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ABSTRACT
A change to global greenhouse conditions following deglaciation occurred
during the late Paleozoic. The deep-past
data set preserved in the stratigraphic
record can serve as a model system to
understand vegetational responses during this kind of climatic change, especially in the tropics. No other time in
Earth history so mimics the late Cenozoic or provides the long-term data
set from which generalizations can be
deduced. Two long-term glacial cycles
have been identified in Permian-Carboniferous time. The waxing and waning of glaciers during the height of
either ice age resulted mainly in spatial
displacement of vegetation, and also in
minor variations in tropical climate.
Brief intervals of rapid deglaciation at
the end of the Middle Pennsylvanian
(Westphalian) and mid–Early Permian
(Sakmarian) were accompanied by
major changes in plant assemblages,
including extinctions, changes in the
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spatial distribution of plants in the
tropics and temperate zones, and nearly
synchronous changes in the structure
of vegetation throughout the globe.
Although the plants of the late Paleozoic and the geography of that time
differed entirely from those of today,

S E C O N D
E A R T H

S

S

P

Figure 1. Reconstruction of middle late Carboniferous tropical coal swamp showing different plant
communities made up of tree lycopods (L, tree club mosses), tree sphenopsids (two brushlike trees
above letter S in center and tree scouring rushes), tree ferns (F), pteridosperms (P, seed plants with
fernlike leaves; extinct group), and cordaites (C, seed plants with strap-shaped leaves; extinct group).
From a painting by Alice Prickett, published in black and white in Phillips and Cross (1991, pl. 4).
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the rates, geographic distribution, and
nature of vegetational changes can serve
as portents of similar patterns in the
transition to a modern greenhouse
world.
Greenhouse continued on p. 2
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INTRODUCTION
Current debate over global warming
has not resolved whether empirical observations reflect short-term excursions
within longer term cyclical oscillations of
climate or if they reflect a unidirectional
long-term trend (Graham, 1995; Thompson, 1995; Webb, 1995). Regardless, a
global greenhouse stands in marked contrast to the past 20 m.y. of glaciation and
icehouse climate (Fischer, 1982). Consequently, the most recent icehouse period
may be a poor model from which to
deduce the likely dynamics of vegetational
change under continuously directional
warming. Other periods of pronounced
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greenhouse climate, such as the Late Cretaceous and late Eocene, do not reflect the
icehouse-greenhouse climate transition.
Rather, these intervals of time represent
high points or thermal maxima within
long-persistent greenhouse intervals
(Ziegler et al., 1987), rendering them
unsuitable as analogs for the present or
the near future (Sellwood et al., 1994).
The only time in Earth history when the
mosaic of a complex terrestrial vegetation
(Fig. 1) was subjected to a transition from
icehouse to greenhouse conditions, similar
to the one we may now be experiencing,
was during the late Paleozoic (Frakes et al.,
1992; Crowley, 1994). Comparison of the
present and this deep-past record can lead
us to a more realistic framework from
which to attempt a prediction concerning
the dynamics of vegetational change during a period of icehouse to greenhouse climatic change.
In any period of rapid environmental
modification it will be crucial to understand the fundamental principles that
underlie vegetational change and recovery
from disturbance. Such principles can be
deduced from an understanding of late
Paleozoic vegetational responses because
of several parameters. The biota of the late
Paleozoic was entirely distinct from that of
today, providing an independent data set
from which we can deduce general plant
responses to changing extrinsic conditions. This is due, in large part, to the
presence of similar environmental stresses
that resulted in plant responses producing
plant structure and architecture (sensu
Halle, et al., 1978), life history spectra, and
reproductive strategies similar to those of
vegetation of the present. The floristic biogeography and zonation of the late Paleozoic parallel those of today (Ziegler, 1990).
Overall, then, the systematic differences
can be viewed as a means of strengthening
the possibilities of recognizing fundamenGreenhouse continued on p. 3
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tal processes and permitting generalizations to be made about how vegetation
responds to changing climate. The late
Paleozoic plant record consists of assemblages that are preserved with high resolution and fidelity (Behrensmeyer and Hook,
1992; Burnham, 1993) in sedimentary
environments representing fluvial, lacustrine, coastal plain, and deltaic settings.
Plants colonized a wide variety of substrates, and communities are known from
peat and clastic alluvial sediments. These
assemblages provide snapshots in time of
vegetational patterns during both glacial
and interglacial cycles over the entire icehouse-greenhouse interval. Finally, late
Paleozoic tropical plants and plant ecosystems are as well known as and possibly
better known than their Holocene counterparts, in terms of their long-term
response to abiotic stresses (sea level and
climate fluctuations). From the late Paleozoic record, we conclude that many effects
of an icehouse-greenhouse transition will
probably be expressed dramatically in the
tropics.
The late Paleozoic encompasses the
decline of Earth’s primeval forests and
their replacement by seed-plant-dominated vegetation more typical of the
Mesozoic. Increases in greenhouse gasses
during the late Paleozoic occurred over
millions of years (Berner, 1990, 1991;
Graham et al., 1995). In contrast, similar
accumulations may occur within markedly
shorter intervals of time today (Francey et
al., 1995). However, the time required for
changes in plant life might not be significantly different. While late Paleozoic
stages, as defined by plant fossils, lasted
from 1 to 2 m.y., the change from one
flora to another (widespread extinction,
radiation, and propagation) marks the
boundary between stages. We cannot yet
put numerical values on the length of

time over which these turnovers occurred.
However, the resolution of time within
stratigraphic sections is increasing. In specific cases it is possible to constrain time
either in the range of orbital cycles or even
months for tidal sediments. In the near
future we can expect to find stratigraphic
sections that will allow us to put numerical values both on the duration of changeovers and on intervals of stasis. We
expect change-overs to be in the range
of 1–10 ka.

LATE PALEOZOIC GLACIATION
Polar glaciation began in the latest
early Carboniferous (Visean-Namurian)
and fluctuated in magnitude throughout
the Permian-Carboniferous (Fig. 2). During these 75+ m.y., two ice ages peaked,
one during the late Middle Pennsylvanian
(late Westphalian) and the other in the
Early Permian (Sakmarian). Orbital-driven
glacial and interglacial oscillations were
superimposed on these long-term trends
(Frakes et al., 1992). The maximum extent
of ice caps expanded gradually over the
continents, taking an estimated 20 m.y. to
reach their greatest coverage. Increasing
evidence indicates that each ice age terminated abruptly over 1–10 ka.
The extent of polar glaciations (coverage and ice mass) during Milankovitch
cycles has a direct effect on the distribution of rainfall in the tropics by affecting
the pattern of atmospheric circulation and
the latitudinal range and width of the
intertropical convergence zone (Ziegler
et al., 1987; Pfefferkorn, 1995). During
glacial maxima, the intertropical convergence zone contracts toward the equator
and migrates over a narrower latitude,
resulting in ever-wet conditions within its
area of influence. In contrast, during interglacial intervals, the intertropical convergence zone expands latitudinally and
migrates during the yearly cycle over a
wider latitudinal belt, resulting in a

change of climatic patterns and greater
oscillations in seasonal moisture availability in the tropics. Specifically, there are
much larger areas that experience strong
wet-dry seasonality.
During the Middle Pennsylvanian
(Westphalian) ice age, the waxing and
waning of polar ice caps and glaciers were
represented in the Euramerican tropics by
cyclical sedimentary patterns. During Middle Pennsylvanian (Westphalian) glacial
maxima, extensive peat-accumulating
swamps developed under an ever-wet climate. Marine sediments reflecting a wide
variance in climate were deposited during
interglacial periods (glacial minima). Such
sea-level changes are evidenced by paralic
sequences bounded by transgressive erosional surfaces (Gastaldo et al., 1993) and
may be covariant with changes from everwet to seasonally dry climates (Cecil,
1990). During the Early Permian glaciations, in contrast to the Westphalian, peat
accumulation was far more limited and
localized in areas of wettest tropical climates. Interglacials of that time period
also were more intensely seasonal than
comparable intervals in the Westphalian,
on the basis of vegetational and paleosol
patterns (Broutin et al., 1990).
During the Late Pennsylvanian
(Stephanian), which falls between the two
ice ages, Earth may have been warmer
(Dorofyeva et al., 1982). Evidence from
coal-resource distributional patterns
(Phillips and Peppers, 1984) and from biofacies analysis (DiMichele and Aronson,
1992) indicates a generally drier or more
seasonal Late Pennsylvanian (Stephanian)
interval with pulselike oscillations
between overall wetter and drier periods.
These oscillations continued into the Permian, with an increasing prominence of
drier climates in tropical lowland and
intermontane areas. Drying continued
Greenhouse continued on p. 4

GSA ON THE WEB
GSA’s presence on the World Wide Web is growing. New, useful material is being added regularly. Visit us soon.
Our Web address is: http://www.geosociety.org. That will take you to our home page, and from there you can link
to many informational resources. Here are some highlights:
View the Meetings page for complete information on the
1996 GSA Annual Meeting in Denver. Use the live links to
expand on the information that appeared in the June issue of
GSA Today. Now all abstracts submitted electronically for Denver ’96 are available, linked to the program.
Go to our Membership section to learn about the GSA
Employment Service. You’ll also find out how to become a GSA
Campus Representative, or how to get Member or Student
forms to join GSA. You’ll also find information here on how
to nominate a GSA member to Fellowship standing.
In our Publications section, read the tables of contents
and abstracts of journal articles each month for GSA Bulletin
and Geology. You’ll also find information for authors on preparation of articles for submission to GSA publications. Specific

GSA TODAY, October 1996

guidelines for submissions to Geology are a recent addition.
There are 12 months of complete issues of GSA Today, in living
color, that you can read or download. In our Web Catalog of
GSA Publications, search all GSA’s nonperiodical titles in print,
read descriptions and tables of contents (for books), or copy
from the catalog. Entries from the GSA Data Repository starting
in 1992 are now on the Web, in Adobe Acrobat format for FTP
download.
In the Education section, read about GSA’s educational
programs, including PEP (Partners for Education), and Project
Earth S.E.E.D. What is IEE? Find out in the Institute for
Environmental Education section.
See our Administration section for information on GSA
Medals and Awards, and other general information about GSA.
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throughout the Permian, and ice caps and
peat-accumulating systems were lost
(Retallack, 1995). By latest Permian time,
compressional tectonics, the oxidation of
peat resources, and volcanic processes may
have introduced vast quantities of CO2
into the atmosphere, driving global temperatures toward their maximum (Erwin,
1996).

LATE PALEOZOIC VEGETATION
The beginning of the Carboniferous
is marked by a radiation of vascular plants
that established five major groups. During
the late Paleozoic, ecological dominance
was strongly partitioned by the different
higher taxonomic groups (see Fig. 1): tree
club mosses (rhizomorphic lycopsids) in
swampy wetlands; tree scouring rushes
(sphenopsids) in aggradational environments; ferns, including tree ferns, as weeds
in a variety of disturbed settings; and seed
plants (seed ferns or pteridosperms and
cordaites) in better drained habitats. However, temporal and spatial exceptions are
known to have existed—as, for example,
peat-forming cordaites and pteridosperms.
The dominance of each group of plants in
a particular environment distinguishes the
Carboniferous from later time periods. By
the end of the Paleozoic, these patterns
and groups had yielded, through a series
of steps, to seed plants, which began to
dominate in most habitats throughout
the world (Niklas et al., 1983).
Permian-Carboniferous terrestrial vegetation can be divided into three broad
biogeographic realms (Fig. 3): (1) the
pantropical Euramerican (or Amerosinian)
floral realm (Wagner, 1993), the best
known and most intensively studied, (2)
the north-temperate Angaran floral realm
(Meyen, 1982), and (3) the south-temperate Gondwanan floral realm (Archangelsky, 1990). These three biogeographic
realms were occupied by different plants,
but the vegetational turnover occurred in
all three at about the same time (Wagner,
1993). However, there might be differences in the timing of turnover of as much
as one stage between different climatic
belts, owing to the buffering of environmental change by local or regional physiographic differences and the resulting lag
time in vegetational turnover. These major
vegetational turnovers appear to be in part
the result of geologically rapid (1–10 ka)
migrations of groups of plants from one
climatic belt to another. In contrast, slow
migration of genera or species over millions of years has been documented by
Laveine (1993). These two processes are
different in nature and should not be confused. Knowledge of the slow migration
can improve our understanding of biogeographic barriers during times of evolutionary stasis.
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Figure 2. Relation between global glaciation and vegetative change during the late Paleozoic in different
tropical environments and the north and south temperate belts. Glacial ice extent, from Frakes et al.
(1992), is based upon tillites (glacial) and ice-rafted deposits (IRD). Vegetation distributional patterns
are derived from sources cited in the text. M = Mississippian; Pa = Pennsylvanian; E = Early; L = Late;
VIS = Visean; NAM = Namurian; WES = Westphalian; STE = Stephanian; ASS = Asselian; SAK = Sakmarian;
ART = Artinskian; KUN = Kungurian; KAZ = Kazanian; TAT = Tatarian; CHES = Chesterian; MORR = Morrowan; ATOK = Atokan; DESM = Desmoinesian; MISS = Missourian; VIRG = Virgilian; WOLF = Wolfcampian; LEON = Leonardian; GUAD = Guadalupian.

Figure 3. Distribution of
floral realms in latest
Pennsylvanian time
(290 Ma). Northern
temperate (Angara), tropical
(Euramerica), and southern
temperate (Gondwana)
realms can be distinguished.
Continental position
redrawn from Denham and
Scotese’s 1988 computer
program, Terra Mobilis.

Major vegetational changes have been
noted at the base of the Late Carboniferous, within the Early Pennsylvanian
(Namurian), near the Middle-Upper Pennsylvanian (Westphalian-Stephanian)
boundary, during the transition from the
Carboniferous to the Permian, and near
the Sakmarian-Artinskian boundary. Each
changeover corresponds to significant
increases or decreases in polar ice volumes
and global temperature (Fig. 2). In all
these cases and in all parts of the world,
the patterns of vegetational organization
yield to increased dominance by opportunistic weedy taxa or, ultimately, to the
extinction-resistant life histories of seed
plants.

TROPICAL PATTERNS
Each of the floral realms can be subdivided into “biomes” characteristic of particular climatic and ecological conditions,
and each is further subdivisible into landscape units. The Euramerican realm

includes a “wet” biome, characterized by
mire (peat-forming) and clastic (floodplain) wetland vegetation. These are the
plants typically reconstructed in most Carboniferous “coal swamp” dioramas. Less
well known, but present throughout most
of the Late Carboniferous, was a tropical
“dry” biome with a flora rich in gymnosperms and which included conifers
(Lyons and Darrah, 1989). This flora
entered the tropical lowlands only during
short periods of regional dryness (probably
the result of increased seasonality; Elias,
1936; DiMichele and Aronson, 1992).
Mires within the “wet” biome were
dominated by lycopsids and cordaites
throughout the Middle Pennsylvanian
(Westphalian); tree ferns appeared in mires
of the latest Middle Pennsylvanian
(mid–Westphalian D). Following major
extinctions at the Middle-Late Pennsylvanian (Westphalian-Stephanian) boundary
that reached nearly 70% of the known
species (DiMichele and Phillips, 1996),
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Figure 4. Changes in dominance patterns of major plant
groups in the clastic swamp
environment of the tropics
throughout the Pennsylvanian
(late Carboniferous) and earliest Permian. Data from North
America and Europe (Pfefferkorn and Thomson, 1982).

Figure 5. Changes in dominance
patterns of major plant groups in
the clastic swamp environment
of the northern temperate realm
throughout the Pennsylvanian
(late Carboniferous) and Permian. Data from Kazakhstan
(Meyen, 1982).

elsewhere in the world during the Permian. The transition from the wet to the
dry biome was not accompanied by extensive mixing of the component species.
Rather, each retained its distinctive taxonomic and ecomorphic characteristics.
At this temporal scale, replacement rather
than a competitive displacement is
strongly indicated. Additionally, it appears
that higher levels of ecological organization may have spatial-temporal unity
and take part in dynamics not predictable
from the study of lower level population
or community dynamics. The biomic transition appears to have been independent
of internal vegetational dynamics that
occurred within each biome.
The dry biome became increasingly
dominated by conifers in parts of
Euramerica throughout the Asselian
(Broutin et al., 1990). It was not until the
Sakmarian-Artinkskian deglaciation that
tree ferns re-emerged as dominant elements within a vegetation that was characterized by a diversity of seed plants
(Read and Mamay, 1964). Their re-emergence indicates a change to increased
moisture availability within the tropics.

NORTH-TEMPERATE PATTERNS

tree ferns dominated Late Pennsylvanian
mires.
Clastic wetland habitats were largely
pteridosperm dominated throughout the
Middle Pennsylvanian (Gastaldo, 1987).
Beginning in the latest Middle Pennsylvanian, tree ferns rapidly established themselves as codominants and continued as
dominant to codominant taxa throughout
the Late Pennsylvanian (Pfefferkorn and
Thomson, 1982). The predominance of
tree ferns during the Late Pennsylvanian
followed extinctions in the clastic wetlands that, although less severe, paralleled
those of the mires. The extinctions within
the pteridosperm groups were accompanied by speciation that vastly increased
the number of tree fern taxa of the later
Paleozoic (Fig. 4).
The extinction events at the Middle
Pennsylvanian–Late Pennsylvanian (Westphalian-Stephanian) boundary induced
a thresholdlike internal reorganization
of the wetlands (DiMichele and Phillips,
1995). The tree ferns that became dominant descended from opportunistic weedy
forms in the older Westphalian landscapes. These plants were well suited to
compete for space and resources in disrupted, postextinction landscapes, owing
to their reproductive strategy of producing
massive quantities of highly dispersible
spores, a “cheaply” constructed body (one
consisting largely of simple parenchyma
cells), and an ability to tolerate low nutri-
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ent conditions. This signaled the beginning of the breakdown of the landscape
between groups of plants. The high taxonomic level at which the data are summarized in Figures 2, 4, and 5 masks certain
patterns at lower levels of ecological
organization, particularly the persistence
of dominance-diversity patterns within
habitats and the replacement of species
on ecomorphic themes through time
(DiMichele et al., 1996). The major patterns revealed by these data are persistence
of communities and landscapes over millions of years, disrupted only by major
extinction events that lead to relatively
rapid reorganization and establishment
of new persistent patterns.
In spite of renewed polar glaciation,
pulselike climatic drying continued
throughout the tropics into the Early Permian. Continued drying, in part the result
of Pangean assembly, progressively eliminated tracts of continuous wetland habitat
crucial to the survival of the wet biome.
The exception occurs in south China,
where a Westphalian-type flora persisted
in mires until the Late Permian (Guo,
1990). Seed plants, which were resistant
to increasingly dry conditions by virtue of
both reproductive and vegetative adaptations, became the dominant elements in
most tropical habitats, even in geographically isolated patches of wetlands. The
Chinese “refugium” never served as a
source for repopulation of the wetlands

The Angara floral realm was dominated by a lycopsid-rich flora prior to the
onset of polar glaciations (Fig. 5). At or
near the middle to late Namurian boundary, the lycopsid flora was replaced by a
low-diversity but widespread flora dominated by seed ferns and cordaiteans
(Ruflorians) that were persistent throughout the Middle Pennsylvanian wetlands.
Near the Middle Pennsylvanian–Late
Pennsylvanian boundary a further floristic
change ensued, resulting in the rise of
high-diversity cordaite-dominated assemblages (Ruflorian 2 assemblage) (Meyen,
1982); Wagner (1993) suggested that this
floral change may be coeval with timeequivalent tropical vegetational changes.
The pteridospermalean (seed fern) component of the Angaran Middle Pennsylvanian flora is the major casualty following
vegetational reorganization. The subsequently dominant, cordaite-rich floras
(Ruflorian 3) have been suggested to be
tolerant of freezing conditions. As in the
tropical zone, the floras of Angara become
progressively more enriched in and dominated by other seed plants (gymnosperms)
as major climatic changes caused extinctions in, and reorganizations of, the
regional ecological structure (Fig. 5).

SOUTH-TEMPERATE PATTERNS
As in the tropical and north temperate zones, the Gondwana zone had several
distinct vegetational regions in the late
Paleozoic (Cuneo, 1996b). The northernmost parts of the Gondwana continent
Greenhouse continued on p. 6
5

Greenhouse continued from p. 5
(northern South America and North
Africa) were in the tropics, and fossil
assemblages from these areas are distinctly
Euramerican. All other parts of the continent were in the south temperate Gondwana biogeographic zone. Major floral
changes occurred on the Gondwana continent in the Southern Hemisphere at or
near the mid-Carboniferous and Carboniferous-Permian boundaries. Prior to the
mid-Carboniferous and the inception of
glaciation, biomes were characterized by
progymnosperms and pteridosperms.
There is still debate as to the exact timing
of floral change, because the onset of
glaciation may have affected the plant biogeography in continental interiors earlier
(Archangelsky, 1990).
Floristic turnover at the mid-Carboniferous boundary is characterized
by a flora that was made up of taxa like
Nothorhacopteris, which appear to be similar in aspect to forms dominating early
Carboniferous floras in the tropics. Several
of the dominant taxa were considered to
be progymnosperms. However, recent
work has shown that some of them were
pteridosperms (Vega and Archangelsky,
1996; Galtier, 1996). Scouring rushes
(sphenopsids) and club mosses (lycopsids)
also were present, but they were small in
the cooler areas; they grew to tree size
only in the warmer areas (Peru, Niger).
Ferns were rare or absent. The highest
diversity floras occupied the lower latitudes, whereas the low-diversity floras are
known from more poleward regions.
At or near the Carboniferous-Permian
boundary, this late Carboniferous flora
was replaced by one dominated by seedbearing glossopterids, large trees with
deciduous leaves (Cuneo, 1996a). Early
glossopterids appeared suddenly, accompanied by the extinction of many of the
Carboniferous elements. The simple venation of these early forms cannot be distinguished from the genus Lesleya that
occurred in seasonally dry areas of the
tropics as early as earliest Pennsylvanian
(Namurian) time in Illinois (Leary, 1980).
If actually related to glossopterids, Lesleya
would have been at least partly preadapted
to a seasonally cold climate of the Southern Hemisphere (Leary, 1980; Archangelsky, 1990) by virtue of its origin in seasonally dry parts of the tropics.
The Glossopteris-dominated flora persisted throughout the Permian and diversified in complexity of leaf venation and
reproductive structures. In addition, tropical plants appeared in the temperate areas
in response to higher rainfall and due to
the drying of most of the tropical areas.
The temperate areas of Gondwana were
clearly not very cold (Cuneo, 1987), certainly much warmer than hypothesized
by climate models (Yemane, 1993). This is
reflected in the successful colonization by
6

conifers, sphenopsids, ferns, pteridosperms, ginkgophytes, and cordaites.
One aspect that has been neglected in
most previous discussions is the fact that
there must have been glacial and interglacial intervals and that the interglacial
periods could have been very warm, providing for part of the vegetational record.

DISCUSSION
The late Paleozoic offers the best prePleistocene opportunity to observe the
response of terrestrial vegetation to shortterm and long-term fluctuations in glacial
conditions, the ultimate end of an ice age,
and change to a global greenhouse. In
fact, the patterns of change in the tropics,
in particular, appear to be better documented for the Permian-Carboniferous
tropics than for those of today. Several
conclusions and generalities can already
be drawn from study of these long-extinct
ecosystems.
Despite difficulties in correlation, a
case can be made for approximate synchroneity of changes in plant communities throughout the world in response to
severe global physical stresses. These consequences might be offset in time by as
much as a stage because some climatic
belts or environments are able to buffer
consequences of changes until threshold
levels are overcome. The “recovery”
phases following periods of major glacial
onset or retreat are complex and dependent on local factors, both biotic (for
example, ability of species to extend their
ranges into an area) and abiotic.
Ecosystems appear to be able to
“absorb” regional to global species extinctions below some threshold level. Our
data do not yet permit us to pinpoint this
with great accuracy, but it appears to be
less than 50% and probably more than
10% of common species of trees and
shrubs. Such background turnover and
replacement are visible at the species level
in data derived from peat-forming mires
and clastic wetlands. When this threshold
extinction level is surpassed, reorganization takes place and results in a different
dominance-diversity structure. Floras and
vegetation in both the tropical and northtemperate regions persist for millions of
years despite background extinction, only
to change approximately simultaneously
during a period of glacial onset or
deglaciation and global warming.
When ecosystems are physically disrupted by short-term but severe and
widespread perturbations, opportunists
will have a distinct advantage in securing
and maintaining dominance. The lowland-wetland, tropical Late Pennsylvanian
(Stephanian) is, in some ways, analogous
to an extended “fern spike” recognized as
the initial recovery phase following the
Cretaceous-Tertiary extinction event
(Nichols et al., 1986).

The concept of refugium is elusive.
An area of survival of archaic vegetation
(relative to the rest of a floristic realm)
does not constitute a refugium if the
plants cannot migrate back to previously
occupied areas when conditions return to
those approximating the pre-extinction
environment. Both abiotic factors, such as
the lack of clear routes of dispersal, and
biotic factors, such as incumbent advantage, can prevent an expansion of vegetation from a potentially refugial area.
Ultimately, species with life histories
and structural adaptations that precondition them to survive under physically
inhospitable conditions will survive to
attain dominance. During the late Paleozoic these were almost exclusively groups
of seed plants. The pattern has continued,
with subsequent global and regional ecological perturbation resulting in dominance of the landscape by an ever narrowing phylogenetic spectrum of plants after
the late Paleozoic. Within the seed plants,
dominance has been narrowed largely to
angiosperms. Within angiosperms, composites and grasses have become ever more
dominant over wider areas of Earth’s surface as a consequence of climatic changes.
Patterns in the late Paleozoic provide
us with one certainty: global warming presents plants with conditions that are
markedly different from those found during periods of icehouse climate. The waxing and waning of glaciers are, in and of
themselves, a climate-mode to which vegetations become attuned. Global warming
breaks the mold and encourages the establishment, quite rapidly (in geological
terms at a stage boundary; probably on
the order of 1–10 ka), of new kinds of vegetation, the origins of which are as much
due to evolutionary innovation as to reorganization of species associations. Extinctions break the hold incumbent taxa have
over the resources and favor or permit the
establishment of new species, although
apparently those descended from opportunistic and/or extinction-resistant ancestors. Past patterns, when coupled with
recently developed ecological concepts
such as the recognition of thresholdlike
responses to perturbation (Kareiva and
Wennergren, 1995), provide a basis to
speculate on responses to change.
Although the interactions between vegetation and climate are complex, they do
conform to some general and recurrent
patterns that exist on different scales in
space and time. Recognizing patterns and
principles of change at the icehouse-greenhouse transitions of the late Paleozoic will
enable us to use this understanding to
make predictions about changes to come.

ACKNOWLEDGMENTS
William L. Crepet, Louis Derry,
Robert W. Kay, and two anonymous
reviewers offered helpful discussions and

GSA TODAY, October 1996

review of the manuscript. We thank T. L.
Phillips for granting permission to use the
reconstruction of a Pennsylvanian peat
swamp. This research has been supported
by various funding agencies, including the
National Science Foundation to Gastaldo,
the American Chemical Society, the
Deutsches Forschung Gemeinschaft, the
Research Foundation of the University of
Pennsylvania, and the Smithsonian Institution. Evolution of Terrestrial Ecosystem
Program contribution #30.

Dorofyeva, L. A., Davydov, V. I., and Kashlik, D. S.,
1982, Mode of temperature variation in the late Paleozoic of the southwest Darvaz: Akademie Nauk SSSR
Doklady, Earth Science Section, v. 263, p. 81–89.

Nichols, D. J., Jarzen, D. M., Orth, C. J., and Oliver,
P. Q., 1986, Palynology and iridium anomalies at Cretaceous-Tertiary boundary, south-central Saskatchewan:
Science, v. 231, p. 714–717.

Elias, M. K., 1936, Late Paleozoic plants of the Midcontinent region as indicators of time and of environment:
International Geological Congress, 16th, Compte
Rendu, v. 1, p. 691–700.

Niklas, K. J., Tiffney, B. H., and Knoll, A., 1983, Patterns
in vascular land plant diversification: Nature, v. 303,
p. 614–616.

Erwin, D. H., 1996, The mother of mass extinctions:
Scientific American, v. 275, p. 72–78.
Fischer, A .G., 1982, Long-term climatic oscillations
recorded in stratigraphy, in Berger, W. H. and Crowell,
J. C., eds., Climate in Earth history: Washington, D.C.:
National Academy Press, p. 97–104.

Pfefferkorn, H. W., 1995, We are temperate climate
chauvinists: Palaios, v. 10, p. 389–391.
Pfefferkorn, H. W., and Thomson, M. C., 1982, Changes
in dominance patterns in upper Carboniferous plantfossil assemblages: Geology, v. 10, p. 641–644.

REFERENCES CITED

Frakes, L. A., Francis, J. E., and Syktus, J. I., 1992,
Climate modes of the Phanerozoic: Cambridge, UK,
Cambridge University Press, 274 p.

Phillips, T. L., and Cross, A. T., 1991, Paleobotany and
paleoecology of coal, in Gluskoter, H. J., et al., eds.,
Economic Geology: U.S.: Boulder, Colorado, Geological
Society of America, Geology of North America, v. P-2,
p. 483–502.

Archangelsky, S., 1990, Plant distribution in Gondwana
during the late Paleozoic, in Taylor, E. L. and Taylor, T. N.,
eds., Antarctic paleobiology: New York, Springer-Verlag,
p. 102–117.

Francey, R. J., Tans, P. P., Allison, C. E., Enting, I. G.,
White, J. W. C., and Troller, M., 1995, Changes in
oceanic and terrestrial carbon uptake since 1982:
Nature, v. 373, p. 326–329.

Phillips, T. L., and Peppers, R. A., 1984, Changing patterns of Pennsylvanian coal-swamp vegetation and
implications of climatic control on coal occurrences:
International Journal of Coal Geology, v. 3, p. 205–255.

Behrensmeyer, A. K., and Hook, R. W., editors, 1992,
Paleoenvironmental contexts and taphonomic modes
in the terrestrial fossil record, in Behrensmeyer, A., et
al., Terrestrial ecosystems through time: Chicago, University of Chicago Press, p. 15–138.

Galtier, Jean, 1996, The Lower Carboniferous Rhacopteris is not a fern nor a progymnosperm: International Organization of Paleobotany Conference, 5th,
Santa Barbara, California, Abstracts, p. 32.

Read, C. B., and Mamay, S. H., 1964, Upper Paleozoic
floral zones and floral provinces of the United States:
U.S. Geological Survey Professional Paper 454-K, 35 p.

Berner, R. A., 1990, Atmospheric carbon dioxide levels
over Phanerozoic time: Science, v. 249, p. 1382–1386.
Berner, R. A., 1991, A model of atmospheric CO2 over
Phanerozoic time: American Journal of Science, v. 291,
p. 339–376.
Broutin, J., and eight others, 1990, Le renouvellement
des flores au passage Carbonifère Permien: Approches
stratigraphique, biologique, sedimentologique:
Académie des Science Compte Rendu, ser. II, v. 311,
p. 1563–1569.
Burnham, R. J., 1993, Time resolution in terrestrial
macrofloras: Guidelines from modern accumulations,
in Kidwell, S. M., and Behrensmeyer, A. K., eds., Taphonomic approaches to time resolution in fossil assemblages: Short Courses in Paleontology, v. 6, p. 57–78.
Cecil, C. B., 1990, Paleoclimate controls on stratigraphic repetition of chemical and clastic rocks:
Geology, v. 18, p. 533–536.
Crowley, T. J., 1994, Pangean climates, in Klein, G. D.,
ed., Pangea: Paleoclimate, tectonics, and sedimentation
during accretion, zenith, and breakup of a supercontinent: Geological Society of America Special Paper 288,
p. 25–39.
Cuneo, N. R., 1987, Sobre la presencia de probables
Ginkgoales en el Permico inferior de Chubut,
Argentina: Simposio Argentino de Paleobotanica y
Palinologica, Actas VII, p. 47–49.
Cuneo, N. R., 1996a, The Carboniferous-Permian vegetational transition in the Southern Hemisphere: An
appraisal: International Organization of Paleobotany
Conference, 5th, Santa Barbara, California, Abstracts,
p. 21.
Cuneo, N. R. 1996b, Permian phytogeography in Gondwana: Palaeogeography, Palaeoclimatology, Palaeoecology (in press).
DiMichele, W. A., and Aronson, R. B., 1992, The Pennsylvanian-Permian vegetational transition: A terrestrial
analog to the onshore-offshore hypothesis: Evolution,
v. 46, p. 807–824.
DiMichele, W. A., and Phillips, T. L., 1995, The
response of hierarchically structured ecosystems to
long-term climate change: A case study using tropical
peat swamps of Pennsylvanian age, in Stanley, S. M., et
al., eds., Effects of past global change on life: Washington, D.C., National Academy Press, p. 134–155.
DiMichele, W. A., and Phillips, T. L., 1996, Climate
change, plant extinctions and vegetational recovery
during the Middle-Late Pennsylvanian transition: The
case of tropical peat-forming environments in North
America, in Hart, M. B., ed., Biotic recovery from mass
extinctions: Geological Society of London Special
Publication 102, p. 201–221.
DiMichele, W. A., Pfefferkorn, H. W., and Phillips, T. L.,
1996, Persistence of Late Carboniferous tropical vegetation during glacially-driven climatic and sea-level fluctuations: Palaeogeography, Palaeoclimatology, Palaeoecology (in press).

GSA TODAY, October 1996

Gastaldo, R. A., 1987, Confirmation of Carboniferous
clastic swamp communities: Nature, v. 326, p. 869–871.
Gastaldo. R. A., Demko, T. M., and Liu, Y., 1993, The
application of sequence and genetic stratigraphic concepts to Carboniferous coal-bearing strata: An example
from the Black Warrior basin, US: Geologische Rundschau, v. 82, p. 212–226.
Graham, J. B., Dudley, R., Aguilar, N. M., and Gans, C.,
1995, Implications of the late Palaeozoic oxygen pulse
for physiology and evolution: Nature, v. 375, p.
117–120.
Graham, N. E., 1995, Simulation of recent global temperature trends: Science, v. 267, p. 666–671.
Guo, Yingting, 1990, Paleoecology of flora from coal
measures of Upper Permian in western Guizhou: China
Geological Society Journal, v. 15, p. 48–54.
Halle, Francis, Oldeman, R. A. A., and Tomlinson, P. B.,
1978, Tropical trees and forests: Berlin, Heidelberg, New
York, Springer-Verlag, 441 p.
Kareiva, P., and Wennergren, U., 1995, Connecting
landscape patterns to ecosystems and population processes: Nature, v. 373, p. 299–302.
Laveine, J. P., 1993, The distribution of Eurasiatic late
Paleozoic floras: A main tool for paleogeographic relationships: Biostratigraphy of Mainland Southeast Asia:
Facies & Paleontology, v. 2, p. 347–359.
Leary, R. L., 1980, Reclassification of Megalopteris sp.?
Arber (1904) from the Culm Measures of northwest
Devon as Lesleya sp.: Review of Palaeobotany and Palynology, v. 30, p. 27–32.
Lyons, P. C., and Darrah, W. C., 1989, Earliest conifers
in North America: Upland and/or paleoclimatic indicators?: Palaios, v. 4, p. 480–486.

Retallack, G. J., 1995, Permian-Triassic life crisis on
land: Science, v. 267, p. 77–80.
Sellwood, B. W., Price, G. D., and Valdes, P. J., 1994,
Cooler estimates of Cretaceous temperatures: Nature,
v. 370, p. 453–455.
Thompson, D. J., 1995, The seasons, global temperature, and precession: Science, v. 268, p. 59–68.
Vega, J. C., and Archangelsky, Sergio, 1996, Austrocalyx
jejenensis Vega and Archangelsky, gen. et sp. nov., a
cupulate rhacopteroid pteridosperm from the Carboniferous of Argentina: Review of Palaeobotany and Palynology, v. 91, p. 107-119.
Wagner, R. H., 1993, Climatic significance of the major
chronostratigraphic units of the Upper Palaeozoic:
International Carboniferous-Permian Congress, XIIth,
Compte Rendu, v. 1, p. 83–108.
Webb, T., III, 1995, Clues to global change: Carbon
exchange anomalies: Geotimes, v. 41, no. 8, p. 19–20.
Yemane, K., 1993, Contribution of Late Permian
palaeogeography in maintaining a temperate climate
in Gondwana: Nature, v. 361, p. 51–54.
Ziegler, A. M., 1990, Phytogeographic patterns and
continental configurations during the Permian Period;
in McKerrow, W. S., and Scotese, C. R., eds., Palaeozoic
palaeogeography and biogeography: Geological Society
of London Memoir 12, p. 363–379.
Ziegler, A. M., Raymond, A., Gierlowski, T. C., Horrell,
M. A., Rowley, D. B., and Lottes, A. L., 1987, Coal, climate, and terrestrial productivity—The present and
Early Cretaceous compared, in Scott, A. C., ed., Coal
and coal-bearing strata—Recent advances: Geological
Society of London Special Publication 32, p. 25–49.

Manuscript received July 1, 1996; revision received
August 7, 1996; accepted August 9, 1996. ■

Meyen, S. V., 1982, The Carboniferous and Permian
floras of Angaraland (a synthesis): Biological Memoirs,
v. 7, 109 p.

PUBLICATIONS OF RELATED INTEREST FROM GSA

Pangea: Paleoclimate, Tectonics, and Sedimentation during Accretion, Zenith, and Breakup of a
Supercontinent (SPE288, $72.50, Member price $58.00
Economic Geology, U.S. (GNA-P2, $80.00, Member price $65.00)
Gondwana Master Basin of Peninsular India between Tethys and the Interior of the Gondwanaland
Province of Pangea (MWR187, $42.00, Member price $33.60
Historical Perspective of Early 20th Century Carboniferous Paleobotany in North America (MWR185,
$105.00, Member price $84.00)
Permian–Triassic Pangean Basins and Foldbelts along the Panthalassan Margin of Gondwanaland
(MWR184, $75.00, Member price $60.00)
Recent Advances in Coal Geochemistry (SPE248, $11.00, Member price $8.80
FOR MORE INFORMATION OR TO PLACE AN ORDER CONTACT

GSA Publication Sales, P.O. Box 9140, Boulder, CO 80301
1-800-472-1988, fax 303-447-1133, E-mail: pubs@geosociety.org

7

8

GSA TODAY, October 1996

WASHINGTON REPORT

provide a comprehensive plan to ensure
development of oceanography science and
technology modeling and simulation proBruce F. Molnia
grams throughout government, universities, and industry that will be available
Washington Report provides the GSA membership with a window on the activities of the
to support military requirements in the
federal agencies, Congress and the legislative process, and international interactions that
future. The provision would also create a
could impact the geoscience community. In future issues, Washington Report will present
national ocean-data and remote-sensing
summaries of agency and interagency programs, track legislation, and present insights into
center to centralize all unclassified, classiWashington, D.C., geopolitics as they pertain to the geosciences.
fied, and sensitive compartmented information databases; models and product
synthesis capabilities to support national
oceanographic requirements; and a
national natural littoral laboratory. The
Senate amendment would provide fundThe need exists for a formal mechanism to coordinate existing partnering in the Navy’s Oceanographic and
Atmospheric Technology program for supships and establish new partnerships for the sharing of resources, intellecport of the National Oceanographic Parttual talent, and facilities in the ocean sciences and education, so that
nership Act. The Senate amendment also
optimal use can be made of this most important natural resource for the
contained a provision that would establish
national coastal data centers on both the
well-being of all Americans.
east and west coasts at existing institu—Sec. 281(4) of the National Oceanographic Partnership Act
tions of higher learning with well-established institutes or graduate schools of
oceanography. Differences between the
House and Senate versions will be worked
The program is designed to leverage
The Defense Appropriation Acts of
out in conference.
all U.S. oceanographic efforts to the beneboth Houses of Congress contain sections
The provision would also direct the
fit of the nation. Membership of the 19directing the Secretary of the Navy to
National Oceanographic Leadership Counmember Oceanographic Leadership Counestablish a National Oceanographic Partcil to review the requirement for the estabcil would consist of the Secretary of the
nership Program, a National Oceanolishment of centers for the national cenNavy (chairman), the Administrator of
graphic Research Leadership Council, and
tralization of oceanographic research data,
the National Oceanic and Atmospheric
an Ocean Research Advisory Panel. LanAdministration (vice chairman), the Direc- including coastal data centers, and to
guage contained in the legislation states
establish such centers as it deems necestor of the National Science Foundation,
that the purpose of the program is “to
sary. The first annual report of the Council
the Administrator of the National Atmopromote the national goals of assuring
is to be submitted to Congress no later
spheric and Space Administration, the
national security, advancing economic
than March 1, 1997.
Deputy Secretary of Energy, the Adminisdevelopment, protecting quality of life,
The Ocean
trator of the Environand strengthening science education
Research Advisory
mental Protection
through oceanographic research and
Panel, consisting of
Agency, the Comdevelopment.” The leading proponent of
Understanding of the oceans
10 to 18 members,
mandant of the
the Program is Congressman Curt Weldon
through basic and applied
would be appointed
Coast Guard, the
(R-PA), who, with Patrick Kennedy (D-RI),
by the council
Director of the U.S.
introduced and sponsored the legislation
research is essential for
“from among perGeological Survey,
in the House. Weldon, who has declared
using the oceans wisely
sons who are emithe Director of the
1996 as the “Year of the Oceans,” was
nent in the fields of
Defense Advanced
assisted in formulating the legislation
and protecting their limited
marine science or
Research Projects
by the Consortium for Oceanographic
marine policy, or
Research and Education, headed by former Agency, the Director
resources. Therefore, the
related fields, and
of the Minerals
Chief of Naval Operations, Admiral James
United States should maintain
who are representaManagement Service,
Watkins.
tive, at a minimum,
the President of the
The rationale for this legislation is
its world leadership in
of the interests of
National Academy
clearly presented in Sec. 281, the “Findoceanography as one key
government,
of Sciences, the Presiings” section of the Act which states
academia, and
dent of the National
“(1) The oceans and coastal areas of the
to its competitive future.”
industry.” Advisory
Academy of EngiUnited States are among the Nation’s
Panel Members are
neering, the Presimost valuable natural resources, making
to be appointed “no later than January 1,
dent of the Institute of Medicine, the
substantial contributions to economic
1997.”
Director of the Office of Science and Techgrowth, quality of life, and national secuEarlier this year at the House hearings
nology Policy, the Director of the Office of
rity. (2) Oceans drive global and regional
on the oceans, Admiral Watkins pointed
Management and Budget, a member from
climate. Hence, they contain information
out that 47 committees in Congress have
the ocean industries, a member from the
affecting agriculture, fishing, and the preoversight responsibilities over some aspect
state governments, a member from
diction of severe weather. (3) Understandof federal oceanographic programs. He
academia, and another member to be
ing of the oceans through basic and
also showed that nine agencies perform
appointed by the chairman.
applied research is essential for using the
oceanographic research. If successful, the
The role of the council would be to
oceans wisely and protecting their limited
new program will ensure that the U.S. taxcoordinate national oceanography proresources. Therefore, the United States
payer and the U.S. scientific community
grams, partnerships, and facilities and
should maintain its world leadership in
get the maximum return possible for the
to coordinate policy efforts of all federal
oceanography as one key to its competiever-dwindling oceanographic research
activities involved in oceanographic surtive future.”
dollar. ■
veys and research. The council would also
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BACKGROUND
By Congressional mandate, the
National Biological Service (NBS) has been
merged into the U.S. Geological Survey
(USGS), and is now the new Biological
Resource Division of the USGS. This
merger creates the potential to leverage
bureaucratic change into scientific advance
by forming an organization that unifies
previously disparate environmental science
activities. To help ensure that this potential
is fulfilled, the Geological Society of America, Ecological Society of America, and
Keystone Center sponsored two regional
workshops to identify new interdisciplinary scientific opportunities relevant
to the mission of the newly consolidated
USGS and NBS, especially in the context
of the Department of Interior’s (DOI) trust
responsibilities for land and resource management. Achievement of this mission may
depend on the development of a framework for scientific investigation and
information management that integrates
knowledge on biological, physical, and
socioeconomic processes and forces.
This report summarizes the results
and findings of the first workshop, held in
Washington, D.C., on June 4 and 5, 1996.
Workshop participants included scientists
and natural resource managers from a
wide range of sectors including academia,
nonprofit organizations, private companies, state and federal agencies that work
with the USGS and NBS, and the USGS
and NBS themselves.

OVERARCHING ISSUES
Five overarching issues emerged that
are pertinent to the initiatives developed
at the workshop.
1. The combined USGS-NBS should
recognize adaptive resource management
as a guiding principle. Adaptive resource
management is an iterative procedure that
incorporates goal setting, management,
monitoring, and assessment in a process
that leads simultaneously to improved
understanding of ecosystem dynamics and
improved resource management through
time.
2. Baseline data on the state of ecosystems and watersheds are commonly lack10

ing or inadequate; collecting and compiling integrated biological and physical
baseline data are necessary prerequisites
for successful resource management.
3. The USGS-NBS must develop
comprehensive data acquisition, storage,
retrieval, and archiving policies that allow
full utilization of existing data, integration
of physical and biological data sets, quality control of data, and appropriate allocation of resources for collecting new data.
4. Many new interdisciplinary initiatives can combine, build on, and leverage
existing USGS and NBS programs.
5. The USGS-NBS should cultivate
effective lines of communication and
maintain strong ties with the NBS client
community (federal, state, local, nonprofit, and private sector), in order to
ensure the success of the merger.

PROPOSED INITIATIVES
I. Scientific Needs and Opportunities
Numerous high-priority interdisciplinary scientific initiatives relevant to
the mission of the merged USGS and NBS
were identified during the workshop;
these are grouped into the following seven
categories. Order of presentation is not
meant to imply relative priority among
the initiatives.
A. Restoration. Provide leadership for
setting restoration goals, monitoring goal
achievement, synthesizing results, and
applying results to future action (i.e.,
adaptive management). Work with willing
partners to choose a diverse set of pilot
sites to demonstrate how to: select sites
(in a landscape perspective); assess potential ecological states; set restoration goals
(i.e., define desired ecological state); identify information needs; conduct monitoring; and evaluate results. Use results from
demonstration projects to provide “lessons
learned” to a broad audience of potential
users.
B. Sustainability. For high-use terrestrial habitats, define thresholds beyond
which systems are no longer resistant or
resilient. Implementation steps include:
identifying a diverse set of at-risk habitats;
synthesizing current data and conducting
needed research to define habitat-specific
thresholds; recommending long-term

monitoring and adaptive management
strategies for various habitats.
C. Non-Indigenous Species. Determine
invasion dynamics, management implications, and treatment options for problematic non-indigenous species. Implementation steps include: identifying problematic
species and vulnerable habitats as defined
by user needs; prioritizing and selecting
species and diverse habitats for study;
defining current state of knowledge for the
selected species and habitats; undertaking
targeted research in conjunction with
users and DOI clients; developing treatment options and monitoring approaches
in cooperation with appropriate partners.
D. Species Distribution: Identification
and Density of Organisms—Systematics. Support acquisition of baseline data, surveys
of the distribution and density of critical
species and habitats, training of systematists, and involvement of the systematics
community to enhance productivity and
efficiency. USGS should serve as a clearing
house for distribution and density information, and incorporate these data into
georeferenced meta-databases.
E. Natural and Altered Biogeochemical
Cycling. Determine impacts of major land
uses (e.g., grazing, mining, logging, recreation) on local and regional biogeochemical cycles, especially water, carbon, nitrogen, and phosphorus. Evaluate impacts of
various land uses on a range of habitats
(e.g., hydrogeologic, vegetative, soil), and
evaluate existing best management practices for each of these habitats.
F. Implications of Physical and Ecological
Boundaries on Ecosystem Management. Rapid
rates of ecological change may be concentrated at ecosystem, geomorphic, geologic,
and/or hydrologic boundaries. Ecological
and physical processes at these boundaries
may have cascading (controlling) effects
on each “side” of the boundary. Proper
management of the contiguous systems
of interest (e.g., stream and riparian zones)
requires knowledge of boundary processes,
provided by interdisciplinary teams of scientists, and the integration of data sets
that have traditionally been collected and
analyzed separately.
IEE continued on p. 11
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Sub-initiative on buffer strips: Define
habitat-specific spatial scale of buffer strips
and conditions where they can be effective for resource protection, versus those
where they are inappropriate or ineffective. Prioritize information needs and
undertake targeted research, including
monitoring, to improve the state of
knowledge and develop improved guidelines for the use of buffers.
G. Evaluating Multiple Stressors: Ecological Risk Assessment and Ecosystem Modeling.
Land and resource managers lack information on the biological and physical modifications of the environment, or stressors,
that affect their resource responsibilities;
on the potential impacts of each of these
stressors; and on the combined impacts of
multiple stressors. Techniques for stressor
analysis should be formalized to create
ecological risk assessment methodologies
that can weigh the comparative risks from
diverse and multiple stressors, in light of
land and resource management practices
and policies. Modeling of ecosystem evolution can allow resource managers to
anticipate how particular kinds of ecosystems will respond to interactions between
natural factors and human activities, to
identify systems at risk from particular
stressors, and to set priorities for management practices. Model validation requires
integration of data gathered via broadscale monitoring, remote sensing, and
process-based, site-specific research, undertaken as part of adaptive management
strategies.

II. Tools and Technologies
Workshop participants identified
three high-priority initiatives for data
collection and management relevant to
the agency mission.

A. Monitoring. Develop a conceptual
design and pilot effort for a robust monitoring approach for biological and physical attributes of terrestrial and aquatic systems. Identify current monitoring sites
and systems—what data already exist?
Augment or enhance current efforts as
appropriate. Monitoring programs should
be designed for the following systems:
aquatic and riparian (augment National
Water-Quality Assessment Program); truly
terrestrial; marine (continental margins).
B. Spatial Distribution of Biological and
Physical Attributes. Develop a national spatial database as a repository and clearinghouse for geo-referenced biological, chemical, and physical data (existing and newly
acquired). The database should be developed at an appropriate scale for determining geographic distributions of species and
communities and the physical and chemical factors that influence distribution. The
database can be used to track ecological
changes, define critical conservation
needs, and test predictive models for
species distribution and ecosystem
evolution.
C. In-Stream Flow Methodologies.
Develop in-stream flow methodologies
that address local hydrologic and physiographic conditions and the various uses of
streams and rivers. Implementation steps
include: identifying basic data needs; identifying various uses of streams and rivers
(e.g., water supply, habitat protection,
flood control, recreation); reviewing
existing methodologies; developing
new regional methodologies as necessary;
designing monitoring programs to assess
success or failure of various methodologies; modifying methodologies on the
basis of monitoring results. ■

Workshop Participants
Jane Belnap, National Biological Service
Paul Brouha, American Fisheries Society
Cheryl Ann Butman, Woods Hole Oceanographic
Institute
Sarah Gerould, U.S. Geological Survey
David Graber, National Biological Service
Clifford Greve, Science Applications International
Corp.
David Hart, Academy of Natural Sciences
John Haugh, Bureau of Land Management
Robert Hirsch, U.S. Geological Survey
Harry Hodgdon, Wildlife Society
George Hornberger, University of Virginia
Dave Kirtland, U.S. Geological Survey
Richard Kropp, New Jersey Dept. of Environmental
Protection
John Lehman, University of Michigan
Steve Lewis, Exxon Biomedical Sciences

Edgar Lowe, St. Johns River Water Management
District (Fl.)
William Michener, Joseph W. Jones Ecological
Research Center (Ga.)
Nancy Morin, Missouri Botanical Garden
Thomas Muir, National Biological Service
Margaret Palmer, University of Maryland
Richard Poore, U.S. Geological Survey
Karen Prestegaard, University of Maryland
Maureen Raymo, Massachusetts Institute of
Technology
James Reichman, National Biological Service
Kenneth Turgeon, Minerals Management Service
Alfred Vang, South Carolina Dept. of Natural
Resources
Kenneth Williams, U.S. Fish and Wildlife Service
E-an Zen, University of Maryland

This series of workshops was supported in part by contributions from the Exxon Corporation,
the Campini Foundation, the Bullitt Foundation, the Minerals Management Service, and Michel T.
Halbouty.

GSA TODAY, October 1996

1997 John C. Frye
Environmental
Geology Award
In cooperation with the Association
of American State Geologists (AASG),
GSA makes an annual award for the best
paper on environmental geology published either by GSA or by one of the
state geological surveys. The award is a
$1000 cash prize from the endowment
income of the GSA Foundation’s John C.
Frye Memorial Fund.
The 1997 award will be presented
at the autumn AASG meeting to be held
during the GSA Annual Meeting in Salt
Lake City.

Criteria for Nomination
Nominations can be made by anyone, on the basis of the following criteria:
(1) paper must be selected from
GSA or state geological survey publications, (2) paper must be selected from
those published during the preceding
three full calendar years, (3) nomination
must include a paragraph stating the
pertinence of the paper, (4) nominations must be sent to Executive
Director, GSA, P.O. Box 9140, Boulder, CO 80301. Deadline: March 31,
1997.

Basis for Selection
Each nominated paper will be
judged on the uniqueness or significance
as a model of its type of work and report
and its overall worthiness for the award.
In addition, nominated papers must
establish an environmental problem or
need, provide substantive information
on the basic geology or geologic process
pertinent to the problem, relate the geology to the problem or need, suggest
solutions or provide appropriate land use
recommendations based on the geology,
present the information in a manner that
is understandable and directly usable by
geologists, and address the environmental need or resolve the problem. It is preferred that the paper be directly applicable by informed laypersons (e.g.,
planners, engineers).

1996 Award Recipient Named
The 1996 award will be presented
at the GSA Annual Meeting in Denver
to Steven Slaff for his report “Down-toEarth Series 3, Land Subsidence and
Earth Fissures in Arizona.” The report
gives scientifically sound geologic detail
of an increasingly serious environmental
problem which is applicable to many
parts of our nation and is easily understood by laypersons.
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GSAF UPDATE
Robert L. Fuchs

News of the Second Century Fund Membership Campaign
Past President Silver Leads
Cordilleran Section
Former GSA President Leon T. Silver
has replaced William R. Dickinson as
Second Century Fund chair for the
Cordilleran Section. Dickinson will be
out of the United States for a considerable
time during the next two years, which precludes giving the Section campaign the
time it requires. Silver has recently retired
from his position as the W. M. Keck Foundation Professor for Resource Geology at
the California Institute of Technology and
as a result will be able to devote time to
the membership campaign during the
coming months.
Silver was deeply involved in establishing the Foundation, pointing out as a
Councilor and Budget Committee Chair as
early as 1976 that GSA’s financial reserves,
in its second century, needed to be
increased and that new endowment funds
should be obtained. During his term as
President in 1979, he actively promoted
and supported the Centennial Development Committee, the forerunner of the
GSA Foundation. Silver was also instrumental in convincing his older brother

Caswell to serve as the founding chair of
the Foundation and to provide important
seed money by making the first major
individual contribution.
One of our science’s most active and
visible geologists, Silver has been a participant in countless committees, working
teams, and advisory groups of many
national and international organizations,
including the National Academy of Sciences, National Research Council, NASA,
and National Science Foundation.
Although his long record of service spanning nearly 35 years already ranks him
among the most dedicated of GSA’s members, Silver continues to demonstrate his
strong sense of responsibility for the wellbeing of GSA and geology. In a recent discussion with President Eldridge Moores,
Silver expressed the view that GSA Past
Presidents should play a more active role
in the Society. Now he has backed up his
words by assuming this important
Cordilleran Section job. Moores noted
that, “When I asked Lee Silver how the
experience of Past Presidents could be best
utilized, he replied ‘in raising money.’
By taking the Cordilleran SCF chair, he

is practicing what he has preached for
over 20 years, to GSA’s lasting benefit.”

Timing is Everything—Make Your
SCF Pledge Soon
We hope that if you are not already a
contributor to the membership campaign,
you will seriously consider a pledge this
year. There is also good reason to do this
before or at the Denver annual meeting.
Donors to the membership campaign at
the $250 or higher level are eligible for a
drawing that will be held during the meeting. A number of valuable prizes will be
awarded, topped by one of GSA’s popular
GeoHostels. Other awards include books,
software, and journal subscriptions. This
array of gifts has been made possible
through the generosity of annual meeting
exhibitors, including Blackwell Scientific
Publications, Earth’nWare, Mountain Press
Publishing Company, Numerical Algorithms Group, Kalmbach Publishing, and
University of Chicago Press. So don’t put
off until tomorrow what you should do
today. ■

Next Pardee Coterie Meeting is October 30
The Pardee Coterie, the gathering of
GSA Foundation planned givers, will meet
again this year during the annual meeting.
The 1996 breakfast meeting will be held
at the venerable Brown Palace Hotel, a
hostelry that, like GSA, is now in its second century. The date is October 30 at
9:00 a.m. GSA President Eldridge Moores
will speak about current Society developments, and Education Coordinator Ed
Geary will cover the many dynamic

aspects of the SAGE program and the
newly developing Earth-Space Center.
The Pardee Coterie is open to any
who have made planned gifts to GSA. This
includes bequests, charitable remainder
trusts, charitable gift annuities, and the
Foundation’s Pooled Income Fund. Contact the Foundation office by phoning or
sending an E-mail or the accompanying
coupon to get further information. ■

It’s Really Not Too Early To . . . .
It’s really not too early to think about
maximizing your 1996 charitable deductions, and minimizing your income taxes.
Next month’s GSAF Update will deal in
more detail with this topic, but a few ideas
may be helpful now. If you have securities
in which you have capital gains, think
about donating the securities rather than
cash. You’ll save taxes by doing this. If you
have securities in which you have capital
losses, consider selling the securities and
donating the cash. In this way you will
realize the losses, which will lower your
taxes. If you do not usually itemize deduc12

tions, give thought to bunching your
deductions in the current year to increase
1996 deductions above the standard
threshold. This can be done by pre-paying
before year end where possible such
deductible items as state income taxes,
property taxes, and charitable gifts,
including next year’s pledges. Finally, look
around for an unused asset that might be
donated to charity this year, such as a life
insurance policy that has outlived its original purpose, or an item of real or personal
property that is unutilized. ■

Visit GSAF on the
World Wide Web
The GSA Foundation can now
be found within the GSA home page
on the World Wide Web. You can find
us at http://www.geosociety.org by
clicking on the GSA Foundation link.
You will learn how you can help
advance the science of geology
through a gift to the Second Century
Fund or the Foundation’s annual campaign. Or learn about various planned
giving instruments, if you are considering making a larger gift or looking
for retirement income. You can even
send us a direct E-mail message, right
off the Web! Julie Wetterholt, Second
Century Fund Campaign Coordinator,
commented, “The Foundation is very
pleased to have a place on the Web.
We think the members will appreciate
a quick and direct access to Foundation information, especially details
on the current capital and annual
campaigns, not to mention the
more complicated planned giving
instruments.”
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Director of Development Appointed
Valerie G. Brown has been appointed the GSA Foundation’s Director of Development
and joined the headquarters staff at the beginning of October. She will have responsibility for much of the Foundation’s fund-raising activity, including the Second Century
Fund, the annual campaign, and planned giving.
A Denver resident, Brown was Director of Grants and later Senior Development Officer
for the University of Colorado Foundation at the Health Science Center Campus. Over
a 12-year period she was engaged in a broad range of fund-raising, managerial, and
administrative duties and was a key participant in a successful $77 million capital campaign. Previously she was employed in development work at the Craig Hospital Foundation in Englewood, Colorado. Brown has worked as Personal Trust Officer at the former
United Bank of Denver and has also been in the private practice of law. She has a B.A.
degree from the University of Colorado and a J.D. degree from the University of Denver
College of Law.

Special thanks to those Senior Fellows who have relayed to the Foundation some of
their most memorable early geological experiences. We will have a memory board
with these quotations at the Senior Fellows Reception in Denver.

Donors to the Foundation, July 1996
Allan V. Cox Student
Scholarship Fund
Robert V. Enright
John C. Frye Environmental
Award
Stuart L. Schoff
GEOSTAR
Norma Westman Del Giudice
RaNaye B. Drier
Hydrogeology Division
Award
Warren W. Wood*
Minority Fund
Steven C. Semken

Research Grants
Gregory K. Middleton
SAGE
William E. Daly*
Second Century Fund
BHP Minerals International, Inc.*
Charles S. Bartlett
Howard R. Cramer
Claire B. and Donald F.
Davidson*
Gordon P. Eaton*
Peter and Brenda George
Robert N. Ginsburg*
Rhea L. Graham
Eileen A. Herrstrom
Richard H. Mahard*

Marlene L. McCauley
Frank K. McKinney
Robert W. Metsger
Donna and James L. Russell
Arndt Schimmelmann
Brian J. Skinner
Robert J. Weimer
Unrestricted—Foundation
Jay Glenn Marks*
Asahiko Taira
William J. Wolfe
Unrestricted—GSA
John F. Franklin-JeffersonSquibb
*Century Plus Roster—gifts of
$150 or more

GSA Foundation
3300 Penrose Place
P.O. Box 9140
Boulder, CO 80301
(303) 447-2020
drussell@geosociety.org
My pledge to the Second Century Fund is $__________ per year for ___ years.
Enclosed is my contribution in the amount of $__________ for:
Foundation—Unrestricted
GSA—Unrestricted
The _____________________ program or fund.
Please call me to discuss planned giving and eligibility for the Pardee Coterie.
PLEASE PRINT
Name ________________________________________________________________
Address ______________________________________________________________
City/State/ZIP _________________________________________________________
Phone _______________________________________________________________
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GSA HONORS
50-YEAR FELLOWS
Allen F. Agnew
Janet M. Aitken
Rhesa M. Allen, Jr.
Thomas W. Amsden
Richard J. Anderson
William E. Benson
Jean M. Berdan
J. Robert Berg
Ralph J. Bernhagen
George W. Berry
Raymond E. Birch
Daniel A. Busch
Joseph R. Chelikowsky
Edward J. Combs
Agnes Creagh
Savill C. Creasey
William H. Dennen
G. Donald Eberlein
Gus K. Eifler, Jr.
Samuel P. Ellison, Jr.
William R. Evitt
Oscar S. Fent
Helen L. Foster
Edward A.
Frederickson
Verne C. Fryklund, Jr.
John W. Gabelman
Mohamed A. Gheith
August Goldstein, Jr.
Allan B. Griggs
Wallace W. Hagan
George C. Hardin, Jr.
William P. Hewitt
Allen V. Heyl
William T. Holser
Preston E. Hotz
Sheldon Judson
James M. Kirby
H. D. Klemme
E. Donaldson Koons
J. Laurence Kulp
Wann Langston, Jr.
Geoffrey B. Leech
Alvin R. Leonard
Benjamin F. Leonard
Augustin Lombard
W. Warren Longley
Frederic B. Loomis
Richard W. Lounsbury
John C. Ludlum
Richard H. Mahard
John F. Mann, Jr.
Jay Glenn Marks
Muriel Mathez
John C. Maxwell

Robert G. Maynard
James F. McAllister
Preston McGrain
Duncan A.
McNaughton
Brainerd Mears, Jr.
Robert M. Norris
James J. Norton
Jerry C. Olson
Troy L. Pewe
Lloyd C. Pray
Gordon W. Prescott
Frank Press
Chilton E. Prouty
Augustin Pyre
John A. Reinemund
Charles M. Riley
Louis Carl Sass
H. Leroy Scharon
Ruth A. M. Schmidt
Raymond Siever
Jack A. Simon
Paul K. Sims
Robert G. Smalley
Parke D. Snavely, Jr.
I. Gregory Sohn
Mortimer H. Staatz
Charles E. Stearns
Nelson C. Steenland
Robert C. Stephenson
Thomas A. Steven
Robert E. Stevenson
Glenn W. Stewart
Frederick M. Swain
C. Melvin Swinney
George A. Thompson
James B.
Thompson, Jr.
Robert D. Trace
Donald E. Trimble
Karl M. Waage
Holly C. Wagner
William G. Wahl
George W. Walker
Robert E. Wallace
Stewart R. Wallace
Samuel P. Welles
W. Arthur White
Kemble Widmer
L. Kenneth Wilson
Leonard R. Wilson
John S. Wonfor
J. Lamar Worzel
Robert J. Wright
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MEETING ABSTRACTS

FOR

Jim Clark
GSA Production and Marketing Manager
Mark Duvall
GSA Information Services Manager

More abstracts were submitted for
Denver ’96 than for any previous meeting
in GSA’s history: 2,870—a dozen more
than the previous record of 2,858 submitted for Seattle in 1994.
GSA’s new electronic abstract submission system on the World Wide Web, in
use for the first time this year, may have
accounted for some of the increase. A total
of 1,257 abstracts came via that system,
proving it to be more popular than we had
expected: 44% of submissions were electronic, and 56% came on the familiar,
preprinted paper forms.
Although the Web system was new
and somewhat exotic, it apparently was
relatively trouble-free for most users.
Many commented that it was more convenient and less expensive than the express
services so many have used in the past.
One thing did not change this year:
most abstracts—including Web submissions—were sent and received on deadline
day and the day before. Those who waited

DENVER ’96 SET NEW RECORD

until the last minute to send over the Web
had few alternatives left if anything went
wrong. A few authors, in spite of repeated
trying, simply could not make the Web
system work; in these special cases, GSA
extended the deadline, making it possible
for these authors to get their material into
the system.
All of the 300 or so E-mail messages
that peppered the processing staff at deadline time were answered promptly. Most
were concerned whether GSA had received
an abstract, some asked for corrections to
content, three complained about the
number of words permitted on both the
electronic and paper forms, and several
sent thanks and compliments on the system.
Planning for the 1997 abstract
submissions is already underway, with
improvements planned in the electronic
system, based on user comments and our
experience. The abstract numbers and
names of the senior authors of all accepted
abstracts—electronic or paper—will
be posted on the Web, about two weeks
before the traditional acceptance notices
are mailed.
You’ll be able to search this list
quickly, and the data will be updated

OPEN AY
THURTSOD3 PM
9 AM

ABSTRACTS SUBMITTED
TO GSA ANNUAL MEETINGS
Year

City

Qty

1996
1994
1988
1991
1993
1987
1995
1989
1990
1992
1986

Denver
Seattle
Denver Centennial Meeting
San Diego
Boston
Phoenix
New Orleans
St. Louis
Dallas
Cincinnati
San Antonio

2,870
2,858
2,585
2,526
2,502
2,340
2,206
2,042
1,952
1,867
1,865

with individual session information as
quickly as that is available. This should be
of help to those needing early information
for airline reservations or other planning.
Changes are on the way for the paper
abstract forms, too. For 1997 there will be
two different paper forms: one for use for
any GSA Section meeting (distributed in
September 1996); the other for use for the
Salt Lake City Annual Meeting (to be distributed in spring 1997). The two forms
will not be interchangeable. ■

GSA BOOKSTORE

45

%

off

To GSA Members only!
All other GSA publications will be discounted 30% for GSA Members.

20% off for nonmembers (DNAG and other GSA titles)
Not a member? Consider joining today to receive the best discounts ever.
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HOW MANY WORDS?

1,800 Web Browsers?!
Some 1,800 versions of Web browsers, the software tool required to send a Web
abstract, are out there. The good news is that GSA’s first Web abstract form was widely
usable, in spite of the many and varied quirks inherent in that variety.
Those using a current or recent version of the prominent browsers (Netscape,
Microsoft Explorer, Mosaic), seemed to have the least trouble with our Web abstract
form. But many older browsers do not display tables, forms, and other features required
for an interactive form, and some Internet service providers handle Web forms poorly.
Other than that, the problems were relatively few.
The most common problem was unexpected: some authors lost their live connection
to the Web while they were completing our form. When they tried to “send,” nothing
happened—except that usually the form went blank again. We were caught off guard—
this problem occurs because of conditions on the user’s side and has nothing to do with
GSA’s system. The problem is a simple one, but not widely understood. When a user
accesses a Web form, the user’s computer and browser actually make a copy of the
form, storing it either in memory and/or on the hard disk. As long as the user’s Web
connection remains live, clicking the “send” button on the form will successfully speed
the abstract to GSA because the browser has an open line for transmission. If the connection has been lost, there is nowhere for the data to go.
Web connections can be interrupted for several reasons, all but one of which—a crash
of GSA’s system—are beyond our control. Since GSA’s system never crashed this year, if
this happened to you here are some possible reasons: (1) your browser’s optional “timeout” setting may be set too low; (2) if you’re on a network, your system administrator
may have assigned you low connect-time limits; (3) your PC or Web server may have
crashed, or may have disconnected you because of other user demands; electrical
power may have failed; and so on. The loss of the Web connection is transparent to
most users, especially novices, because the form continues to appear on screen, even
though the computer is then reading it only from memory or disk cache, not from a
working, live connection. In this situation, when the send button is clicked, the user sees
nothing; there is no immediate confirmation from GSA with an assigned abstract number to assure you that all’s well. Even more frustrating, the data laboriously entered on
the form usually disappears. The only recourse is to check the “time outs” in your
browser, and perhaps with your system administrator, and try again.
Another problem had to do with E-mail acknowledgments to authors sometimes
being garbled, or including characters authors did not use. This problem was due to
three things. First, because of variations in computer platforms and user skills, many
abstracts included nonstandard characters. At GSA, we were programmed to filter out
those that we knew about. But about 20 new ones cropped up that we had to incorporate into our filters on the fly. Second, E-mail technology is somewhat archaic and sometimes garbled parts of our messages, adding to the confusion. Third, we tried to embed
a shortened version of the abstract title in our E-mail confirmations, but authors didn’t
understand why their full title wasn’t included.
The last major problem was due to a characteristic of the text boxes in our Web form.
For technical reasons, we were unable to provide “line wrap” in those boxes—that feature that formats a paragraph to look like a paragraph. Rather, when typing or pasting
into text boxes, users found that each paragraph of text appeared in a long line. Some
tried to insert manual carriage returns and other formatting characters, all of which had
to be filtered out. Text properly entered, without user formatting, was quickly and accurately formatted by our system. We’re looking for a technical answer that will let us
incorporate line wrap in our text boxes.
In most of these situations, people want to see what they are accustomed to seeing
in other media. It’s important to realize, however, that the Web is not a format-oriented
medium, but a content-oriented one. Formatting is always controlled on the receiving
end, with settings for most format characteristics being set within the browser in use.
In 1997, we’ll do our best to inform our users of any of these problems that cannot be
resolved.
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How many words fit into a paper
abstract form? How many into a Web
abstract form? The 250 words “acceptable” in an abstract apparently was a
limit suggested in 1968 by the ad hoc
Committee on Long-Range Planning
of Annual Meeting Programs. For many
years, the box on the paper abstract
form was designed to hold about 300
words in 12 pitch typewriter type.
With the appearance of laser printers
and computers, we suggested that 11
point laser type be used, but not less
than 10 point. Most abstract submitters
used 10 point, getting from about 310
words to as many as 350 into the box.
We revisited this issue as we
designed the Web abstract form. Studying a sampling of abstracts from 1995
to determine what people were doing,
we found these averages: about 400
words per abstract, about six characters
per word (plus a blank space for each
word), and most type sizes ranging
from about 8 points up to 10 points.
Those type sizes result in final printed
copy of from 4.8 point to 6 point type,
because we paste abstracts to oversized
boards and reduce the pages to 60% of
original size. In experiments, we found
that the number of words we could fit
onto a paper form varies tremendously
with minor alterations in the space
between characters and between lines,
both of which are features provided by
most modern-day word processing
software. But we must live by the economics of the still-dominant paradigm
of ink on paper. Abstracts sent via the
Web are printed at GSA at a more readable 11 points, which after reduction
to printing size is only 6.6 points,
barely readable by many. The size of
the type placed in the boxes on our
Web form makes no difference in this
equation because all are printed at
GSA; only character counts matter.
So we settled on a limit for the
Web form as follows: title box: 336
characters; author-data box: 2,000
characters; abstract text box: 2,504
characters; total: 4,840 characters. On
the basis of an average of seven characters per word plus one between-words
space, that is, about 600 words possible
in all three boxes.
This count is about double the
words possible within the paper form’s
box, if you use 10 point Helvetica type,
and standard spacing.
If your experience differed from
our conclusions, we would like to
reproduce the circumstances of your
setup exactly to learn what factors
were responsible. Contact J. Clark at
jclark@geosociety.org.
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