledge.

These factors would seem to limit the research effectiveness
of museums, but there are other, more positive considerations:

* First, the broad, voluntary, and un-selected character of
a museum's audience somewhat ccunterbalances the narrowing
effects of concentrating on specialized collections. Visitors'
questions, not to speak of the prior need to make exhibits
intelligible, encourage a dialogue reaching far beyond the

stratified circles to which most academic faculties confine
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themselves. Nuseum exhibits, let me emphasize, need not be
frozen and didactic. They can genuinely involve at least some
members of the public in their improvement and eve . in theair
initial design. They can even involve exciting voyages of
quasi-research discovery that transform the understanding of
those creating them as much as those viewing them.

* Secondly, accompanying museums' direct dependence on the
public and 1ick of selectivity with regard to their audience are
gratifying opportunities to respond to national needs and
problems that are beyond the reach of universities. Museums
must, for example, creatively interpret currently iatensified
demands for public participation, and for a multitude of
individual choices. With a quarter of the annual inc- ..se 1in our
population now being a product of massively renewed immigration,
museun exhibits must somehow reflect the re-emergence of cultural
pluralism. Or consider one of our most serious national
problems, growing inadequacy in many districts of provisions for
public primary and seccndary schooling. Focused particularly on
cities, this i1nadequacy has tended to deprive the most
disadvantaged part of our population of real opportunities for
literacy of all forms, even as our proclaimed entry into an
*"Information Age”™ makes such literacy ever more necessary for
their own, and our society's, survival. There are many practical
demonstracions that museums offer constructive supplements and
alternatives to the deteriorating environment of many ordinary
classrooms, as a 1oute to mobilizing creative effort and

accomplishing genuine learning.
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* Turning more directly to research in museums and its
relationship to the seemingly mcre competitive world of
university resesarch, there are some obvious and positive elements
that are worth consideration. wWork i1n umiversities is typically
tied to the relatively narrow tolerances and priorities of the
peer review gystemt of the national foundations, institutes, and
endowments; that in museums is significantly less so. Hence
museums are parcicularly suitable as a base for long-term or
high-risk research proiects. The necessarily delayed or
uncertain payoffs of such projects cannot correspond to the
restractive terms of granting cycles. They aim instead at slowly
cumulative increases in knowledge, or at going beyond safe bets
to test unpcpular jdeas that, if correct, would have important
consequences. I am proud to include the Smithsonian among the
museums that at times have quite consciously taken this last
apprcach.

* Similarly, the tendency within museums for a preoccupation
with systematics and descriptive approaches to lead to isolation
anl corresponding theoretical weaknegs, has a matching strength:
modern ecological problems urderscore the need for more, not
less, systematics. Take what can only be described as an
approaching world-crisis of tropical deforestation. These
forests are biologically the richest of the earth's environments.
A proliferatior of species 15 now being found in them that far
exceeds earlier estimates. This suggests that wve may need to
alter evolutionary views concentrating on the differential

survaval of variably endowed individuals withain a species, and to
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give grezter emphasis to Prccesses of inter-species competition.
But fundamental to any such research effort must be a securely
established basis of species identification, classification, and
relationships. And the only source for that today is to be found
in the great natural history museum collections.

While an unfortunate public perception of museums as large,
dimly-lit buildings where researchers hunch over lab benches
examining microscopic details of insects, fish, or skeletal
remains may. iné~: 4, persist, the fact 1s that ccday there 1s a
new breed of museun researchers who are trained 1n modern met ods
cf science and tahe an interdisciplinary view of the natural
world. Systemat:cs 1s certainly the root of this endeavor.
Morecver, i1t 1s no longer an end 1in itself, but rather a starting
puint fot the Substantiation of modern ecological principles and
¢vcluticnary theory.

Collections remain the raison d’etre of museums and form a
preciovs rescurce for scierce which puct be nurtured and
raintaired. Cur knowledge of the natural world derives in large
~acare fror studies of ther ccliections. As new :ns.ght: and

teolisatyies are aeveloped, collections are re-examined and mere
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higher concentrations of methyl mercury in fish in the 1970s. It
15 worth noting here that, in aadition to our own scientific
staff, also assigned to the National Museum of Natural History
are scientists from organizations such as the Department of
Agriciulture, the Fish and Wildlife Service, the U. S. Geological
Survey, the National Marine Fisheries Service, and the National
Institutes of Health who work daily with the collections on
issues associated with the missions and goals of their
representative agencies.

Increasingly museum efforts have taken on an applied bent.
Many of the Smithsonian's marine biologists at the National
Museum of Natural History and its field stations in Belize and
the eastern Caribbean are working on the ecosystems of coral
reefs and on the primary productivity of the oceans. This
research offers the possibility of developing renewable resources
and sustainable yields to meet the economic and nutritional needs
of the people of that region. As another example, one of the
Museum's botantists has provided critical pollen analysis to
assistant in answering questions about the composition and origin
of yellow rain in Southeast Asia.

Across the Mall at our National Air and Space Museum the
System Disc Retrieval (SLR) was developed to meet the problem of
compact information storage. Applicable far beyond the museunm
fi1eld, 1t 15 a wonderful example of the synergy of museum and
industrial research.

Obviously I can only deal with the constraints and

opportunities that museums offer for research in the most general
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terms. There ar¢ irportant differences from subject area to
subject area, as well as from institution to institution.
However, I would like to share with you a final example from my
own discipline, Evolving standards and traditions of inquiry in
anthropology and archaeology are leading them away from
concentrating on the formal, macroscopically observable
properties of individual objects. The science moves instead
toward the internal properties, contexts, and associations of
objects 1in collections -~ features that will never be evident to
the casual museum visitor. Context, in particular, is of
¢ritical importance. This explains why archaeologists have taken
leadership in efforts to prevent the 1llicit international
movement and sale of antiquities, since that traffic, by its
nature, conceals or destroys information on context.

Scientific advance in this area involves steadily improving
precision in recording and interpreting temporal and spatial
associations and modes of deposition or preservation.
Manufacturing debris may be at least as important as the object
1itself, A used and broken specimen may permit dimensions of
understanding that a perfect, unused specimen cannot. A poor
copy or duplicate, of little incerest to an art historian, may
provide vital clues to the ways in which commodities were
produced and circulated. Physico-chemical analysis can reveal
sources of raw materials, modes of preparation and patterns of
use. All of these details are frankly more significant as
scholarly objectives than the display of the object itself,

Exhibits become correspondingly more difficult to explain and
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mount, and attention shifts from 1ndivadual works of art or
craftsmanship to the representation of entire social systems 1n
large, carefully sanpled, collections of whach lattle will ever
go on exhibat.

The collections in American museums have been called 2
*biological/physical national bureau of standards,” the baseline
upon which all branches of sCience can draw. Continuation and
fulfiliment of this daunting task require sustained financial
support to conserve existing collections properly, to acquire new
collections, and to provide thoroughly trained personnei with
proper equipment fo: the vital process of documentation.
Constant attention must be paid te these efforts so that our
stewardst.p for future generations s Ret cailed into guection.

Muceums are Sister institutions to universities in the
erhancews 1t and commurtication of knowledge. They both overlep
ev¥tentivel, w.th the industrial laboratories ang the Fedeiral

¢ -.enoe (“faite along the single continuur of regearch activaty

otre thLted states,  Doattless we can find hetter ways to chare
f.ohg L G. od€ LofponsiluTatres all atrng that continam, fo as
tro arpa L2l o1y war o interactiorn, but alto tnc cverall
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DISCUSSION

Mr. FuQuA. Thank you very much, Dr. Adams.

I recall that one evening I was going into the Smithsonian
Museum of Natural History to visit with some scientists there and
to speak with them, and they carried me back through the stacks
of all the botany collections that they had, particularly some of the
leaves.

I was very interested. Many of them went back several decades. I
was very interested at that time in what change had developed in
the same species of leaves in different parts of the world, and there
had been some changes—they were explained to me—but a very
good baseline to begin to understand over a long period of time,
and I think it is very fundamental to the things that we are all
interested in, whether it is crossbreeding that was taking place, or
the effects of the environment, or weather conditions or whatever
that may have caused that, which leads me to a question. How do
you see a payoff back to the public in museum-type research versus
the more university-oriented research?

Dr. Apams. Well, I spoke of the mission-oriented agencies who al-
ready are working, and have for many years worked, side by side
with the staff of the Smithsonian, directly employing the Smithso-
nfi;m collections. I think that is a fine illustration of what the pay-
offs are.

If one is concerned with the damage that is done to this coun-
try’s agricultural output from various kinds of infestations, be it
boll weevils or Mediterranean fruit flies or whatever, one has to
deal fundamentally with that insect population, and one has to
work with the systematic collections that are available only in the
Smithsonian and a few cther of the great natural history museums
in order to make those identifications.

Moreover, this is not a problem that can be confined to the conti-
nental United States. Unfortunately, bugs don’t observe interna-
tional frontiers, and the truth of the matter is that most of the se-
rious crop pests that we have encountered are tropical in origin.
One needs to have going right aleng with the work on problems
within the United States a more fundamental study of the nature
of the insect populations of the great tropical regions to our south.

Mr. FuqQua. By the way, in your beginning remarks, you men-
tioned that the word “museum” did not appear in our task force.
That will be corrected in our final report, I can assure you.

Dr. Apams. Thank you.

Mr. FuqQua. It was not an intentional oversight.

How have the changes in Federal policy toward science in recent
years affected the museum research, if at all?

Dr. Apams. Mr. Chairman, my impression is that changes in Fed-
eral science policy have not been primarily directed at museums
and have not primarily affected them.

My own association with the Smithsonian is recent enough that I
am not sure I have a long-term view that would be accurate on
that point, and I probably should refrain from going further.

Museums obviously have, for the most part, been able to benefit
from the growth in research funding in the national foundations, I
might say that that does not apply to the Smithsonian, which is
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not able to draw on funds from the national foundations under or-
dinary circumstances. But certainly, for the museums which have
been the beneficiaries of research funding coming from that source,
my impression is that they have benefited less from it than have
the universities, but there certainly has been some benefit from
that source.

Mr. Fuqua. How could we make it better? How could we get
better research looking at it from our perspective for the public
good, by what programs for supporting or helping or fostering basic
research in museums?

Dr. Apams. My impression would be that the most serious prob-
lem is one that requires national recognition of the importance of
those systematic collections. Whether this needs to be involved in
legislation, I am not clear.

I think that if one looks across the country at the tendency in
recent years for people who would have been trained in systematis
fields to move into other aspects of biology, for example, priorities
have been given to the field of biology at the cellular, and molecu-
lar, ard genetic level which obviously have seen enormous explo-
sive breakthroughs that are of great importance, but that somehow
there hasn't been recogniticn of the need to maintain balanced
strength across all of biology, and that the most critical thing |
would be to reestablish that sense of balancing our priorities.
Whether this calls for legislation, I am not clear.

Mr. Fuqua. Mr. Packard.

Mr. Packarp. Thank you, Mr. Chairman.

One of the principal areas where you have shown an interest in
your science policy studies, particularly at the museum, is in areas
where you have blended private funding with public funding.
Would you describe for us the general funding mechanism of the
institution, and particularly break it down into public and private
funding and where those come from?

Dr. Apams. The Smithsonian budget is composed of a primary
component in the form of appropriated Federal funds amounting to
about two-thirds of the annual Smithsonian budget. The other
third is from private sources and is composed ¢r a number of ele-
ments.

It would include income from funds that have been given to form
the Smithsonian endoswment. It would include income from a
number of the Smithsonian’s private enterprises, the magazine
Smithsonian, the stores that are operated in our museums, the sale
of books and other objects by mail, by catalogue. It also includes pri-
vate grants and contracts from private foundations for carrying on
research.

There is also a component of support from Federal foundations
in some areas as, for example, in areas where collections are of
critical importance and where that has been recognized.

Mr. PACKARD. Is there very much of your funding that is target-
ed to specific projects or research activities?

Dr. Apams. There is some, both on the private side and the Fed-
eral side. I think there probably will be more if I look at the way
our budgets are developing.

I think there is considerable interest in the Congress and, I
might add, also, in our own museums, in developing project areas
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that can be specifically identified. and described and in trying to
introduce these as line items in the Federal budget or as items to
attract private funding just as well. I think this is a way, in fact, of
making the museum research more accountable in the sense that
the descriptions of it become a matter of public record.

r. PACKARD. In your testimony, you mentioned that you have
seen a shift from simply collecting artifacts and museum pieces to
more of a research-oriented structure. Would you elaborate on that
and describe not only how you have seen that transition taken but
whether you see it increasing in the future? Will a greater portion
of your moneys go toward research and so fsrth?

Dr. Apams. I can illustrate that in a8 number of ways, but let me
begin by saying that collections themselves consisting of individual
plant specimens, or animal, or insect, or fish specimens, as the case
maf' be, were the initial form that museum collections took, more
or less as they were haphazardly brought in by volunteers or by
people sent out from museums. The complexities of the material
collected have been more and more widely recognized, and it is now
understood that you need specimens at different stages of growth,
for example, or under different conditions of diet. You need field
observations that associate the behavior of specimens with the
physiological characteristics if you are fully to understand the pat-
terns of difference between them. The result of all of this has been
that the amount of field work connected with the collecting of
really useful materials for identification and to serve as standards
for future classification has steadily increased.

The Assistant Secretary for Science of the Smithsonian Institu-
tion, Dr. David Challiner, who is with me today, made the observa-
tion to me last week that there were more of the Smithsonian re-
search scientists who were concerned with collections who were
now involved with field work than at any time in the past, and I
think that certainly has been one important change. Another has
been that one has to deal increasingly with aspects of microstruc-
ture, with features which are determinant of genetic and evolution-
ary differences that can only be observed with electron Inicro-
scopes. Or, again, important studies that have come out of molecu-
lar biology and that involve the differentiation of species as meas-
ured by differences in proteins require laboratory facilities on a
much more extensive scale than wculd have been the case in the
past.

I think it is precicely the growing complexity of the subject that
drives us in the direction both of more extensive laboratory work
and more extensive field work, and I think that is & trend which is
understandable if you look at the way in which biology has devel-
oped over the last generation or so, and one has to anticipate that
will continue in the future.

Mr. PackarDp. One of the misconceptions that many Americans,
myself included before I came here, have of the Smithsonian is
that it is Washington-based, and most of the facilities are what you
see down in the, old Smithsonian Institution. I don’t know the fig-
ures, but I think you have literally hundreds of buildings and fa-
cilities throughout the country and buildings throu~hout the Wash-
ington area besides this concentrated area. Are the research as-
pects concentrated here in the hub of what most people perceive as
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being the Smithsonian Institution, or do you find that it has
branched out into 2ll of your facilities?

Dr. Apams. Well, in fact, the research is carried on all over the
world. We have done a recent tabulation of the current work of the
Smithsonian, and we find that there are activities underway in
something like 113 countries There are research bases in many of
those cases, although they may consist of no more tnan rented fa-
cilities or quite temporary facilities. On the other hand, we do have
a major research base for the pursuit of studies in tropical marine
and terrestrial biology in Panama, a very important installation
called the Smithsonian Tropical Research Institute.

Dr. Packarp. Do some of the foreign countries support and assist
in the funding, private funding, of your research?

Mr. Apams. There is no case known to me at the moment in
which we have direct assistance from foreign countries in funding,
but we have many forms of important collaboration that have in
fact financial value, have real financial value in terms of availabil-
ity of land and other such considerations, that cperate very widely.
And certainly we are very closely involved with foreign scientists
in many of these cases.

But the further point I want to make is that while the greater
number of the Smithsonian research staff are primarily located
here in Washington, they are carrying on field work, they are
going overseas for their field work, into many other countries as
well, so that one has to look at their pattern of activity and not
simply their place of permanent residence.

Mr. Packarp. Thank you very much.

Mr. BrownN [acting chairman]. Thank you.

Mr. Lujan.

Mr. Lusan. Thank you, Mr. Chairman.

Dr. Adams, that is certainly a different picture of museums than
I have always had. As a matter of fact, you mentioned that, unfor-
tunately, the public perception is dimly lit buildings where re-
searchers hunch over laboratories examining microscopic details of
ins~cts and that sort of thing. I didn’t even know they did that.
Y + know, my impression of a museum is you go there to see some
valuable paintings or old bones, and out West we have covered
wagons, and wheels, and those kinds of things, and indeed, perhaps
the capsule from an Apollo flight.

What do you do besides show us those things that were promi-
nent in history? You have mentioned the marine biology research
that vou do. What other kinds of research is the Smithsonian in-
volved in?

Dr. Apams. Well, let me take a slight aside, if I may, Mr. Lujan,
before coming to what I think is the thrust of your question.

Take the question of our insect collections. There is really only a
very small corner of the Smithsonian that is devoted to insects.
There is a living zoo that you will find in the Natural History
Museum. They don’t lend themselves well to public exhibit; m.st of
them are just too small.

The Smithsonian insect collection numbers on the order of 30
million specimens. It is comparable only to the collection of the
British Museum. It needs to be that large to serve as the standard
of reference that can in fact be used by people who are either con-
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cerned with the fundemental science of insects or evolution or who
are concerned with various kinds of mission-oriented problems that
are connected with insects. So here is a vast collection which is not
at all seen by the public. This is a case where the tip of the iceberg
is indeed a very, very small, small tip.

But I might go on “ur*her to say that, large as that collection is,
it doesn’t begin to approach the adequacy that people in the field
now believe will be necessary as our understanding has grown
about the number of different species of insects there are in the
world. That number is now estimated to be on the order of 80 mil-
lion, and I cs.1 tell you that our collections do not include only one
example of ¢ach insect.

Mr. Tu9aN. Well, I will look at museums s lot differently now.
You know, when I go to an aquarium or something like that and
some fish glow in the dark, I think, “How pretty,” you know, and
walk away from it.

. Dr. Apams. Let me shift to the more general thrust of your ¢ aes-
tion.

I haven’t even mentioned an area of very important Smithsonian
work and one that comes more directly to the question of some of
your old wagon wheels and so on. Conservation is a rapidly expand-
Ing field where much more is possible; much more is understood
than was true some years ago. The Smithsonian has a Conserva-
tion Analytical Laboratory where fundamental work is going on on
how {0 conserve our specimens that otherwise might very well con-
tinue to deteriorate even while they are being kept. So very impor-
tant work needs to go forward on the conservation of paper, and
textiles, and ancient metals, and many other materials which are
subject to continuing deterioration under museum auspices, which
obviously we would like very much to avoid. That would be another
example of an area where there simply must be further work if we
are to keep what we have.

Mr. Lusan. To digress from that area of it, you mentioned state-
ments about the international cooperation and those sorts of
things. I know that in other areas which we have Jjurisdiction over,
international cooperation is becoming even more and more impor-
taut, one, because of the budget constraints in our other commit-
tees, and in fusion work, and space work, we are looking for
moneys from other countries.

But beyond that, there is kind of a welding together of our allies
and our adversaries, as a matter of fact. That could be, it seems to
me, a natural, the type of work that you do and the international
Smithsonian has, that everybody would be falling all over them-
selves to do some cooperative work with the Smithsonian. Is that a
heavy thrust on the part of the Smithsonian to bring in other na-
tions to share in that research, perhaps not just from a financial
standpoint but from the standpoint of solidification or break-
throughs?

One of the things that I am thinking of, for example, in the
space business, we sit in Geneva talking about arms control, and
while that may seem way off over there, the big question .3 verifi-
cation and inspection. Yet when the Soviets decide to go into the
commercial satellite business, the companies say, “Hey, we’ve got
to get in there and make sure what you’re putting into that satel-
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lite, that it is launched properly, all of those things,” and the Sovi-
ets are saying, “Sure, you can come in”—probably the first break-
through into inspection.

That is why I view this whole international cooperation as really
a plus beyoad just the monetary. My question is: Is there a big
push on the part of the Smithsonian, a sustained push, to bring
other nations in to share in that resec.rch?

Dr. Apams. Mr. Lujan, I think I could fairly say that the general
orientation you have just described is the one that primarily led
me to take this position and come to Washington. It is precisely
that aspect of the Smithsonian’s potential and of what I see as the
growing need for world cooperation in science that led me to come
here. Let me briefly illustrate with two further projects that are
currently underway. First of all, we have studies underway
through the Air and Space Museum in West Africa on processes of
desertification that involve the use of the Landsat space imagery
for checking the wrogress of desertification and steps that are
taken to try to hold this in check. Those studies inevitably open up
possibilities for land management that would never be recognized
by the countries in question and which they could never become fa-
miliar with cxcept through access to our specialists, our technolo-
gy, working directly with them in the field. I think it is an impor-
tant world problem, and it is one to which we can make a real con-
tribution and are now trying to do so.

Take another one which illustrates the complexity of interna-
tional patterns that frequently crop up. We have had a study un-
derway in Panama for some time now on the variability of species
within test plots of tropical rain forests. We find in Panama that
something on the order of 50 percert more species will occur
within a single half square kilometer of trees than occur in all of
the Eastern United States. That raises all kinds of questions about
the ecology of a tropical rain forest that are not well understood.
Now studies have begun in Malaysia, on the other side of the
world, which carry that much further still and illustrate perhaps
twice as many species occuzring in test plots over there.

Clearly, one needs to have some framework in which people who
are working on problems of tropical biology, for example, are able
to come together, whether they are dealing with the Amazon or
whether they are dealing with Southeast Asia or whatever, and we
believe that the Smithsonian offers one of the sort of rare institu-
tional opportunities in the world for bringing people together who
are working on problems of this kind and allowing them to check
their findings with one another, to become cognizant of differences
in method and differences in theory, quite possibly to have access
to more advanced equipment than they would in their own coun-
tries.

I think all those things are within reach, and I think all of them
are more likely to proceed from a museum base than they will
from any other base.

Mr. Lusan. Very good. Thank you very much.

Thank you, Mr. Chairman.

Mr. FuqQua. Mr. Brown?

Mr. BrowN. Dr. Adams, I would like to add my voice to the wel-
come I am sure the chairman has already given you. I do not think
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you have been before the Science and Technology Committee
before, and you may have more opportunities in the future. It is a
great pleasure to see you here and to recognize that you are start-
ing out on a career which I hope wili last as long as your predeces-
sor's and make as large a contribution to the progress of our
Nation.

Of course, Le sometimes ran into trouble because his scientific
interests took him to far fields. You are not still interested in
Middle Eastern archeology, are you? [Laughter.]

Dr. Apams. I would say that if conditions reemerged in that part
of the world that permitted me to do some further work, I would
certainly try to do so. They do not show much sign of helping me
along in the near term.

Mr. BrRown. I particularly appreciate your emphasis upon the re-
search cafabilities and contribution of the natura! science
museums. I think, of course, that we have tn keep in perspective
that that is only a part of the yverall role of the museurus; that in
addition to the natural science, you have the art, the history, the
vario;ls other things which fall within different purviews in science
strictly.

I don’t thirk this committee has really fully appreciated that
large research contribution that you make. I hope—and I am sure
i;m will—that your presentation this morning will help to change
that.

I want to raise just one question. Generally speaking, in the pre-
vious concerns of this committee, we have looked upon the natural
science museums as a part of our process of public education in sci-
ence. We have seen that role as being an extremely important role.
To some degree, we have funded that through the National Science
Foundation.

I am interested in having you comment about that role and the
degree t which, in addition to the education that occurs when the
public goes through the museums and sees and thinks about the
material there, if you have considered a somewhat broader role
comparable, we will say, to what a university does when it engages
in teaching and publication, or in the land-grant college systems
which we are familiar with, where you have teaching, publication,
extension, in which the effort is made to take the results of the ve-
search out to the public.

I would like to have you comment on that because it has not—I
have not perceived that the natural science museums or rau<eums
in general have put as much emphasis on that as they might, and
if we are looking at a rapidly changing society in which science is
more and more important, and in which a scientifically literate
public is more and mere important, then I think we have to use
every resource to attsin that literacy. The museums, I have always
felt, are a very important part of that mechanism of public educa-
tion.

Dr. Apams. I think I would share those sentiments completely,
Mr. Brown. First, with regard to the educational component at the
level of future specialist, which is only one component of your ques-
tion, I should say that this has heen for many years held by the
Smithsonian as one of its very important functions.
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We do support predoctoral fellows, postdoctoral fellows, people
coming in as interns while still in the course of their college ca-
reers, | might say with a special emphasis on identifying minority
interns.

We do regard that as a very important part of the program of
research that the Smith:omian carries on. That has been growing
in recent years, and I think it will continue to grow.

Research is, frankly, best done with a mix of individuals. Some
research, of course, will always go on by single investigators, but
much of it is best done with a mix in which there may be a senior
investigator and several assistants or people collaborating from dif-
ferent fields coming in for varying lengths of time to learn new
skills that they will add to their repertoire when they go back to
their home universities.

So that is an area where the Smithsonian has already been very
active and will do more. I might say we have done most of it with
private funding rather than with Federal funding.

With regard to the outreach question, I think it might be a fair
criticism that we haver’t done as much with traveling exhibits
that were drawn from our scientific inaterials as we should, al-
though there have been a number that were prepared by the Air
and Spact Museum. That may very well be an area where we
should do more.

There is a major activity of the Smithsunian called the traveling
exhibit service, which at any one time will have more than 100 cx-
hiLits moving around the country, moving in response to requests
by other museums fo: loan exhibits for varying periods of time. It
is true, as I say. that aot enough of those probably hava been con-
nected with the field of science education.

[ might say that the Smithsonian is now making steps toward
tiie very early development of a jeint program with the National
Academy of Sciences in the field of science education, so this is
something that we propose to become very active in within the
near future.

Mr. Browa Well, 1 hope you will. It 1= a very important function
but. of course. une which you have to keep in proper balance

I tlunk we have kept you long enough this morning. Dr. Adams.
We appreciate your being here very much and look forward to
future opportunities.

Mr. Legan Thank vou very mmuch Dr Adams.

Dr Apams Thank you.

cansaers 1o guestions asked of Dr Adans {ollow ]
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October 17, 1985

Honorable Don FPuqua

Chairman

Comnittee on Science and Technology
U. S. House of Representatives
Washington. b. C. 20515

Dear Mr. Chairman:

Thank you very much for your letter of September 17 and for
the opportunity to provide additional information on science in
museums .

In developing the enclosed responses to your guestions I
have had the benefit of considerable insight and assistance from
my colleagues at the Smithsonian's National Museum of Natural
History. They and I will be glad to be of whatever additional
service we can to you, the Task Force, and the Committee.

Sincerely,

&VW\/'\
s
Secretary
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Question 1

1.1 How have the research contributions of aatural history museums

changed since World Wer II?

Natural history zuseums, as scientific institutions at large,
have undergone a& virtual revolution since World Wer II, making
unprecedented growth with quentum jumpe in the size and diversity of
staff and in the scale and scope of programs. The result has bsen 2
pajor revitalization of traditional research disciplines and the birth
and rapid development of a whole new array of scientific enquiries and
applications. In general, the museums have been driven by the same
forces that have been d¢riving the universities, not only because both
are dealing with the same ultimate questions but also because the
museun scientists and technical staff have been trained elmost

exclusively by the universities.

Museun budgets, even allowing for inflation, have grown
dramatically in the post-World War II years. The scientific staffs
are much better trained and more professional. In the past {t was
fairly typical for curators to come up through the museun ranks &s
apprentices, often without ever obtaining pos*-graduate degrees. This
trend has died ocut rapidly since World War II, and today scientists

and other scholars rarely asre aired by museuans if they do not alreedy

O
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pocseas a doctorate. Furthermore, the level of education of the
technical support staff has been riaing steadily. Today many hold a
bachelor's degree, and mssters' and doctors' degrees are becoming more
common. Scientific and technical staff specialization haa grown
enormously as well, until todsy's natural history muaeum is & complex,
university-like research organization that is a far cry from the
tuseuns of the past. Becsuse of the growth and diversification of
support staffs, suseum scientists have been freed from much routine

curation and are able to concentrate on research.

The consequence of all of this growtih and chenge has becn great
change in quantity, quality, and character of scientific research

output.

Biological research by puseum scientists has undergone an
historic shift in emphasis away from a purely deacriptive approach
focussed largely on the taxonony (1dent1£1cation, deacription,
nogenclature, classification) of organisms, tc a& much more dynamic,
evolutionary approach, concerned with bioiogical systematics in the
broadest sense, which goes beyond deacription and claasification and
attenpts to explain the origin and evolution of the diversity of life
on earth by tracing the history of lineages (phylogenetic systenatics)
and elucidating relationships among modern organisns. Since 1945,
systematics reaearch has branched out greatly to incorporate
ecological, biogeographical, behavioral, ultrastructural, cytological,

genetic, functional, and many other perspectives and methodological

n
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approaches. Indeed, the whole evolutionary framework of modern
biology is a product in large part of research in natural history
museums since World War II, with such museum-associated influential
biologaists as Niles Eldredge, Stephen J. Gould, Willi Hennig, Ernst

Mayr, Peter H. Raven, George Gaylord Simpson, and Edward O. Wilson

leading the way.

Museuns have been a major source of Innovation and creativity in
paleobiology since World War II. Such major contritutors as George
Gaylord Simpson have not sought inspiration from the university but

rather the universities have sought ihspiration from then.

The field of anthropology has witnessed a growing awareness of
the importance of museur objects, both for basic and applied research.
Today, anthropological collections are being studied by more

scientints, both from inside and from outside museums, than in 1945.

Museun- based meteorite research has entered a much more
interpretative cra, leading to & much broader and deeper understanding
of our planetary system. In 1945, meteor}tes were a snall side issue.
Mow meteorite resecarch, which depends on museum collections, is
painstresn planetary science. Meteorites provided crucial background
data for lunar rock studies prior to the lunar landings. Meteorites
end lunar rocks together have increased greatly our understanding of

the planetary system and have made some old ideas untenable.
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Research methods also have undergone radical changes since 1945.
There has been enormcus growth in interdisciplinary studies and large
collaborative projects, as in planetary science or in studying
ecological and evolutionary relationships. Collaboration also has
been crucial in large oceanographic and terrestrial surveys of faunas
and floras and in ecosystem research. At the Smithsonian, for
example, the pacesetting Caribbean Coral Reef Ecosystem program would

be impossible without wide, interdisciplinary collaboration.

The explosive postwar growth of civilian air travel has greatly
expanded opportunities for fieldwork, especially abroad. As a result,
natursl history puseuns have broadened their geographic scope greatly,
and today a much larger proportion of research s actuslly conducted
in the field than in 1945. 1In pany cases, it no longer is considered
acceptable to base a study entirely on preserved specimens. The major
consequence of'easy, relatively inexpensive travel has been the large

expansion of reseaich in the tropics.

World War II triggered a revolution in technology that continues
to revolutionize research in natursl history museums as everywitere.,
SCUBA diving, deep-sea submersibles, underwater photography, electron
microgcopy, aerial photography, color photography, advanced light
microscopy, molecular biology, and computer technology, especially the
recent advent of the personal computer and word processor---these are
some of the numerous important technological advances during the

peastwar period that have continued to have a profound effect on

O
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research in natural science museums. High technology has come to
pmuseuns in a big way. Computers have opened vast new opportunities
for analysis and data storage and retrieval. The Scanning Electron
Microscope has revolutionized the study of morphology and structure,
bringing & whole new dimension to virtually every area of
collection-based research. Because of such new technology, we now can
learn more from our existing collections than ever before, and most
collection-based fields of research have been rejuvenated repeatedly

by technological advances since 1945.

Thanks to computers and the rapid development of azethods of
quantitative and statistical analysis since World wWar II, today's

research is far more quantitative than in the past.

In sum, research in natursl history ruseums today is vastly more
complicated and specialized than before World War II, and most anuseunm

scientists are highly trained specialists.

Finally, natural history museuns have undergone significant
changes in research philosophy and perspective. 0f particular note is
the shift toward much greater concern for the value and relevance of
the research contributions. Most striking is the blossoming of a
conservation conscience, Ever-increasing concern for the environment
has led to ever-greater involvement by museun scientists in research

related to habitats and biotas threatened with destruction and cpecie

threatened with extinction, Concern for the tropics, especially the
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rapidly disappearing tropical rainforests, has reached the proportion

of a scientific crusade,

1.2 In what direction are they now headed?

In general, natural history muceums are not likely to see any
dramatic shift in direction in te foreseeable future but are likely
to continue to intensify and sharpen the trend~ already underway as
described in 1.7, As always, basic research will be enphasizad, but
increasingly, attention will be given to the elevance and practical
applications of the research, especially in a world of disappearing
habitats and species. Working with limited budgets, musesums will

struggle to keep abreast of current technology snd methodology.

Natural history guseums, vis-a-vis universities, are fast

becoming the keepers of knowledge about the bioty—plents and

animals--of the earth. They will be the primary centers of the future
for the study of biological diversity. With their large collections

and their taxonomic specialists who study whole organisms, they alone

will have the documentation and the expertise to deal with the oany

kinds of plants and animals in the world.

O
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Overwhalmingly, the basic biological research will focus on the
tropics and on reconstructing evolutionery history. There will be
more vigorous efforts to explore; to conduct biotic s°rveys and
inventories; to record and document habitats and species; and to save
voucher specimens of the biota and samples of natural phenomena.
Organiseic biology will contifnue to be the main focus, but increasing
attention will be givan to evolutionary and ecological relationships
and processes in order to develop a deeper understanding of the

vorld's ecosystems and global environmental problems.

Anthropology scholars will use nuseun co)léctions tec locate
spec inens among them that are sufficiently well documented in time and
space as to becone markers for studies of past events and conditions.
In physical anthropology, sample size and documentation are emerging
as most important criteria for research. Overall, however,
anthropologicel research will continue to deal broadly with cultural

diversity and change, much as biological diversity is being studied.

Multidisciplinary and collaborative anproaches and projects are
sure to increase. The use of biochemical methods to study

evolutionary biology clearly is growing.

Museums, by virtue of their need to handle la.ge collections and
other da a bases, will make 2ajor contributions to the development of

tools end 2+thods {or data management and use.
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In the final analysis, natural history museum research wil:
continue to be distinctive primerily because it {8 collection-based.
This featwure is, indeed, the sine qua non of & musecun as compared to a
university. If there will be any threat to museumc such as ours, it
will be the perennial temxptation to succumb to the fads and bandwagon
{ields constantly being spawned in universities, where they have
important short-term, if not also long-term, teaching value. There
also will be the risk of placing too much emphasis on popular

subjects, rediscovery, and practical applications.

In the realm of applied researzh, natural history museums will
face ever-growing demands to sirve as ident{fication centers for
ecological and environmental studies and to produce basic
identification manuals for scientific and lay users. 1indeed, as
pudblic awareness of the natural world and its problems grows, there is
an ever-greater demand for authoritative popular pubications on plai..=
and animals. Museums can be expected to be caulled upon to meet these
needs more and nore in the future as, increasingly, they become the

last strongholds for organismic biology.

1.3 In your view, have the contributions of museums to basic research

climbed or fallen ovff since 1945?

Without question, the contributions of natural history amuseums

have increesed greatly end steadily across the board since 1945, at
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least in absolute numbter. Given tihie explosive expension of
universitf{es in the post-World War II period, it is difficult to say
vhether guseum contributions have increased in relative number.
Furthernore, the relative importance of a body of scientific
contributions must be judged in the context of the state of the
science overall at the time when the contributions were made. Viewed
in these terms, it is difficult to judge the relative importance of
today's greater numbar of contributions as compared with the relative
inportance of museum contributions in 1945. Surely one nust conclude,
however, that museum contributions to our knowledge of biological
diversity are ever climbing in relative significance, as more and more

universitiea largely forsake organismic biology.

Growth in museum contributions stems from two causes. First,
staff and program size has expsnded greatly, as already detailed,
because of improved funding that has derived from an increasingly
greater national public awareness of worldwide technological advances
and from general public concern about threats to habitats and biotas
and the need for environmental protection. The advent of household
television and many excellent series on nature has had e profound
in:{uence on the public mind, and this in turn has placed new
pressures on natural history muaeums. The concerns arising from thia
awgzreness have been responsible for the major thrust in studying
endangered species shared by meny nmuseuns. The Smithsonian, for
exapple, played 2 key role in getting efforts started to study

endangered plant species.
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Second, the increasing professionalisz of guseun scientific
staffs since 1945 has put museum scientists into much more direct
competition with university scientists. This has placed increasing
emphasis on publication, 2o that today's museun scientist lives more
or less by the same "publish-or-perish" rule that long has governed
univerrity scientists. As a consequence of publication pressures, the
quantity end rate of publication from natural history museums has been

on a steady rise.

An unfortunate side effect is that the pressures of publication
hsve a tendency to discourage the substantial, long-term monographic
regearch efforts that are the hallmark of good collection-based
studies in favor of the short, fast publications that can be produced
more easily in university laboratories. The rise of the grant system
in science also has tended to force resesrchers to look for fast

results and to publish shorter papers more often.

1.4 How can this be accounted for?

The growth of ouseum contributions to basic research since 1945
can be attributed to a number of factors. Principally, it is due to
steady staff and program expansion that has come about for a variety
of reasons. To a large extent, perhaps, research in museums has been
the beneficiary of the general expansion of federal funding for

regearch in the postwar years, spurred by such extrinsic forces as the
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launching of "Sputnik" and the estat.ishment of the Netional Science
Foundation. The explosive growth of concern about the environment,
triggered initially by such ecological disasters as the spread of DDT
in the foeod chain, also has brought a clazor for xore ecological
research. MNuseums have played direct roles in solving zany of these
problens, as in studying the impact of DDT on the thickness of shells
in bird-egg collections or in assaying mercury content in the flesh of
fish collected long before the "mercury scare” in the tuna industry.
Thus, nuseums have often demonatrated their direct benefit, and this
has enhanced their ability to increase their budgets. The public now
often makes a direct connection between environmental prodblems and the

value of zuseum collections and research.

Advances in technology and instrumentation also hcve had a large

bearing cn the increase of museum productivity, es elready discussed.

Public awareness of museuns generally is higher by wneny orders of
nagnitude today than in 1945. The Snithsonian's Natisnal Huseum of
Natural History now attracts about 6 million visitors a year, and its
public educational activities are at an all-time high. All of this
interest translates into more public understanding and support, which

in turn affects federal finencing positivaly.
Finally, a not insignificent factor {s the =uch higher

professionalism of today's museum scientists and supportiag staffs.

The gradual introductior of the university "publish-or-perish" value

11
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systez has had & dramatic effect on attitude and productivity, Freed
frem meny of their former curatorial duties by highly professional
support staff, today's curators are zore scientist and less curator
than they were in 1945. Much of this change has come about ‘n the
last 20 years. Furthecmore, with museum scientists aingling far gore
today with their university peers in their disciplines, peer pressure
has pushed productivity up. Added to this is the general use now in
mseuns of promotion evaluation systems based largely on publication

of original resear:h.

Question 2

2.1 Fhat areas of scivnce seem most oromising from the perspective of

the research suseum?

All areas of science within the scope of the research museun are
appropriate, and certainly research should continue in today's areas
of strength. Although collection-based fields should continue to
dooinate, especially as more and gmore universities divest theaselves
of collections aund collection-based reseerchers, such areas as
cultural anthropology should continue to benefit from the perspectives
of scholars in museuns, Any research requiring collections of
preservable specimens or cbjects and hizh-level curation along with
modern scientific description and classification sust be done in

auseuss, whether free-standing or sssociated «ith universities, 3come
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of the many museum disciplines that will always be specimen-dependent
are evolutiorary biology and biolngical systematics, biogeography,
conaervatior, biology, physical anthropology, some fields of cultural
anthropology, vnaleontology, meteorite studies, volcanology,

zineralogy, petrology, and sedimentology.

In the broadesi terms, the perapectives of the research natural
history museum can be summarized aa centering on the concern for a
threatened biosphere. Incruasingly, museums will have to themselvea
the task of salvaging primary information on the diversity, evolution,
and adaptation of the world'a biota and of its disappeariag cultures.
Museum repositoriea will serve not only museum scholars but scholars
everywhere who will need samples of natural biological or cultural
diversity frca time and space that they coculd not themselves ever have
assembled.

Museuns must play an even largsr role in discovering and
assessing the eerth's natural resourcas befora it is too iate and in
guiding the protection and wise use of these resources. Researchers
in nuseums possess special expertise and insights on these resourccs.
Biological inventorias and baseline ecological and evolutionary

studies will be needed on an ever largar scala.

The museun should continue to provide the enviconment for stabdbla
aupport for long-terz studies and large, multi-disciplinary

collaborative projects that traditionally have been difficult to
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sustain in the university environment where research ia conducted
mainly in short, grant-supported bursts. Museums also are best suited
for supporting the extensive fieldwork that is essential to the study
of natural systems, and for maintaining the collections and other data
bases needed for long-term studies, such as the Smithsonian's Tolecano

Reference File.

Among the meny priorities for the future that museum biologists
might name, none ranks higher than the study of tropical biotas and
ecosystens. A crisis mood exists, calling for fast measures to
study-~-and if at all possible stem—the catastrophic disappearance of
tropical ecosystems and their plants and animals before it is too
late. This will require fast work Jjust to do the elementary tasks of
discovering and describing the unknown species. First priority should
be placed on threatened or endangered floras and faunas. Even in such
well-known parts of the world as temperate North America, however,
there is an urgent need for & continental survey of the fauna and
flora, which is why our National Museum of Natural History has begun
to project a National Blological Survey as one of its priorities for

future research support.
Museum biologists also find much promise in the newer,
biochemical methods for studying the chemical and molecular

relationships of organisms.

Paleontologists are turning nore and sore to the study of

14
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extinction eventa in the history of 1ife, and paleochemistry, coupled
with biochenical analyaes of extant organisms, ia coming to the fore.
Museum scientists are taking part in theae new thruats, but the uuseunm
oust help to protect organiamic biology from being totally dominated
by high-tech reaearch. Museum paleobiologists, working with
collections, are on the threshhold of obtaining more preciae
measurenents of rates of morphological change through time that will

enswer much-debated questions of the tempo and mode of evolution.

In phyaical anthropology, research museuma with their skeletal
collections hold promiae in the atudy of major aapects of human
health, such sa longevity, fertility, nutrition (growth of key areaa
of skeleton, atudy of trace elementa in bone), and physiology (bony
evidence of fighting, yenetic mixture, migration). This work ia done
with skeletal samplea from different geographic regions or over an
historical time sequence. Bone atudiea also can yield data zbout
diseases relevant to current world health problenms, e.g., the anenia
related to malaria or to achistoaomiaaia., Finally, the atudy of
physical remaina continuea to be an ever more potent tool in crine
solving (forensic anthropology), end the qemand for such research from
the FBI end many state and local law enforcement agenciea ia growing

steadily.
In cultural anthropology, material collections hold increaaing

pronise for reaearch on preaervation and conservation technologiea and

art-related probdlema.
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Finally, research museums have an increasing opportunity and
responsibility to train researchers in other countries, especially in
Third World countries, and to develop closer working rzlationships snd
partnerships with foreign scientists for the tasks that lie ahead,

particularly in the tropics.

The ultimate challenge to research museums everywhere is to use
their vast collections to the best advantage to support meaningful
worldwide environmental protection, the development of biomedical
resources {rom plants and animals, and the effective and wise
exploitation of all of the earth's terrestrial and marine natural

reaources, but especially food resources.

2.2 What besic resesrch priorities can be identified for the next few

decades?

The bisic priorities for the next few decades are implicit in the

promising areas and priorities already discussed in 2.1. The question
becomes one of relative urgency.

Certainly, the highest priority must be given to scudying
vanishing cr threatened ecosystexs and cultures and to understanding
l1life in the sea, especially the deep sea. TFor many museum bdiologists,
biological inventories and baseline studies of plant and animal
relationships are the No. 1 priority for the foreseeable future. This

ig especially urgent in the tropics, but there also is en urgent need
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for a general survey of the flora and fauna of our own continent,
given the pace at which habitats and ecosystems are being perturbed,

fragz :nted, or destroyed.

An implicit corollary to thia basic research priority is the
pri>rity to apply such research to national and international needs on
an urgent basis, especially to the ever greater problems of
environzental protection and conservation. Research on andangered
tropical habitats and biotas, for instance, should lead to the
conservation, perhaps on a sustainable-yield basia, of these habitats
and faunas and floras. This introduces the relatively new and rapidly
growing research field of "conservation biology" or "restoratioa

ecology,” as it is sometimes called.

Urgent new biolugical inventory and collecting will pake all the
mote urgent the need to énlatse end modernize collection storage and
maintanance systems at nuseums and to traih the necessary specialists
to identify and clasaify the vast numbers of organisms. Thia latter
need will be especially critical for insects and other invertebrates.
The United States, for example, has but cne researcher study ing the
econowically important free-living soil and freshwater nematodes and

only two studying marine nematodes, one of whom is at the Smithaonian.

In planetary science, the greatest urgency for museums is to

collect and conduct research on meteorites.
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Museun anthropologists see a critical need to conduct
interdisciplinary studies in archeology, human origins, and cultures
in relation to the environmental context before the evidence
disappears through ever more massive human disturbance. Tropical and
arctic environments are proving to be especially fragile, labile, and
subject to massive interference, and work is needed urgently in these

regions.

There also is a critical need to study manuscript linguiatic
collections and linguistic aspects of ethnographic and historical
writings, while native speskers of the lsnguages in question who are
conversant with the earlier waya of 1ife are still alive. In many
cases {Dost American Indian and Australian groups, for example) the
languages are on the verge of extinction. The Smithsonian hes a large
collection of American Indian manuscripts, and suseums in general
provide a good environnent for the curation snd study of such

materials.

2.3 Within the limited federsl resources available, what role should

the natural science institutions play?

Obviously, natural science museums have the time-honored
functions of collecting, documenting, storing, studying and exhibiting
plant and animal specimens, archeological and other anthropological
objects, and such other natursl history objects as fossils and

meteorites. Vast co.lections already exist; they are unique and must

18

PAruiitex: provided by ERiC N
*




ERIC

Aruitoxt provided by Eic:

42

be curated aud studied for the benefit of present and future
generations. In time of financial stress, proper curation of the
collections should come first but not to exclusion of the very

regearch and public exhibition thet juscify their existence.

One might summarize by saying that natural science museuns have
always played and should continue %o play a leading role in (1) public
science education, (2) stimulation and training young scholars in
netural scisnce careers, (3) conduct of basic research, and (4)
orintenance and expansion of reference collections for the use of the

entire comnunity of natural scientists.

Collection-besed research and pudblic education largely through

exhibits constitute the very raison d'etre of natural science Duseuxs,

and a reasonsbie balance must be maintained between them. A nuseun
that tries to educats the public without a base of active research
scon loses its inspiration, originality, and wellspring of fresh
knowledge that keep the exhibits, lectures, and other outreach
activities vital and in tune with the state of science gene:ally,

By the seme token. & research museum that does not maintain an active,
up-to-date exhibit and public educirtion progran based on its research
loses it public support and its right to clainm tax or philanthropic

underwriting.

19




43

In short, natural science institutions should continue to fulfill
their historic role to the maximum extent possible with the limited
federal resources that are likely to be availadle., To an ever
increasing extent, it may be necessary to appeal directly to the
private sector for contributions and endowments to «keep up the
time~honored functions and at the same time stay turrent with
developments in science at large, but federal resources should always
be concentrated on those functions, such as collection aaintenance,
that never can be supported adequately by private funding. The most
difficult task is to stay current with capital investment in modern
technology and equipment (including computers) tc make Ie;ding-edge

research possible,

The one type of research that surely must continue, because it
remains vital to many practical areas of society even while
universities are scaling it back and phasing it out, is biological
systematics— the organismic study of the origin, diversity, and
evolution of organic life on earth. By comparison with such Big
Science areas as space scienc~, astronomy, or high energy physics,
systematics is a cheap science that surely our society can continue to

afford.

20
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2.4 ©ihat effects have recent developments in high techrology had on

the conduct of guseum-based scientific research?

As already discussed in 1.1, research in nuseums has been
revolutionized in numerous ways by technological advances since World
War II. Indeed, the revolution mirrors what has taken place in the
same Or comparable f{ields in universities, and over the years there
has been 1ittle if any time lac between the introduction of new
tachnology to universities and its introducticn to museums. “his
stands to reeson hecause the museun’s scientists come from the
universities. The only limitation has been the limitation of funding,
already discussed in 2.3 University scientists often are able to
acquire major new equipment with grants that are not as available or

easy to justify in the non-teaching environment of museunms.

Museum research has been revolutionized especially by high-tech
analytical instruments and methods. Electron microscopy and
computers, in particular, have opened frontiers of study never
imegined before. As scanning electron microscopy has revolutionized
the study of surface structure, transmias%on electron microscopy has
advanced the study of internal structure. Many other kinds of
instruments could be enumerated, a partial list of which is given in

1.1,

Probably the single most importa-t technological advance in the

post-dorld War II period is the computer and its impact on data
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handling and information storege and retrieval. Perhsps the most
exciting aspects of this are the recent developments in small
computers, which even have revolutionized manus.ript preparation and
publication. For persons whose research idealy requires huge
collections of specimens--e.g., tens or hundreds ci thousands of
insects——and associated data, the comfuter now makes it feasible to

build and process such large data bases.

Computers aiso make it possible to inventory and track large
nuseun collections, such as the uore than 30 million specimens in the
Smithsonian's National Museum cf Natural Higtory. This has improved
access (o many Smithsonian collections remarkably. Also, collection
inventories cen be sent easily to researchers elsewhere. Museuns,
because of their collection needs, have a much greater potential than
universities for devaloping new methods of dealing with large amounts
of spacimen or otject data. Computers also are being used for
linguistic analysis of texts and to process census and % illage survey
data. The develcyment of gmall, portatle computers has made it
possible to take the computer into the field “o enter data directly,
thereby cutting out the age-old time-consuming step of first taking
field notes ancd then 'ater transcribing them. Cccputers also nave had
a profouna impact on &lmusv all aspects of lilrary science and

! management. L{irery resources are beconing Incressingly more
access!nle, especially with tre rapid development of on-line

biblissraphic search serviczs.
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Theoretical frontiers also have been advanced by the computer in
many fields, a8, for example, in the development of the quantitative
8chool of systenmatics known 88 "numerical taxonomy" end in the =ore
recent development of the field of "cladistics," to hypcthesize and
test propoged evolutionary lineages. These new disciplines dspend
largely on the power of the computer to process large data sets,
especially nmetrices. Finally, computers are now bein, used for
pettern recognition to develop automatic analysis asnd identification

systems,

Rediography and other high-tech analytical -echniques hcve
revolutionized physical anthropolegy, archeolory, and ethnology. New
biochemical instrumentation and methodology have introduced a variety
of molecular techniques to many branches of natural history, including
even paleobiology, and as a resul * theoretical frontiers are being

advanced 1n anthropology and evolutionery biology.

High technology has incressed the cost of research dramaticelly,
straining the already limited budgets. The equipment requires large
cepite]l outlays, and additionel technical help usually is needec.
Often whole new units, as, for exemple, computing centers or special
laboratories, rust be .<tablishe~, equipned, staffed, and maintained.
Service contracts alone can take a big bite out of an annusl budget.

(- ten additional s“ef” training is required.
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Question 3

3,1 To what extent are the nuseums' dual responsibilities for

research and public education {or, in the language of the

Smithsonian bequest, ",..the increase and d{ffusion of

knowledge") compirable to the universities' duesl responsibilit-es

for research and teaching?

In broad terms the dual Eesponsibilities are comparable in that
both university researchers and museup researchers are responsidble for
conducting independent programs of original research that, when
published, will contributc to knowledge and for translating their
findings into terms that can be passed along to laypersons, be they
students, aspiring scholars, or the general public. There are
significant differences in ecphases, approaches, and audiences,

however, when one looks beyond the superficial similiarities.

In many waeys, the relationship is much more formal, open, and
direct in universities, where o researcher routinely meets classes and
advises students end the institution exisgs to teach students, pass
along research findings and methods to the next generation of
scholers, and giant degrees. The audience 1s rather narrowly
constituted as a largely undergraduate student Lody of limited
age-range and known educational achievezent. The university exercises
strong control over audience selection. Public education in museunms

is often a ccaplex of activities with ill-defined toundaries, and the
24
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ouseun cer exercise little or no control over its primary audience,
the visitors to the exhibits, lectures, and other public events.
Museuns sttract visitors of all ages and all educational and economic
backgrounds and especially large groups of school-age children, The
goals of university students are ressonably predictable when compared
with the goals of the public served by museums. Tor this reason,
educational programming at museums in largely a shot in the 3lark, f.r
more unmansgeable than in universities. It has to be packaged and

offered primarily according to principles of entertainment and

marketing rather than in straight-forward manner for its educationais

value and intent. University students, by-and-large, are there
because they have a specific educational goal, whereas the museun's
public often wants to be entertained first and educated second and has

no specific educational goal.

Museun researchers, therefore, find their public educational role
to be relatively indirect, through publications, exhibits, and perhaps
8 certain amount of lecturing. The responsibility for the scientific
and technicel accuracy of exhibits and exhibited-related material and
for popular publications is just as serious, however, as for scholurly
publications. In addition to their roles in mass education, nuseun
researchers often teach courses in loceal universities, train
undergraduate interns, guide graduate students, and advise and
collaborate with postdoctoral reseerchers. In this respect their role
is quite anslogous to that of the university researcher, except that

they seldom have direct control over a graduate student in the sanner
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of a professor. Contrariwise, nany university researchers also may do
a significant amount of popular lecturing, writing, and even advising
for exhibits. Thus, in meny individual cases there are close
convergencea between the auseum curator and the university professor.
Overall, however, the professor usually does zore fcrmal teaching than

the curator, and the curator does more informal instructing.

The respective research responsibilities of the professor and the
curator are far more coaparsble than their educational
responsibilitie Probably the zain difference is one of emphasis.
Most universities exist priparily to educate, and in those
institutiona the first responsibility of a profassor is to teach;
research of ten must be done in marginal time. Research nuseuns,
particularly, the large ones such as the Smithionien, exist to do
research ( increase knowledge), and the first responsibility of a
curator 16 to do research; educational activities except for the
publication of scholarly papers and books, often must be done in
zarginal time. Curators also have the added responsibility of
curating collections, because the zZuseum has the puhlic trust to
conaerve collections regardless of their interest to a particular
curator. Generally, the larger the university, the greater the

esphasis on research, and this applies as well to museunms.

Both und. ~sity and museun researchers face the ganme Scramble to
divide their time and resources between research and service and to
acquire researcn funds for travel, fieldwork, equipping laboratories,

hiring assistants, and contracting for serwices.

25

ERIC

54




50

In the end, it is 2 matter of perspective, and surely

university and museum researchers have more in common than they have
differences. Museums and universities largely complement each other
both in research and education. In terms of education, they address
largely different audiences. In terms of research, guseums, as
bastions of collection-based organisaic rescarch; are able to provide
certain kinds of specialized training and produce certain kinds of
research that have become more and more difficult for universities to

deliver,

3.2 What should museuns do to ensure that this relationship between

research and pubiic educetion is kept in proper balance, with

each function_ supporting the other?

The right balance begins with an enlightened adminigtrative view,
and the key to tiuls is to hire leaders who understand the need for
balance and are committed tc maintaining it. The leaders mus® in turn
be provided with adequate funding to maintain both functions at a
balanced and fully professional level. Central to a proper balance is
staffing, which must include a good mix of researchers, exhibits
specialists, and educational sutreach personnel. Scientists and other
research scholars should serve in conspicuous roles in public

educationsl progranming.
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The researchers are pivotal to success, becasuse their training,
experience, and attitude can nake or break an exhibit and public
education prograc. New curators ouot be indoctrinated in exhibits and
education, and these functions should nake up a significant component |
of their duties, Above all, the reward sys.em for the research
curstors must acknowledge and compensate them for exhibit and other
educztional work and also provide them with adequate career incentives

if cheir continued participation in this function is to be ensured.

There is no formula by which the proper belance csan be
determined. It is a matter of museum objectives and priorities and of
being able and wiliing to respond to needs. It clearly is not a
patter of an even split, i{f that were possible. What would be right
for one museum might be wrong for another. In general, the smaller
the ouseum, the smaller will be the research progrem, and vice versa.

If research museuns a_e to retain public interest and suppport, they

pust not ignore exhibits and public outreach and must make every
effort to keep exhibits current and relevant., If, on the other hand,
research is short-changed, the museum will soon lose its wellspring of
originality, asuthenticity, end inspiration to produce state-of-the-art
exhibits thst portray for the public tae lates. knowledge of science

and culture and use the museum's own collections to best advantage.

A puseun's budget provides en ilmportant zeasure of the balance of

responsibilities., If either research or public educetion is getting

only merginal dollars, the auseun's responsibilities cen hardly be
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s2id to be balanced. Because of the growing public interest in
museuns generally, most museums have not really caught up with the
dezands for public outreach through exhibits, programming, and

publication.

Question 4

4.1 It has been noted that there is a trend toward transfer of

collections from unjversities to non-university institutions such

as museums. What is the basic cause of this?

There are two main causes. The basic cause is scientific and
technological cheange and the inevitable emphasies on the latest trends
in universities. The ficld of biology has shifted heavily in the last
few decades away from whole organism studies to biochemical and
experimental research at the molecular level, and this has brought
about a2 long-term, irreversible de-emphasis o5f natural history and
orgenismic biology in university biology departments generally. As
sunport for orgenismic programs has decreesed, professors and students
no longer sre hired or attracted, and sooner or later the programs
collapse. Collections that once were a necesaity in nany if not most
biology courses, suddenly are needed in few if eny courses, and they
become an expensive luxury, even if they are only stored and not
curated. Lus the second main cause, which derives from the first, is
that many universities no longer can afford to maintain colleccions

onze collection-based organismic biology has been abandoned. Often
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little or ro attempt has been made to maintain a2 balanced program of

organismic and molecular biology.

Collections take a multi-generstional commitment of space,
personnel, facilities, and supplies, and a stable source of funding is
required. These costs must be borne by the institution and usually
are not recov -able on s reliable basis from research grants. For
wany university researchers, short-term grants are the lifeblood, and
they get little or no institutional support apart from their salaries.
The universities exist largely to train undergraduates for which
elaborate collections are seldom needed, and the universities support
only those laboratories and other facilities that are essential to the
tesching program. Except in those cases where universities still have
large grsduate programs in orgenismic biology, collections are
nonessential and not cost-affective. Furthermorz, univeraities are
unable to pay for the extensive fieldwork required to build and

paintain strong collections of broad scope.

One other important Zactor ia the grent system of funding. Grant
support obviously goes to what is perceived to be cutting-edge
research, and as organismic biology has declined so hss direct and
indirect grant support for collections. This downward trend has
continued for many years, although in recent years the National
Science Foundation, through its Bioiogicsl Research Resources progrem,
has reversed this trend for the time being, at least, for many

mid-aized and large universities, by giving them one-shot grants for
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equipment, facilities, and/or technical assistance. In addition, it
has provided major, continuing support for a number of the largest

university collections deemed to be of national importance.

This last point empnasizes the continuing significance of
university museuns, and one should not dichotomize universities and
museums artificislly. The begt university museuns are vital gembers

of the research ouseun community.

How do the non-university institutions handle the financial

burdens of housing and paintaining such newly acquired

collections?

This is a matter of continuing and growing concern. For the nost
part, these new collections must be housed and maintained with
existing budgets, but as the number of orphan collections grows the
financial burden becomes more acuts. The answers depend on many
factors, not the least of which is the size of the absorbed
collectlon, and vary from museum to museun. In every case, the

institution has to set rigorous priorities and goals in order to be

able to livz within its budget even while taking on greater collection

Ranagement responsidbility.

Lack of space for housing causes the greatest difficulty. Where
space exists, routine maintenance often can be provided at 1ittle or

no extra cost once the acquired collection is consolidated with the
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2xisting collection. Because of their deep commitment to maintaining
priceless collections for posterity, museums make every effort to
absord orphan collections and have become ingenious in finding ways to
compact storage and obtain support for the actual tranafer'proceaa.
Sometimes the National Science Foundation and other federsl agencies
have provided support to enable consolidation. ?Private donations and
corporate grants also have been used. Some non-federal museums have
begun to charge for certain services they provide. Despite some very
creative efforts by museums, the bottom line is that there is no

satisfactory solu%ion to the financial burdens of orphan collections.

4.3 Are there any instances where collections have been dispersed or

otherwise been lost to scholarly work?

Many collections of varying sizes have fallen into disuse and
been ellowed to deteriorate or be destroved by insect pests for lack
of curatorial steff and support, especially in small institutions
(museunms and universities), in private hands, and even in some federal
agencies. This applies to kinds of collections, including
archeolcgical collections, that have sat in basements and warehouses
| without ever being properly catalogued anq until their labels have
i been lost or eroded away. Frequently, university scientists simply
never find time and the minimal support needed to curate their
collections sufficiently to ensure their survivel and use. There are

also the l_zous cases of collections lost or destroyed during World
l War II.
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Some of the most celebrated cases of collection dispersal or loss
involve some of the biggest names among universities. Recently,
Princeton University dispersed its fossil collection because it 4.
phasing out paleontology, as did Yale University esrlier. Catholic
University is selling {ts plant collection (herbariun) in parts to the
highest bidders. Johns Hopkins University is said to have taken parts
of its plant collections to the Baltimore dump aome years ago. A

classic case of a university ruseunm diaposing of a collection of

iuportant materials is the sale in 1979 by Harvard University to
private collectors of its American Indien jortraits by denry Inman.

Princeton, Johns Hopkins, and the University of Virginia are a few of

the nany institutions where mineral collections have been dispersed or

othervise despoiled for lack of interest or curation. Many other

cases on & lesser scale could be enumerated.

4.4 Are there, conversely, significant cases where universities have

made an sffirmative commitment to the continued maintenance of

important collectiona?

Yes, there are many examples of univeraities that continue a
strong comzitment to collections, especially since the National
Science Foundation has been providing regular grant support to major
university collections deemed of national inportence, Although the
inexorable trend ia away from university commitment to collections, at

present university collections are in a good state of health overall,

and commitment is still nore the rule than the exception. The casges

33

ERIC b1

Aruitoxt provided by Eic:




57

of dispersa) or loss tend to get a lot of negative publicity,
particularly when proainent institutions are involved. In fact, the
post~World ¥War II years heave seen a boom in collection building at
pany rising universities, but many of these collections are the
passing fancies of enterprising individuals and are iiving on borrowed
time. This portends a much greater crisis of orphan collections in

the years ahead.

hvong the inatitutions that have made positive commitments in
recent years to maintain some or all of their long-standing
collections are Cornell Univeraizy, Harvard University, Ohio State
University, Tulane Univeraity, Yals University, and the Universities
of California (Berkeley and Davis), Connecticut, illinois, Kansas, aud

Michigan.

4.5 Are_there any signs of a counter-trend, that is, cases where

universities have decided to initiate or expand collection-based

research?

As explained in 4.4, the postwar Years have seen a boom in
collection building at many universities, but this surely is largely &
passing phase because the whole trend of science and the severe
econonics of collection maintenance Dilitete against long-‘term
commitments, except where there is an overriding application. A key

factor in the boom has been the National Science Foundation. It has

supported extensive fieldwork, which generates collections, and

34




58

collection maintenance equipment and assistance. Also, the wush to
explore the tropics before it is too late has created & salvage
environment. furthermore, the last generation of organismic
biologists is still in charge in many universities, Possibly, the

Pendulum will swing part-way back again, and there are some signs of

this, especially among the ever-growing ranks of students of the
tropics.

Question 5

5.1 Khy should public funds be expended for besic research in museums

to anr significant extent?

A8 was pointed out in oy testimony before the Task Force in
April, 1985, museums constitute one of the four main building blocks
of the research enterprise in the United States. If the nuseums were
to quit conducting besic Tesearca, major scientific and other
scholarly needs of the country would not be met. Universities and
museums are pursuing largely different goals and fulfilling different
needs in the nation's research agenda, &s slready discussed under
previous questions (see esp2cially 1.1); ?hetefore, their respective
roles are highly complementary, even while they have much scholarly
tredition and interest in common, Museum research differs only in
kind, not in value or quality. Ultimately, the Justification for
doing basic research in museums is *he Justification for doing basic

research in universities or anywhere.
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Museums, as guardians of vast collections, are fast becoming the
last bastion of basic research that depends on the study of specimens
eand objects--plant, animal, and mineral specimens and archeological
and recent artifacts of msterial culture. In the biological reals,
museums, as explained earlier, have become the last stronghold for
organisnic and evolutionary biology and thus the keepers of expertise
and knowledge about the earth's plants and animals. Slowly but surely

natural history puseums are becoming the chief source of knowledge

about the world's biological diversity and thus for u-derstanding the '

biosphere. Only collection-oriented research can lead to
understanding such as yet unanswered questions as j1ow many species
there are, how many and which ones are endangered, and what are the
causes of their decline. In fact, there is a whole clsss of esearch
Questions, anthropological and geological as well as biological, that
can only be addressed where thers are comparative collections. The
spec imens and objects are vouchers for informa‘ticn about the natural
and cultural environment of the earth and sometimes document extinct
parts of the environment. Without natural history nuseums, their
collections, and the research based on them, disciplines such as
ecology, evhnology, forestry, and wildlife biology would be merely
disconnected, useless observations lacking in descriptive,

class ificatory, or predictive power.

Universities and museums not only share interests and complement
each otner but also often work together closely in a mutually

benef icial or symbiotic way so that the end result is better research.
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Such & fruitful pertrership is {llustrated by the nation's Artarctic

progran, where Smithsonian and other museum scientists have

[ PR, F AT

collaborated with university scientists to recover and study

Deteorites and to study the famous lichens (plants) that srow inside

rocka.

The overwhelming majority of collections made by
suseuns--probably more than 99% in large nuseuns—are made in the g
first place for the purpose of supporting current or future reasearch.
Very few specimens and objects, relatively speaking, are collected

expreasly or only for display.

As indicated earlier, a museum's exhibits and pablic programming
are kept vital through research. If basic research were discontinued,
the nuseun'’s exhibits would be transformed rapidly into nothing more
than second-rate public-relations displaya. In fact, with more
support for basic research on existing collections, museums could
bring & new vitality to its exhibits, especially in the realm of
anthropology, and produce fine showcases of stored-collection wealth

for touring as well as for permanent, local displays.

The research wealth of collectione is never fully tapped at any
one time in history. It may take years for the right perspectives and
technologies to come along before ¢ven the questions can be asked.
This is well fllustrated by the history of studying animal bones.

Thirty years ago, Near Eastern archeologists did not save animal “ones
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from their excavations. Today there is a rapidly developing
specialization called zooarcheology in which scholars study faunal
remains recovered in digs to determine not only parameters of the
environment, but also ancient economic strategies in animal dbreeding,

raising, eand butchering, as well as questions of diet and nutrition.

Of paramount significance are the scientific tomes and
authoritative popular publications of lasting value produced by museum
scholars, which at the end-point form the bssis for much prectical
application and popular benefit. Principal among these ave the
monographs, books, manuals, and field guides that cons%itute the
foundations for the identification of plants and arimals. MNuseunm
scientists also provia: identification services directly to other
scientists and the pudblic. Without the idzntification enterprise,
sustained only by constan. basic rasearch, numerous applied sciennes
from agriculture, medicine, and rsst management to conservation,
fisheries, and wildlife nmanagezent could not function. Svery report
of the UNESCO Internationa) Humid Tropic Committee has emphasized, for

example, that the greatest bottleneck for ecological research

(including crid~miology) is lack of adequate taxonomy and taxonomists
to provide identificatiors and understanding of relationships and
biogeography. The probleas of human disease cor trol can only be
conquered after careful study of the disease-causing organisus, and

wuch of the primary research for this comes out of museums.
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Plents and aninals have long been exploited by man to improve his
well-being. How many more apecies are there in our environment yet to
be studied that may offer other exploitable features? Thia question
is especially relevant as men stands at the threahold of genetic
engineering where posaitilities may be limited only by the genetic

naterial that he finds in the natural environment.

Surely it {a crucial to know the 1ife forms with which we share
this planet and which infringe on our individual lives in essential
but variable degree; museums plsy an indispenaable role in generating

this knowledge.

5.2 Realistically, isn't most leading-edge scientific resesrch being

conducted in universities and medical centers?

This 18 & highly debsted question, and the snewer depends on
perspective, philosophy, and opinion. At the least, the answer is

Quite relative.

Any reseirch that incresses knowledge is, by definition, at the
lesding edge of some fscet of science. 4]l components of science have
their "leading edges.” Scme frontiers of science are pove
excitement-generating or headline-grsbbing than others, but the
populsr press often sensationalizes, even fantasizes, "lesding-edge"

research advances. Todsy's sensstional leading-edges are in molecular
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biology and genetic engineering. If these are the fields one has in
mind, then, "yes," the leading-edge research is being done in
universities and medical centers. The answor is "yes" also if one
defines "leading-edge" research only as that directly affecting human
heelth, such &s cancer research. But the quality of medical research
often depends ultimately on the quality of knowledge about the
underlying organisms for hich the "leading-edge" work zay be taking
place in museuns. If sh.er quantity of research output is the
measure, the answer alao is "Yyes," becsuse for every research mouseum
there are dozens of universities with many more researchers., IZ the
quality ¢f puseum research teads to be lower on the average, it is
only because most museums are not primarily research museums and are
staffed not by research scientists but by collection managers and
curators, whose research, if. any, may be little more than descriptions
of collections. The quality of research coming from the best
scientista in the best research museums is fully comparable o the
best from universities, which have their share of mediocre scientists

doing less than "leading-edge" work.

In fact, as pointed out earlicr, it is telling thast some of the
aost influential thinlters in all of moderq bivlogy, such as Ernst
Mayr, Willie Henning, George Gsylord Simpson, Stephen J. Gould, Edwsrd
0. Wilson, and Niles Eldredge, have been directly associated with
nstural history museums. Furthermore, the prestigious HacArthur Prize
was just awsrded in 1985 to Peter H. Rsven, long a renowned

collection-oriented and asuseun-based scientist. Just as Charles
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Darwin developed his theory of evolution from muaeun collectiona, so
today's leading evolutionary theorists, such aa Gould and Eldredge,

are guseun scientists,

Mugeun science has {ts ahare of "leading-edges" even if they are
not as flashy eas, say, genetic engineering, and guch suseum science is
basic to so-called "leading-edge" research elsewhere. Science ia more

than engineering; it ia more than taking organisms apart 4o gee how

they work. Good science is synthetic—it takes data from diaparate
fielda, welds them together into new and more powerful theoriea, and
then aubjects these ti.cories to exacting enpirical teats. The theory
of evolution is the moat aynthetic theory in the whole of biological
science, and, 23 already ncted, the foremoat researchersa .n
evolutionary biolcgy of thia century have come out of muaeuns, An
eninent evolutionary‘biologist has said, "Evolution fa the context .in
which everything else makcs sense." The study of evolution and the
synthesis of blological facts from all scientific fielda are largely
the responsibility of museum researchers. Nolecular biologists atudy
"treea," and puseum researchers--systematists--study "forests." Both

need each other.

Anthropology, as a theoretical discipline, was established first
in museums, including the Smithsonian. The shift to more
sociological, structuralist, and symbolic perspectives in the 20th
century took place for +the most part outside museuss, but a movement
is underway back to more materialist perspectives, XNuseums will

continue to play s central
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role in this movement and also in the creation of & synthesis of
diverse fields such as anthropology, sociology, and art history that
is currently taking plece. George Stocking, university-based
historian of anthropology, has predicted that anthropology will becoae

increasingly museunm-oriented in the future.

"Leading-edge" research also is being done in museums in the use
of computers to capture and process zorphological data (morphometrics)

and to store and retrieve data in a large-databass environment.

Museunms, as alreauy discussed, are doing "leading-edge" work on

neteorites. This is true as well for work on volcanoes.

The ultimate area of "leading-edge" contributions by museums is
in the realm of research and synthesis dealing with the diversity of
1ife on earth, already dis.ussed at length in previous questions. The
Global 2000 report tells in dramatic way the scale of such problems as
tropical deforestation, which will require the kind of approaches to
organisans, populations, biotas, habitats, and ecosystenms that have
characterized nuseun science. Natural history museuns are committed
to the study of the most ccuplex systemc of the world, living systems.
Organismal science is far ahead of "high-tech" science in the
sonceptual nature of the questions. Museuns are ma)or centers for
research in such conceptual fields as phylogeny, biogeography,
systematics, tropical and marine ecosystema, human cultures, and,

inde d, evoluticnary theory in general, as slready stated. Finally,
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Duseuns are virtually the only sources of expertise and besic cata on
peny emall groups of plants and animals, such as the lichens, unique
symbiotic plants which are proving to be key organisms for the

biomonitoring of acid rain and other forms of air pollution.

A few other perspectives are important here. Huseums provide &
@uch better environment for research on the large questions that
require long-term gtudy, because puseum scientists often are not as
tied to the short-term grant mode of funding. Many university
researchers are so busy with teaching and grant-getting that they have

limited time for long-4erm creative research.

Finally, the question, as asked, implies that eonly "leading-edge"
research should be funded. Basic and foundational research, whether
OF not it meets the pudblic's notion of "leading-edge," is constantly
needed. Less flashy research ig Just as {mportant, whether or not it
is8 perc:ztved to be "leading-edge” research. If it is only of
backgrovrd or foundational value now, it mey prove pivotal on the

frontiines in tomorrow's research environment.

In sum, u.iversity and puseum research are complementary and
interdependent, and together the efforts have a synerg.stic effect.
In terms of dollars spent, the museum research enterprise is far less

costly than the university -research enterprise.
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5.3 Within the overall framework of scientific &chievements in the

United States, what have natural science museums contributed, and

what is the relationship between the independent natural science

institutions and the universities?

This question has been covered rather thoroughly already by
answers to 5.2 and other earlier Questions. However, <few points can

be added.

Indisputsble testimony to the many basic contributions of naturel
science museums to science in the United States is to be found in the
rich annals of such institutions as the Academy of Natural Sciences,
American Museum of Natural History, California Academy of Sciences,
Field Museum of Natural History, Missouri Rotanical Garden, New York
Botanical Garden, end the Smithsonian Institution. It is ebundantly
clear from the record that we would know very little about the plants
and animals of the earth today if these and Dany other great museums
had not existed, becauss even the many studies of faunas and floras
that have been done in universities over the yeers have been based

upon use of collections held by museunms,

Perhaps the most basic contribution cf nstural science auseuns,
therefore, has been their central role in elaborating the catalog of
nature, living and fossil, and in holding in trust for the whole
community of sclence the nillions of specimens and objects that

docuzent this catalog.
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Museuns have contributed enornously to the exploration of the
world by mounting countless field expeditions over the years to all
parts of the globe, often taking university scientists along. The
contribution of fieldwork has been especially important to
enthropology as well as to biology. The centrality of museum
contributions to elaborating evolutionary biology and decipliering and
descridbing the patterns of organic diversity has already been

discussed in detail.

Recently, natural science Zuseuns have been leading the way in
large, oultidisciplinary, sulti-year s+tudies of tropical and merine
ecosystems. Museur-1led studies with subnersibles have made remarkable
discoveries in deep~sea plant and anime. 1ife. The sea-vent studies
ere especially noteworthy in this respect.

As for the relationship between universities ard i{ndependent
natural gcience institutions, there is no general rule--just long
years of cooperation and collaboration in a spirit of collegiality and
common interest. As stated above, university scientists often use
Buseum collections, usually by borrowing them, and thus mugeunm
collections are in effect lending librarigs. Universities often draw
upon the educational oppcrtunities of the independent museuns by
send ing undergraduate and graduate students to the museums to study
under museur scientists. Curators frequently are extrasural members
of doctoral committees and often teach advanced courses in local

colleges and universities. Some universities work out formal
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cooperative training agreements with museums. ?Professors frequently
spend perilods of days or nmonths to ¢ year working at museums, while
curators 3sometimes spend a semester or a year teaching and doing
research at a university. There also is regular ataff interchange,
with curators being hired from the teaching ranks of universities and

vice versa.

In the end, although there sre few written rules, the
relationship worka to the mutual benefit of everyone. The unwritten
but accepted division of res: nsibility and labor makes it posaibdble
for the universities to emphasize the more experimental aspects of
science, which may be more glamorous, trendy, and easier to fund with
granta, leaving the museums to concentrate on the more descriptive and
traditional organismic aspects, which, though easential, may be less
fashionable and require stable, long-term funding. A fair measure of

both kinds of research continues tc be done in both places, however.

Question 6

5.1 How do the achievements of natural historv museums contribute to

the public good?

Much of what might te said here is implicit if not explicit in
the answers that have already been given. Whatever is done by nstural
history museuns in the first instance for science ultimately has a

ripple effect to a. segments of soclety, with secondary and tertiary
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public benefits that often cannot be predicted from the basic

research. Many payof’3 are quite serend ipitous.

Millions of people vieit natural history museums every year, with
some 6 millicn visiting tne National Museun of Natural History alone.
Obviously, creative exhibits are a key to public visitation. The
vieitors benefit each in his or her own w3y, and the sum total is an
awesome, mass educational experience. Many visitors come back again
and again, especially when there are zajor changing exhibits, such as
are scheduled in Natural Hiatory's Evans Gallery. Added o the
exhibits are the numersus lectures, seminars, workshopa, clasaes, and
field trips conducted for the public by every major natural history

museum.

The museums also reach out to the public, and for the Smithsonian
the outreach is a vast panoply of activities for a nstional, even
international, audience, including the Resident and National
Associates’ programs; the traveling exhibition service (SITES);

Smithsonian World and other Smithsonien television prograns;

Scithsonian magazine; the Smithsonian Press, with {ts large and
growing library of authoritative popular and semi-technical books such
as the one just published on the ferns of the United States; and
innumerable lectures and appearances by individual curators and other

scientific staff.
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Just begun is the new National Science Resource Center, 2 Joint
project with the National Academy of Sciences, which will concentrate
initially on improving the quality of science education in the
nation's elementary schools. 1n the fall of 1986, in another Joint
effort with the Acadeny, the Smithsonian will sponsor & forum on
biological diversity expressly for the public. Museun scientists are
constantly serving as consultants or advisors on matters of science to
persons, organizations, and agencies in and out of government a*
local, state, and federal levels. The total amount of assistance
being rendered to the public by museum scientists in any one year

would be truly staggering if recorded in one place.

All of this tpeaks to the methods of dissemination, but what of

the substance?

As keepers of the catalog of nature, natural science museums play
a key role in popularizing knowiedge of plents and animals and making
the public aware of the natural world end man's place in it, thereby
enriching the lives of the people. This is 3 necessary first step to
developing environmental awareness azong the public at large. Museums
have been playing a large part in educating the public to the major
environmental issues of our time, including such massive probdlems as

species extinction, tropical deforestation. and the general loss of

biological diversity. Indeed, getting across the concept and
sigrificance of biological diversity is itself a daunting task for all

scientists., Without knowledge of the organisms, environmental impacts
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cannot be assessed. Museum acientists contribute greatly to the whole
enterpriae of environmental assessment by providing identification
aervices, field guides and manuals, and other technical advice and
assistance. Many guseum scientista have prepared or contributed
directly to environmental impact statements and have given expert

testimony before courts and governing toards,

During World War II, only museums contained the information and
the expertiae neceesary for the search and procurenent of certain
strategic materials, e.g., quinine, rybber substitutes, balsa, certain
ninerals, or for the atudy of certain inportant paraaites. More
recently, guaeum collections provided the bird-egg specimens for
study ing the consequences cf DDT buildup in the food chain and the
fish aspecimen. for scudying historical patterns of mercuvy uptake by

tunea.

As long aa there ia a need to know the names and identities of
plents, animals, fossila, minerala, and anthropological objects, there
will be a need for museum scientists. Apert from plain human
curioaity, the needs are legioén, Pest control, biomedical
exper iments, ecological analysis, park meqasement, forestry, fiahery
biol gy, disease control, conaervation and environmentsl protertion,
space science, natural-producta chenistry, oil exploration, law
enforcement--these are aome of the Dany asreas of human endeavor and
welfare requiring the service of puaeum taxonomiats ¢r other

apeciglista in some menner.
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6.2 How do they ccntribute to the advancemert of modern science?

This question has been covered rather thoroughly in the
proceeding answers. In summary, Nuseums czn continue to make several

major contributions to the advancement of science at large:

(1) Systezatic biologzists are the keepers of the keys to the
taxonomic Syster of naming and classifying organisms, and this is the
universal reference system needed by every branch of science that
deals in any way with organisms. Nuseums smploy a large, ever-growing

proporiion of the national pool of systematists,

(2) Muceums provide the essential service of curating and
holding in trust for all science the bulk of the collections upon
which the study of the earth's biota, minerals and rocks, and material

culture depenis,

(3) Museums play a key role in documenting extant and fossil
forms of life, in analyzi.z their history and evolutionary relations,
anc in eleborating evolutionary theory. Museums, consequently, are a
major anu growing force in whole-organism biolegy and soon will becoze

the last stronghold.

(4) Museums hold baseline data for studies of environmental
change and are leading the way in confronting the probleas of massive
habitat destruction, ecosystem disruption, species extinction, and

depletion of bictic diversity, especially in the tropics.
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(5) Museun anthropologists are leaders in docunenting cultural

diversity end in addressing the probleas of disappearing cultures.

(6) Finally, in a general sense, museums will continue to
provide the resources and environment for long-term research projects
uith broad representation of experts in many disciplines, thus
continuing to complement the more trandy short-lived programs of most
universities, which are runded by short-term grants. MNuseums alone,

if properly funded, have the capacity to undertake massive national

efforts, 1ike the proposed "Natjunal Biological Survey,” and major

international salvage and conservation efforts.

6.3 ¥hat kind of payoff could federal investment in research and

development at national science ingtitutions generate?

6.4 Are ther: spillovers from achievements of natural science

institutions into other areas of the economy?

Federal investment at national science institutions, apart from
enhancing existing efforts and increasing their individual payoffs,
could make a Whole new scale of scientific endeavor possitle, which

would hold enormous promise for large payoffs.

In the first place, more gt. ble funding 18 needed just to sustain

vital existing efforts and to guarantee better and safer care for, and

better access to, the nation's millions of stored treasures.
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In the second place, there is an urgent need to begin certain
large, new programs to explore for new sources of energy and to
develop new sources of food and medicine from naturally occurring
plants and aninals. Large-scale, integrated surveys and inventories
could lead to a much tetter understanding and wiser menegezent of the
nation's biological resources and marine fisheries and other ocean
reaources. A National Bioiogical Survey would provide precise
knowledge on the existing fauna and flora of North America and the
aeriousness of the existing environmental threats, such as 2cid rain

and habitat destruction and fragmentation.

The world's diverse biota, especially in the tropics, constitutes
a natural laborstory, with en amazing inventory of chericals and
compounds useful to humankind. Mo one knows better than
pharmaceutical companies, who invest billions each year ir screening
wild plants and animals for uaeful properties. Their applied research
is entirely dependent on basic taxonomic and evclutionary research in
muaeuns for identification, Interpretation, and strategic guidance.
It haa been estimated that the flors of Southeast Asia alone could
generate 10 billion in plant-derived medicinala a year. Museum
research is a sine gua non in that equaticn. Greater investment in

such basic exploration is certain to payoff.

Natural science institutions alreedy are playing a Key role in
developing the sclentific undergirding for equaculture, e.g., crayfish

end shrimp farning, and see-fs:ming, including & Smithsonien project




76

in the Caribbean Ocean. New investments here nay pay off by

increasing world food supplies with naw sources,

Finally, our very future depends on the preservation of
biologicel diversity and may hinge critically ou the future of the
tropics. Massive efforts in conservat’on biology or restoration
ecology will be needed, but much basic research must first be done.

It clearly is in the best interests of the United States to invest in

pajor training and research progreas to address these problems.

Question 7

7.1 Are there areas of federal volicy other than financial support

that should address the needs of science nuseuns?

In general, federal policy should recognize more explicitly the
enormous research and educational functiorns of science nuseuns that
flow from their curatorial-rescarch staffs, behind-the-scenes
collections, and gervice functions to the netionel and irternational
comnunity of scholars who are dependent on collection-based research
in anthropology, geology, and systematic biology. Increased federal
funding for science museums as a partiel subsidy of their service
functions in research and education would be a proper way for the
federal government to recognize the invaluable and unique resources of

science puseuss.
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Legislation directed toward environmental protection generates a
need for taxoncmic expsrtise and often results in collections pade
during environmental impact gtudies (e.g., BLM collections). Storege
of voucher collections and provision of taxonomic expertise are a
drain on museum facilities that can only be made up by increased

funding.

Federal policy should provide for invoivement of natural history
puseuns in all activities that incliide the study and collection of
aninals from their natural environments--such collections should
become the property of museums who can exercise an option to preserve

them for posterity.

There are many areas of federal policy other than funding that
affect puseun research. One example currently in the news is the
atteopt by the Bureau of Land ianagement to promulgate rules regarding
the collection of fossils and artifacts on federal lands. They seen
to vefuse to listen to expert opinion and repeatecly publish rules
that later must be rescinded. Museuw researchers require free,
unencusbered access to public lands, for purposes of retrieving
significant scientific specimens or data, through elimination cf the

restrictions imposed by the Bureau of Land Management.

The laws governing importation of objects rom foreign countries
(museun research is worldwide) can impac’ enormou~ly and often quite

adversely on the free flow of scientific specimens and thus impede
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scientific study. Less cumbersome regulations affecting the
interstate and internetional exchenge of scientific specimens, whether
biological, anthropological, or geological, would enhance
international cocperstive efforts while still safe-guarding concerns
over national interests in endengered species of plants ar< animals

and artifacts of indigenous past civilizations

Museuns need support for field work and related research efforts
to broaden their abilities to explore our own wilderness areas and to
pernit cooperative research efforts with other research institutions
on a worldwide basis. 1If, for example, & "Nationsl Bioiogical Survey"
or szjor new progrems in arctic, tropical, marine r¢ other ecosystems
are to be established, major support and perhaps specific new

legislation will be required.

Educetion of ociiool children and of undergraduate and graduate

students needs to be strengthened at science museums.

Existing programs within U.S. AID could be better coordinated to

zake fuller use of present expertise in science amuseurs.

Federal pclicy through the authorization and appropria.:ion
process could help bring sbout e better balance betweer research,
collection maintenance, exhibits, and educetional functicns at various
sclence zuseunms whers the balance is tilited inordinately toward ore
en¢ of the spectrum of such museum activities, whether it be the

reseerch and ccllections functions or the public outreach functicnms.
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7.2 ¥hat future changes in federal policv toward science, financial

and non-financial, would ycu wish to see introduced witk respect

to the puseun research effort?

Federal policy, hand-in-hand with the changes suggested in 7.1
abuve, should provide more funds for basic research on collections and

for maintenance of collections, which continually deteriorate.

Greater respect at the federal policy level for
taxonomy/systematics {i.e., "natural history") as a legitimate science
and recognition of the fundamental need for basic research are
desired, rather than the lip-service that has been extended in recent
years. It djust be recognized thct demands for services and facilities
create a need for increased support. If, for example, & natural
science museum is to do the job it is expected to do (exhibition,
research, collection maintenance), it must have adequate support.
Larger appropriations could be put to good use for the admittedly
expensive publication of taxonomic research by both our own staff apq
by those in other institutions who prepare important reports on
research on the Smithsonian's collections that cannot be published

elsewhere.

Long~ringe commitment to reasone.le increase, maintenance, and
research of natural history collections and their associated data is a

critical need that may, in the end, require new or strengthened

legislation.
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Expansion of staffing and increase in travel and equipment
budgets would be of fnestimable value to all science museuns in which
fieldwork for msking collections, observations, and manipulative
experimental studies is crucial and in which sophisticated
state-of-the-art instrumentation is requirea for laboratory
investigations at the museurs themselves, ¥odern scientific
instrumentation at science puseums iz essential if they are to attract
the most competent researchers in competition with the acadenmic

community, federal laboratories, and industry.

Funding for grant »¢” contract disbursement through such
rigurously peer-reviewed . cal agencies as NSF should be increased.
Funding and peer-review selecting of proposals should be improved for
the nore mission- and goal-oriented agencies such as the USDA, USGS,
NOAA, FWS, DOA, DOD, NBS, and NWS. Researchers in federal agencies
with intramural research program.. often receive less support for basic
Duseum~related research than do researchers in acadenia and industry
who can apply to NSF and other federal agencies with extramural

granting programs for !asic research related to the goals of their

agency .
57
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Question 8

8.1 To what extent and through what agencies does the Federal

Governsent now provide funds for museum-bagsed research?

8.2 1Is this princivally done through tlock grants or through proiect

grants?

8.3 Apart from the Tederal Government, what are the main asources of

fund= for museum-based research?

8.4 In vour view, what should the Federal Governments role be in the

comning decs Jes?

The Smithsonian {8 unable to corment on the range of federal
funding and its azechenisms, but can offer information on its own -

regources.

The total FY 1985 Federal allotment for the Hational Museum of
Natural History was $20,127,400, of which $15,781,400, or 78.4%
supported direct and indirect research costs. In addition to these
basic operating funds, the Museum receives Federal grants and
contracts for specific research projects. In FY 1985, the following

Federal agencies provided such support:
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National Science Foundation 376.3
U.S. Geological Survey 5.6
Agency for International Development 708.5
Dept. of the Army 168.2
Qffice of Naval Research 1.7
National Historical Publications &

Records Commission 7.0
National Institutes of Health 455.2
Bureau of Land Menagement 167 .4
National Oceanographic & Atmospheric
Administration 87.3
National Marine Fisheries Service 29 .1

Total ($000's) 1,966.3

In addition to support from the Federal Government, the Museum
receives support from individuals and private fiundations end
corporations in the form of endowments, gifts, and grants for specific
research projects and activities. Examples of such support in FY 1985
include endowments for operation and research at the Smithsonian
Marine Ststion at Link Port in Fort Pierce, Florida, including costs
esgociated with maintenance of the Jounson Sea Link submersible by the
Harbor Branch oundation ($898,100), and grants from Exxon,

Wennc ~~Gren Foundation, National Geographic Society, the Cousteau
Soclety, the Noyes Foundation, Chevron, Earthwatch, Texaco and the
International Union for the Conservation of Nature and Natural

Resources ($368,800).

Funds are provided to the #useum from Smithsonian
revenue-producing activities (Smithsonian magazine, Museum Shops,
concesgions) in the form of progran allotments, Research Opportunity
awards, and Scholarly Studies awards made by centrai Smithsonian

offices. These funds are usually granted for individual research
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projects or activities but, in scme c-.ses, nulti-investigator
projects. In FY 1985, the Museum obtained 3142,741 for 72 Research
Opportunity requests, 37% of the total FY 1985 Research Opportunity
swards made to Smithsonian bureaus. Scholarly Studies awards totalled
$307,970, 32% of the amount available for the fiscal Jear for
Smithsonien. Special Purpose funds—generated ‘rom Museunm Shop and
concession profits, other small revenue-producing activities, end
honorariums--expended in FY 1985 in support of various research

activities totalled $129,500.

A summary of the several sources of funding for Museum research

is provided below (FY *985 expenditures or awards in thousands of

dollars):

FY 1985 Federal allotment 15,781.4
Federal grants and contracts 1,966.3
Restricted endowments 1,016.7
Gifts 126.1
Foundation grants 368.8

Total outeide funding support 19,259.3
Special Purpose funds 129.5
Progran allotmenta 71.9
Research Opportunity awards 142.7
Scholarly Studies awards 308.0

Total Smithsonian-generated support 652.1
Total FY 1985 funding ' 19,911.4
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Question 9

9.1 What is the present balance of federal and non-federal support

for the science efforts at the museunms?

9.2 What shere of total funds available from the non-federal sources

do research museums allocate to reseerch support in comparison

with ather museum functions?

Again, the Smithsonian must respond to these as one Question
based on figures from the budget of the National Museum of Natural

History.

The research portion of the Federal eppropriation for the
National [, seun of Natural History represented 78.4% of the funds
available to the Huseun in FY 1985 for research (science) activities.
If Federsl grants ard contracts are added to that figure, then diect
and i{ndirect Federal support amounted to 33.1%. Thus, Federal support h

represents the major source of science rescacch efforts at the Museum.

Almost all of the funds available from non-Federal sources for
other Museum functions——exhibits, educetion, and building
nanagepent--are not allcceted by the Museum for these purposes.
Rather, support is obtained through program allotments mede by central
Smithsonian offices. gifts and foundation grants, asnd
revenue-producing activities such as By-Woerd (recorded tours for
visitors). Non-Federal support for these activities in FY 1985 is

sumnarized below:
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Exhibits programs 1,555.7
Education programs 69.2
Building management activities 6.0

7otsl non-Federal support 1,630.9

In comparison, the Museum allocated 34,346,000, or 21.6% of the
FY 1985 :'ederal appropriation for non-research activities, broken down

as follows:

Zxhibits 2,444.0
Education 1,104.0
Build ing management 798.0

Totsl Federal support 4,346.0

Question 10

10.1 What are the manpower needs facing science zuseuns today and in

the future?

Science puseums hsve panpower needs at all levels, but from the
peint of view of research and curation the criticel nseds are for (1)
more scientists and (2) more support staff, including research

assistents, curatorial assistants, and cther technical personnel.

Given the enormous range of collections and subject areas, the
scientific staffs of even the best-staffed museuns necessarily are
always spread extremely thin, leaving Dany more gaps than they f{ll.
Thus, even under the best of circumstances, auseuns can only give

token expert coverage to the fields within their domain; consaquently,
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the pattern of coverage often is &s much an accident of history as it
15 the result of deliberete planning. The need fcr more systematists
is especially acute because of the vast nuvaber and diversity of the
species of plants and animals to be dealt with. One Smithsonian
entomologist has estimated that there may be as many as 30 million
cpecies of insects alone in the world, most of them in the tropics.
0f the numerous kinds of orgenisms in the world, there are large
groups, even of economically important organisms, for which there are

few if any available specialists.

If science musesums are <o undertake the large efforts that are
needed, particularly in the tropics, to stud' threatened ecosystenms
and mount urgent, broadscale biological surveys~~in short, to make an
all-out assault on the task of assessing the earth's biological
diverasity before it is too late, then in the future museums will have
to increase their scientific ranks by several if not many orders of
vaguitude, Even the proposed National Biological Survey here in North
hmerica, a relatively we:rl known area compared to the neotropics,
could not be carried off successfully if only today's level of

manpower Jere available,

The need for more support staff is, if anything, more critical.
Host science nmuseums are woefully understaffed with professionally
trained end experienced technical support staff. In many cases,
highly trained scientist. are not provided with a single assistent,

research or curatorial, even part-time, and the scientist must spend a
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high proportion of his/her time doing routine specimen preparation and
curation as well as routine research preparation, including
illustration for lack of technical illustrators. Even secretarial
support may be 80 limited that the scientist has to type hiz own
manuscripts, a tesk mitigated partly nowadays by the spread of
word-procesgors. Museuns cannot go forward and be leading centers of
research conquering the many challenges befasre them if they cannot
pake the best use of their highly trained experts by freeing them from
the technical work to do what only they can do. Furthermore, today's
best technicians are so professional t' .t they can take over most if
not all of the purely curatorial work and even carry out the type of

descriptive research that formerly was done by the research scientist.

As the problem of orphan collections grows in the future and
puseums are asked to absord more eand more of such collections from
universities and other institutions, the need for expanded curatorial

staffs will becore ever more acute.

Finally, in the future museums are going to need meany more
spe-ialists in erhibits, educational outreach programming, public
relations, publications, fund-raising, and even marketing and sales,
if they are to tzke fullest advantage of ;hezr collections and their

research staff and fulfill their mandate to science and the pudblic.
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10.2 To what extent ares they abl to complete effectively with

industrv, government, universities for the begt people?

The answers to this question are mixed, depending on the museu3y,
the field, and one's perspective. Naturalists and curators tend to be
born r.ather than made, and the best natural history scientists often
are at'tracted out of dedication to organismic biology, field
exploration, and collestions and not out of concern for salary or

other perquisitas. Mogt are scientists for a cause, not money.

Research positions in cuseums generally are a scarce commodity,
and when they do become available usually topnotch candidates apply,
at leust at the larger institutione such as the Smithsonian, because
of Jnhe research opportunities afforded and the chance for broeder

contact with the worldwide network of scholars.

Strictly speeking, museums often cannnt compete with universities
end private industries and orgenizations on their terms, i.e., in
termgs of salary, laboratory facilities, teaching opportunities grant
support, etc., particularly in trying to attract sen.-, tenured
scientists or the most outstanding persons in the field. Other
intangible factors often win out, houevet; and help the museums to be
competitive. There is no gainsaying the fact, however, that many
auseum salaries ire too low, particularly for the senior people, and a

higher salary structure is needed generally ng musaums.
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10.3 Do museunms share with universities the same commitment to the

training of scientists?

Yes, increesingly so, although the trgining roles and strengths
of universities and museums are different. Many puseum scientists sre
fanatically dedicated to replicating thuir kind. But whereas
universities do formal teaching and grant degrees, museums serve nmore
to provide resources and expertise for internships, apprenticeships,
and independent doctoral or postdoctoral studies. Curators often
supervise graduate students in dissertation resesrch, but as a rule do
little formel teaching. In fact, many scientists come to puseums for

the very reason that they want.to escape the daily gripd of teaching.

In some cases, museums are able to eg}ablish formal, joint
training progrums with vaiversities to give graduate gnd even
undergrsduate students experience in both environments. These can be
extremely fruitful, particularly if the university is close et hand
and already has strong natural science departments. It works best
when there are clear benefits for both organizstions. Some

ocutstanding exasples could be cited.

Todey, large puseums with active field programs gbroad are
getting more and more involved in setting up training programs for
foreign countries, especislly developing countries where the need for
trained scientists is so great. This movement is fueled by the
deepening concern for the environmental crises in many countries,

2specially in the tropics.
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Historically, museums have not been thought of as training
institutions like universities, and thus many are poorly funded and

equipped for undertaking major training programs.

10.4 Are there emplovment opportunities in museums to meet the

anticipated demend from those being trained for research

positions?

At present levels of support, employment opportunities in museums
are limited. Budgets have tapered off, and, consequently, so has
staff growth. At present, museum staffing i3 in a steady state in
which research hiring is restricted meinly to fillihg position= that
fall vacant through sttrition. Indeed, the employment picture
presents gomething of a contradiction. With the slowdown in growth at
universities, teaching positions are less available, and more
systematic and related biologists agre being trained than the
traditional Jjob market can absorb. At the same time, topnotch
specialists of the types needed in museums often are in short supply.
There are so few research opportunities in muceum~based systematics
programs in general that many interested students are discouraged from
undertaking the arduous advanced training to qualify for the openings
that do occur. This means that museums f;equently have an inadequate
pool of candidates to draw {rom when recruiting in some specialized
fields. They may end up £1lling the positions with researchers who
are qualified in their own way wut ar: not especially interested in

organismic or collection-based research.
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Universities at present have the capacity to train many nore
researchers for nuseuz research jobs than they are now producing. How
zuch longer this capacity will remain is debatadle, as more and more
first-rate universities begin to downgrade or phase out their own
prograns in organismic and evolutionary biociogy and disperse their
collections. If museurs are to take on some of the large, urgent
tasks outlined above, they will need to take a quantum leap in
staffing at the research and support levels, and some indication that
this is going to be posaible should come before it is too late at the

universities—the prime training grounds.

PANEL: THE AssocIATED NATURAL SCIENCE INSTITUTIONS

Mr. BRowN. We will next call a panel from the Associated Natu-
ral Science Institutions consisting of Dr. Thomas Peter Bennett,
who is president of the Academy of Natural Sciences of Philadel-
phia; Dr. Thomas Nicholson, director of the American Museum of
Natural History; Dr. George Davis, chairman of the Department of
Malacology in Philadelphia; Dr. John McCosker, director of the
Steinhart Aquarium in San Francisco; and Dr. John Fitzpatrick,
chairman of the Department of Zoology at the Field Museum of
Natural History in Chicago.

Now, I think there is room for all of you gentlemen up th:re.

Mr. Lusan. Mr. Chairman?

Mr. BRowN. Yes, sir?

Mr. LusaN. Before we start, I have an opening statement that I
would ask unanimous consent to put into the record at the begin-
ning.

Mr. BrowN. Without objection, the opening statement of the dis-
tinguished ranking minority member wiil be placed into the record
at the appropriate place.

Mr. FuQua [resuming the chair). Please proceed, Dr. Bennett. I
apologize for having to step out.

[A biographical sketch of Dr. Bennett follows:]

Dr. THOMAS PETER BENNETT

Thomas Peter Bennett was born in Lakeland, Florida, in 1937. At Florida State
University he majored in Chemistry and was elected to Phi Beta Kappa, Phi Eta
Sigma, and Phi Kappa Phi He was an Eli Lilly fellowship student while at Florida
State, and a research assistant in the laboratory of Prof. Earl Frieden. After grad-
vating cum laude in 1959, he studied with Fritz Lipmann (Nobelist, 1953) at the
Rckefeller University, receiving his Ph.D. in 1965.

Dr Bennett remained at Rockefeller for two years as a research associate and in-
structor in the laboratories of William Trager and of Fritz Lipmann. He was ap-
pointed Assistant Professor at Harvard University in 1967, where he was associated
with George Wald in teaching Natural Sciences 5. The University of Kentucky then
appointed ham professor in 1971. He became Professor and Chairman of the Depart-
ment of Biological Sciences at Florida State University in 1972 and was subsequenc¢-
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ly appointed Special Assistant to the President and Acting Executive Vice Presi-
dent As Special Assistant to the President he served as liaison to the Board of Re-
gents’ Task Force on Role and Scope, and Chairman of the Florida State University
Role and Scope Task Force. In addition, he coordinated service efforts between the
Governor's Office and the State University system in connection with the physical,
economic, and ecological damage caused by Hurricane Eloise. He served as Chair-
man of the Research Award Committee of the Southeastern Association of Biologists
and was a member of the Governor’s Bicentennial Committee On August 16, 1976,
he became President of the Academy of Natural Sciences of Philadelphia. He holds
a Courtesy Professorial Appointment in Biological Sciences at Florida State Univer-
sity.

Dr. Bennett has written numerous research publications on molecular biology and
developmental cell biology, as well as many biology and biochemistry teaching arti-
cles. He is also the author of the 2-volume Graphic Biochemuistry. In addition, he is
co-author with Earl Frieden of a review article on metamorphosis (1961) and a text-
buck, Modern Topics in Brochemistry (1965). He developed an instruction model and
text for teaching protein synthesis. Elements of Protein Synthesis, and was a contrib-
uting consultant to Biology Today and The Physical Basis of Life. With Frank Brad-
ley Armstrong he coauthored Biochemustry (1979, 1981), now in its second edition. In
recent years he has become increasingly interested in the history of science in
America, particularly the 18th and 19th centuries, and is completing a book manu-
script on this subject Dr. Bennett has also contributed a number of articles to news
papers and magazines, and made presentations at professional symposia about con-
temporary issues of academic and corporate interrelationships, as well as ethical
issues relating to science and technology.

Professional and honorary affiliations include, among others, the Harvey Society,
Linnean Society (London), American Chemical Society, American Asociation for Cell
Biology, American Institute of Biological Sciences, National Association of Biology
Teachers, and Sigma Xi Dr. Bennett 1s included in numcrous biographical reference
works including Who's Who tn America. A founding member and President of the
Fniends of Logan Square Foundation, and co-founder and Chairman (1978-1984) of
the Museums Association of Pennsylvania, Dr. Bennett is a member of the Gover-
nor's Commission on Academic Affairz (Pennsylvania), a member of the Board of
Managers of The Wistar Institute and chairman of its Science Advisory Committee,
a trustee of the Boy Scouts of America (Philadelplna chapter) and Shipley School, a
member of the National Board of the Explorers Club and chairman of the Editorial
Review Board of the Explorers Journal, and a member of the Advisory Board of the
World Affairs Council. He is Chairman of The Associated Natural Science Institu-
tions (TANSI), Vice President of the Association of Science Museum Directors, and
Co-Chairman of the Science Education Advisory Council to the School District of
Philadelphia He is a member of the Franklin Inn Club, Explorers Club of New
York (Member and Fellow), and Cosmos Club (Washington, D.C.).

Dr Bennett is married to Dr Gudrun Staub Bennett, Assistant Research Profes-
sor, Department of Anatomy, University of Pennsylvania School of Medicine They
have two children.

STATEMENT OF DR. THOMAS PETER BENNETT, PRESIDENT, THE
ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA, PHILA-
DELPHIA, PA

Dr. BeENNETT. Very good.

Chairman Fuqua, Mr. Brown, Mr. Lujan, we appreciate the op-
portunity to testify before your group today.

I am Peter Bennett, president of the Academy of Natural Sci-
ences of Philadelphia. I am chairman of the Associated Natural
Science Institutions. We are a group of free-standing private insti-
tutions.

Mr. Brown has mentioned the names of our institutions in intro-
ducing the witnesses. I might add that also a member of our group
is the Los Angeles Museum of Natural History. Unfortunately, Dr.
Black, the director, is not able to be here today.

We have, basically, in a continuation of the dialog that was
begun by Secretary Adams, testimony about the nature of research

Q

RIC

".\
9/




93

and education at these types of institutions. The packet which in-
cludes our testimony as well as other pertinent information has
been submitted for the record.

[The prepared statement of Dr. Bennett follows:]

INTRODUCTION -~ THE ROLE O7 THE RESEARCE NMOSEDM
THE ASSOCIATED NATOURAL SCIERCE IRSTITUTIORS

Good morning, Chairman Puqua and members of the Task
Force on Science Policy of the House Committee on Science and
Technology.

I am Dr. Thomas Peter Bennett, President of the Academy
of Natural Sciences in Philadelphia. I am currently serving as
Chairman of The Asscciated Natural Science Institutions, whicn
are private, free-standing natural history museums that have
affiliated in the interest of scientific research and graduate
education. These institutions, with the Smithsonian, are the
major scientific research museums in the country. Our
relationship to the Federal government is in fact very much the
same as that of free-standing private research universities.
Here with me today representing our institutions are Dr. Thomas
D. Nicholson, Director of the American Nuseum of Natural History
in New York, and Dr. Harold XK. Voris, Vice President for
Collections and Research of the Field Museum of Natural History
in Chicago. (Unfortunately, Dr. Frank H. Talbot, Executive
Director of the California Academy of Sciences, Dr. Craig C.
Black, Director of the Los Angeles County Museum of Natural
History, and Dr. willard L. Boyd, President of the Pield Museun,
could not be with us today.)

Addressing the issue of natural science mut2ums and
their importance for the national scientific research effort are

Dr. Nicholson; Dr. George M. Cavis, past President of the
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Association of Systeratics Collections, and Curator and Chairman
of the Department of Malacology of the Academy of Natural

Sciences of Philadelphia; Dr. John E. McCosker, Director of the

Steinhart Aguarium at the California Academy of Sciences; and Dr.

John W. Pitzpatrick, Chairman of the Department of Zoology of the

Field Museum of Natural History.

Mr. Chairman, Representatives, and staff, we of The

Agsociated Natural Science Institutions very much appreciate your

invitation to appear before the Task Force and the opportunity to

discuss with you today the importance of museums such as ours in
advancing the national scientific research effort.

Dr. Nicholson is our first panelist.

Mr. Fuqua. Without objection, the entire packet will be included
in the record. [See appendix IL.]

Dr. BeEnNETT. I would like to call first on Dr. Tom Nicholson, the
director of the American Museum of Natural History. Dr. Nichol-
son will use slides.

Throughout our presentation, we will be using some of the mate-
rials from our collections which have been mentioned by Dr.
Adams earlier; for example, material from the Lewis and Clark
Herbarium, specimens that were collected during that expedition,
the bitter root of Montana labeled by Lewis himself.

Dr. Nicholson?

{A biographical sketch of Dr. Nicholson follows:]

Dr. THomas D. NicHoLsoN

Dr Thomas D Nicholson, Director of The American Museum of Natural History,
is an administrator with an extensive practical and academic background in astron-
omy, navigation and the teaching of science.

He was born in New York City in 1922 and graduated from the United States
Merchant Marine Academy at Kings Point, N.Y., in 1942. He was with the Mer-
chant Marine for four years during World War II, serving in every rank through
Chief Officer on troop transports : nd cargo supply ships in all theaters. He is a li-
censed Ship’s Master.

In addition to & B.S. degree fron the United States Merchant Marine Academy,
Dr. Nicholson also received a B.A. degree from St. John’s University, Brooklyn,
from which he graduated summa cur. laude in 1950. In 1953 he obtained his M.S.
degree from the School of Education, Fordham University, and in 1961 hLe received
his Ph.D. froia that school.

Dr. Nicholson taught at the United States Merchant Marine Academy from 1946
to 1954, first as an instructor, and later as an Assistant Professor of Navigation and
éAgtronomy He also served as Assistant to the Head of the Department of Nautical

ience.

Dr Nicholson was a guest lecturer and instructor at The American Museum-
Hayden Planetarium for two years, beginning in 1952, before his appointment as
Associate Astronom - in 1954. He was promoted to Astronomer in 1957, to Assistant
Chairman in 1958 and to Chairman in 1964.

Q

RIC 99

Aruitoxt provided by Eic:




ERI

Aruitoxt provided by Eic:

95

In January, 1968, Dr Nicholson was named Assistant Director of The American
Museum of Natural History In October, 1968, he was appointed Deputy Director,
and on July 1, 1969, he became Director of the Museum.

Early 1n 1956, Dr Nicholson served as a group leader in a two-month geodetic
surveying program for the Western Electric Company at Canadian Arctic Distant
Early Warning Sites. He returned to the Arctic in 1958 to lead a site selection and
surveying team working on the Greenland Ice Cap. He led The American Museum-
Hayden Ple.etarium’s eclipse expeditions in Michigan in 1954 and in Quebec in
1963 He was a member of the eclipse expedition to Ceylon in the summer of 1355,

Dr Nicholson has written extensively about astronomy and related fields in both
popular and scientific publications. He is co-author with Joseph M Chamberlain of
Planets, Stars and Space. published by Creative Education Society in 1957, and
author of Adventure With Stars, published by Capitol PublishnEr;:f Company in 1959.
He is a Contributing Editor of Natural History magazine ond Editor of the Astrono-
my Highlights Series, published by the Natural History Press.

His professional memberships include those in The American Astronomical Socie-
ty, The Institute of Navigation, The American Institute of Aeronautics and Astro-
nautics, The Astronomical Society of the Paaific, The Royal Astronomical Society,
The American Meteorological Society, and The American Association for the Ad-
vancement of Science.

Dr Nicholson resides with his wife, the former Branca Costa, and four children,
Lester, Diana, Glen, and Gail, ‘n Woodcliff Lake, N.J

STATEMENT OF DR. THOMAS D. NICHOLSON, DIRECTOR, THE
AMERICAN MUSEUM OF NATURAL HISTORY OF NEW YORK,
NEW YORK, NY

Dr. NicHoLsoN. Thank you, Peter.

Congressmen, Peter mentioned that we were private m seums.
The word “private” is rea.ly not an appropriate term. We are
really public institut’ons but nongovernmental public institutions.
Just as many of the great universities of our Nation are public uni-
versities but, by and large, not governmentally managed, ours also
are not, although they are public institutions.

We know there are about 3,000 museums throughout our coun-
try, and they are all the same in some ways, different in others. In
some ways all of them are recrestional, cultural, artistic, educa-
tional, and scholarly institutions. But the purpose and the degree
of resources and services they give to each of these aspects of their
work vary enormously.

Collections are the one element that binds us together. But col-
lections do not make museums, any more than a warehouse of
books would make a library. Collections become a museum where
there is purpose and use related to some services that society—sci-
ence and other agencies of society—demands.

The institutions that comprise the Associated Natural Science In-
stitutions that are speaking to you this morning were founded to be
centers of scholarship in the sciences of nature. They were founded
to be repositories of the material evidence of the world, of life, and
of human culture.

The purpose for being such repositories, however, was to learn.
through research and to teach through exhibition and by other
means, and these institutions derive their authority as teachers on
all the levels on which they do teach from their authority in schol-
arship. Like the university, museums such as ours teach, train, and
educate.

The goals of cullection-oriented research museums, and the rela-
tions to other goals that the same institutions may have, were de-
scribed in a science policy report that I prepared at the American
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Museum in 1971. A copy of it wil! be made available to you and
appended to our presentations todsy. (See appendix 1.)

The report explains why great natural science institutions must
be research-oriented in order to serve their other purposes. It ex-
plains why it is that we cannot really choose which is the more im-
portant of what we do—research, collecting, exhibition, or teeching.
Like the human body, in which all the vital organisms are essen-
tial, all of these functions are essential to our institutions for or-
ganic unity.

The report I refer to stresses that the research goals of our insti-
tutions must be appropriate to museums. They must be distinctive
from the goals of the university in some ways. The goals should be
appropriate to an institutior. that is collection oriented in its basis
of founding.

The report stresses the unique quality of scholarship and train-
ing that can and are being produced in museums. It also empha-
sizes the strength of the commitment to research as a process and
as an essential function carried out in our institution.

Not all museums are, nor should all be, research oriented. Not
all collections are intended to support scholarship and training.
Some must. Those in the natural science institutions that we repre-
sent a.e.

I would like to show you now, in a series of pictures, what some
of our collections lonk like, just what they are, and, to some extent,
why we have them.

New? .n, would you put on the projector?

The nrst picture shows a skull of Tyrannosaurus rex being cast
in one of our museums. Casts are exchanged for research and exhi-
bition. [Slide 1 follows:]
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Mr. Lusan. What did you put up there? I am sorry, I didn’t catch
what it was,

Dr NicHoLsoN. That was a cast of a gigantic animal called Ty-
rannosaurus rex, a carnivorous dinosaur. A few specimens are
found in museums, but those specimens are exchanged throughout
the world through the casting processes that we undertake.

As 1 said, my first slide shows one of the large fossils that we
have in our collections, but not all fossils are large. Many of them
come small. This is a group of our scientists collecting cretaceous
rock in Lance Creek, Wyoming, to screen for some of the other fos-
sils in the world, [Slide 2 follows:]
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The tailings from hundreds of tons of cretaceous rock in that
area leave a few particles such as these, and if you look closely at
one of them, we find the left jaw of a small anim 1 called Profun-
gulatis, a small cretaceous ancestor of the ungulates that roam our
plains today. This little jaw is about one centimeter long. [Slides 3
and 4 follow:]
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We also collected recently, on Lord Howe Island, an island off
the coast of Australia in the South Pacific Ocean—not all fossils
are really old. This is a very exctic animal that disappeared from
the living animal record about 10,000 or 15,000 years ago. It is a
horn-headed and club-tailed turtle. Why it became extinct, we
;eally ]don’t know, but it is in our collections. [Slides 5, 6, and 7
ollow:
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Insects represent the greatest diversity in the animal world and
also, therefore, the greatest diversity in our collections, as Secre-
tary Adams pointed out. They are tiny, out we number them in the
tens of millions in our collections, and yet we still only have 1epre-
sentation from about one-fourth of the insect species that probably
exist in the world [Slides 8 and 9 follow:]
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Our collections also include skeletal collections such as these
skulls of sea mammals. As you know, they range up to the size of
whales. To the best of my knowledge, there is only one blue whale
skeleton in any institution in the United States of America. A hun-
dred years from now, it may be the only specimen of a blue whale
that we will have available for study. [Sly';de 10 follows:]
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Our collections also include imprints of many of the soft-bodied
animals of the past left in sandstone, the only record we have of
such life. [Slide 11 follows:]

The problems with our collections are so great that we resort to
the techniques of compact storage today, stretching our static
buildings. I have just instalied 10,000 square feet of this at a cost of
$600,000 for the cases, plus another $300,000 that must be spent on
the trays that will go inside the cases in that space, so that is
$900,000 for a 10,000-square-foot storage area. [Slide 12 follows:]
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Skilled preparators are required to work with fossil sea lions
such as these. It may take several weeks or even months for a pre-
parator to remove one fossil from the matrix in which it comes
fron: the field. [Slide 13 follows:]
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I am one slide ahead, I think. You are now looking at a group
of—see, I told Newton I wasn’t worried when the slides went out of
sequence. People either laugh or they let you know. [Laughter.)

This is a group of white-headed woodpeckers being studied to
show variations in the animals. These are all the same species, but
you and I vary from one another in innumerable ways. So do wood-
peckers, and students and scientists who wish to study them have
to have more than one in which to do so, just as tl.ey would need
inore]than one of us to understand the human species. [Slide 14 fol-

ows:

We also use live animals in our museums. Here a group of rep-
tiles are being maintained at the California Academy of Sciences
from which fresh tissues are being withdrawn to analyze biochemi-
cal genetics. [Slide 15 follows:]
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lakes mostly, in North and South America and Middie America,
very tiny little animals. This gives you some idea of their scale. But
thev also come in enormous variations such as this, not only in
color and other ways, but the toxins that they secrete on their
skins vary enormously. Over 200 new amino-alkaloids of potential
medicinal value to humans have been found from the secretions of
the variety of these animals that we found in recent years. [Slides
16, 17, 18, and 19 follow:]

Dart poison frogs are found throughout the rain forest areas, the
|
|
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We have been conducting, over the last 10 years, the first survey
of the fresh water fishes in New York that has been done in 50
years. We are trying to find out what, where, how many, and how
they have changed in the past 50 years, and the collections that we
will gather as a result will be the document that they will compare
the collection of 100 years from now with in order to see what is
happening to the waters of our country.

In addition, we are doing the first study of developmental sp.ci-
mens from the fresh waters of New York. A fish egg only 3 days
old, and a fish larva from the Hudson River, the first time in the
collections of our institution and most that we have taken an inter-
est in collecting and recording and documenting the developmental
stages of these animals. [Slides 20 and 21 follow:]
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Finally, this tiny little white grain is in a meteorite. It existed
before the solar system came into being. It is part of the material
from which the solar system was made, and it is the kind of mate-
rial that we have in our museums from which we get the answers
to where the Earth came from and why. [Slide 22 follows:]
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I would like to show you now what some of those specimens look
like. I will just hold them up for a moment.

Here is a cast of that horn-headed turtle that I showed you. They
come bigger than this, and we cannot help but wonder why it was
ever designed so that it couldn’t retract its head inside its carcass,
but the horns prevented it from doing so. That is one kind of fossil;
here is another one. Inside this, there is a tiny little, oh, less than
a centimeter long, jaw of a small tarsier-like primate that was
found in Mongolia. It is the oldest known primate from Mongolia,
and it is the ancestor of everybody who sits in this room.

Here are some casts of those tiny little poison dart frogs I
showed you.

This is a cast of Taung. This is believed to be the earliest ho-
monid that walked on Earth, the earliest aniinal that bore most of
the characteristics of a human being. It was a young child, perhaps
10 or 12 years old, in which we can still see parts, and study parts,
of its fossilized b+ .in.

Here is the evidence for the latest possible date at which man-
kind could reach the southern tip of South America, These are the
bones of fossilized horses that became extinct in South America
more than 10,000 years ago. These are some spear points and stone
tools left there by humans in association with these animal re-
mains, carbon dated to 11,000 B.C. We know mankind reached
Tierra del Fuego at 11,000 B.C.

These are two little vials of fish larvae found from the Hudson
River. You can see the problem we have in storing them. These are
easy to store in volume but difficult in type.

We have two specimens of a material called asbestos here. One of
them is asbestiform in the sense that it is fibrous; it is a cancer-
causing agent, we know. We have another specimen of asbestos
here which is not asbestiform, and it is not harmful to humans.
Why? What is the difference between these kinds of asbestos and
others, and what are the characteristics that cause human health
problems?

This is the oldest rock we know, 4% billion years old, a chunk of
Allende, in which we can see those tiny little white specks that
were there before the rock was formed, that probably came togeth-
er into the protoplenets because of some shock wave moving
through the then gaseous and dust-filled solar system without plan-

ets.

Finally, I brought a group of insects to show you the comparison
between a group of insect cells, of bee cells, 40 million years old,
found in the western part of the United States. They built cells in
this now-solidified sandstone.

This is a modern group of bee cells from a honeybee found in the
same area today. Forty million years separate them, but they are
bees of exactly the same tribe and many of the same habits.

One of those bees was found on top of a plateau in southwestern
Venezuela only recently, in Nablina, where the Smithsonian Insti-
tution scientists and ours and others from other institutions trav-
eled. The bee is in here. This is a bee of the same tribe that pro-
duced those cells 40 million years ago, and we found it on Nablina.

Finally, I brought a sample of one of our living animals. This is a
tarantula from our collection. We have roughly 3.5 million spiders
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in our collection. Some day Betsy will join that collection, but right
now Betsy is alive and well, and I would like to introduce her to
you personally after I finish my testimony, on *he principle that
once you have petted and held a tarantula, you will never forget
the person that introduced her to you. [Laughter.]

Dr. BenNEeTT. Thank you, Tom.

Dr. NicHOLsoN. I just want to say one or two words to close,
Peter.

I don’t know whether you are interested, but we are interested,
and we think most of the world is interested, in when and how the
Earth was formed; how pollutants may affect the development of
fish in our streams; why Meiolania, that turtle, could not pull his
head inside his shell; why some asbestos is harmful and other is
not; whether Taung really was a human; how humanity migrated
through the Americas; what beneficial chemicals does nature build
of use of mankind; and who was living on the Earth with the dino-
saurs.

Well, these are the kinds of questions that collecting, collections,
and research in natural history museums are prepared to answer.
These are research museums, distinct and unique, with goals essen-
tially a part of the science establishment, equipved, staffed, func-
tioning to address things that we want to know, things that we
need to know about life, about nature, and about human institu-
tions.

Thank you.

[The prepared statement of Dr. Nicholson follows:)
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THE RESEARCH MLSEUM

The total number ot .useuas in the lnited States i1s ptovably
about 3,000. All of thewm ste rectedativnal culeural, artistic,
educativnal and schnoulailly sustitutivns, tu a degree, though
they are by no means unilo & 1u LHC puipuSe, resoulcss anu

services that retlect tuese r1oles,

Lullectiuns ol matersal vujects Cunpt ise the vue element comaun
to all nuseuns, UBul ¢ cullectivn vl atself 1s nuv mote a museun
than a warehuuse ol Luuks 1s o labrary. unly when coullectiuns
and collecting serve certalll purpuses thdt svciety consaders
1aportant do they pecume a wuseuw. lhe ditterences and degtees
uf purpuse tu wiich cullectiuns ut e applied account for auch ol

the dilierences aauiy museuws.

The five research i1nstitutiund thet coupt 1se TAASL, and others

like then, were tounded to ve ceanters of schoularshap 1n the
sciences that relate tov tuv wut ld ol nature,. They were estoblishec
to cullect witn putpuse, tu Collect aud Reiutasn wullectiovns
foapsesonting taie wor lu artounu Us  wuu e Lt styles of 1es

NU A lLagultduts, tu help us leain auout the wor ld through
research, and to eunaule us tu teuchi wibat 1t 1s lihke through

exthiibaition and vther weans,

The resesich gudals vt cullectivn-uriented science auscums, and
the e iativustap between these guals and other a1 eas of anstitu-

tivnal purpose, were vapressed 1a the "Scaience Poulicy Repore®
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THE RTSEARCH MUSEUM

ceeiiueena2

tormulated and published Ly the American Muscum of Matural

History an 1971. A cupy 1s gappended 1n this statement.

The “"Report” aidentities the origiual and unique contribution
Lu research apprupriate Lo ndtural scrence 1ustitutions, the
tesealch goudls tu which tney can best couutribute, and the
streugth ol thesr codumtact lu 1¢sedich das d pProcess and a

tuiclioun: essential to therr rustitutiviial goals.

Nut all Muscuans are stiolg teseatch lustitutious, uot all
collections are maintained tor that purpouse. But some .ust

be. Those 1epresented 1n 1ANSL are.

D have wathone Svad prelules and waldt sals to 1liustrate what
tesedrch collvctiuns erey wadt they fuok ke, and whdt we do

with thea.

'y st, the photugtaphis:
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LiST oF >ULiLLS

Casting saull ot 1oiennuseutus fea.

Scteeniug tut tussila 1o Lance Lieea, Svalua. AMA L

Tie tailings 11uw JUU Lulis ol CretaCewus tuCh. AV

a) Lett jaw ot Protungulatua, tiny Lretacevus ancestur ol
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Lutd Houwe island, Soutu ecatac.

vl Mesulatiuw (et e turtlice), ALY
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iusect ltays,

Sheletal Cullectivns., C.\.5.

Q) Fussil ucoet iug Sundstune. C.\.S.
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Cunpuct Slul une ejuipacut,
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dume ot the objects represented an the pactures lftve shown

are laid out on the teule bLetote you,

LidT ul LJJLCTS

1) Cust 0t shull, Meirolamia.

) Samples ol asbestus, one asbestitouta, ohe not.,

k) Prece ot Allende meteovtite,

3) Casts ot Dart Puison trogs.

3) Stubtic tuuls tron Mitodont Cave, Ltale,

(G MtitaCts trow Huduucu Paeapa, Northern Andes, Peru.
) Jaw w1 AMltanus vilovi, tiny priaate tiom Mungzotia,

Asaa's oldest tutzavr«liae priaate.

~) Fash lerses vauls, Hudson River, New Yurk
<) Taurns ~aulld, cust,
o Fossal Bee Pive, LU0, 000 year s

votlece boweuld lane tu puse susie siaple questions, Do Mo

think 1t 3+ aput Lant Vo kiiuw

1) Wi M nuw tne varth was turaged?

0 "W pullutants affect 118h propuagatlion 10 our rivers?

3) Why Mesclania had hotos which aept hia from pulling tas
head 1n”

3) How and why soae asvestos 18 nat eful and sume spparently
isntt?

Whether Taung was trul, humat, and why has lineage daed

vut?
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When manhind artived an the Aew worlid?

How the lnca thrived and Lulll 4 great civilisation n
the Andes®

1f secretiuns trom svae vt thuse cute little dart pulsun
frogs have therapeutic value tor hunans?®

1f the tussil recurd ot earth's laittle animals can

help us learn whew and now the continents were turacd

and changed, and lite went through periodic great eaxtinc-

tions?

These are the hind ol Queslivns that research museums and their
collections are prepated tu answer. They are an essential element
in the science cuamtitily, cquapped, stutted aud functivaliag to
address thinss we wantl Lo whitvw, necd Lo htiuw about lite, wutute

and hum«n 1nstitutauns.

Dr. BENNETT. Our next witness is Dr. George Davis, former presi-
dent of the Association of Systematics Collections, Chairman of thz
Malacology Department at the Academy of Natural Sciences.

[A biographical sketch of Dr. Davis follows:]

Dr. Grorce MoRrGaN Davis

PERSONAL INFORMATION

Birthdate: 21 May 1938, Bridgepo-t, Connecticut
Marital Status: Marnied, two children
Citizenship: United States.

EDUCATION

Ph D, 1965, Zoology-Malacology. University of Michigan
M S, 1962, Zoology. University of Michigan
B A, 1960. Biology, Marietta College.

WORK HISTORY

Curator and Chairman, Department of Malaculogy, Academy of Natural Sciences
of Philadelphia, 1978 to date.

Adjunct Professor, Department of Biology, University of Pennsylvania, 1982 to
date

Adjunct Professur. Department of Pathobivlugy, Schuol of Veterinary Medicine,
University of Pennsylvania. 1983 to date

Adjunct Professor, College of Marine Studies, University of Delaware. 1982 to
date

Adjunct Assvuaate Professor, Department of Biology. University of Penusylvania,
1972 to date.

Adjunct Assuaiate Professor. Department of Pathubiology, University of Pennsyl-
vania. 1976 to 1983,

Chairman. Department of Malacology, Academy of Natural Sciences of Philadel-
phia, 1972 to date.
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Adjunct Associate Professor, Department of Microbiology, Thomas Jefferson Uni-
versity, 1971 to 1980.
lg?gsoci&t%Curator of Malacology, Academy of Natural Sciences of Philadelphia,
to .
Chief, Malacology Section, 406th Army Medical Laboratory, Japan, 1965 to 1970.
Research Associate, Research and Development, Medical Malacology, University
of Michigan, 1962 to 1965.

HONORS/AWARDS

Fellow, Linnean Society, 1979.

Fellow, American Association for the Advancement of Science, 1976.
Arthur S. Fleming Award in Science (Group of 10), 1970.

Sustained Superior Performance Award, U.S. Government, 1968, 1969.
NIH Traineeship, 1964 to 1965.

Rackham First-year Fellowship, 1960 to 1961.

Phi Sigma (Vica President, Local Chapter), 1962.

Eggleston-Ruby Prize in Biology, 1960.

Phi Beta Kappa, 1960.

Sigma Xi, 1962.

Who'’s Who in America. Colleges and Universities,, 1960.

Omicron Delta Kappa, 1959.

Beta Beta Beta (P ‘esident, Local Chapter), 1959.

NATIONAL-INTERNATIONAL RESPONSIBILITIES

Current:

Member, Steering Committee for the American Foundation for Negro Affairs,
Computer, Engineering and Business Division, 1984.

Member, Editorial Board, American Malacological Bulletin, 1982.

President, Association of Systematics Collections, 1982 to 1984.

Chairman, Council of Systematic Malacologists, Committee on Course Standards
for Graduate Training in Malacclogy, 1982 to 1983.

Field Reader, Grant Reviews; Institute of Museum Services.

International Congress of Malacology, Chairman, Committee for assessing mecha-
nisms ensuring adequately and properly described species, 1980 to date.

Chairman, American Malacological Bulletin Archive Committee, 1980 to date.

Co-Editor-in-Chief, Malacologia, International Journal of Malacology, 1974 to date.

Executive Secretary/Treasurer, Institute of Malacoh&', 1972 to date.

ANS.P. Representative, Association of Systematics Collections 1977 to date.

Past:

Chairman, Editorial Board, American Malacological Bulletin, 1982 to 1983

Vice President, Assoc. of Systematics Collections, 1981 to 1982.

Chairman, Special Publications Committee, A.M.U., 1981 to 1982.

Chairman, Council of Systematic Malacologists, National Plan for Malacclogy,
1980 to 1982.

Treasurer, A.S.C., 1977 to 1981.

Member, Council on Resources, A.S.C., 1977 to 1981.

Chainnan, Council of Systematic Malacologists, . 277 to 1979.

Nominating Committee, A.S.C., 1977 to 1978.

President, American Malacological Union (A.M.U.), 1976 to 1977.

Treasurer, Organizing Committee, Joint Meeting Royal Society of Tropical Medi-
cine and American Society of Tropical Medicine, 1975 to 1976.

STATEMENT OF DR. GEORGE M. DAVIS, CHAIRMAN, DEPART-
MENT OF MALACOLOGY, ACADEMY OF NATURAL SCIENCES OF
PHILADELPHIA, PHILADELPHIA, PA

Dr. Davis. Mr. Chairman, as a research scientist, I am going to
address the questioa of systematic research and the value of collec-
tions. The presentation I am going to make is an abbreviated form
of the one that has been submitted for the record.

Systematics is the fundamental and most essential field within
the biological sciences. The systematist studies the diversity of life
on Earth, describes and identifies species, and studies the relaticn-
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ships among species using all available techniques and data. The
systematist also studies the processes involved in the origin and ex-
tinction of species.

It s important to realize that the systematist today is a modern
research scientist thoroughly trained as a specialist in one or more
groups of organisms. But what does a systematist do?

As an example of what one systematist actually does, consider a
scientist studying the relationships of snails and human diseases
transmitted by snails. I have two examples here of snails from
China and snails from the Mekong River transmitting the world’s
second worst disease, schist~somiasis, affecting over 200 million
people and growing at a rate of 5 percent to 8 percent per year.

In studying this relationship of snails and disease, the scientist
collects snails from targeted areas of the world, determines the
identity of the specimens by comparing the specimens newly col-
lected from the field, going to the museum, using the specimens
that are in the museum, using the libraries of the museum, and
the research facilities of comparative anatomy and cytology to de-
termine their status as identified or as new.

The scientist then determines the relationship among species of
close genetic relationship to species actually transmitting a disease.
He does this by using sophisticated laboratory techniques such as
molecular genetics, involving complex biochemical processes and
operations within the museum.

Within the museuax;éfowerful computers are used to model path-
ways of evolution b on anatomical and biochemical data. Such
a model may involve studying 100 to 200 different species located
on different continents. The data show that the 100 to 209 species
have evolved in entirely different pathways.

It is then learned that the potential to transmit a disease is actu-
ally associated with specific anatomical and biochemical features
found in only one of these evolving pathways. Then the scientist
beging to use these data for many ends—to determine the genetic
relationships between parasites and only those snails capable of
transmitting disease, to determine the rate of change in snails and
parasites, to predict that other species transmitting disease will be
found, and where they will be found, and to redefine the nature of
parasites and the diseases they cause.

We must consider that biological diversity on Earth now exceeds
1.5 million known species of plants and animals. Yet there is an
estimated 8 to 10 million additional species that have yet to be dis-
covered and described.

Identification of species requires not only the trained scientist
but also collections of organisms and reference libraries. Large col-
lections of organisms are as essential to the systematist as tele-
scopes are to the astronomer and particle accelerators are to the
nuclear physicist.

Systematic biological collections provide the infrastructure for all
biological research, and are essential for cutting-edge research in
systematics and evolutionary biological problems.

Systematic biological collections stand alone as information
banks for the storage and retrieval of basic biological information.
There are today some 4,000 collections in the United States, hous-
ing between 500 million and 750 million biological specimens. Ap-
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proximately 85 percent of these collections are housed in 100 major
institutions. The 20 largest collections housed in natural history
museums contain about 20 percent of all specimens maintained in
the United States.

Systematic biological collections contain specimens preserved as
Ary specimens such as these shells of clams which were used for
E ic studies of clams in the United States; or preserved in alco-
hol, such as these specimens. Likewise, clams collected from river
systems in the United States are used for genetic studies or pre-
served as frozen, both as whole organisms or as protein extracts for
molzcular genetics studies, such as these lyophilized extracts of
proteins which, 10 years from now, will yield viable enzymes for ge-
netic studies.

This tremendous file of indispensable data represents genera-
tions of work by thousands of skilled people. More than ever, it is a
priceless, irreplaceable instrument of research for human better-
ment.

No one major collection is comprehensive in coverage, but each
complements the others both as to groups of organisms and the ge-
ographic areas represented, thus reaching encyclopedic proportions
when considered as a single national entity.

The integrity of these collections must be guaranteed because if
they are lost, they can never be replaced. If not maintained, they
cannot be used, and if static and warehoused unused, the fabric of
organismic biology itself unravels.

The major collections are primarily housed in nonuniversity mu-
seums. With the ever-increasing diversification of fields of biologi-
cal research on college campuses, and with different universities—
and I think it is important to understand this—different universi-
ties specializing in evolving different fields of biology, more and
more collections are being transferred from departments of biology
to nonuniversity museums.

Natural history museums today have become tl.» primary cen-
ters for systematic biological research. Modern techniques such as
molecular genetics and computerized data processing are being
used within museums to obtain new data from existing collections
and from new types of collections. It is important to realize that
collections grow today at a rate of 1.5 to 3 percent per year due to
modern research activities carried out on a global scale.

Natural history museums are now the training centers for future
systematists. Systematists employed by museums frequently are
adjunct professors in one or more universities. They teach courses
in systematics, ecology, and evolution as well as train future Ph.D.
systematists.

Natural history museums now share with universities the re-
sponsibilities of conducting basic research in the biological sciences.
To a considerable extent, the future of organismic biology is cou-
pled with the future of collections-oriented research in museums.

Thank you.

[The prepared statement of Dr. Davis follows:]

ia




O

ERIC

Aruitoxt provided by Eic:

121
SYSTEMATIC RESEARCH AND THE VALUE OF COLLECTIONS

George M. Davis
The Associated Natural Science Institutions

Past President: Association of Systematics Collections

Systematics is the fundamental and nmost essential field
within the biological sciences. The systematist studies the
diversity of 1ife on earth., describes and identifies species,
studies the relationships among species using all available
techniques and data. The systenmatist also studies the

processes involved in the origin and extinction of species.

The systematist of today is a modern research scientist
thoroughly trained as a specialist on one or more groups of
organisms. But what does a systematist do? As an example of
what one systematist actually does consider a scientist
studying the relationships of snails and huuan diseases
transmitted by snails. The scientist collects snails from
targetad areas of the world, determines the identity of the
species by a comparison of newly collected aaimals with
identified specimens stored in museum collections, by use of
scientific publications. and by use of comparative anatomy and
cytology. The scientist then determines the relationships anong
species suspected of close genetic relationship with species
actually transmitting a disease using sophisticated ‘aboratory

techniques such as molecular genetics involving complex biochemi-
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cal cperations. Powerful computers are used to model pathways
of evolution based on anatomical and biochemical data. Such a
model may involve studying 100 to 200 different species located
on different continents. The data show that the 100 to 200
species have evolved along different pathways. It is learned
that the potential to transmit a disease is associated with
specific anatomical and biochemical features found in only one of
the several pathways of evolution. The scientist then uses these
data for many ends: to determine the genetic t=elationship
between parasites and only those snails capable of transmitting
the parasites; to deternine the rate of change in snails and
parasites; to predict that other speciss transmitting disease
will be found, and where they will be found; to help redefine the

specif ic nature of parasites and the diseases they cause.

Biological diversity on earth exceeds 1.5 million known
species of plants and animals, An estimated 8 to 10 wmillion
additional species have yet to be discoveresd and described.
Identification of species requires not only the trained scientist
but also collections of organisas and reference libraries. Large
collections of organisms are as essential to the systematist as
telescopes are to the astronomer and particle accelerators are to
the nuclear physicist. Systenatic biolegical collections pro-
vide the infrastructure for all biological research and are
essential for cutting-edge research in systematics and

evolutionary biological problems.
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“Systematic biology collections stand alone as information
banks for the storage and retrieval of basic biological

intornation.“l

There are some 4000 collections in tha United
States housing between 500 to 750 million specimens.
Approximately 85% of these colletions are housed in 100 major
facilities. The 20 largest collections housed in natural history
museums contain about 20% of all specimens maintained in the
United scACes} Systematic biological collections contain
specimens preserved as dried specimens, preserved in alcohol, or
preserved frozen both as whole organisms or as Protein extracts.
"This tremendous file of indispensable dat: represents genera-
tions of work by thousands of skilled people. More than ever, it
is a priceless, irreplaceable instrument of research for human
betterment. No one major collection is comprehensive in
coverage, but each complements the others both as to groups of
organisms and geographic area represented, thus reaching
encyclopedic proportions when considered as a single national
entity.” ! The integrity of these collections amust be quaranteed
because 1if they are lost, they can never be replaced; 1if not
maintained, they cannot be used; if static and warehoused unused,

the fabric or organismic biology unravels.

The major collections are primarily housed in non-university
nuseuns. Hith the ever-increasing diversification of fields of

biological research on college campuses, and with different
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universities specializing in different fields of biology, more
and more collections are being transferred from departments of
biolugy to non-university museums. Natural history museums today
have become the primary centers for systematic biological
research. Modern techniques such as molecular genetics and
computerized data Pprocessing are being used within museums toO
obtain new data from existing collections or from new types of
collections. Collections grow at a rate of 1.5 to 3% per year

due to modern research activities carried out world-wide.

Natural history mnuseums are now the training centers for
future systematists, Systematists employed by museums frzquently
are adjunct professors in one or more universities; they teach
courses in systematics, ecology, and evolution as well as train
future Ph.D. systematists. Natural history mugeums now share
with universities the responsibilities of conducting basic
research in the biological sciences. To a cor.siderable extent
the future of organismic biology is coupled with the future of

collectionr-ociented research in museums.

9 April 1985

excerpts from the Steere Report (1971) to the National Science
Foundation: The Systematic Biology Collections of the
United States: An Essential Resource.

data compiled by the Association of Systematics Collections
(1983-1984) in conjunction with a report prepared for the National
Science Foundation.
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Dr. BENNETT. Our next witness is Dr. John McCosker, the direc-
tor of the Steinhart Aquarium, the California Academy of Sciences
in San Francisco, who will discuss the implications of the scholarly
research and activities that go on at these institutions.

[A biographical sketch of Dr. McCosker follows:]

Dr. JouN E. McCoSKER

Since 1973, Dr. John E. McCosker has been Director of the Steinhart Aquarium, a
division of the California Academy of Sciences. Born in Los Angeles in 1945, he
graduated cum laude and Phi Beta Kappa from Occidental College in 1967. He re-
ceived his Ph.D. in Marine Biology from the Scripps Institution of Oceanography in
1973 based upon original research concerning the evolution of a large family of tcxle)-
ical eels. Other related employment included a lectureship at the University of Cali-
fornia at San Diego, a Research Associate at the Smithsonian Tropical Research In-
stitute in Panama studying the potential biological effects of the proposed sea-level
canal, and an adjunct professorship in Marine Biology at San Francisco State Uni-
versity, a position which he now concurrently holds.

Although trained as an evolutionary biologist, with research expertise based
largely upon museum collections, his research activities have subsequently broad-
ened to include such diverse topics e: the symbiotic behavior of biolaminescent
fishes, the behavior of venomous sea snakes, the predatory behavior of the great
white shark, and dispersed and renewable energy sources as alternatives to national
vulnerability and war. His most recent research projects have concerned attacks
upon humans by great white sharks and involves the formulation of public safety
glans. His work was summarized in a 1984 NOVA program entitled “Jaws: the True

tory”. He is the author of more than 100 popular and scientific articles and books.

STATEMENT OF DR. JOHN E. McCOSKER, DIRECTOR, STEINHART
AQUARIUM, CALIFORNIA ACADEMY OF SCIENCES, SAN FRAN-
CISCO, CA

Dr. McCoskeRr. Thank you.

In order to allow more time for questions—and for you all to
handle Tom’s tarantula—I, too, will present an abridged version of
the document that I have left with you.

My colleagues have explained to you the rationale behind re-
search collections, their importance to evolutionary biologists and,
therefore, to all branches of scientific investigation. They have left
me an opportunity to go beyond the search for knowledge and the
meaning of life, and to suggest to you examples of the economic
benefits of research collections; in short, the bottom line.

I will address the short-term and long-term benefits of such re-
search with but a few examples. There are many.

In the short run, the knowledge we have now gained allows the
most efficient and cost-effective way to rationally exploit the living
and nonliving resources of our globe. For example, nearly one-half
of the pharmaceuticals now in use arz biological in origin. The as-
pirin I took before coming to this meeting first came from a willow;
when I last needed penicillin, it came from a green mold. You may
be pleased to hear it is not on display. Conservatively, it is estimat-
ed that there are more than 5 million unique kinds of plants and
animals living on our planet. Most of these remain unknown and
uncollected. In that taxonomic studies provide an evolutionary
roadmap to biological similarities among organisms, the use of
these hcollections provides the most efficient direction for further re-
search.

One must appreciate that for eons, plants and animals have bezn
coevolving as a means to avoid each other. Through their evolu-
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tion, these living laboratories have manufactured chemical de-
fenses against pests and predators, and we have only recently
begun te take advantage of these naturally occurring proc'acts. Col-
lections have played, and continue to play, a key role in this. For
example, during World War II, when critically needed sources of
the antimalarial, quinine, from Indonesia were unavailable, bota-
nists turned to herbaria. There they examined thousands of speci-
mens of wild cinchona trees and were able to prepare distribution
maps of those species and identify areas where cinchona was avail-
able. Well, the rest is history.

Such a chemical treasure trove has so far only been minimally
explored. In the past few years, taxonomists and biochemiste havz
isolated useful substances from invertebrates, for example, includ-
ing potential heart drugs from fireflies, a cockroach repellen: from
a millipede, and shark repellents from a marine mollusk and the
Moses sole.

I cannot stress enough the importance of massi- ¢ collections that
must be made as sooa as possible in key areas of the world where
deforestation and habitat change is so rapidly occurring. Species of
plants and animals are going extinct in the great rain forests
before we will even have a chance to explore their potentic’ as
pharmaceuticals or future crops. Based on what we now know
about the interrelationships of organisms, we can most efficiently
direct our attention t~ life forms that hold the most promise by
using the collections.

The long-term benefits of research collections are priceless in
that they are the only record of life on earth before, during, and
after the industrialization of our environment. Like a great library,
the specimens in our collections allow us an opportunity to refer
back to a time and place in history. We cannot predict which speci-
mens we will ultimately need, but if properly collected, preserved
a}:lmd maintained, they will be available when we need to consult
them.

For example, when it was discovered that the death in America
of many pelicans, falcons and other birds was caused by eggshell
thinning due to DDT interference with calcium metabolism, scien-
tists hurriedly turned to our research collections in (rder to ana-
lyze the critical uptake and residence time of dangerous pesticides.
The usage of such pesticides was found to be detrimental to our
own survival, and these birds thus acted as ‘“‘canaries in our fragile
goldmine.”

Similarly, the discovery in the 1970’s of mercury in swordfish
tissue resulted in the collapse of the southern California fishery.
The immediate presumption that our discharging of industrial mer-
cury had resulted in a Minimata-like catastrophe was later proven
unsound after museum scientists analyzed fish specimens collected
before the turn of the century. Old specimens had similar mercury
levels in their tissues, indicating that the accumulation of natural-
ly occurring mercury in the marine ecosystem is a natural process
and not caused by our periurbations. Further study has allowed
the resumption of that previously beleaguered fishery. In like
manner, collections of reptiles fromn the far West and corals from
the South Pacific have ailowed baseline studies of radionuclide ac-
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cumulation since 1945, and the good news so far is that they do not
evidence any deleterious effects.

I will end by returning to my comparison of research collections
to a great library of life on Earth. The analogy is only partially
adequate, however, because there is no equivalent to the Xerox ma-
chine for the volumes that we are missing. It is imperative that we
increase our collecting efforts both in America and abroad as speci-
mens disappear and new threats to our hea‘th are discovered. The
collections that now exist can never be replaced. They musi be
properly supported, adequately maintained, and expanded. There is
no alternative.

Thank you.

[The prepared statement of Dr. McCosker follows:]
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ECONOMIC BENEFITS OF RESEARCH COLLECTIONS: THE BOTTOM LINHE
Testimony Presented by John E. McCosker
Before the House Committee on Science and Technology

17 April 1985

My colleagues have explained to you the rationale
behind research collactions, their importance to
evolutionary biologists ancd. therefore, to all other
branches of scientific investigation, as well as the role
they play in the training of future scientists. They have
left me an opportunity to go beyond the search for knowledge
and the meaning cof life, and to suggest to you examples of
the economic benefit of research collections -- in short,

the bottom line.

I wi1ll address the short-cerm and long-term benefits of

such research with but a few examples. There are many.

In the short run, the knowledge we now have gained
allows the most efficient and cost-effective way to
rationally exploit the living and non-living resources of
our planet. For example, nearly one half of the
pharmaceuticals now in use are biological in origin. The

aspirin I took last night first came from a willow; when I
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last needed penicillin, it came from the green mold

Penicillium notatum. There are more than 5,000,000 unique

living species of plants and animals, most of which remain
unknown and uncollected; in that taxonomic studies provide
an evolutionary roadmap to biochemical similarities among
organisms, the use of collections provide the most efficient

direction rather than a helter-skelter approach.

One must apnrreciate that for eons, plants and animals
have been coevolving as a means to avoid each other.
Through their evoluticn, these "living laboratories" have
manufactured chemical defenses against pests and predators
and we have only recently begun to take advantage of these
naturally-occurri.ng produnts. Collections play a key role;
for example, during World War II, when critically needed
supplies of the antimalarial, quinine. from Indonesia were
inaccessible, botanists examined thousands of herbarium
specimens of wild ciachona trees from whose bark quinine is
derived. They were thus able to prepare distributionn maps
of the species and identify geographic areas where
harvestable stands of the tree were likely to occur, and
thus revealed new sources of the drug. Such a chemical
treasure trove has so far only been minimally explored. 1In
the past few years, taxonomists and biochemists have

1solated useful substances from invertebrates including
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potential heart drugs from fireflies, a cockroach repellent
from a millipede, and shark repel.ents from a marine mollusk
and the Moses sole. Similarly, Dr. Peter Raven relates that
the evening primrose has been found to contain a chemical
which may have a ,ole 1in controlling heart disease and
arthritis. There 1s no question that we have only begun to
explore the benefic:al pharmaceuticals available from a wide

varety of plants and animais.

I cannot stress enough the importance of massive

)

¢d>' 22tions that must be made as soon as possible 1in Kkey
areas 3f the world wnere deforestation and habitat change is
rapidly occurring. Specles of plants an! animsls are going
extinct 1n the great rain forests befsre we will have a
chance to explore their poter.,ial as pharmaceuticals. Based
on what we nouw know about the interrelationships of

organisms, we can most efficiently direct our attention to

li1fe forms that hold the most promise.

The value of collections to teach evolutionary biology
cannot be understated due to t“e benefits they provide
researchers in other discipiies. The petroleum industry is
dependent upon indicatsr species of microscopic algae called
diatous which occur 1n exploratory o1l drillings. Specimen

collections are used for 1dentificaticn and comparison to
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other oil-bearing strata with similar species assemblages.
Those same microscopic creatures once served a mcre obscure
purpose several years ago. Our specimens were used to solve
a kidnapping 1n southern California by the idenctification of
diatoms 1n mud collected from the suspect’'s car tires. And,
to cilte personal experience, I suggest that my training as
an evolutionary biclogist at a collection-based institution
has allowed me direct solutions to very complex and
seemingly-unrelated problems. I was recently approack.d by
Chevron with an expensive problem coiicerning their deep
oceanr wellhecads. Large eels had clogged their well bores

and stymied their operations. Given photographs taken by

robotic devices, I was able to identify the responsible
species with the aid of preserved specimens for comparison.
Based upon knowledge cf the behavier of related shallow
water specles, I teamed up with a biochemist and devised an
environmentally benign eel repulsant, now called "Eel -Away"

1n the trace.

The long term benefits of research collections are
priceless 1n that they are the only record of life on Earth

before, during, and after the 1ndustrialization of our

environment. Like a great library, the specimens in a
col.ectinn allow an opportunity to refer back to a time and

place 1n history. We cannot predict which specimens we will
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ultimately need, but if properly collected, preserved and
maintained, they will be available when we need to consult

them.

For example, when it was discovered that the death in
America of many pelicans, falcons and other birds was caused
by eggshell thinning due to DDT interference with calcium
metabolism, scientists hurriedly turned to research
collections to analyze the critical uptake and residence
time of dangerous pesticides. The useage of such pesticides
was found to be detrimental to our own survival and those
birds thereby served ac "canaries in our fragile goldmine".
Similarly, the discovery in the 1970's of mercury in
swordfish tissue resulted in the collapse ¢f the Southern
California fishery. The immediate presumption that our
discharging, of 1ndustrial mercury had resulted ia a
Minimata-like catastrophe was later proven unsound after
museum scientists analyzed fish specimens csllected before
the turn c¢f the century. 0ld specimens had similar mercury
levels in their tissues, indicating that the accumulation of
naturally-occurring mercury in the marine ecosystem is a
natural process, and further study has allowed the
resumption of that beleaguered fishery. In like manner,
collections of reptiles from the far west and corals from

the south Pacific have allowed baseline studies of
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radionucleide accumulation since 1945. And the good news is

that they do not evidence any deleterious effects.

I will end by returning to my comparison of research
collections to a great library of life on Earth. The
analogy is only partially adequate because there is no
equivalent to the xerox machine for missing volumes. It is
imperative that we 1increase our collecting efforts both in
America and abroad as species disappear and new threats to
our health are discovered. The collections that now exist
can never be replaced: They must be properly supported,
adequately maintained, and expanded. There is no

alternative.

Dr. BENNETT. Our next panelist is Dr. John Fitzpatrick, Chair-
man of the Department of Zoology, Field Museum of Natural His-
tory in Chicago. Dr. Fitzpatrick will elaborate on the tcpic that was
discussed earlier about the educational role of our institutions, not
only in informal science education, to which we have a very major
commitment, but as a research role . s well—predoctoral, postdoc-
toral, and internships.

[A biographical sketch of Dr. Fitzpatrick follows:]

Dr. JouN W. FiTzPATRICK

Born: 17 September 1951, St. Paul, Minnesota.

Married: 9 July 1983 to Mary Ellen Wyer.

Current position: Chairman, Department of Zoology, Associate Curator and Head,
Division of Birds, Field Museum of Natural History, Roosevelt Road at Lake Shore
Drive, Chirago, IL, €0605-2496, telephone: 312-922-9410.

Education: A.B. magna cum laude, Harvard University, Dept. Biology, 1974, Ph.D.
Princeton University, Dept. Biology, 1978.

Academic and research honors: Harvard College Honorary Scholarships, 1971-
1974; USF Undergraduate Research Participant, 1972; Sigma Xi, elected 1973; NSF
Graduate Fellowship Hon. Mention, 1975; Harry R. Painton Award (outstanding
published papers), Cooper Ornighological Society, 1981.

Fellowships and grants: NSF Undergraduate Research Grant, 1972, Archbold Bio-
logical Station student research aid, 1973; Princeton University Graduate Fellow-
ship, 1974-75; 1977-78; NIH Predoctoral Traineeship, 1975-1977; Chapman Memori-
al Fund Grants for Research, 1975; 1976-78; NSF Doctoral Dissertation Grant, Field
Sciences, 1976-78; National Research Council Travel Award to West Berlin, 1978;
National Geographic Society Research Grant, 1979-80; NSF Biol. Research Resource
Support Grant (DEB 80-21414), 1981-86; NSF Travel Award tc Moscow, USSR, 1982;
and four grants from private foundations (LeBus Charitable Trust, Combined Insur-
ance Group) for ornithological research.

Professional memberships: American Association for the Advancement of Science;
American Society of Naturalists; Society of Systematic Zoology; Animal Behaviour
Society, American Ornithologists’ Union (life member); Cooper Ornithological Socie-
ty; and Wilson Ornithological Society (life member).

138




134

Adjunct faculty itions: University of Chicago, Comm. on Evol Biol, lecturer,
1980-presen.. Northern Hlinois University, Department of Biology, aqjunct assistant
professor 1982~present; Dept. Biology Graduate Faculty, 1983-present.

_Profescional offices, committees, honors: Elective Member, American Ornitholo-
gists' Union, elected 1979; AOU Student Awards Committee, 1979-1981; Chairman,
iocal Committee, 100th annual meeting, AOU, 1982; Council, American Ornitholo- |
gists’ Union, 1981-1984; AOU Bylaws Committee, 1982-present; and AOU Commit- 1
tee on Classification and Nomenclature, 1983-present. |

Field museum administrative posts, committees: Head, Division of Birds, 1978- |
present; Chairman, Scientific Support Services, 1979-1983; Member, Science Adviso- |
ry Council, 1980-present; Chairman, Science Advisory Council, 1983; Chairman, |
D;&t. Zoology Promotions Committee, 1982; and Systematics Symposium Committee, '
1981-present.

Foreign field work: Peru (1974, 1975, 1976, 1977, 1979, 1981, 1983, 1985); Venezuela
(1974, 1975, 1977); Brazil (1977, 1980); Colombia (1972, 1974); Ecuador (Field Museura
ggfa)lecturer, 1982); Mexico (1978, 1983); Dominican Republic (1975); and Panama

Fields of research: Systematics, evolution, and adaptive radiation of New World
flycatcher; Zoogeography of South American birds, especially eastern Andes; Avian
community structure in Neotropical forests; General systematics of Neotropical
birds; Field tests of optimal foraging theory among insectivorous birds; and Demo%;
rag}hy and social evolution among cooperative-breeding birds (collaboration wit
G.E Woolfenden).

STATEMENT OF DR. JOHN W. FITZPATRICK, CHAIRMAN, DEPART-
MENT OF ZOOLOGY, FIELD MUSEUM OF NATURAL HISTORY,
CHICAGOC, IL

Dr. FrrzpaTtrick. Mr. Chairman, honorable Congressmen, I am a
birdman by trade but, like many of my colleagues here, I have
become a part-time educator as well. For that reason, my com-
ments are directed specifically this morning to the problem of
training new systematic biologists and the importance of this en-
deavor within the nation as a whole.

In a very real sense, the great systematic collections around the
country, both public and scientific, are the property of everybody.
Their millions of irreplaceable specimens must be organized and
identified and housed in a manner that ensures their permanent
usefulness to the national and international community. Proper
care and educated use of the great systematic collections therefore
demand the presence of skillegt professionals who are trained in the
highly specialized field of systematic biology. Without them, the
p}r;iceless archives and biological inventories easily languish into
chaos.

I am sad to report that countless once-valuable systematic collec-
tions in less farsighted countries around the worid now attest to
the tragedies of such neglect. Ultimately, these tragedies stem from
the disappearance of centers where new, young systematists can
continue to be trained.

So my main message to you this morning is that training in sys-
tematic biology has become more and more localized to those few
universities around the Nation that have access to the major sys-
tematic collections of animals and plants. Even at these universi-
ties, continued opportunity for superior training in systematics is
threatened. More fashionable—and certainly more expensive—
fields of biological research are proliferating and dominating, and
for good reasons.

But universities are increasingly directing their attention and re-
sources toward the staffing and the funding of such fields as niolec-
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ular biology and even biotechnology, and the mounting economic
pressures that demand this make it impossible to reverse the trend
at these unive-sities away from their support of basic systematic
research. Yet the need for this research is as acute as ever, and
perhaps more so, given the great environmental uncertainties that
are now looming over all of us.

The few national centers for systematic research bear an increas-
ingly heavy financial burden. They are providing the collections,
the libraries, the personnel, the professional expertise needed for
the training of new graduate students entering this crucial field of
scholarly research, and without these students, the very fabric of
biological research itself is threatened.

So these great museums participate in graduate education with
pride and conviction as a service to the community and to the bio-
logical profession. But they are doing so at an ever-increasing cost,
with shrinking financial support, and with growing demands at the
museums for more visible, relevant, and also expensive programs
for general public education.

Please permit me one brief example. At the Field Museum of
Natural History, close interaction has existed for years between its
35 Ph.D. research scientists and the graduate departments of four
of Chicago’s finest universities. This interaction is increasing in
recent years as other universities around the Nation close their
doors to the systematics programs.

The University of Chicago, for example, is home to an interna-
tionally known Committee on Evolutionery Biology, which is a
degree-granting department made up of both university professors
and museum curators working together. That university—and this
is the critical point—that university now attracts some of its very
finest students in biology specifically to train in part with profes-
sionals at the Field museum. Many of those students do not happen
to be eligible for NSF doctoral fellowships because they actually
arrive with too much prior training, and yet those are, of course,
the students that would make up the optimal pool to form a new
cohort of systematists in the future.

So we have to support and train these students at our museums
increasingly if systematics is to remain a viable field. The research
museums are contributing their unique services and priceless col-
lections to graduate education in a field which the National Sci-
ence Foundation itself has identified as a national priority.

The students, the universities, the applied researchers every-
where, and ultimately the general public, all benefit from this im-
portant and growing contrigution by the museums. But, like every-
thing else, this contribution, of course, has its costs. Expenses in
time and direct funding are especially difficult for these private,
nonprofit institutions that traditionally have not benefited from
Federal support for graduate training.

As institutions that are committeg to serving both the scientific
and the lay community, the research museums need to continue
their commitment to graduate education through joint efforts uni-
versities and their communities. But as this need keeps growing, it
is outstripping the museums’ ability to keep up financially.

At present, we cannot even support the students we are training
now, let alone more students in the future. So we certainly hope
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that the extent and the value of the research museums’ commit-
ment to graduate education is recognized as vital and irreplaceable
and a contribution to the public good. And so we feel justified in
seeking, hoping for, public assistance in this endeavor in the form
of direct support for graduate students whose educational careers
include substantial time spent within the walls of these great mu-
seums.

Thank you.

[The prepared statement of Dr. Fitzpatrick follows:]
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DR. JOHN W. FITZPATRICK

HONORABLE CONGRESSMEN:

You are hearirg this morning about the absolutely critical role played
by the research and collections at the nation's major natural history
museums. These institutions, and the research they foster, 1iterally

‘provide the foundations -pon which all biological, biomedical, and

agricultural research depend. I hope and trust that the public interests
served by these national research centers have been made clear: These
collections comprise our only reliable libraries of the physical and
natural world. As such, these collections -- both publiu and scientific -~
are in a very real sense the property of everybody. Their millions of
irreplacable specimens must be identified, organized, and housed in a
manner that insures their usefulness to the national and international
community.

Proper care and educated use of the great systematic collections demands

the continued presence of skilled professionals who are trained in the

highly specialized, labor intensive fields of systematic biology. In the
absence of active professionals, these priceless archives and biological
inventories easily languish into chaos. 1 am sad to report that countless,
once valuable systematic collections in less farsighted countries around

the world attest to the tragedies of such neglect. Ultimately, those tragedies
stem from the disappearance of centers where new, young systematists are

actively trained.

My message tc you is that training in systematic tiology has become more

and more localized,in this country, to those few universities around the
nation that have access to the few, major systematic collections of animals
and plants. Even at these universities, continued opportunity for superior
training in systematics is threatened. More fashionable {and more expensive)
fields of biological research are proliferating and dominating. Universities
around the country increasingly are directing their attention and resources
toward the staffing and funding of molecular biology and even biotechnology.
Mounting economic pressures for huge grants at these universities are making
it impossible to reverse the trend avay from their support of basic systematic
research. Yet, the need for such research is as acute as ever -- perhaps even
more 50, given the great environmental uncertainties now looming over us all.
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Wy message to you is that the few national centers for systematic research
are bearing an increasingly heavy financial burdon. They are providing the
resources, collections, 1ibraries, facilities, and professional expertise
needed for the training of new graduate students attempting to enter this
-crucial field of scholarly research. We see no lack of outstanding and
interested students seeking such training. Without them, the very fabric
of biological research would be in peril. The great museums now participate
in graduate education with pride and conviction, as a service to the community
and the biological professions. But they do so at ever increasing cost,
with shrinking financial support, and with growing demands for the more
visible, relevant, and expensive programs of general public education.

At the Field Museum of Natural History, clese interaction exists between fts
35 Ph.D. research biologists and the graduate departments of 4 of Chicago's
premier universities. This interaction is increasing dramatically in recent
years, as other universities around the nation continue to close their doors
to systematics programs. The University of Chicago, for example, {s home

to the internationally renown Committee on Evolutionary Biology, a degree-
granting graduate department made up of unfiversity professors and museum
curators.  The University of Ch:cago now annually attracts some of its very
best students in biology specifically to train with professionals at the
Field Museun. Many of these students are not eligible for NSF doctoral
fellowships because they arrive with too much training in hand. Yet, these
are precisely the sample of students who could form the best possible cohort
of new systematic biologists. Ke must support and train these students at
our museums if systematics is to remain a viable field in the biological sciences.
The Field Museum and its sister institutions are contributing their unique
services and priceless collections to graduate education, in a field which
the National Science Foundation itself has identiffed as a national priority.
The students, the universities, applied researchers, and ultimately the
general public all benefit from this important and growinn contribution.
Like everything else, though, this contribution has its costs. Expenses in
time and direct funding are especially burdonsome to private, non-profit
institutions that traditionally have not benefitted from federal support for
graduate traiming.
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As institutions that steadfastly are committed to serving both the scientific
and the lay community, the research museums perceive a need to continue their
comitment to graduate education, through joint efforts with universities

in their comunities. 3ut as this need keeps growing it is outstripping the
‘museums' ability to keep up financially. At present, we simply cannot support
the students we train now, let alone more in the future. We sincerely hope
that the extent and value of the research museums' commitment to graduate
education is recognized as a vital and irreplacable contribution to the
public good. NWe therefore feel Justified in seeking some small level of
public assistance in this endeavor, in the form of dire.t support for graduate
students who spend significant portions of their educational careers within
our Own wails.

John W. Fitzpatrick

Chairman, Department of Zoology
Field Museum of Natural History
Chicago, I11inois

Dr. BENNETT. For the record, I should comment that when John
and I used the term “private,” we were using a legalistic term,
501(cX3). We agree with Tom Nicholson that we are perhaps next to
public libraries, perhaps equal with public libraries, public institu-
tions—free access to all scholars, researchers, visitors. We are sup-
po::ed by public funds, city, State, county, Federal, as well as pri-
vate.

Thank you for your courteous attention to our testimony, and we
are delighted to answer any questions you may have at this time.

PANEL DISCUSSION

Mr. Fuqua. Thank you very much. It was very, very interesting.

Do you grant, or do research museums grant, postgraduate de-
grees such as master’s and Ph.D.’s in the scientific disciplines?

Dr. BENNETT. We do this through our collaborative programs
with universities—the University of Pennsylvania, Columbia Uni-
versity, and others.

Dr. NicHoLsoN. One of the last things we want to become is uni-
versities, and that is what granting degrees would mean. We would
be involved in an entirely different area of operations. We prefer to
garticipate in that part of the training where we are best able to

0 S0.

Mr. FuquA. And where do these people find employment, with
other museums or research-type institutions?

Dr. NicnoLsoN. Museums, Government agencies, universities as
teaphters, even some at high school levels as teachers, all through
society.

Dr. BENNETT. State agencies, city agencies.

Dr. FrrzraTRICK. Agricultural research centers, and so oa.
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Mr. Fuqua. I believe you mentioned, Dr. Fitzpatrick, that the.e
was not enough staff. Do I take it there is an undersupply of quali-
fied Ph.D.’s in these fields?

Dr. FrrzpaTrICK. I think it is fair to say that the supply is at
least roughly matching the demand, and that is partly because
these few major museums are not capable of infinitely gre .ing
themselves, and so they are keeping at roughly a steady state in
terms of supplying new professionals in those fieids.

Dr. NicHoLsoN. Do you want to comment on that, Dr. Davis? I
think you have some specific figures.

Dr. Davis. One of the things that you can keep in mind is that
there are 4,000 major collecticns in the United States today. There
are only about 2,000 qualified systematists to work with those and
to maintain those resources. So there is a decided need in terms of
the re ources to have more input in terms of qualified manpower.

Dr. NicHoLsoN. I would also suggest that supply ought to be
measured by the need, not so much by the nvmber of jobs and the
funds that may be available.

Dr. FrrzpaTrICK. That is an excellent point.

Mr. Fuqua. So how do you see this in the longer term, say, the
next 10 or 20 years?

Dr. Davis. Basically, if you look at the demand for use of these
resources for research, the use is increasing exponentially as ‘ke
technologies become available to get more data from coilections.
We are now finding that with collections growing at a rate of about
3 percent a year, I think about 3 percent of 750 million specimens,
plus the need for rapid exploration of the neotropics where the de-
struction of habitats is causing a marked decrease in understand-
ing biological diversity, if you look at that, we do not have a set
figure to present before you at this time. We could work one up,
but it would be a substantial increase.

The need for manpower and facilities has been projected by this
community and by the Association of Systematics Collections, look-
ing at the problems of developing resources for the futures. Yes,
there is a considerable need.

Mr. Fuqua. How do you see the public’s perception? Do you see
it on the increase in their awareness of these types of museums
and the flow of fpeople through the museums? Is that increasing,
and the ability of people in the private sector to support museums?

Dr. FrrzpaTRICK. I would like to make one comment about that
relating to public perception. It is, of course, I think, well known to
everybody here that the general public perception and awareness
of environmental problems over the last 20 or 30 years has in-
creased dramatically. In part, that is a result of the availability in
the popular press of field guides and so on, as well as well-done mu-
seums across the country who base their studies and bese those
guides and those pictures and the movies we see on TV on the
work of these specific professionals we have been discussing.

So, in at least one step removed, the public is definitely much
more aware, and this awareness is continuing to grow very rapidly.

Mr. Fuqua. Dr. Nicholson?

Dr. NicHOLSON. Faced by the economic pressures of the 1970’s
and by other factors, we found that our traditional scurces of sup-
port from endowment and from local government shrank from 82
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percent of our gross funds to 36 percent of our gross funds in 15
years. The difference was made up by support mostly from the pri-
vate sector, and that support is evidence of the degree to which the
private sector perceives that we are providing services that they
consider to be worthwhile, essential, and useful.

Dr. McCosiEr. May I comment as well that the public, for the
most part, does not realize that research is going on, particularly to
the degree that it is going on. For example, we have heard in your
own testimony that some of ou were surprised to discover all the
leaves on display in the research part of the museum, not on dis-
play, that is.

It is very difficult to educate the public. We have hundreds of
millions of visitors to the museums each year in America; yet, of
course, we cannot take them through the research collections to
show them what we do. For that reason, it has been very difficult
to replace the shortfall in Federal funding, statewide fui.ding—par-
ticularly in California since Proposition 13—and private funding
has not satisfactorily made up for the difference.

The other problem is we are a naticnal resource. Eazh of our mu-
seums maintains collections that are important on a national level,
so it is often quite difficult to convince someone locally that they
should be supporting a national resource. But it is fair to sey that
museum visitation is on the rise in America, but that is only
paying for the displays, and barely that at all, not the research ac-
tivities that go on.

Mr. Fuqua. The history of science and technology is a very im-
portant part of any of the science 1nuseums. What evidence do you
see, if any, that that is contributing to the overall science policy of
this country?

Dr. BENNETT. | think the . zience policy should be a continuation
of the science policy that was established during th~ opening up of
our country, the founding of our country, the collections that were
going into the museums, such as the Lewis and Clark Lerbarium
specimens. These are data bases, historical uata bases, which are
being >xamined by scholars in the humanities. They are also data
bases for biological materials that go back in time, that g;ve us an
understanding of our country since its early inceptiorn, and .ontinu-
ing on in the future, and it will be a data base that will be with us
intc 1e 21st century aud will h..ve both scientific as well as histor-
ical value

Mr. Fuqua. Dr. Nicholsun.

Dr. NicHoLsii Two aspects of the history of modern biology
have both had thsr beginnungs in museuin-like environments and
with museum-like purposes. That is the one c¢-ntral concept that
pervades all of biological thinking today; that i3, the evolution of
organic life on Earth. This had its origi1s in collecticns of materi-
als and is still being pursued as a science and a philosophy princi-
pally in museums.

The second point that pe~rades modern bivlogy is also something
that is central to the conc ts that museums have held for years
and is reflected in museums’ purposes, and that is the essential
uniqueness of the organism, of the individual, not simply as a
person, as a self versus nonself, but in terms of such things a.: the
Immune system, neurobiological processes, deve.opmental plocesses
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in all organisms. These, we are beginning to learn in all branches
of biology, are essentially unique with respect to each individual on
Earth. They go on separately, independently, and uniquely in each
and every one of us. This is the concept behind the pressures to
maintain collections of individual specimens in natural science in-
stitutions.

Mr. Frqua. I was going to comment earlier, Dr. Nicholson, on
the horned turtle. I think I understand why it is extinct now.

[Laughter.] s
Do you think—and this is for all of vou to comment if you 5
choose—do you think the current science policy complements the %
work of the museum natural scientists? 4
Dr. Davis. :

Dr. Davis. I think that, basically, there hac been some very de-
termined awareness of the importance of collect:..-based research
in this country, and in fact policies and mechanisms nave come to
the fore to begin to try to address these very important questions.

This has primarily come, of course, through the National Science
Foundation. There is a very important program within that which
is called the Biological Research Resources Program. This program ]

| certainly grew out of the national awareness reports made by ]
| Steere early on, years ago, presented to the National Science Foun-
dation, stating that these collections had to have some Federal sup- X
port because they were essentially being used to back up—being }
the fundamental platform for biological research in the United
States, the resources had to be protected and maintained.

So, indeed, there has been an awareness. Perhaps it could be
much more. Perhaps it needs to be refocused and growing. But if
you look at the history of the United States and its Federal policies
in terms of exploring expeditions, trying to put together Federal
programs to understand what our resources are, store our re-
sources, then modern overlays of the National Science Fourdation
to try to fund some of the burden of maintaining some of these
largest resources as national necessities and treasures for biological
research these programs “..ve continuously engendered, I think
they should cont.nu> to be veevaluzted and certainly to grow in
proportion.

Mr. Fuqua. Dr. Nicholson.

Dr. Nic#owsnN. Evidence that Federal scierce policy is becoming
increasingly awa.2 of the role museums are playing is here in this
hearing room. We have been invited to appear before you. Concern
that federal policy 1oes not adequately reflect our role is evi-
denced by the fact ti at we requested the hearing. We feel that
there is a story that should be told, that has to be told. The reason
why we feel that, more than anything else, is that we have per-
ceived over the past 10 to 20 vears instances in which we have been
judged in our requests for support with respect to some kinds of
our activities; we havz been judged as museums and not as re-
search institutions. There have been, and there still remain, pro-
grams in those agencies that the Federal Government has estab-
lished to suppori research scholarship and training. There have
been programs from which we have been excluded, not because we
don’t participate in those processes, but because we are museums,
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and the perception of us has been as museums, and not as an es-
sential element in the processes they were intended to support.

Mr. Fuqua. Mr. Brown.

Mr. BrowN. Just te follow up on that a little bit, Professor Nich-
olson. There are actuaé‘liy institutions of higher education doing re-
search that are excluded, also, for similar reasons, valid or not, and
we have tried to correct some of these problems where it has been
brought to our attention, and I think we would like to do that with
regard to research museums. Certainly the contribution that they
make warrants a degree of Federal concern for them. Do any of
you happen to know how much is available through this resource
in the Division of Biology of the National Science Foundation for
providing resources for museums?

Dr. NicHoLsoN. The total annual appropriation is about $4 mil-
lion. Jim, is that right?

Mr. TYLER. It is about $9 million right now, $9.5 million. The pro-
gram director for that particular program at NSF, the new one, is
Jim Edwards, sitting behind Secretary Adams over there, and he
probably has the figure off the tor of his head.

Dr. N1cHoLsON. That is in the BRR Program.

Mr. TyLER. Biological Research Resources Program.

Mr. BrRowN. All right. This is the first time that particular pro-
gram has been specifically brought to my attention. As a matter of
fact, this is kind of a first. I don’t think this committee has ever
had a presentation as comprehensive as you gentlemen have given
us oi'x1 the work of the research museums, and we appreciate it very
much.

Now, you are stressing research, as Dr. Adams also stressed for
the Smithsonian, and that is a very important element for us to
have in mind. You are not downgrading the public education and
science aspects of your work, are you? [Laughter.)

Dr. BENNETT. In no way.

Dr. NicHOLSON. No, sir; as I tried to explain, the heart and the
spleen, and the liver are all essential, at least to us.

Dr. BENNETT. As we read the guidelines for your task force, the
thrust of it, we decided to not emphasize at this particular hearing
t}ﬁe science educat..n aspects. But we are most concerned about
that.

Mr. BrRown. All right.

Now, I would like to have, if not here orally, at least in some
written form, any examples that you might be able to give us of
programs for the support of graduate students in biology or any
other field which, by regulation or guideline or whatever, exclude
research museums from participation. I don’t see any reasonable
justification for that, where the research museum provides a neces-
sary ingredient in the research of the scientists that——

Dr. BenNETT. We can provide that for you, Congressman Brown.

Mr. BrowN. I would appreciate it. For example, if NSF has got
guidelines, or NIH, or any of these institutions that support a large
number of scientists, both predoctoral and postdoctoral, and if
there is anything there that precludes participation is support of
Sﬁientists working in your setting, I think we would like to know
that.

Mr. FuqQua. Or statutorily.
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Mr. BrowN. Yes; right.

Let me ask you one other thing. You have undertaken a huge
job, of course, to put into museum collections all of the biological
and other resources that exist. In a sense, there is no limit to what
you could be doing. You could almost replicate the universe. You
don’t want to do that, of course. You have to select, and you have
to do so in some fashion that provides some representation of the
real universe.

Also, it seems to me that it would be logical that you make an
effort to coordinate your collections. Can you speak to that noint?
Is there an effort on the part of the major research institutions to
coordinate their efforts in such a way that they can obtain the
maximum value from the resources that they have available, so
that you don't all collect the same kind of bug, for example, or
whalte‘;/er it may be; that you don’t all try to duplicate that horned
turtle?

Dr. BENNETT. The fact that we have formed this group indicates
that we are very conscious of this, and I think Dr. Davis can speak
to the issue, particularly.

Dr. Davis. Mr. Brown, basically, the Association of Systematics
Collections was formed as an organization in the United States to
have a meeting of all of the institutions which house collections,
both living and preserved. Basically, out of that has come an
awareness of policies within museums relative to the growth of col-
lections, because, obviously, one cannot collect everything.

The growth of collections, then, basically, there are some funda-
mentrl rules, and some of those fundamental rules are that basical-
ly, since you cannot collect everything, what are the methods by
which you progress?

Fundamentally, collections serve science; collections exist for sci-
ence. They grow primarily because of the research activities of the
mind of the scientist that is doing work. The scientist doing work
has got to have well-structured programs. Most of these are funded
as research grants and proposals. These themselves come under
peer review from the scientific community.

So there is a very strong selective process not to have duplication
of the kinds of research efforts that are going on. It is also general-
ly a policy within institutions, in looking at materials to be acces-
sioned, that you set very strong policies for these so that in fact
you will not have duplication; you will just not accept every kind of
collection which is offered to a museum. You have very stringent
rules looking at the value of the material for research, its origin,
and how it fits the specific needs of the institution relative to its
own specialities.

For instance, there are certain organisms which may be offered
to our museum in Philadelphia w%ich we would say definitely
belong to the California Academy of Sciences because they are
goirng to serve the west coast better than the east coast, and we do
have these cooperative arrangements and understanding. So there
is a whole level of interactive kinds of situations whereby in fact
we do not duplicate; we are not looking just to cram museums full
of every kind of specimen.

Dr. Firzratrick. I might just add very briefly that the museums
around the country are increasingly dedicating some of their re-
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sources and time to computerizing the inventories of their collec-
tions, and part of the rationale for that is exactly what you have
pointed out, tc be able to coordinate materials among the different
institutions.

Mr. BRowN. Let me just continue——

Mr. FuqQua. Dr. McCosker had a comment, I think.

Dr. McCosker. My comment was just that: We all speak comput-
er to each other, and this modern technology has given us, in the
data storage and data base management, an opportunity to very
significantly reduce the overlap. If you were to ask for an area
where we would probably benefit significantly, it would be the im-
provement of our computer facilities so that we could interlock
within our institutions and realize long-term savings for all of us.

Mr. Brown. Well, that is a very important point. Looking at the
parallel example of libraries, and in fact research laboratories in
general, we find a greal. ~nd greater need to maintain systematic
computer-based information exchanges as a part of our overall
problem of managing scientific and technical information, which
we are still not very good at.

I was thinking about libraries in connection v.ith some of what
you said here. The Library of Congress is sort of a museum. It col-
lects old books—and new books, too—but all kinds of books, and it
is running into a real preservation problem, as you dv in museums.
I was wondering if you feel that the prczrams that you have for
preservation are going to be adequate to maintain a record for pos-
terity when some of the things you are collecting just disappear.

This also involves the public education part. You have got to be
able to find ways of preserving, of putting on film or tape or some
other way, these great collections, which not only preserves them
for posterity but in some cases makes it possible to provide greater
public access to them.

I am concerned that you are not neglecting this aspect of the pro-
gram. I am sure you are not. That is not a question. Forget it.
[Laughter.]

Mr. Fuqua. Mr. Volkmer?

Mr. VoLkMER. No questions. I have laryngitis.

Well, let me ask one to follow up on Congressman Brown’s ques-
tion as to the approach we are now taking. We are seeing ecologi-
cal changes continuing to take place, and there are going to be
more changes as evo! tionary processes continue. How do you
make a determination as to what species or what type of things
that you wish to collect because they are no longer going to be
here; they are being terminated for one reason or another? How do
you determine that it is going to be terminated?

Dr. BENNETT. George, do you want to speak to that?
hMg. VoLkMER. Does the research end have anything to do with
that?

Dr. Davis. Basically, you have to realize that the scientists,
today’s scientists, who are taking care of these resources, these col-
lections, are the world authorities and active scientists in their
field. The numbers of these in different institutions, interested in
different parts of the biota of the world, in fact communicate with
each other and, through their field activities, can make an . ssess-
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ment of the underestimate of the species that have been described;
how many should he described from an area.

There are people who specialize on the Amazon from all over the
world. They get together and they communicate and they deter-
mine that if they do not in fact move rapidly to collect in the
Amazon or in Malaysia that they are going to lose something like 3
million or 4 millicn species which will never be known in terms of
what their potential is in terms of the biosphere.

They have made trial collections. They have gone out and made
trial estimates of how much has been undescribed, the diversity
they have gotten from certain areas, and they bave regular nicet-
ings. The scientific congresses have meetings, sectional meetings of
specialists on beetles or sectional meetings of the people studying
moths or snails or something of that sort.

As world authorities, they are responsible for determining this
need and bringing it forward to the public or to the National Sci-
ence Foundation. So, basically, the individual scientists do pursue
this and do present these programs to responsible agencies.

Mr. VoLkMER. Then dc you, in your museum collecting, make
any attempt to assist in making sure those items are preserved?

Dr. Davis. Basically, again, every one of these scientists in these
institutions is dedicated by the job that he or she is doing to not
only collect those specimens, Lut the specimens not properly pre-
served do not then represent the research you wish to present or
publish, so all of these specimens are really voucher specimens
held in perpetuity for the research which is published and docu-
menting the various nature of these biota. So the care and the
preservation and the subsequent use and reuse of those specimens
is absolutely part of the process of exploration, discovery, and sci-
entific publication.

Mr. VoLkMER. Thank you.

Mr. Fuqua. Thank you very much for being here this morning.
We may have some additional questions th~t we will submit to you
for written answers.

[Answers to questions asked of the panel follow:]
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HY THE SCIENCE POLICY TASK FORCE
OF THE U, S, HOUSE OF REPRESENTATIVES
COMMITTEE ON SCIENCE AND TECHNOLOGY

1. Question: Natural history museums have the most obvious and
the longest research tradition. How have the research
contributions of natural history museurs changed siice World War
II? Inwhat diréction are they now headed? 1In your view, have
the contritutions of museums to basic research climbed or fallen
of f since 1945? How can this be accounted for?

Research on the great diversity of life on this planet began
in natural history museums two centuries ago; all subsequent
biological research ultimately rests on such studies, The
natural science institutions' traditional focus on the whole
organism continues today, but much of the research now conducted
in such institutions would be unrecognjzable to the scientists of
two centuries ago. Since World War II, society has begun to
place new demnands on systematists. For example, with the
implementation of the National Environmental Policy Act of 1970,
which required the preparation of impact statements for certain
kinds of projects, systemat!sts were requested to apply their
expertise on the identity, habitat, and behavior of organisms to
predict the effects of human activities on the environment.
*Other gcientists also began seeking them out for information
‘telating to food production, disease control, and energy sources.
In these applied areas, as well as in the basi: science for which
they were trained, systematists have increasingly made valuable
contributions,

2. Question: what areas of science seem most promising from the
perspective of tl.e research museus? What basic research
priorities can be identified for the next few decades? Within
limited federal resources zvailable, what role should the natural
science institutions play? What effects have recent developments
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in high technology bad on the conduct of museum-based scientific
research?

Research museums and the systematists on their staffs are
uniquely qualified to respond to what is increasingly perceived
as tne major environmental threat of our times: the rapid
destructior and terioration of the tropics which is causing
extinction of species at an unprecedented rate, This threat to
biclogical diversity has been identified as an issue of concern
by such varied organizations as Global Report 2000, the
President's Commission for a National Agenda for the 80's, the

+ United States Departments of Agriculture and the Interior, the

hgency for International Development, World Wildlife Fund-
Irternational, ana Lutheran World Relief. Why does destruction
of the tropics and hence of biological diversity matter? As E.O,
Wilson says in his article The Biological Diversity Crisis: A
Challenge to Science:

It {biological diversity) comprises a vast reservoir

of potential new crops, pharmaceuticals, and other

natural products, as well as plant species capable

of restering depl.ied soils. , . The magnitude and

cause of biological diversity is not just the central
problem of systematics; it is one of the key problems
of science as a whole, It can be said that for a

problem to be so ranked, its solution must promise

to yield unexpected results, some of which are

revolutionary in the sensc¢ that they resolve con-

flicts in current theory while opening productive

new areas of research, In addition, the answers

should influence a variety of related disciplines.

They should affect our view of man's place in the

order of things and open opportunities for the de-

velopment of new technology of social importance.

The several criteria are very difficult to satisfy,

of course, but I believe that the diversity problem

meets them all,n

Systematists chould play a major role in inventorying and
evaluating the biological diversity of threatened tropical re-
gions, and the specimens and data collected should be stored,
managed, and disseminated fror natural science institutions,
Costs for Such projects are not high--basically all that is
required is the cost of airfare, local guides, and food and
equipment suitable for a strenuous camping experience.

Systematics, like other areas of research, has utilized
developments in high technology. Tools such as the scanning
electron microscope and techniques such as electrophoresis and
analysis of DNA have revolutionized our understanding of some
organisms,

-
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3. Question: It has been noted that there is a trend toward
transfer of collections from universities to non-university
institutions such as museums. What is the basic cause of this?
How do the non-university institutions handle the financial
burdens of housing and maintaining such newly acquired
collections? Are there any instances where collections have been
dispersed or otherwise been lost to scholarly work? Are there,
conversely, significant cases where universities have made an
affirmative commitment to the contimued maintenance ofimportant
collections? Are there any signs of a counter-trend, that is,
cases where universities have decided to initiate or expand

+ collection-based research?

There are two basic reasons for the transfer of university
collections to natural science institutions. First, with
declining enrollments during the 1970's, universities were forced
to reduce faculty size and cut expenses. Biology departments
were particularly hard hit during this time because economic
concerns led students into business, computer, and other fields
in which financial security was more likely. Because ccllections
have enormous.and sometimes expensive housing and space require-
ments and because their elimination did not necessarily mean the
less of positions in the department, they were relative easy line
items to eliminate. The second reason that universities have
been willing to divest themselves of their collections is perhaps
more subtle. Systematics research 1is long-term research;
sometimes a systematist devotes his entire professional 1ifetime
to the study of one group of organisms. University raculty
cannot afford to commit themselves to this type ¢f research; they
are under far greater pressure to produce substantizl
publications on their research if they wish to retain their
positions. Consequently, other fields of biology in which data
are more quickly obtainable are more attractive to them,In addi-
tion, graduate students are at a university for only 4-6 years,
and they are egually eager to obtain their data quickly and
relatively easily. Many feel that they haven't the time to
devote to systematics research. University research is more
subject to funding trends than is research at natural science
institutions.

Adequate financial support rarely accompanies the transfer of a
university ‘collection to a natural science institution. If the
collection transferred is small, the costs of accessioning it
into the institution's own collection and of maintaining it will
be absorbed by the department'!s general operating budget. In the
case of larger collections, the institution will either seek
private funds or request support from the Na.ional Science
Foundation. Frequently, simply the cost of the move from one
location to another is staggering.




ERIC

Aruitoxt provided by Eic:

151

There are no major collections that have been lost to scholarly
work. Universities have been very conscientious about ensuring
that their collections are transferred to responsible natural
science institutions. There are still mzjor universities,
particularly state-supported ones, that are committed to the
preservation of their collections. These include the
universities of Michigan, Kansas, California, and Florida, and
Harvard and Cornell, Other universities maintain small, regional
collections, but we are not aware of any recent attempts to
establish larger collections,

4, Question: Why should public funds be expended for basic
research in museums to any significant extent? Realistically,
isn't mosc leading~-edee scientific research being conducted in
universities and medical centers? Within the overall franework
of scientific achievements in the United States, what have
natural science miseums contributed, and what is the relationship

between the independent natural science institutions and the
universities?

In the natural sciences, research in museums and research in
universities are not in competition; rather, they are
complementary, and it {s to the benefit of all for both to re-
ceive public funds. To support one but not the other would be
analogous to sacrificing apples in order to have oranges,
Universities have developed in ways that permit them to respond
quickly to new conceptual and technical developments and oppor-
tunities. Their material presources can be developed rather
quickly for specific projects, and they can respond to the
public's perceived priorities (cancer or AIDS research, for
example) rapidly, The material resources of natural science
institutions, however, are their collections and related library
material. These resources demand long term planning independent
of cyrrent applications; planning must anticipate the general
nature of future needs. The data base must already be
substantially in place when a project is initiated,

Universities and natural science museums recognize the importance
of one another's contributions, Both conduct #leading~edgen
research ard they rely upon one another to fill gaps in their
expertise. Mutual'y beneficial relationships have been estab-
lished between ..veral universities and museums; the Field Museum
and the University of Chicago, the American Museum and Columbia
University, the Los Angeles County Museum and USC, the California
Academy of Sciences and Stanford, and The Academy of Natural
Sciences of Philadelphia and the University of Pennsylvania,
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5. Question: How do the achievements of natural history museums
contribute to the public good? Iow do they contribute to the
advancement of modern science? What kind of payoff could federal
investment in research and development at national science
institutions generate? Are there spillovers from achievements of
natural science institutions into other areas of the economy?

The systematics research conducted in natural science
museums is a5 important to the public good as is any basic
science. It is from basic science that technology and most
solutions to societal problems are derived. Systematists are the

* scientists most qualified to (1) identify the millions of 1ife

forms on this planet, (2) evaluate the potential value of this
nvast reservoir® of new crops, pharmaceuticals, and other natural
products, and (3) estimte the impact on mankind of the rapid
decline--caused by the deterioration of natural errironments,
especially in the tropics--of the world's gene pool.

Examples illustrate how the knowledge acquired through basic
systematics research is utilized to produce solutions to specific
problems,

1. Systematic botanists discovered a new wild
species of corn with two traits ihat would be highly
valuable to farmers if they could be bred into
conventional varieties of corn: it is a perennial
and it i{s immune or highly resistant to many viral
diseases. If the perennial trait can be bred into
conventional varieties of corn, the annual labor and
expense of plowing and sowing may eventually be
eliminated, and if the disease resistance can be
incorporated, losses in annual crop yields can be
significantly reduced.

2. A systematist who studies amphibians discovered
that a certain Australian species of frog lays its
eggs and then swallows them, By the time the ninth
egg has been swallowed, the frog's digestive system
is completely shut off. Pharmaceutical companies
are intensely interested in the enzyme system and
chemical environment that make this phenomenon
possible, and they hope to develop a process to
synthesize the substance for use in digestive
disorders and ulcer treatment.

Investors in any basic research should understand that not every
discovery has an immediste and direct "payoff." Basic research
is undertaken to acquire knowledge and accumulate a data baik
which can be used by others attempting to apply the knowledge to
derive solutions to problems. Vithout the underlying knowledge,
there can be no "solutions.”
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6. Question: Have changes in federal policy toward science in
recent years affected museun research, and if s0, how? Are there
areas of federal policy other than financial support that should
address the needs of science museums? What future changes {n
federal policy toward science, financial and non-financial, would
you wish to see intreduced with respect to the museum research
effort?

The most obvious change in federal pol icy during the last
few years has been financial, During the last twenty years,
constant dollar support for the Biological Research Resources and
Systematic Biology programs at the National Science Foundation,
the primary funding source for natural science institutions, has
not increased although demands on the systematics community have
proliferated, 1In addition, although support has remained
constant, costs have risen and the NSF has in many instances in-
creased its requirements for cost sharing on certain types of
grants, Reccgnition of ratural science museums as the equals of
universities would make us eligible for certain existing pro-
grams in which we can not now compete (such as the Presidential
Young Investigators Award, a program currently available only to
institutions granting doctoral degrees, and the Visiting Profes-
sorships for Women program, available only to degree granting
institutions), We also recommend a reallocation of existing
resources within NSF to permit more long term studies, such as
are required for most systematies work.

7. Question: To what extent and through what agencies does the
Federal Govermment now provide funds for museum-based research?
Is this principally done through block grants or through project
grants? Apart from the Federal Government, what are the main
sources of museum based research? In your view, what should the
Federal Government!s role be in the coming decades?

The principal source of federal funds for museum-based
research is the National Sciensze Foundation, which provides pio-
Jeet funds for periods of one to five years. The recently-
published report "The Systematics Community,” published by the
kssociation of Systematics Collections, 1ists 17 federal agencies
that provide support for systematics research (1.e., the Deparc-
ment of Agriculture, the National Institutes for Health, the
United States Agency for International Development, the Environ-
mental Protection Agency, and the United States Fish and Wildlife
Sccvice), However, this number is somewhat misleading since the
amsunt of support provided by these agencles 1s so small relative
to that provided by NSF and since the support is usually for a
more restricted range of projects, Federal support is
overwhelmingly through project grants, rather than through block
grants, Apart from the Federal Government, the main sources of

158




154

support for museum-based research are: institutional, state,
county, and local govermment, industry, individuals, and private
foundations. In com.ng decades, we would like for the Federal
Government's role to include multiple-year block grants to major
institutions. Such predictable funding levels would help to
ensure program cointinuity for the institutions with the best
record, the greatest potential, and for continuing progress in
museum-based research. These grants should be given in three
generzl areas: collection support and maintenance, general
support for museum-based rescarch, and graduate and postgraduate
student training and assistance. The Federal Government can

" strengthen support for museum~based research not only through
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increased finsncial support, which is badly needed, but also
through changes in its perception of the role that mussums play
in the scientific community. The government!s recognition of the
importance of the kinds of research carried out in museums can be
comunicated to the public and the scientific community through
changes in policy statements and regulations that clearly include
and emphasize their role. Such recognition by the government
would hopefully have a snowballing effect and increase the fin~n-
cial support of natural science institutions by individuals and
private foundations.

8. Question: What is the present balance between federal and
non-federal support for the science efforts at the museums? What
share of total Minds available from the non-federal sources do
research museums allocate to research support in comparison with
other miseum functions?

The Association of Systematics Collections' report, "The
Systematics Community,® indicates that the National Science
Foundation provided approximately 40% of the systematics research
support during the period 1977-1982; it is likely that the
percentage of support for miseum-based research is even higher,
Regardiag the share of total non-federal funds available for
research support in museums, little data is available. However,
two of the museums presenting this testimony have provided esti-
mates for their institutions. One estimates approximately 50% of
non-federal funds are used for research, the other estimates
ahout 32%.

9. Question: What are the manpower needs facing science museums
today and in the future? To what extent are they able Zo compete
effectively with industry, govermment, and universities for the
best people? Do museums share with universities the same
comuitment to the training of scientists? Are there employment
opportunities in museums to meet the anticipated demand from
those being trained for research positions?
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At present, universities, in cooperation with museums, are
still producing qualified graduates in systematic biology,
and museums are very competitive with universities and the pri-
vate sector in hiring qualif_ed professicnals, as evidenced by
the nurber of university faculty that apply for vacant museum
positions, Opportunities are nc% evenly spread over the field of
systematics, however; some disciplines, such as ornithology and
entomology, exoerience great difficulty filling positions in both
universities and museums, while systematists in other disciplines
(such as Polychaeta) cannot find positions anywhere,

" The focus should be on the development of expertise in disci-

plines in which we can predict great need during the coming
decades. Pulitzer Prize winning scientist E.0. Wilson of Harvard
University states in an article in ISSUES IN SCIENCE AND
TECHNOLOGY (fall, 1985) that there are about 4000 systematists
working in 3900 systematics collections in North America, Of
these, however, only a few are trained in the systematics ol
organisms from the tropics. Wilson points out, for example,
that thére are only eight entomologists in the world trained to
identify tropical termites and ants, despite the facts that these
organisms make up about one-third of the animal biomass in tropi-
cal forests, that they cycle a large part of the energy in all
terrestrial habitats, and that they include the foremcst pests of
agriculture,

Museums do share universities commitment to training
systematists, yet they lack the financial resources to
participate to the extent that they would like. A particular
need is funding for postdoctoral positions to continue with and
improve the training of young systematists, There is also a
concern in the systematics community that our universities are
not producing enough systematists to cover our needs into the
next century, Systematics is a field that usually requires a
streng mentor relationship with an established professional; as
the current faculty of museums and universities retires, there
will not be enough systematists to replace them and continue the
mentor relationship,

10. Question: What is the state of the research infrastructure,
that is, the instrumentation, storage facilities, buildings, and
support staff on the research museums? What are the future .ieeds
and to what extent can the various sources of funds, such as
private donors, state government, industry and business, and the
Federal Government be expected to assist with this?

“In the larger research museums, it is generally true that
the National Science Foundation provides sufficient funding to
maintain major zollections at adequate or nearly adequate levels,
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There are still, however, some :nstitutions with important
holdings that have not yet benefited. Funds for instrumentation
(scanning electron microscopes, transmission electron micro-
scopes, dissecting microscopes, x-ray and dark room facilities,
chemical laboratories, computers) and for support of bLhe

ibraries that are essential for systematics research are lLess
available than are funds for storage facilities. In addi:ion,
virtually every institution requires more permanent support
staff. Because the current level of funding at NSF provides an
essential but only minimal core of support for systematics
collections and research, there are few opportunities to Initiate

- new programs without jeopardizing vital existing programs. Yet

future needs in systematics will require the establishment of
sophisticated biochemical laboratories and the development of new
methods of preservation (such as freeze-drying, tissue culture,
and new liquid preservatives), as well as provision for large
computer systems to manage collections internally and network
between institutions.

We concur with the recommendation in "Trends, Priorities and
Needs in Systematic Biology," putlished by the Association of
Systematics {ollections in 1981, that the National Science
Foundation not be considered the only appropriate source of
support for Systematics collections and research. This document
states: "Government agencies at all levels, but particularly
those of the Federal government, including the Bureau of Land
Management, Fish and Wildlife Service, Environmental Protection
Agency, Department of Agriculture, Department of Def'ense, and
others that use Systematics collections as references o require
large scale collecting for their purposey, have an obligation to
provide engoing support for these collections.” Institutions
will themselves continue to solicit support from private donors
and foundations, but these sources more readily support
projects than the underlying infrastructure., Many institutions
have established fee structures for business and industrial users
of aollections, but these funds comprise only a tiny fraction of
what is required.
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THE ASSOCIATED NATURAL SCIENCE INSTITUTIONS
439 SOUTH CAPITOL STREET § W —40
WASHINGTON DC 20003
200 354 983

THE ACADEMY OF NATURAL SCIENCES OF PHILADELPHRIA

THE MUSEUM OF NATURAL HISTORY OF LOS ANGELES COUNTY

THE FIELD MUSEUM OF NATURAL HISTORY

THE AMERICAN MUSEUM OF NATURAL HISTORY December 6, 1985
THE CALIFORNIA ACADEMY OF SCIENCES

Dr. John D. Holmfeld, Science Consultant

House Subcommittee on Science, Research
& Technology

2319 Rayburn Hcouse Office Building

Washington, D.C. 20515

Dear John:

This letter is written in response to Congressman George
Brown's question to Dr. Thomas Peter Bennett, President of the
Acadeny of Natural Sciences ot Philadelphia, during the hearing on
the role of the research museum in U.S. Science. Mr. Brown asked
the following question:

"Now, I would like to have, if not here orally, at least irn
some written form, any examples that you might be able to
give us of programs for the cubject of graduate students in
biology or any other field which, by regulation or guideline
or whutever, exclude research museums from participation. I
don't see any reasonable justification for that, where the
research museum provides a nccessary ingredient in the
research of scientists that--"

Before answering the question directly, it will be
worthwhile to characterize the nmuseum graduate education
programs. Pirst., an obvious point, natural history museums are
not degree granting institutions. Predoctoral yraduate programs
at natural history museums are conducted in cooperation with the
universities at which the students are matriculated. The
ultimate responsibility for the educati~n of the student rests
with the university that sends the studeat to tne museum for
study. with that said, it is important to add that, in the
university-museum relationship, museum curators normally become
equal partners with universaty faculty in providing instruction
and guidance for the student. In most cases one or more curators
sit with university faculty on the student's dissertation
committee.
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Since the university is the responsible entity, it can be
reasonably asked, why should museums qualify for fellowship
support? The answer rests with the need of puseum sciences
(systematic biology, mineralogy and collection based
anthropology) to attract a share of the country's best young
scholars. Universities that have access to fellowships, for
good and logical reasons, will guide students to research for
which they have their own resources. Since, increasingly,
independent museums shoulder the burden of instruction in
academic fields that reqguire extensive collections, museum
stiences currently attract only a few of the very best young
college graduates.

The argument in favor of fellowships for non-degree granting
institutions prevailed in the House committee markup of a new
fellowship program in the Higher Education Act. The enclosed
amendment had the support of the national higher education
associations and was accepted without dissent.

As might be guessed, federal fellowship programs vary
considerably from agency to agency. There are two major
types of programs, portable and institutional. NSP, Navy and Air
Force fellowships are portable. fThe award goes to the student
and the student takes the award to the institution of his or her
choice. Obviously, the issue of museum access to fellowships
does not arise in the case of portable fellowships. The
situation at NASA jis similar except that the student and his
advisor apply. There is no renson why a faculty member who
advises students in systematic biology could not be a party to a
NASA application.

At the other extreme are NIH, Energy and Agriculture. Only
degree granting institutions may apply for NIH predoctoral
training grants (although postdocs can go anywhere) and the
Department of Agriculture has a similar rul: The Department of
Energy appears to be the most restrictive. It maintains a 1list
of institutions, all degree gtanting, and no others, degree-
granting or otherwise, need apply.

Th~ NSF Presidential Young Investigator Program is & special
case because, in this examination, we have been concerned only
with predoctoral training. The Presidential Young Investigators
program is cited here because the program would fit well in
museum scholarly activities. However, the NSF progjram iz limited
to ph.D granting univercities and candidates for awards must hold
tenure track positions. Young museum curators obviously would
not qualify.
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Thank you very much for allowing us to respond to Mr.
Brown's inquiry. Let me conclude with the note that we think
agencies should rely on their normal review processes to keep
unqualified zpplicants at bay. Denying museuns the right to
apply for fellowship support does nothing but limit the
competition that both we and agency officials support.

Sincerely,
Newton O. Cattell
Director

NOC
Enclosure

cc: Dr. Thomas Peter Bennett
Dr. Craig C. Black
Dr. Wi.lard L. Boyd
Dr. Thomas D. Nicholson
Dr. Frank H. Talbot

Q 1 6 1
ERIC :

Aruitoxt provided by Eic:




160

Mr. Fuqua. It has been very helpful. I want to thank all of you
for being here. It has been a very enlightening process, and we
thank you for being here.

The task force will stand adjourned until 2 o’clock on Tuesday
next},1 when we will have research in industry. Thank you very
much.

[Whereupon, at 11:25 a.m., the task force recessed, to reconvene at
2 p.m. on Tuesday, April 23, 1985.]




APPENDIX I

Science PorLicy REPORT—THE AMERICAN MUSEUM OF
NATURAL HISTORY

Science Policy Report

THE AMLRICAN MUSLEUN 0F NATURAL JISTORY

The Amenican Museum of Natural Histors ranke wnong the most cminent
natural lustory museums 10 the world 1te presuge i dennved from ats ex-
hibitions. ity collections the research productinaty of the soentthe staff,
and 1ts cducanonai program The Muscunis popular reputation especiallv
strong m the New York ity area but feacinng across the bation and
around the world s based on @ meanngful and exating eamhinon pro-
gram combaned with public snstruction Tl navional and international
reputation accorded the Museumn by the world « saentific and intellectus!
commumity stems from its extensive and saentfically valuable coliechons
and from the scholarlv and productine rescar h of the staft members These
cntena—rescarch collections, exlnlntion. educaton—are the same as those
that account for the reputation o/ the Brtish Muscum ( Natural History),
the Smuthsoman Insutuuon and all other nnportant natural history
muscums.

The screntbe staff and its sapporting personned are the heystone of the
Muscum’s reputation, be thus reputation glolul or local, popular or scien-
uhc The following 1s an explanation of why this i« so and. further. explamns
the major actvitics of the scientific stafl The responsilnhties of the staff
fall wito four major arcac. as fullows

1 Research. Aimost all members of the saentfic staff at The Amencan
Muscum of Natural History are engaged w base rescarch This rescarch
1s ot pecessanlv directed at nmnediate solutions to nan’s evervday prob-
lems. but rather, it endeavors to answer fundamentd saentific and phil-
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CURATOR

osophical questions about the nature and diversity of the universe. History
shows that basie research 1s the fountainhead of most human knowledge,
and even the seemingly most esoteric rescarch sooner or lter may be rele-
vant to man’s needs. Without basic rescarch, present society would even-
tually find itself reduced to the intellectual climate of the Dark Ages.
Teaching alone will not advance man’s thinking, for teaching must be
continually infused with new concepts, new theories, and new discoveries,
or it becomes a litany of stale facts that will stifle the cxpansion and de-
velopment of society. In scicnce the researcher provides the new concepts
and the new facts.

Clearly, The American Museum of Natural History, because of limited
resources, eannot carry on basic research in all areas of science or even
of binlogy. Its endeavors must be restricted to ficlds for which the staff and
the institution are particularly suited. These ticlds are primarily but not
exclusively those requiring collections as their basis. If a museum has no
other function, it storcs systematic collections of plants and animals, an-
thropological collections, and samples of the earth's crust. Museums, there-
fore, are uniquely equipped for research that requires collections.

Through the years, rescarch at The American Museum of Natural His-
tory :as beea channeled into systematic zoology and anthropology and,
to a lesser extent, geology, astronomy, animal behavior, and physiology.

Systematic zoology dcals with the diversity of animal life, that is, with
the classification, identification, and cvolution of animals, past and present.
Itis a fundamental servant of the pragmatic activities of man and of other
aspects ~f Liology, and, at the samc time, it is a mature scientific discipline
in its own right. Man ust know the names and characteristics of the mul-
titude of animals that compete for his food, endanger his healih, provide
nounshment, and contribute to his shelter, comfort, and pleasure. The first
order of business in any huological (including Liochenical or biophysical)
study is the identity of spccies, because diffcrences in the species reflect
differences in structure, function, and relationships to the organic and in-
organic world Systemnatic studies are abselute requirements 1n understand-
ing the ecological interrelationships of all the organisms on the carth and
in managing natural ccosystems. Systematic zoology as a scientific disci-
phne 1s continually contributing new facts and concepts about the evolu-
tionary and ccological relationships of animals and about the mode of
speciation and other forms of evolntion in the animate world.

The importance of systematic biology in the modera world, therefore,
cannot be overamphasized Since rescarch in systematic zoology is de-
pendent on large, well-documented collections of specimens, the large
muscum has become the pinapal kind of institution “vhere intensive re-
scarck on hiotic diversity ~an be pursued effectively.

Aspeets of geology and anthropoelogy are also dependent on the cxistence
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of large collections of specunens for compurative analysis As in the case
of systematic buology, these aspects wie essential bacets of the Museam’s
rescuch program becanse thar study Lidls wingoeh watlun the provinee
of in mstitution capuble ob namtanmg a lage and excellent collection and
because these fields are mportant to a well-balaneed program that at-
tempts tomvestigate the nature of the canthi's aust and its mhabitants.

Although the major emphiasis over the years has been direeted toward
collcction-onente.d research, as descnbed in the preceding paragrapls, the
Muscurn has for a long time mterpreted the meamng of natural history
broadly to mclude investigations of what anunals do, that s, behavior
(how they function), physiology, and then relationship to cach other and
to the envinonment (ccology)  Sceveral departments have pursued re-
scarch in these arcas of saience where there 1s remendous curren interest
and rapid advancement in knowledge and theory  Important theorctical
advances have stemmed from thes roseardh, particularly me the develop-
ment and Golution of bebavior and m the natme of mstinets, This work
was strongly mflucnced by the milicu of the Muscum and ats emphasis on
the comparatine aspects of iology, and the work i turn has provided
mnovatine ponts of view both to the Museun's 1escaich program and to
its edubation progren. There s no doubt that those offorts i behavior,
physiology, and ccology help to bung the AMscun ito greater contact
with the manstream ot current saentific developient aud thus further
enhance the Museum’s reprtation These and other areas of investigation
should be contimued and encowraged. where therr pursuit by the Museum
will viekd pronising sew imsights sto the natwic and meamag of diversity
and the seientific coneepts that relate to o

It should be clearly understood that a philosophy of 1esearch based
prunanly on collections s not o recommendation for maintumng a status
quo attitude for museum rescarch Rather, it as an attempt to define a
logical framework for the hud of research that the muscum is best
cquipped to parsue and for sclecting and evaluating other arcas of bi-
ological und physical rescarchin which the musenim should be involved.
Withun thss framework the museam inust employ the most brlliant, en-
ergehic saentists available, for the "oy to suceess for a sacentific institution
1 a creative stafl These scientists must be urged to explore new and
pronusiig leads i saence as they develop aid to employ the most modern
techmques and instiuments w implementing then rescarch, We must also
rceogmze that important related projects may develop durmg the course
of the researcdh Although such outgrowths may not he collectica-onented,
they should be pursucd, for they mav contribute sigridicantly to science
and to the affairs of man.

No statement regardimg research at The American Museum of Natural
Fhstory v complate swathout due s ccogmtion of the substantial contnibu-
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tions by the staff over the past century to funduinental thicoretical advances
in sysiematics, evolution, behavior, physiology, nnthropology, and kindred
areas.

2 Care of Collections. The American Muscum of Natural History's
zoological, anthropological, and mineralogical specimens are among the
most extensive and scientifically valuable in the world. In some arcas, such
as the collections of birds, fossl mammals, and termites, the Muscum’s
holdings unqucstionably surpass those of all other institutions, The Mu-
seum’s specimens are the raw material on which most of the staff base
their rescarch However, the collections have an importance that t:an-
scends the research activitics of The American Muscum of Natural History.
Available to scientists throughout the world, they are an international
resource of the scientific community and, as such, are held in trust by
the Muscum.

The care of these invaluable collections is the responsibility of the
scientific staff Because of the specialized nature of these cellections and
the intricacy of catalnging and maintaining them, their care must be in
the hands of highly trained technicians and scientific assistants supervised
by scientists Unfortunately, some institutions have tried to maintain their
collections without competent scientific direction, with disastrous results.
Because of the cver-deteriorating environment of the world, collections
once jost cannot be completely replaced, no matter what the cxpense.

3 Authenticity of Exhibits. The area in The American Museum of Nat-
ural History that is devoted to exhibition is greater than in any other
natural history muscum in the world. Most of the cxhibits are developed
by appropriate scientists working in conjunction with the Department of
Exhibition. The scientifie staff is responsible for the rationale of exhibits
and the authenticity of both material and labels. Because of staff involve-
ment in the exhibition program, the exhibits are among the most instructive
and accurate of any in the world The exhibits do more than acquaint
visitors with natural hiscory and with the richness and variety of the
animal world, they also deal in depth with imrortant cvolutionary, sys-
tematic, ccological, behavioral, geological, and anthropological concepts.
Heace they appeal to the general public, to primary and secondary school
students, to the college undergraduate, and ‘o the graduate student.

4. Education. Because of exhibition, because of the collections, and
because of th* expertise of its scientific and educational s:aff, The Ameni-
can Muscum of Natural History is a uniquely endowed cducational institu-
tion. Its priential as a teaching institution exists at many levels, and at
each of these levels the participation of the scientific staff is essential. The
exhibits stimulate and awaken the intercst in natural history of even the
riost youthful sasitor. The exhibition halls are a prime resource material
for the Education Department and for undergraduate and graduate bi-
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ology. anthropology. and geology classes at universitics The unique collee-
tions arc used by advanced wndergraduates. graduate students, and
established scicntists not only in uriveratics in the New York City area,
but all over the world Soine members of the scientific staff teach classes
in advanced soology, anmmnal behavior, anthropology. and geology at local
univensitics, and nany staff members serve ay graduate advisors for stn-
dents seehing Master's and Ph.D. degrees. The staff recognizes its obhga-
tion to train futurc scientists. Cooperative programs between the Museum
and nearby univeraties have produced over a hundred outstanding sci-
cntists, many of whom hold leading positions in anstitutions across the
country.

The scientific staff cannot f iction cffectively in ivolation. It must  b-
viously have the support of the President, the Board of Trustees, the Ad-
ministration, the Exlnbition Department, the Education Department. and
other service divisions of the Muscum, and :t can operate cftectively only
in a creative, scholarly atmosphere. The staff and its work also require
support of other kinds, such as;

1. Large collections cannot be mamt. med and curated properly unless
space and storagre facslities are available for this purpose,

2 Exating rescarch programs can be mmtiated and pursued only if the
necessary modern cqupment and Liboratory space are 1cadily wvailable

3. Rescarch stations are cspeaially important to systematists working on
present-day amimals from an ccological or behawioral point of view. The
valuc of a rescarch station is in providing sophisticated laboratory equip-
ment facilities i an arca where natural populations can be studied Be-
cause of today’s emphasis on ccology. we can anticipate a growing demand
for better facilitics at our stations.

4 An adequate Graphic Arts Department and Photographic Depart-
ment are pnme requisites for reporting the results of the Muscum’s re-
search to the saientific community

5. Scientific librarics e at the very heart of systematic voological and
geological investigation. The  Tusemn’y hbrary, one of the outstanding
natural history hbr v the world, inust be mantaned and improved
to provide the neec v support for the scientific staff. The library is not
only tmportant for the research interests of the staff, but also for the exhi-
bition program of the Museum and for students and schools in the New
York City arca.

6 Original \cientific research, no matter how profound or how reveal-
ing. can be of no assntance to mankid unless it 15 communicated to the
scientific world and to the lay world Saentific pubhications, such as the
Muscum’s Bulletin, Novitates, and Anthropological Papers, are the most
important means of disseninating discovenies i scicnee.
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In summary, recearch, exhibition, education, and e care and preserva-
tion of collections are the clements of the Museum's program, of its status
and reputation among the great mstitutions of the world In all of these,
the scientific staff has a vatal role. It 1s cssenbial to the Museum's status
and reputation, and to each of the clements on whch they are based, that
the Muscum maintain, support, and strengthen .ts scientific staff and the
associated resources and facilitics on which this staff is heavaly dependent.

Deccember 21, 1971
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APPENDIX I

THR ASSOCIATED NATORAL SCIENCR INSTITUTIONS

Dr. Thomas Peter Bennett, Chairman

pr. Thomas Peter Bennett, Pres:ident
The Academy Of Natural Sciences
19th & The Parkway

Logan Square

Philadelphia, Pennsylvania 19103

Dr. Craig C. Black

Director

Museum of Natural History of Los
Angeles County

900 Exposition Boulevard

Los Angeles, California 90007

Dr. Willard L. Boyd, President
Field Museum of Natural History
Roosevelt Road 2t Lake Shore Drive
Chicago, Illinois 60605-2496

Dr. Thomas D. Nicholson

Director

The American ¥useum Of Natural
History

Central Park West at 79th Street

New York, New York 10024

Dr. Frank H. Talbot

Director

California Academy of Sciences
Golden Gate Park

San Prancisco, California 94118

The Washington Office
(202) 554-7983

499 South Capitol Street, S.W.
Washington, D.C. 20003

Newton 0. Cattell, Director
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THE ACADENY OF NAYURAL SCIENCES OP PHILADRLPHIA

The Acadeimy of Natural Sciences of Philadelphia was founded
in 1812 by a group of men who gathered together to form a society for
the discussion ana exchange of information on their studies in the
natural sciences. The society was labeled by some at that time as
"Godless" and "radical®, for it was a new and differer: tvpe of insti-
tution for the then young American nation.

Within its walls, many of the then new and developing disci-
plines and gclences of Botany, Entomology, Geology/Mineralogy,
Ichtnyology, Malacology and Paleontology had their start. Thomas Say,
one of the founders of the Academy, was father of both American Ento-
mology and Malacology. In the early 20th century, the works of Joseph
Leidy, describer of the first dinosdaur found in America, professor of
anatomy, and founder of Society, formed the basis for
the now highly active and well-regarded Dpivision of Limnology and
Ecology. Dr. Ruth Patrick, now curator emeritus, member of the
National Academy of Sciences, and recipient of the coveted Tyler Award
in Ecology, discovered that diatoms were of immense importance as
indicators of stream health. In the late 1940's, she established the
Department of Limnology and with it a concept far ahead of its time,

the need to assess the impact of industry and industrial waste
on stream ecology and the need to educate industry on how to preserve
healthy stream environments.

The Acadenmy today has four centers of activity which evolved
from the programs ~f the early twentjeth century. They are: the
Library; the Division of Systematics and Evolutionary Biology the
Division of Limnology and Ecologys and the pivision of Education and
the Natural History Museumn.

The work of the Division of Education and the Public Museum
is an outgrowth of the early exhibits made by Academy naturalists to
demonstrate objects of their study to fellow naturalists and to the
public on special occasions. From these early exhibits grew the
nuseun dioramas and the educational programs which make use of these
educational tools.

The scientific divisions accomplish their mission through
the study of the identity, order and relationship of organisms in
order to understand the diversity of 1ife and the biological changes
in organisms; through studies in evolutionary biology, which explores
the dynamics of biological change, including adaptation, survival and
extinction; and through ustudies in global ecology, which teaches man
to understand the natucal world so that he can develop civilizations
within the constraints of natural laws.

Through its educational programs, its pub?ications, its
service to the community, its museum exhibits, its scientific research
and consultation, the Academy communicates an understanding of the
wonder and excitement of the 1iving world. It interprets natural
objects and reveals their relevancy to everyday interests and expe~
riences. It reveals the underlying principles and relationships which
tie natural objects to each other in a dynamic and evolving system.

It seeks to stimulate concern and resp.nsibility ..ward the earth and
1ts ecology.
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PIRLD NUSEUN OF RATURAL HISTORY

Pounded in 1893, the Pield Museum of Natural History in
Chicago is a non-profit institution supported largely by private
funds. Its present distinguished position is a result of its
comprehensive scientific and educational programs. Building
great collections has been a sustained goal of the Pield Museun
for more than 80 years. Through world-w’de expeditions, ex-
change, purchase, and many notable gifts, the Museum collections
have grown uatil they now number more than twelve million speci-
mens. These collections represent major stages in the history of
the earth and ot human societies, and are concerned with the
composition and evolution of the earth, its nearest neighbors,
and all forms of life, past ard present, non-human and human.
They range from intensive coverage of geographic area, biotic
group, or single culture to extensive coverage of a wor)JA biota
or a broad culture area.

Each of the four scientific departments has had a
different historical pattern of collection development and
emphasis. Anthropology has focused on selected culture areas,
amassing premier collections of primitive cultures and high civ-
ilizacions of the past. Rotany, while specializing on the vascu-
lar plants of Latin America, has attempted to build a collection
as a representative index of the vegetation of the world. Geol-
ogy, in the course of building research collections in the areas
of immediate staff interest, has acquired a large systematic
collection. Zoology has tried to develop world-wide collections
in each of geveral taxonomic groups.

The collections of meteorites, Pennsylvanian and Per-
mian fossil vertebrates and invertebrates, Central American plan
spec imens, tropical and neotropical birds and mammals, Oceanic
and Tibetan ethnological artifacts, and primitive art are world-~
rencwned. Research by its own scientists or the research asso-
ciates based on a study of these collections is published in 225
volt mes of four series of Pieldiana: Anthropology, Botany,
Geology, and Zoology.

The activities of the scientific staff include basic
reseatch, management of collections, and collaboration in public
proyrams with the Departvments of EJucation and Exhibition. The
resources of the Museum have been made avajilable to universities
responsible for the training of graduate students. Seminars,
aided by study of specimens, are held in Museum laboratories and
classrooms. Museum specialists -~ many of whom also hold aca-
demic appointments on the faculties of local universities --
lecture to graduate classes and supervise doctoral students. The
collections and the Museum professional gtaff play a vital role
in training of students who plan :areers in natural sciences.
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THE RATURAL HISTOKY NUSEUN OF LOS ANGELES COUNTY

The Natural History Museum of Los Angeles is the
largest and most comprehensive institution of its kind in the
westesn half of the country. A balanced program of exhibits,
education, and research in history and natural history is carried
on by an outstanding profegsional staff. Support comes from the
County of Los Angeles, from the private gector through the Museum
Foundation, and through a variety of Pederal, State, industry and
private foundation grants and contracts.

A broad range of research is conducted by 26 science
curators specializing in archaeology, ethnology, fossil fungi,
invertebrates and vertebrates, recent cryptogams and flowering
plants, molluscs, insects, crustaceans, fishes, amphibians, rep-
tiles, birds, mammals and minerals. Most research is related to
the Museun's collections, which for many of the disciplines
listed above are world wide in scope, of national or inter—
national importance, and are extensively utilized by local stu-
dents and visiting scholars as unique scientific and cultural
resources. Research on material object-related topics in his-
tory, mostly of the southwest, is conducted by a staff of eight
history curators.

Carators are assisted in their work by a staff of
collection managers, curatorial assistants and research assis-
tants. Scientific etudies by Museum curators and research asso-
ciates are published in the Museum's widely distributed serial
Contributions in Science as well as in a broad range of other
specialized journals.

Many museum curators serve as adjunct faculty at the
University c¢f California and university of California at Los
Anjeles and help to train graduate students, some of whom ure in
residence in tiie Museum.

More than 1,500,000 visitors a year view exhibits in

the rain Museum building in Exposition Park and in the branch
museur in Hancock Park.
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American Museum of HIGHLIGHTS mammm .a y
Natural His 1983/ July oy Roadss
Cemanmw\znl.l 75th Streset . s::{mdwmev Scenestrom Aransas  ChnaShos undied by the Amencan
New York, NY 10028 Natonal Wikme Retuge " funded by Express Founrtaton expiored 2000 years
Conoco aDuPontcompany openedas  Of east/wesitrace

Sace £ 10undng in 1869 the Amen-  one of trwee SDECIA! EXNOXIONS hekd N » Abenett hekd N CoNNection with “Sik
€30 MUSeU has CoNGuCted Nvesina conpncionwih the Centennial Meetng Roaas/China Shos and tunded by the
tons in the oiCal e ofthe O OQests Unon meExrxeslem rased
wzooioqwmsnananemalo Auvgust
learnmore Ao the Natural word « The special exnoton “Lous AQassz « Pop snger Mchat! Jackson chose the
Research propes in these Gscipines Fuenes A Celedratonot Bueds teatured Theooore Roose velt Memonat Hall as the
formihe Bass tox J 100 andonsbyme  Sie 012 CBS Recorts rioute o he musc

370 DIOAS WHCh were enyoyed by
some 2 6 maion visrorsin 1383 84

Tre Museum Complex 0cCupes 22
nierconnecied uicings on 25 acres—
1our sauare DIOCKks—On the uppe! west
Sce of Manhaan across trom Central
Park There are 39 exnd10n hats three
theaters CLASSIOOM and leCture facies
adOoratones atbrary cateteraandres
taurant and Sorage areas tor more than
35 miron antacts

The Amencan Museum s the argest
1210131 TUSLOry Museumun the word and
arenowned center of research nthe
basc sCNCes AMONG s COLLCIONS are
16 madon nsect specemens 23 000 rep-
ties anc amphdxans 600 0001sh 85
mion rverteteates 250 000 mammais,
120 000 rocks manerats gems andmete-
orres one mton s 330 000 tosse
rveredrates and 8 maion aninropoog
Kajanfacts

Some 200 researchers—screntsts and
e 35S1ants- Sudy these Specimens
107 Chaes 10 vORAONITY 1 SI107Y We
Cycies Chemical COMPOSIN and Ca-
wal sgmtcance They concuct tekd
Sudes Aroxnd the workl 10 share e
10CiNGS with COleagues rom oihet
FELUONS TNOUOh DUDICATONS Thew
research eHOMS at enes lorm the bases of
turther 2ppked Studhes n Ine heatth s
£nces and 1eChnNOKgy-related ncusties

The AnencanMuseum was ncorpo-
rated 115 years a0 by the New York
Sae Legsiatre Today the Museum
recenes SuppOA for 25 tacides and pro-
Qrams from several M3)or sources
ncluang the Cy of New York whech pro-
Vioes buOZetary funds and owns the
Museum buddngs the New York State
Council onthe Arts Navonal Encowment
for the Arts Natonal Encowment for the
Humaates Natonat Scence Founda-
o Insttute 1or Museunm Sennces some
300 corporations L0 prvase founca
bons 485 000 memers and numerous
OV CONrOUtOns Visor Contrdy
BONS 2N fees 1o SPECal SeCes Ao
PYOnGe a SON4Lant ang growng soufce
of revenue

AMSIWNO 5 KNOWN 10F (ramatc fewke
dstranons of ds Moo

September

« The Amencan Ornahologrsts’ Unon,
fourded al the Museumn 1883 marked
s 100th anaversary with a meeung at the
Museumn alienoed by move than 1000
scentsts

« The specal eatubaon “FrancesLee
Jaques Anstand Nanralist acolecton
of 50 orawings by Jagues honored the
artsst who specalized . brcs and panted
many of the Goramas atthe Museum

« Twenly New York fam premeres were
teatured among S0 14ms in the seventh
annuat Margaret Mead Fiam Festval
Cctober

« Theee stunning gems on 10an from New
York gem oezier Adan Caplan wese &s-
playec n the Morgan Memonal Hak of
Gems

November

« The tragitiona! Ongame Hotday Tree tght
G USN1Ed 1 the KO3y $8a50N wiln
Carong andtestive treats Tne annual
tree 5 a0 Arthr ROSS Exntat of the Monin
December

« Agata party ‘A Nightfor A Creatures
atracted 500 new suppoaers of he
Museum and rased funds *or the Natura*
Science Center

1984/ January

» The Natonal Endowment (or the:
Humanites supporned the upComng sou-
calexnbion Asants Kingoom of Goid
with a grantof $148 878 The Feceral
Councd on the Arts ang Humantes pro-
vioed an noematy

« Fot ing thed year a grant trom Mot
enabied the Museur? 10 1eman opentres
olchargettom5p m 199p.n onFrasys
and Saturdays

L7g

« Fieen Museum scentsts joned an
nternatonal expediton 1o Cerro ce
Nebdina 1he " Mountan of the Mists ™ n
southern Venezuela

March

« Lewss Thomas author scentst phys
€120 and eCIKX Celvered a senes of
trvee accresses tded “The Dewdopng
Human Speces n the annual MOCk H
Lipkin Man and Nature Lectures

« The Booth Ferns Founaauon awaroed
$150 00010 renovate the Hat of Humar'
Bology and Evorstion

Apdl

« Screnusts from 20 nsttutons n 10 coun-
tnes gathered at the Museum to examine
40 of the worid § mostimporant human
and pre human (ossts assemiled fof the
soecual exndxton “Ascestors Four Mi-
HC Years of Humasale™

« Garery U 2 new specal exhdaon ha¥
QOENEs wih e TANCESIrs exndxnon

May

« The Amencan Associaon lor the
Aavancement of Scence O, gned s
3003l MEsng weh a fecepion atthe
Museum

« The specal exndton "Peones of
Greece Myt Scence and At opened
n the Naturemax Gatery

« The Department of Anthropoiogy Com-
pieted ngratation of a metal compact
S10rage syslem and Created a new 10 000-
quare-100t MeEZZaNNe fevel 10 Siore POr-
BONS of s ethNOGrapINe Colections

« Alexancer Marshack Research Asso-
caate at Harvard Linversty s Peabody
Museum gelvereg ine S4th annual
James Asthut Lecture on the Evoluton of
the Human Bran
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THF CAJ IFCRNIA ASADEMY OF SC i ENCES
VER3-0906

When a yonng Calitoria was overran bvecold hun~ys pioneers,
A YIOUF of soven natiralasts  Jdocided 1t wit 1.4 L0 t.ke a
systematic survey of the nztural resources ave.lable in the
West. The)ir first meating of what was to bLecome known as tre
Tai.foernie Academy f Seiences took place on April 4, 1853 an
an offize on Csay Street. Fach week gscientzfic papers were
presented on topics of ,nterest to a a“rfowing mewboersnip of
San Francisco c¢:itizerns and collections of gpecimenrs frm “
tae field negan to g, . The bus.neas of identifyrng anj
clacsifying and ramiag spolies, known 28 “spatematics=, wac
Lean .

The e L L20p Wun g wale v hevon and <1 play the nolortea
faterial AfIor twe (7 three s2nparity focati ng, James fLirx
bequeathed a magnrfireat T1A-3rry wt T \IRG on Market Srrser
oetween 4th & 5th Streets 10 tae Caliicrata Acadvmy of
Sciences. For 15 years visitors streamed in tC see the
displays of birds, mammals, plants, human skulls, insects and
catural “curiosities” like the extinct Dodo and woslly
marmoths, to name a few. Then Jdisaster stiuck the
23r.hqake and fire of 190€ left the museum burilding {n

TALTTCL L iLsS,.

Y N LIS

EETATEN s, otornan <1, 0t vetitia
1% Golter Sarte ®ary, acer 1t te, (RS 4 '

A6 INC Musaut Jud JayAanete Ve Leroe . [N S S L
T4 1.7q vas Openel, Ne Yoo IR -l r
Multneaf.e In vt ler U auan CLatiNgT we T T thy s -~
11923}, Samson 2fricom dac. 11975)  Morrasoer §1 - T
(1952), Cowell Hall (1969), Wattis Hai! of Mar [1Y e}, and

the Fish Roundabout (1977},

As the public museum grew. 50 cid the i1escarch ~ollcctions
which are today cons:dered national tressures - verital:le
lending libraries of specimens from the natural worid,
available for scientific study by scientific coileagues
from many disciplines.

The Caiiforaia Academy of Scierces 18 a private scisntific
-nstitution, supported By dorations from compan:es,
{oundations and individuals, by admission fees, royalties
frene book shop and cafeteria concessions, and by money trom
the City and County of San Francisco earmarked specifically
for the apecration of Steinhart Aquarium. Hembership dues are
3180 an 1mportant part of financing the Natural History
Museum and Aquarium's activities and in return members
receive many benefits including educational and truvel
opportunities,
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