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Showing the Structures of our ignorance

t What We Don't Know

This is a preliminary concept sketch for an information mural that would be created for
an lated, biological research ization. Its purpose is to focus attention on
the frontiers of knowledge rather than on what we already know. The completed mural
would be carefully reviewed by ocean ists and biologists and would i
considerably greater visual detail.

-- Robert E. Horn
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‘We do not know to what extent does the
diversity of a community determine (a)
"stability," (b) productivity, (c) resistance
to invasion or disease, and (d) ability to
recover from natural and human impa

Unknowns
about inter-
relationships
among
organisms
Unknowns
about
multiple
releases of
organisms

‘We lack much information on the ecological
mechanisms driving population dynamics,
structuring communities, and affecting

\__ biodiversity in several key ecosystems. (Hetal)

we don’t know
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following
source which are indicated by
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been used to facilitation ease of
reading.

‘We lack maps of the distribution of and
threats to biodiversity (ecosystems,
specics, genes). (Hetal)
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We do not even know how
good are the estimates of
genetic, species, and
ccosystem biodiversity, (NRC)

We don't know if environmental
variation in marine and terrestrial
ccosystems are fundamentally
different. (GLMR)

Conservation Biology: Research
Priorities for the Next Decade.
‘Washington D. C.. Island Press,
2001, 125-145

What we know—and what we don't know —about the ecology of oceans

‘We don't know if biogeographic patterns of
biodiversity and cc

We don't know what increases
environmental heterogeneity increase

We do not know what role of biological
invasions have in altering system
production or energy flow. (NRC)
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We don't even know if there is greater '
genetic variation at the molecular level

g 4 e ¢ We don't know to what extent changes in
within species in marine environments than ite wi

v e biodiversity at one site within a

in terrestrial ones. (GLMR) region—or between regions—affect the
biodiversity at another site or in another
region. (NRC)

‘We don't know to what extent does (e
maintenance of local biodiversity (gfinetic or
species) depend on linkages betweeifdistant

populations, the dispersal between tfem, and the
availability of suitable habitat. (NR(
|

We don't know how genetic diversity
within a specics influence reproduction
and population growth or susceptibility
t0 epidemic discase. (NRC)

ics) over
scales. (Hetal)

arly enough about
racteristics of a habitat
ly influence genetic
-,
We don't know if species
within a functional group
interchangeable. (NRC)

There is considerable ignorance
about the functional significance of
biodiversity at the genetic, species,
and ccosystem levels. (NRC)

ity. (NRC)

ne species We don't know what might be learned
from comparing and contrasting systems
in terms of the functional significance of

portant in biodiversity. (NRC)

Nature of Marine Biodiversity

What we don’t know
we don't know

'We don't know to what extent do

human effects alter the probability of
ccosystem collapse in different
systems. (NRC)

‘We don't understand the potential impacts
of exotic discase organisms introduced by
human activities. (Hetal)

What we don'’t know
we don't know

‘We need to understand better
how overfishing alters marine
food webs. (Hetal)

We don't know if the addition or loss

of species due to human activities
affect community structure and
resilicnce. (NRC)

We do not know what characteristics
of species enhance susceptibility or

provide immunity to precipitous
declines. (NRC)

We don't have a comprehensive
understanding of the effects of algal
blooms and resulting dead zones on
biodiversity and ecosystems. (Hetal)

We don't know how the
increasing scaled of human-

species. (Hetal)

‘We lack information on the mechanisms
by which introduced exotic species
become established and displace native
We don't know a great deal about how
species introductions affect native species
and alter community structure. (Hetal)
‘We don't know very much about the cascading
effects of declining large vertebrates (predatory

fishes, sea turtles, seabirds, and marine mammals)
on ecosystem function and stability. (Hetal)

What we don't know

we don't know

We need to understand how physical

alteration and fragmentation of
habitats affect seafloor ecosystem:
(Hetal)

There is considerable uncertainty as to
whether new species introductions have

major consequences for marine
osyslem function. (GLMR)

We don't know if
extinctions are less likely to
oceur in marine than in
terrestrial systems. (GLMR)

We don't know if redundancy of
genes and species is necessary for the
Tong-term survival of marine
ccosystems. (GLMR)

Threats to Marine Biodiver:iity

induced eutropication alters
ecosystems. (Hetal)

There is uncertainty as to whether increases in
airborne and waterborne pollutants (including
terrestrially derived disease species) and/or

overfishing currently are causes of widespread
changes in marine systems. (GLMR)

We don't know very much about
how human influences on
biodiversity differ from those
caused by natural processes. (NRC)

‘We don't know to what extent
arc particular changes in
biodiversity duc to human
activities reversible. (NRC)

functional groups
within a system. (NRC)

‘We don't
involved if

ow if threshold processes are
precipitous declines (and the
of those declines) in

. and ultimately, in the risk of
bf individual species. (NRC)

persistenc]
biodiversil
extinction|

We don't know very much
about in which types of habitats
are alternative ecological
communities stable. (NRC)

don't know if genetic or species diversit
ide a buffer against irreversible or
ksive perturbations. (NRC)

We don't know the long-term
effects of species replacements
exotic specics) on
stem function. (NRC)

Please send comments.
and suggestions to
copyright 2001 R. E. Horn

1. This may seem like an unusual topic for a
"knowledge" map. Usually scientists and policy
makers focus on what we know rather than what we
don't know. But there are many good reasons to
map the unknown, as you will see from the map
above. Knoweldge maps like this can help us decide
on what science to fund now rather than later. They
can convey some idea of what the future of
knowledge will be. And they can help graduate
students select topics for their dissertations.

I'd really like to see knowledge maps like this made
into murals that would be placed in the entry areas of
science and research buildings at colleges and
universities.

2. This knowledge map
consists of 40 descriptions
of what we don't know
about the ecology of
oceans derived from the
National Research Council
and other sources (listed
on map).

relatively well understood to
complex, longterm and not
understood.

3. Along the vertical axis is a
continuum of unknowns about
possible risks from simple and

We lack much information on the ecological
mechanisms driving population dynamics,
structuring communities, and affecting
biodiversity in several key ecosystems. (Hetal)

We lack maps of the distribution of and
threats to biodiversity (ecosystems,
species, genes). (Hetal)

4, Along the bottom axis are 2 categories,
which along with the categories on the
vertical axis make this a graphic table.

Imprecisely
known hazards)
and risks

Unknowns about
specific
organisms
Unknowns

about inter-
relationships
among

Unknowns
about multiple
releases of
organisms

5. Unknown phenomena are
graphically shown by the

flashlights of scuba divers.

What we don't know
we don't know

Nature of Marine Biodiversity = Threats to Marine Biodiversity

6. The blue sea represents
what we don't know we don't
know.

Sources. Many of the items on this map are quotations or
partial quotations from the following source which are indicated
by abbreviations on the face of the map. Quotation marks have
not been used to facilitation ease of reading.

GLMR = F. Grassle, P. Lasserre, A.D. Mclntyre, and G.C. Ray,
"Marine Biodiversity and Ecosystem Function: A Proposal for an
International Programme of Research." Biology International 23
(Special Issue, 1991):1-19.

NRC = National Research Council, Understanding Marine
Biodiversity: A Research Agenda for the Nation (Washington,
D.C.: National Academy Press, 1995.

Hetal = Mark A. Hixon, P Dee Boersma, Malcolm L. Hunter Jr.
Fiorenza Micheli, Elliott A. Norse, Hugh P. Possingham, and
Paul V. R. Snelgrove, Oceans at Risk: Research Priorities in
Marine Conservation Biology in Soule, Michael E. and Orians,
Gordon H., (editors) Conservation Biology: Research Priorities
for the Next Decade, Washington D. C., Island Press, 2001,
125-145

Copyright 2003, R. E. Horn. All rights reserved.




