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USGS and NPS: Science Partners In the Parks
By Dallas Peck
llirerror, U.S. Gcologirni Sury~
This special earth and water science issue 01
Park Scimc~ is just the latc\t display of the
long-term partncnhip hctwccn the U.S. Geological Survey and the National Park Service.
Actunlly. the partnership hetneen us, between
the national perk\ and the earth, wafer. and
mapping \cicnccc. began long before thcrc WLIS
a National Park Service or a U.S. Geological
SUPEY.
That early pertnership was based very much
on exploration and dixovery.
The beauty and
exciting geology of the landvxpe were natural
magnets that drew \omr 01 Ihe nation‘\ first
geolo_eist?to map. study. and defend the Crown
Jewclc hcforc they were added to the protected
public domain.
Two of these rnrly rxplorers and defenders
of the nor-yer nerional parks. Clarence King in
Yo\emife and John Wc\lcy Powell in the Grand
Canyon, carried out xientlfic
inve\tipations
thatwould hrlphuildcarrersthatmadethrmthe

first and second directon of the USGS.
Our century-old partnership lhac grown
steadily. Since the USGS was founded in I X79.
hundreds ii’ not thousands 01 USGS xienli’its
ha~cworkedor\rudiedinnationalpark~atsomz
time during their careers. I am personally proud
to be part of that tradition. Several decades ago
1 worked for 2 years a, the USGS Hawaiian
Volcano Obwvatory ,n Hawaii Volcanoes NP,
monitoring eruptions of Kalauea Volcano.
Someday. when my turn as DircctorofUSCS is
done. I hope to return to my field studier uf
Sierra Nevada granites in Yosemite NP.
Why hn\,e earth scientists spent so much
time in the national parks? Because that is
where the earth ha\ revealed \ome of its best
science. To wdy wlcanoe~, one mut go to
volcano country. To study granites, one heads
for granite mountains. Scientists are far from
immune to the beauty of the parks, but what
draws us is the challenge of describing and
exploring the liirces and procease, thatbuiltand
continue to shape wlcanic island* and mountain chains.
We could get into a chicken and egg argument: which came first, the beauty or the \ciewe? Was it beauty or xience that drew the
first explorers. that made the winning argumznt~toconvincethepuhlic.thetlaidthegroundwork for establi\hmcnt of the first park$?
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Tracking Dinosaurs in Virginia and Arizona--USGS Scientist Ron Litwin (left)
discusses casts of dinosaur tracks with Dallas Peck, Director of the U.S. Geological
Survey, and Eugene Hester, Assoc. Dir. for Natural Resources of theNPS (right). The
dinosaur footprints, found during a 1991 civil engineering project in Manassas, VA,
are typical of those found recently throughout the Culpeper Basin. The basin that lies
between Frederick MD and Culpeper, VA is the same geologic age as Petrified Forest
NP in Arizona. Cooperative research by USGS and NPS scientists on both sites is not
only improving the understanding of dinosaur behavior, but also providing a clearer
picture of weather and habitat conditions between 225 and 150 million years ago.
Hester and Peck unveiled the dinosaur tracks as part of a new display at the USGS
National Center, Reston, VA. More than 10,000 people have viewed the tracks since
the display opened in spring 1992.
USGS geologists found fossil pollen and spores from evergreen trees, mosses, ferns,
horsetailmshesandotherplant
life inrocklayers aboveandbelow
the tracksite. These
microscopic fossils are from the Early Norian part of the Triassic Period, approximately 215 million years ago. The groupof pollen and spore fossils is nearly identical
to those studied in rocks exposed in the Petrified Forest NP.
USGS andNPS scientists havecollaborated
onmany geologic problems, whetherthe
geologic history of Crater Lake, thermal changes of geysers at Yellowstone volcanic
field, or the age of artifacts found in glacial deposits in Alaska. Members of both
bureaus have much to learn from one another about the natural setting of our national
parks, which comprise nearly a quarter of all land in the western United States.
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“Partners m Stewardship,” the confercncc theme, was intended to intensify communication
among scientists, historian% and the manager\ of natural and culrural rcwurccs. Speaker alter
speaker testified to the mounting complexit) of air and water quality. the dwindling biological
diversity. the uncertain consequences of global climate change. and the rapidly changing public
perception of what constitute5 rccrcatiw in public lands. A parade of \pukcspcrson\ from NPS.
USFS, USFWS, the Bureaus of Reclamation and Land Manapcment. and lrom “v.atchdog”
groups rcmindcd the conference of the social. politicul, and cconumic factor\ that hear heavily
on management of natural and cultural rcsourcc\.
In the course of 5 days of plenary and concurrent wssions. (and wmc initial ctmlu\ion o\er
conferenceobjcctivc\)ancmcrgentthe~ne~~nsthedawnof~thi~dcrain[hcev,,luti~,nofprotecird
areas: from preen ation (John Muir) and consenatiw~ (Gifford Pinchol) to sustainability (tbc
consistentnewnote
throughoutall areasoftheconfirencr.)
The \haringofvision audcxpcticnce
added up to waying ahead of the curve” of vapid changr in OUTculture and rcoogmtion of how
that change is writing itself on the face of our land aud wters. In CBSC
iiftcr cn%. 11became
apparent that the implications of research finding\ mu\t bc communicatrd to the public uxr\ of
protected area. for out of the public‘s perception\ grow the public’, expectation\--and thcw arc
what, inevitably, will he served.
Gene Hester (NPS/AD for Natural Rewurces) dexribcd the hinary \i*ion inilturul arid
culturel) currently being focused through such activitie, a\ GIS. I&M. and Resource ManapcmentPlans.HecitedboththeVailconferencctOctober
199I)andthrNASReport(Augu~t
1992)
us having “helped us recognize two rnilin question\: Do you know what your pwblcms air’! and
Do you know what yuu’re guing tu du ahout them!” The LIIIFWCI~.
Jhcwggrsted, rrquire the very
best of both nature1 and x)cial sciences.
Dr. He*teralluded to the 5.Year Strategic Plan. dr\igned as implementntiun of rhc Vail and
NAS a&enda$ (see Denny Fenn article, p.l’ithix issue) and stressed the nccc\\ity of on-going
linkage among scientists, historians. and rewurce managers.
A bwklet ofconference abstracts is awilablc in limited quantities from the Gzorfe Wright
Society,POBox hS,Hancock,MI
49930. Selcctedpaprrsfromrhecotlfcrrnce
will be published
i” IQO?
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Channel Margin and Eddy Bar Deposition Along the Colorado
River in Grand Canyon NP
by .I. Dungan Smith and Edmund D. Andrew
(called eddies). In these eddies the near-bank
to the main channel in the form of deposits that
The characteristics of biologically imporcurrent is in the up-river direction, and the
partially block the channel. These constrictions
tant, riverine environments depend directly on
prolonged retention of sediment laden water
cawe backwater pools on the upstream sides,
the nature of flow and sediment transport in the
entering them from the main channel results in
rapids over the top, and the cutting ofdeep pools
river channel, and on the mechanisms and rates
rapid deposition of the suspended sand and silt.
into bedrock downstream of the debris deposits.
of exchange of sediment between the deposits
“Eddy bars”created beneathrecirculationzones
Both the upstream and the downstream pools
near the banks and the channel. Owing to the
during periods of high flow and exposed when
are depositional sitesat moderaterivertlow, but
sensitivity of the riparian habitat to riverine
the river stage falls can be quite large and are a
the downstream pools become active zones of
processes,alterationoftheriverdischargeor
the
more suitable substrate for riparian vegetation
scour under prolonged periods of extreme dissediment input can have a substantial impact on
than debris fans, (see Fig. I).
charge. Since closure of the Glen Canyon Dam
this important ecological zone. Consequently,
in 1963. the peak flows have been too small to
the choice of dam release regimes should be
Flow and Sediment Transport
move the coarsest material.
guidedbyascientificallyfounded,environmen~
Daily, monthly andannu~lflowsoftheregutally sensitive management plan. Such a plan
The large load ofsuspended sand and irregulated Colorado River are very different from
should be based on a precise knowledge of the
IarwidthanddepthoftheColoradoRiverresults
those of its free flowing predecessor. These
dominantflowandsedimenttransportprocesses
in il channel with numerous local areas of erochanges in flow patterns have had a significant
in theriverandon acomprehensiveunderrtandsion and deposition. Connected bands of sand
effect on the downstream environment. Prior to
ing of the interplay of thae physical processes
along the channel edge are called “channel
theconstructionofGlenCanyonDam,theColowiththesalientbiologicalandchemicalfeatures
margin deposits”. In the Grand Canyon, these
rado River through the Grand Canyon had an
Since 1983, the
of the riparian zone.
now provide the substrate for narrow zones of
average annual discharge peak of more than
Glen Canyon Environmental Studies Office of
dense vegetation, which, in turn. form habitat
90,000 cubic feet per second (cfs) and, except
the U.S. Bureau of Reclamation has supported a
fora wide varietyofterrestrialorganisms. Larger
during major flash floods in tributaries, discomprehensive set of investigations to deteraccumulations of sediment are deposited at the
charge and river stage changed slowly from
mine the effects of operational ilow releases
downstream ends of rapids where abrupt inday-to-day. OperationofGlenCanyonDamhas
from Glen Canyon Dam on the riparian and
creases in channel width cause flow separation
reduced the maximum annual peak discharge to
aquatic resources of the Colorado River. Many
and hence, stream edge recirculation zones
less than 33,ooO cfs in most years, but has
individualsrepresentingseveral federal andstate
greatly increased the
agencieshavecontnbuted
daily range of disto this effort. Research
charge. Depending on
concerning the downelectrical power deseam change\ in flow
mand, daily fluctuacharacteristic\ undervaritions of the river stage
ous discharge regimes.
canreach 14feet. This
the associated transport
change from seasonal
of sediment, and changer
to daily variation has
in important channel dehadasigniiicanteffect
porits ha\ been the ob.ject
on the riparian enviof a cooperative effort by
ronment. In addition,
the NPS and the USGS.
the main supply of
The goal of this research
sediment to this reach
is to develop n compreof the Colorado River
hensive model that can
is now deposited bebe used to study the rehind Glen Canyon
sponseoftheriparianecoDam. The annual presystem of Grand Canyon
’ damsedimenttluxpast
gure 1. Ancdd! hnrdcp,,\ildirirn\rlr;lm
Irurn~:lnhi,\~capC:ln?,ln.
Suchdrp,,aitsarecomonly
NV to alternative flow
the mouth of Bright
the only uitablr canminc sites for river trim. This bar was dcoosited bv laree
regmrs.
Angel Creek (near
discha&s during IYK-X,
and now (1992) thickly vegetated.
Canyon
Phantom Ranch) was
Geomorphology
~ 95milliontonsofsand.
silt and clay. Today
The Grand Canyon
only about I I million
began to form about X-10
tons per year of sedimillion years ago as the
ment, on average, are
Colorado
River
cot
supplied annually by
deeply into the rising
tributariesto theColoColorado Plateau. As a
rado River
downconsequence of the deep
streamfromGlenCanchannel incision, debris
yon Dam. Although
fromrockf~lls(talus)and
these changes in river
bedrock, rather than fludischarge and sedivial sediment, are the
ment input are large,
most common bank maGlenCanyonDamstill
terials.
Furthermore,
can be operated to
tributary channels are
maintain critical river
short and steep. Occaresources, including
sional debrib flows and
largefloodsin these tributaries add coarse material
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sigure 2.

Flow pattern in a typical recirculation zone, (f&w-e

from Schmidt and Graf 1990)

Continued on page 4
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Coastal Geology and National Parklands:
Robert B. Halley and Richard W. Curry
More than SO percent of all Americans live
within 50 miles of ““I Nation’s oceans or the
Great Lakes. .As population increases along the
coasts, so does pressure on coastal resources.
More than adoaen National Parks and the many
national seashore areas share common concerns
with the USGS Coastal Geology Program about
the impacts of man and nature on these sensitive
areas. Coastal environments are typically in a
continual Process of change. This change may
be so slow as to be imperceptible on the human
scale, becoming apparent only over periods of
geologic time. Or, coastal change may be catastrophic and as violent as recently exemplified
by Hurricane Andrew.
Nature presents the
challenge to humankind of incorporating these
processes of change into plans for conservation
and preservation.
Geologicalpr”cessesplayimportantr”les
in
coastal evolution and ecosystems. In many

channel margin and eddy har deposits.
Deposition and Erosion of Eddy Rars
When a river channel widens abruptly, the
inertia of the rapidly moving fluid near the
center of the channel causes this high velocity
core to continue more or less straight downstream, departing or “separating” from the
abmptlydivergingbank. Flatteningofthedownstream component of the river wrfzce slope,
however, also causes the high velocity core to
decelerate and spread laterally. Eventually the
core ofrapidly moving fluid reaches the bank or
“reattaches”. Adjacent to that bank between the
points of separation and reattachment the fluid
moves in the upriver direction (recirculates)
Figure 2. Typically the high velocity core
decelerates at an increasing rate, causing the
boundary between the slowly moving fluid in
the outer part of the recirculation zone and the
more quickly moving fluid at the outer edge of
thehigh velocity core tocurve towards the bank.
This curvature causes a net outward flow near
the river surface and a net inward flow near the
bottom, producing an extremely effective trap
for suspended sand which travels in higher
concentration near the river bed. Once this sand
is carried into the recirculation zone where the
turbulence levels are substantially lower than in
the main channel, it settles to the bottom and
moves as bed load, that is, by rolling and hopping along the bottom.
Only during periods of exceptionally high
flow is sand carried through the recirculation
zone in suspension, and even then m”%t of the
material is retained in and deposited beneath the
eddy. This process operates on all scales, but
small emhayments till rapidly with sediment
and the deposits often are washed out again as
the stage rises. Such small-scale deposits “sually are preserved only when produced by very
high-stage events, and preservation is aided
substantially when relatively dense stands of
vegetation become established between infrequent large floods. The outer edges of these
channel margin deposits are eroded by subse-
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areas, coastal erosion is the most visible coastal
process. Erosion presents a hazard along developed coasts and is a process which modifies
many undeveloped coastal areas. Less apparent, but no less important, pollutants associated
with fine-grained sediments travel through
coastal systems to accumulate in low energy
areas such as coastal swamps and lag”“” floors.
Coastal wetlands, important nurseries for marine and terrestrial wildlife, are altered by oat”ml sedimentation and inkilling, by sea-level
change and by erosion of protective barrier
islands. A thorough understanding of these
coastal processes is required to accurately predict their future effects and to evaluate the
success of management plans.
Issues concerning coastal geology and pollution merge in peninsular Florida where urban
andagriculturaldemandsimpacttheEverglades
and Biscayne NPs. In Florida, as well as in

quent flows of lower stage, causing cut banks
that give the impression of extremely rapid
erosion. These channel boundaries, however,
are very dynamic and rapid erosion at one range
of discharge is often followed by rapid depolition. Conversely. slow erosion often in aconsequence of negligible deposition.
Channel margin deposits and eddy bars are
eroded by several mechanisms. The most effective of which occurs when flow overtops a”
upstreamobstacleresultingineliminati”n”fthe
recirculation zone and a retom to downstream
flow near the bank. This situation usually produces a large local increase in the sediment
transport rate and, hence, erosion of the previously deposited material. Sand deposits also
can fail andslumpintothechannel whenerosion
removes the supporting toe of the sand bar. This
mechanism is enhanced by an elevated water
table that creates excess pore pressure in the
deposit, when river stage falls quickly. Wind
erosionofexposededdy harsalsoisaneffective
process degrading these deposits.
The continued presence of high stage channel margin and eddy bar deposits in the Colorado River through Grand Canyon NP depends
on their occasional reconstruction during high
discharge events. These deposits, in fact, consist of sediment grains for which the downstream movement has been interrupted temporarily.
Although a particular sand bar may
appear to persist for years or decades, there is a
continued exchange of sediment between the
deposit and the river. Eddy bar deposits exist
where there is sufficient deposition in the long
term to replace local erosion. A properaccounting of the complex interplay of processes responsible for bar deposition and maintenance,
each occurring at a rate that depends on the flow
and available supply of sediment, requires a
combination of precise field observations and
carefully constructed, fluid dynamic models.
Conclusion

many other states, the USGS Coastal Program
and the NPS have obvious common ground for
coastal research. Additionally, because of its
tropical climate, coastal issues in south Florida
have counterparts in National Park areas of
Puerto Rico, U.S. Virgin Islands, Guam, and
othertropicalregionsas,ociatedwiththeUnited
states.
One example of coastal research sponrored
jointly by the USGS and NPS examines the
history of runoff in southeastern Florida. Runoff is an important environmental variable in
coastal systems. InsouthFlorida,run”ffrtr”ngly
influences the salinity of nearshore environments. Natural and anthropogenic nutrients are
brought to coastal water bodies by runoff. Increasingly, human-made (anthropogenic) pollutants such as heavy metals may also be intro-

arid region, and the riparian environment of that
river. Owing to the incision and the need for
waterInsurroundingareas,~uchriversareprime
candidates for impoundment. Unfortunately,
the environmental effects of flow regulation on
such river? can he considerable and until recently these effects have not been caretully
assessed when planning dam operations. The
Glen Canyon Dam, which discharges into the
Marble and Grand Canyons, is an obvious example of a strucfure that could be managed more
efficiently using recently procured scientific
knowledge. Enten\iveresearchcurrently
being
carried out concerning flow. sediment transport. eddy beach deposition and maintenance of
riparian habitat in thi? segment of the Colorado
River is producing a sound foundation for environmentally wn\itive managementofthi,dam.
It is likely that this research will lead to knowledge and operational models that also can be
used effectively for river management in other
national parks and recreation areas.

Smith and Andrews are with the USGS in
Denver, co.
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There is a very close relation between the
discharge history of a deeply incised river in an
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An Example from Biscayne NP
duced with runoff. Understanding the history of
runoff in Biscayne NP provides valuable evidenceofthetoleranceoftropical
coastalecosysterns to influences from adjacent land areas.
Arguably the greatest anthropogenic impact
in south Florida is the modification of its natural
hydrogeology by a system of canals, salinity
barriers, impoundment dams, water conservation areas, and pumping stations (Klein, 1973).
The “drainage” of the Everglades for agricultural use began at the turn ofthe century. Disastrous floods in I926 and 1928 prompted continued modification for flood control, as did the
1947 flood which heralded the establishment of
theFloridaWaterManagementDistricts
(Huser.
1989). By the time Everglades Park was established, the opportunity to collect detailed information about the natural state of south Florida
hydrogeology had passed. Knowledge of the
natural stateofsouthFloridahydrogeologymuat
bereconstructed throughhistoricelrecordr,geological records, and modeling efforts.

1101 periods and reflect frequent high runoff
years associated with dredging. During the late
1950s and 1960s water management practices
were instituted to conserve runoff during the
wet season to maintain dry season water levels.
This period is recognized in the fluorescence
record by the absence of years characterized by
high fluorescence from about 1955 to 1987.
Coral fluorescence therefore provides a proxy
recordofrunoffintoBiscayneNPandameasure
of the natural variability in the south Florida
hydrogeological system before it was altered.
Coral fluorescence provides a geological
avenue for the investigation of freshwater influxes into coastal reef ecosystems.
Other
projectswithin theUSGSCoastalProgramcarry
out applied research on a variety of problems
related to coastal erosion and pollution. Readers me encouraged to browse Sallenger and
others( 1992) foramorecompletedescription
of
program activities.

Halley is with USGS Coasta/ Center, 600
4th St. S., St. Petmhur~, FL 337012; Curiy is
with the NPS Biscayne NP, P.O. Box 1369,
Homestead, FL 33090
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During the rainy wmner and fall, the water
table in the Everglades rises above the ground
and runoff occur, as sheet flow over topographic low areas along the coast. Prior to this
century,mostoftheflowwas
toFloridaBayand
theGulfofMexico.
Eastwardflow wasblocked
by a topographic feature known as the Atlantic
Coastal Ridge. Most development after 1900
has taken place on the reletively high ground of
the ridge which attain) elevations of 8 meters
abovesealevel. DrainageoftheEvergladeswas
facilitated by dredging canal\ through the ridge.
Many of these canals drain into the Atlantic
though Biscayne Bay. During the dry winter
months saltwater intrusion is prevented by salinitygatesatthecanalmouthsandbymaintaining water levels in the canals from impoundments inland.
Florida groundwater typically contains dissolved soil acids that fluoresce in the visible
range when excited by ultraviolet light (Averett
and others, 1987). During times of increased
runott from the land, these tluorescent compounds mix with coastal marine waters and are
transported to nearshore reefs. There, the soil
acid\ are incorporated into the growing coral
skeletonsandpreservedinthearagoniteskeletal
matrix. Several species of corals produce annual density variations in their skeletons which,
like tree rings, can be used to date skeletal
inlervals.
This
science,
known
as
sclerochronology, has shown that some coral
species may grow for several centuries (Hudson
and others, 1976). and may provide a record of
runoff from adjacent land areas based on fluorescence data.
Figure I illustrates density and fluorescent
images for a coral sample from Biscayne NP.
The figure represents a ponion of a coral record
that spans 117 years. Image analysis of the
entire record provides a relative fluorescence
record for more than a century shown in Figure
2. The record can be divided into three time
periods. The period 1870
1920 is characterized by low fluorescence punctuated by occasional years of high fluorescence. This pattern
is similar to the pattern of measured rainfall in
south Florida and is thought to represent the
natural variability of runoff. The years from
1920 to 1955 span the drainage and flood con-
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Figure 1. Imagesofcoralskeletonsamples.

lmageonthelefri,anx-radiographrevealingdensity
variations that define annual banding in this sample of Monrasrrea annularis. Image
on therieht is thesamesamoleinshon-waveUVlieht.
Lieht bandsarefluorescingand
are given dates based on density bands exhibited hy the x-radiograph. Annual growth
increment averages I cm.
L

lgure L.

I

Plot ot the relatwe tluoresence of annual skeletal growth intervals between 1870 and
1987. Fluorescence intensity is a proxy for fresh-water runoff from south Florida into
Biscayne NP nearshore reefs.
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Volcano Studies in National Parks
--USGS helps NPS to keep a watchful eye on restless volcanoes
while improving our understanding of how volcanoes work-James Riehle, Raymond Herrmann,
Charles Bacon, Barbara Samora, and
Christina Heliker
Of 65 U.S. volcanoes that have been active
over the past 2,000 years (Wright and Pierson.
1991). about 20 are within or near a national
park or monument (Fig. 1).
One park,
Yellowstone, was the site of extensive volcanism as recently as 70,lMO years ago and continues to be restless as evidenced by slow ground
deformation there. An active volcano in a park
canchallengeparkmanagers:eruptionsareb”th
a grand natural spectacle and a scientific laboratory, but they can threaten park visitors and
facilities as well.
Eruptions involve a variety of processes. A
lavaflowcan buryeverythinginitspath.
Avent
and associated ground deformation czm develop
where ““ne had been before, damaging roads
andfacilities. EnplusiveeruptionssuchasMount
St. Helens (1980) typically have widespread
impact: airborne ash can fall thick enough to
collapse roofs miles from the volcano, pose a
hazard to aviation, and can be a nuiwnce up to
hundredsofmilesaway.
Fast-movingpyroclastic flows incinerate or suffocate anything in
theirpathandaremobileenoughtojumpridges.
Floods and landslides can “ccureven without an

Figure 1.
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eruption: mudflows in the Philippines, for example, have resulted from rain-induced erosion
of 1991 ash deposits of Mount Pinatub”. The
mudflows have forced thousands of villagers t”
evacuate their homes and will recur for years.

frequently active, HVO has been fertile ground
for the development and testing of volcano
monitoring techniques that can be used throughout the world. HVO studies have also expanded
our understanding of how basalt magma forms,
rises, and erupts. HVO staff offer lectures and
field trips to HVNP staff and have provided a
volcanic hazard map that is used by park
planners (Wright and others, 1992).

Geologic information is of value to park
managers for siting and design of facilities and
trails, for preparing emergency plans prior to
natural disasters, and for interpreting the geologic history of a park. Information about vol.
canoes is the focus of the USGS Volcano Hazards Program (VHP), which has grown since
1980inresp”nsetoeruptionsorv”lcanicunrect.
VHP scientists are working with NPS managers
and resource specialists in several parks, providing hazard maps, advising about eruptive
activity,andhelpingwirhinterpretation.
Equally
impowant, studies of volcanoes in these parks
serve to better our understanding of how volcanoes work and to improve monitoring techniques. Three parks serve to illustrate the benefits of these cooperative efforts.

The present ongoing eruption of Kilauea
began in 1983 (Heliker and Wright, 1991).
During eruptions, HVO staff constantly share
new information with park staff. Based “n HVO
predictions, HVNP rangers close roads to the
public and evacuate areas where and when lava
is likely to break out. HVO also warm of likely
sites of ground subsidence caused by underground movement of magma. Park managers
and staff rely on HVO interpretations to determine safe viewing areas for visitors and to take
preventivemeawres tocontrol forestfiresser by
lava flows.

A) Hawaii Volcanoes NP (HVNP)

B) Crater Lake NP (CLNP)

The USGS Hawaii Volcano Observatory
(HVO), the oldest volcano observatory in the
U.S., is located at the summit of Kilauea Volcan”. Kilauea and nearby Mama Loa are partly
within HVNP.
Because these volcanoes are

Crater Lake is sited in a caldera. a hesin
formed when a volcano subsided due to rapid

Combrued on pnge 7

Index showing U.S. volcanoes active in the past 2.000 years Figure 2. View of Mount Rainier from the Tolmie Peak fire lookout in
(dots; after Wright and Pierson, 1991) and nearby national parks
the northeast corner of Mount Rainier National Park. Note
or monuments. NP = national park; PRE = preserve; NM =
the steep slopes and extensive cover of snow and ice. Photo
national monument.
courtesy of Mount Rainier National Park.
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Long-Term Monitoring and Research in Lake Powell
By G. R. hlarzolf

and Charles W. Wood

Lake Powell, the reservoir behind Glen Canyon dam, is at the heart of the Glen Canyon
National Recreation Area (NRA) and is one of
the nations’s largest reservoirs. Recreation and
tourism on Lake Powell, in Glen Canyon NRA,
and in Grand Canyon NP are increasing rapidly.
Given hirtoric conflicts over water shortage
in the southwest, Lake Powell is one of the most
visible reservoirs in terms of water economics
and policy. The Glen Canyon dam is crucial for
controlling water supply to the Lower Basin of
the Colorado River and for generating hydropower.
Superimposed on all of this are
multiple and overlapping state and federal responsibilities for management and monitoring
forcompliancewith waterqualitystandardsand
regulations.
Lake Powell is a complex limnological system whose hydrologic regime causes considerable year to year variation in water quality and
quantity. The chemically variable flows of the
Colorado River into thi? deep, voluminous reservoir cause a complex interaction between
thermal and salinity induced density structure.
The high spring flows cause high spatial variability in chemical constituents and biological
productivity.
Quality of water the Colorado River downstream from Glen Canyon dam ic dominated by
there processes in Lake Powell. The discharge

i

charging from Lake Powell are usually $0 overwhelming that any subsequent physical, chemical, and biological processes do not change
either temperature or the concentrations of most
constituents in the entire reach from Glen Can-

the world.
Related studies at CLNP include deformationmonitoring. Distancesbetweenbenchmarks
on opposite sides of the caldera, and elevations
along three road segments, are measured periodically in order to detect changes in horizontal
distances and ground tilt that might be related to
impending volcanic activity.
Other studies,
funded partly by the Geothermal Research Program of the USGS, are aimed at understanding
the hydrothermal system of hot subsurface fluids that developed after the caldera formed. All
post-caldera lavas were vented on the caldera
floor, many of them beneath Crater Lake. Postcaldera laws have been sampled and hydrothermal features on the lake floor have been observed by use of a manned submersible in cooperationwithNPSandNPS-sponsoredinvestigaton.

yoo dam to Lake Mead. There may be tributary
influences during infrequent and unpredictable
flooding, but most of the time Lake Powell
discharge dominate, the water quality of the
river.

Continued on pa,y 8
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emptying of a subsurfxe magma chamber during a large explosive eruption. USGS investigation, at CLNP are focused on the processes by
whichmagmaaccumulatedbeneaththevolcano
and then catastrophically erupted 7700 years
ago. Geologic mapping of the volcano and
radiometric dating of pre-caldera lavas have
improved our understanding of the volcanic
history prior to the catastrophic eruption. Results will aid in evaluation of the hazards posed
by the volcano and will lead to a better understanding of explosive volcanism elsewhere in
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C) Mount Rainier

i

NP (MRNP)

Mount Rainier is arguably the most harardous volcano in the conterminous U.S.: its steep
slopes are weakened by fumarolic alteration, it
isextensivelycoveredbyglaciers,anditisclose
to a major population area. The most recent
eruptions occurred in the late 1800’s and an
eruption is likely within a few centuries
(Crandell, 1973). The volcano posea a major
hazard to Puget Sound and Columbia River
drainages because of the potential for large
mudflows of meltwater generated during an
eruption. Even without eruptive activity, landslides and avalanches have occurred several
times in the fast few thousand vears (Crandell
and Mullineaux, 1967). Mount Rainier is the
second most seismically active volcano in the
CascadeRange(Nonis,
1991)andisseismically
monitored by theUniversityofWashingtonand
the USGS.
The volcano is sited within MRNP and is a
potential threat to park visitors and facilities.
Additionally, parts of Puget Sound communities outside MRNP are built on mudflows as
young as 500 years (Scott and others, 1990).
The NPS, USGS, and other state and federal
agencies hope to better determine the nature of
the hazards posed by Mount Rainier.
NPS
personnel and state, federal, and university geologists met recently todiscussways toenhance
monitoring, to improve our understanding of
how the volcano works. and to translate these

studies into a comprehensive disaster-response
plan (Swanson and others, 1992).

Reihle is with the USGS, in Reston VA;
Hen-man is with fhc NPS, Fan Collins CO;
Baron is wjith USGS, Menlo Park CA: Samora is
with theNPSMountRainierNP
WA; andHeliker
with USGS, Hrrw~iian “olcano Ohrervoro~ “I
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General

Background

In the United States, about 2,500 reservoirr
with capacities of 5,CKl acre feet or more.
provide about 480 million acre feet (MAF) oi
storage, thus, about 25 percent of the annual
runoff can be stored. Storage capacity is dominated by large reservoirs. Almost 90 percent of
the total storage occurs in 574 of the largest
reservoirs. At full pool volume of 27 MAF.
Lake Powell is one of the largest of these.
capable of storing up to three years discharge of
the river.
The Colorado River drains about 8 percent
of the United States. The basin is an arid region
where economic development and populations
have beenlimited historically by theavailability
of water. The river flows through areas managed by the NPS, including free-flowing river
reaches and reservoirs. These represent public
commitmenttore~ourcepreservationandrecreation. The construction of the reservoirs representssimilarcommitmenttowaterconservation
and development for economic growth. These
dual commitments have generated tension and
conflictformorethanacentury.
Whenmanagementgoalsare incompatible.decisions aremore
difticultand betterinformationisrequired. Thus,
long-term monitoring and research on Lake
Powell respond to real policy and management
needs and respond to recent call\ for “science
for the parks” and “science in the parks” (NAS
1992).
Characteristics

of reservoirs

Reservoirs differ from natural lakes in several respects. The drainage basin of a natural
lake is typically about 10 times the area of the
lake itself, but the drainage basin of most reservoirs is relatively larger (500 times the area of
the reservoir is not uncommon). Impoundment
changes many natural patterns in rivers. While
the resulting reservoirs exhibit many of the
same phenomena ab occur in natural lakes, they
tend to bemoreaffected by ~aterdepletionsand
direct human uses, such as power generation.
The goal of coordinated work among scientists in the Park Service and the USGS is to
better understand natural river/reservoir phenomena in orderto help (I)document changing
waterquality conditions, (2) evaluate the implications of all possible management decisions.
(3)evaluate the implications ofno management
actions, and (4) support and evaluate the petiormance of management actions.

Examples of natural and man induced
aping phenomena in reservoirs.
Exrinction ofendemic species and the inrmion
ofexotic
species:
The recent decline of native fishes in the
Colorado River is well documented. Four species of this unique tiah fauna, now federally
listedas endangered, are known to occur in Lake
Powell and in associated inflow habitats during
at least some part of their life cycle. Effort to
prevent their eventual extinction must include
investigation of water quality and other waterrelated habitat requirements. The fate of other
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aquatic organism\ in the face ofenvironmental
change is les, well known.
Habitat alteration, such as impoundment,
also creates new environments. often suitable
for invading species. Furthermore, inadvertent
transfer of species from native environments to
new ones has increased. These may seem to be
innocuous events but in some instances exotic
speciea have caused major water rewurce problems.
Invasions become problems when invading
species that have one or more damaging life
history featurea are released from natural control mechanisms and respond with explosive
population growth. A recent example in Lake
Powellisthe Asianclam, Corbiculn, thatspread
through the United States in the 1960s. The
introduction ofpredaceous riches for sport also
may have unintended negative effects.
Srdinwnt nccumulotion:
Sedimentdepositsrepresent”interim
sinks”
for nutrients and contaminants that. prior to
impoundment, were transported to the sea.
Materials such as organic pesticide\, toxic byproducts of induwy, trace metals and \alts from
irrigation returnflow,agriculturalanddomestic
fertilizers. etc., are of increasing concern to
many waterusers. Between 1963 and 1986, I. I
billion tons of sediment was deposited in Lake
Powell’s deltas. Lake Powell’s location in the
arid west and the fact that it receive5 return flow
from irrigated agriculture suggest that sediments in Lake Powell may represent an extreme
case where the study of nutrients and contaminants might be particularly useful.

Eurrophicarion:
Eutrophication occurs naturally as lakes accumulate nutrient5 that stimulate biotic productivity but human intluence hastens the process
and has been implicated in a wide range of
problems that degrade water supplies and recreational resources.
The transport of nutrients by rivers has not
caused wide-spread eutrophication problems in

rivers, however, because planktonic biota are
not characterirtic of Ilowing water. Upon impoundment, however,planktondensityincreases
rapidly and responds immediately to nutrient
and contaminant inflow\. Reservoir eutrophication is more an immediate response to the
impoundment of flowing water than an accelerated process in a pre-existing lake. This &sue
has an additional twi\t in the ca\e of Lake
Powell because of increased recreational use as
described below.

Current and emerging issues
Lake Powell is increacingly popular for recreational boating and angling. Public me of
Lake Powell for recreation has increaxd annually reaching 3.2 million vi\iton in 1992, I .5
million ofthese au visitor nightscamping on the
shores,withapro,jectrdincreaseto5tobmillion
annually by the end of 1999.
A consequence to Lake Powell of this popularity is the problem of waste management in a
pristine area. The list of potential contilminantb
includes human excrete from chemical toilets or
from lakeside camping, waste water that is used
for domestic washing in galley. shower, and
sinks, as well as fuel spill\ and wash (paper
products, cans, and lost equipment). There are
few public access points that have the capability
to treat sewage. The prexnt facilities for handling sewage and trash are heavily taxed and
inadequate to deal with the projected we.
Historically, increasing salinity associated
with irrigation return flows after the construetion of diversion works has been the primary
water quality concern. Most available information was collected for salinity evalwtion and
modeling and other aspects of water quality
work received less attention.
Water quality monitoring at shoreline sites
on Lake Powell recently confirmed contamination by fecal bacteria in excess of established
standards for body contact recreation. Addi-
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tionally, waste-water discharges could potentially affect eutrophication,
particularly
in
embayments and canyons with limited circulation. With growing use, these problems are
expected to increase.
As Lake Powell was tilling in the 1970s.
researchsupponedbytheNationalScienceFoundation laid the ground work for extensive work
in Lake Powell, but the value of consistent and
coherent long-term monitoring and research
was not yet persuasive. Since Lake Powell
filled in 1980 the river has had unusually high
flowin 1984,1985,and 19R6andunusuallylow
flow since 1987. Currently, becauseofdrought,
Lake Powell is about half of its full volume. It
is unfortunate that such a program was not in
place to document trends and learn through this
unusual decade.
Present conceptual understanding of Lake
Powell relies heavily on these data, but full
interpretationisdifficultbecauaeattention
since
the ’70s was focussed singularly on salinity
problems to the exclusion of biological and
chemical processes. Recently new concerns
about the quality of inflow waters are related to
irrigation,wastedisposalandpetroleumorminera1 development in the upper basin. Because
attentiontopreservingtheintegrityofthiswater
resource is urgently required, the Park Service
and the USGS have joined with the other agencies to address that issue.

I i,vents and patterns in the lake are dominated by the hydrologic regime of the Colorado River;
mposing a strong longitudinal effect on chemistry and biology. Superimposed on this effect is
he vertical pattern resulting from insolation and density stratification associated with salinity; an
important vertical structure in this deep reservoir. Third is the lateral component represented by
processes in the tributary canyonembayments, hypothesizedtobe themostactivebiologicalareas
in the lake.

The NPS has the primary management mandate for Lake Powell and surrounding lands.
Even so, other agencies have regulatory and
managementresponslbllltlesandresearchinterests. StateDepartmentsofEnvironmentalQuality and of Game and Fish or Wildlife in Arizona
and Utah, the NPS, the USGS, the Bureau of
Reclamation, and the USFWS all have legal
mandates for elements of operation, management, study, and understanding of Lake Powell.
The opportunity to coordinate programs,
maximize the efficient use of funds already
being spent to address Lake Powell’s problems,
and to develop new cooperative proposals for
monitoring and research is extraordinary Several interagency meetings were held at Glen
Canyon NRA in 1992. They resulted in a plan
for interagency monitoring and research that
includes expanded water quality monitoring
under existing programs by NPS and Reclamation, and a new effort to investigate contaminants in gamefishes by the USFWS. The USGS
was given the charge to develop an integrated
plan that serves monitoring requirements and
also addresses the information gaps identified
by partnpants in these work sessions.

Marzoljis with the USGS Wafer Resources
Division; Wood is with the NPS Glen Canyon
NRA.
Further reading:
Adams,V.D. andV.A. Lamarra.1983.AquaticResources Managementof the Colorado Rwer Ecosystern. Ann Arbor Science. 697 pp.
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2 vertical profile of temperature and conductivity (an index of salinity) in Lake Powell near Glen
CanyonDam. Thedepthoftheoutflow
totheColoradoRivervanes
withlake level. These profiles
were measured on July 24, 1992 when the outflow was at a depth of 52 meters.

Marzolf, G.R. 1991. The role of science in natural
wo”rcemanagemeot: theeaseforthecolorado
River. In: Colorado River Ecology and Dam
Management.NationalAcademy Press.
NationalAcademyof Sciences.1992. Scienceand the
National Parks.NationalAcademyPress.122 pp.

Potter, L.D. and C.L. Drake. 1989. Lake Powell:virgin
flowtodynamo. Universityof New Mexico Press.

311 pp.
Stanford,J.A. and J.V. Ward. 1991. Limnologyof Lake
Powelland the chemistry of the ColoradoRiver.
In: Colorado River Ecology and Dam Management. NationalAcademy Press.
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Energy and Mineral Resources in and near NP Lands
By Thomas S. Ahlhrandt,
The USGS conducts energy and mineral
resource assessments and related research
throughout the U.S., including areas within existingandproposedNationalParkServicelands.
The results of these activities provide objective
scientific data on which stewardship decisions
can be made. The USGS Office of Energy and
Marine Geology (OEMG) conducts resource
assessments and research in coal, oil, and uatural gas, whereas mineral resource assessments
and research are conducted by the Office of
Mineral Resources.
The Branch of Coal Geology of OEMG
conducts research that addresses coal availability and coal quality in coal fields throughout the
U.S. (Fig, I), as well as fundamental geologic
controls of coal formation. Surface and subsurface data are used to determine coal quantity,
which is compiled by rank, thickness, amount of
overburden, and reliability of data. Additional
aspects of coal quality (e.g., sulfur content) and
geological, land use, and technical restrictions
are commonly incorporated to estimate coal
availability.
Although formal coal resource
assessments of NPS land have not been routinely performed, many products of the coal
investigations program have been applied to
answer specific questions concerning existing
or proposed park areas. Recent examples inelude the pre-acquisition coal resource analysis
of New River Gorge, West Virginia, and the
mappingofboththeChacoCanyonareaofNew
Mexico and the Bryce Canyon NP in Utah.
Prior to establishment of the New River
Gorge as aNational River, the USGS performed
a coal resource assessment of the area. The
resulting report, published in 1977, concluded
thatthereare I3 coal bedsofsufficient thickness
and distribution to allow resource estimation,
and that total remaining resources of the
440 sq km. park were
estimated to be I51
milliontons. TheUS.
Bureau of Mines subsequentlyused thisresource estimate as a
basis for determining
that slightly morethan
44 million tons of the
coal resources could
beconsideredreserves
(economically recoverable). These results
provided essential information
used to
make the decision to
include theNew River
Gorge in the National
Park system.

Kathleen-K. Krohn and Gary C. Curtin

of this research effort published during 1979.
1987 by the USGS, the latest map focuses specitically on interpretation of the depositional
environments of Cretaceous strata exposed in
the canyons, cliffs, and washes of the park.
Although these studies determined that only
!imited coal resource potential exists within the
park, they provided clear evidence that the area
was B swampy coastal plain approximately 80
million years ago. These conclusions thus provide both resource information that can be used
for strategic decision-making and paleogeographic information that can be used for interpretative purposes within the park.
The 199 1 publication of the geologic map of
Bryce Canyon NP and vicinity is an excellent
example of cooperative USGS-NPS work. The
report accompanying the mapcharacterizes the
entire stratigraphic sequence in the area, including two formations that have the potential of
containing significant coal horizons. These are
thinned extensions of important coal-bearing
sequences to the east (Kaparowits Plateau) and
to the south (Knab area) of the park. Although
major coal deposits arc not expected to underlie
the park, thia study provides fundamental information about park resources.
ItistheresponsibilityoftheBranchofPetroIeumGeologyofOEMG
toassess theoilandgas
resources of the Nation, both onshore and in
state waters. Those results are incorporated
with those of the Minerals Management Service. which conducts similar asrea\ments for
offshore federal waters, to produce a comprehensive national assessment. The latest geologic insights and updated oil and gas pmduction data are incorporated to periodically update
these estimates. Jo the most recent national
assessment, published in 19X9, the USGS for

COAL FIELDS OF THE UNITED

TheChacoCulture
National
Historical
Park has recently been
mappedaspartofbotb
regional
and local
mapping
projects.
Among the products
10

the first time separated the results for Federal,
Indian, and native lands (Fig. 2). It showed that
the majority of undiscovered, conventionally
recoverable oil and gas resources remain on
federally managed lands, either onshore or offshore.
The USGS is currently updating the national
oil and gas assessment, with completion scheduledforJanuary 1995. Forthefirst time,unconventional resources such as coal bed methane,
low permeability reservoirs (e.g., right gas), gas
hydrates, deep basin resources, fractured reservoirs. and heavy oils will be included in the
resource estimates. Because many of these
resources reside on federal lands liaison positions have been established between the Branch
of Petroleum Geology and the NPS, Forest
Service.BureauofLandManagement,andMinerals Management Service to facilitate communicationregardinftheongoingassessment.
The
liaison for the NPS is Bruce Heix. who has
been involved in several workshops and briefings on the ongoing axs\ment.
In addition to
these activities, Bruce is contributing on behalf
ofthe NPS to a USGS Circular entitled Oiland
Gas Resource\ on Fr~dcrrrl Lund% to be published as part of a series of circulars addressing
Public Iw~es in the Earth Sciences.
Theresultsofthenational
oil andgwassessmen& provided the NPS with unbiased estimates of the remaining oil and gas resource
potential of our nation. compiled on the scale of
geologic provinces and regions. USGS estimate5 are commonly used as an objective and
independent source of information on which
land use and other management decisions regarding Federal lands are based. For example,
USGS estimates of oil and gas resource? in the
ArchesNPareaare
currently being used by both
the NPS and the Utah Geological Survey to understand
the oil and gas potential in
that area as input into land
management decisions.

STATES

The basic building block
used in the national asressment to aggregate reSO”rce
estimates to province, regional, and national scales is
the play, defined as a group
of geologically
related,
known or undiscovered accumulationsand/orprospects
thathave similarcharacteristics of hydrocarbon source,
reservoir, trap, and geologic
history. A compendium of
plays identified during the
19X9 assessment is currently
being published in four volumesasUSGSBullrtin2034,

Petroleum Exploration Plays
nnd R~sourcr Estimrrtrs Onshore United States. The
Cmtinued
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Geologic Maps and Digital Data Sets: Their Role
In Management and Preservation of NPS Lands
Beneath a surficial veneer of wil and vegetation is the highly varied assortment of rocks
and sediments that constitute the outermoSt
pan of the Earth’s crust. Rocks and sediments
vary in composition, structwc, age, mode of
origin, and many other ways; these variations
occur both laterally and vertically within the
crust. The spatial relations ofthe many different kinds of rock, and sediments that can be
distinguished at or near the Earth’s surface arc
graphically portrayed through the use of geologic maps.
Geologic map5 are among the most useful
scientific tools available for the interpretation
of Earth history. The Earth’s crust has been
built up, hit by bit, and through an immense
amount of time, by processes as diverse as
sedimentation on the sea floor, volcanic empdon, and deep-seated crystallization of molten
magma; it has been deformed and modified by
such proce%ws as folding, faulting, and metamorphism: its surface has been shaped by the
destructive forces of uplift and erosion. Geologic maps depict the rocks, sediments, and
geologic structures (such as faults and folds)
that have resulted from these processes. and
which thereby record the history andevolution
of the Earth’s crust.
In addition to their basic value as records of
Earth history, geologic maps provide information critical for a broad spectrum of practical
applications. Forexample, themapsdepictthe

geologic information and rcboorce estimates
presented at the play level should be useful to
the NPS in updating anticipated activity levels
and potential resource information on a level of
detail that has not previously been available
from the USGS.
The USGS Office of Mineral Resources has
mademanymineral-resourceassessmentswithin
and adjacent to National Park lands during the
past I8 years. These studies also have provided
modem information on the geology, geochemistry, and geophysics of these areas.

variationsinthecomposition,stmcture,andother
characteristics of rock? and sediments that are
directly related to the operation of the Earth’s
natural processes and the distribution of natural
resources. Variations in the composition of
rocks close to the ground surface, for example,
control the composition of the overlying soil,
which in turn affects the nature of the vegetative
cover.
Variations in the composition and structure
of rocks exposed on sloping ground control the
susceptibility of such ground to erosion and
downslope movement.whichdeterminestherisk
to areas below from damaging debris flows and
landslides. Variations in the permeability and
porosity of rocks control the distribution and
flow of ground water, which determines the
availability of such water and its susceptibility to
contamination from ground-penetrating pollutants. By forming a basis for documenting such
variations, geologicmaps helpusavoidthenegative effects of these variations or use their positive effects to our advantage, and thus achieve a
more harmonious interaction with the land we
live on.
Because of their unique information content,
geologic maps have an important role to play in
the stewardship and preservation of NPS lands,
both as educational tools and as tools for balancedlandandresourcemanagement.
Aseducationel tools, geologic maps can help park visitors
gain insight into the geologic history and pro-

aids for proposed national p~an;s ma monume -------,
propoacu legislation H.R.
ments suetI as -I5594, Seqma ivatro ml Monummr Act. Based
on existing data, the USGS has compiled maps
showing the geolog) i and mineral occm~ence~
of tmcts that would make up the proposed SeThe
quoia National MOI wment, California.

cesses by which the land has been and continues
to be formed. Geologic maps can also provide
an indispensable framework for additional research into specific aspects of Earth history or
geologic processes, the results of which can
have implications that extend well beyond the
boundaries of individual NPS land units.
As management tools, geologic maps contain information needed for many fundamental
aspects of park management such as resource
inventories, assessments of risk from geologic
harards (for example, earthquakes, landslides,
volcanic eruptions, and floods), ground-water
contamination studies, hazardous materials issues, construction planning, and land acquisition. In areas subject to rapid or even catastrophic geological change from the occurrence
of natural hazards, accurate geologic maps also
can serve as sources of baseline information for
monitoring such changes through time and for
predicting the effects of future changes.
Like many other types of mapping, geologic
mapping is currently undergoing a major shift
from the production of conventional maps on
paper to the development of geographicallyreferenced, digital databases through the use of
geographic information system (GIS) fechnology. More than just a computer-generated picture, a digital geologic map compiled for use in
a GIS is a fully attributed data set that can be

and a oreliminaw assessment of the mineral
mourkx
of the.area has been made to aid
planning and definition of the boundaries of the
proposed National Monument.

Ahlbrandr, Krohn and Curtin are with the
USGS in Resron VA.

An example of such activities that provides
information for Park Service planning and other
activities is the recently published mineral- and
energy-resource
assessment of the Mount
Katmai, Naknek. and western Afognak quadrangles. Alaska, which includes Katmai NP.
This assessment provides the most up-to-date
information on the geology, regional geochemistry. and descriptions of known mineral occurrences together with estimates of undiscovered
metallic mineral resources. Thegeothennaland
petroleum resources of the region also are summarized in reports describing the results of the
studies.
The USGS also provides mineral-resource
and related geological information as planning
igure 2.
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Bar graph showing cumulative production and estimated undiscovered recoverable o il
resources on onshore Federal lands, compiled by 9 regions.
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Measuring Colorado Water Quality in the Grand Canyon NP
By H.E. Taylor,
The Glen Canyon Environmental Studies
(GCES), a program under the Bureau of Reclamation, was created in 1983. Agencies and
organizations participating in the GCES program include the USFWS, the Arizona Game
and Fish Department, Arizona State University
and environmental consultants to these participants. More recently, the USGS has played an
important role in this effort.
These studies, under the auspices of GCES
are designed to provide information on the effectsoftheGlenCanyonDamanditsoperations
on the downstream resources of the remaining
Glen Canyon and Grand Canyon of the Colorado River. The information gained from such
studies willbeusedintheenvironmentalimpact
statement (EIS) analysis currently undeway

analyxd, \wrched,orcomhinedwithotherGIS
data to produce derivative maps and data sets
designed to address specific research or management problems. Geologic data can be combined with topographic data, for example, to
produce derivative maps of slope stability and
landslide potential; with hydrologic data to produce derivative maps of ground-water contamination potential; and with soil and vegetation
data to produce derivative maps of land cover
useful for forest, range, or wildlife management.
Tbus,throughGIStechnology,geologicmaps
are being transformed from traditional graphic
displays into digital data layers that can be used
interactively with other types of data in a wider
variety of applications than has been possible in
thepast. Thisanalyticalcapability,plustheease
with which digital data sets can be updated and
revised, clearly point to a future in which the
production of geologic maps in digital format
will be the norm rather than the exception.
Tbe development of a nationwide, digital
databaseofgeographically-referencedgeologic
informationis theprincipa1objectiveoftheU.S.
GeologicalSurvey‘sNationalCooperativeGeo~
logic Mapping Program, which was established
by Congressional legislation enacted on May
IS, 1992. The database will be developed
through the design and execution of geologic
mapping projects and supporting scientific investigations that meet prioritized Federal and
State needs for geologic information. The program IS intended to foster communication and
cooperation between the producers andusers of
geologic-map information so that the areas in
most urgent need of this information can be
identified and the production of the information
in those areas accelerated.
An eswntial factor for the timely development of a nationwide, digital geologic-map database is increased cooperation het\reen the
USGS andotherFederalagencies thateitheruse
or produce geologic information. The NPS haa
an obvious interest in high-quality, digital geologic information for multiple-purpose GIS ap-
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and in other management decisions regarding
futuredevelopmentofwaterqualitymonitoring
programs. Decisions will be made on which
flows are necessary to maintain the natural
processes of this riverine system. These studies
have been done by the GCES with the cooperation of the Bureau of Reclamation and the NPS.
Because the interactions of sediment, river
flow. water chemistry and biology, are four of
themostimportantfactorsinfluencingthehealth
and recreational value of the ecosystem of the
Colorado River, the USGS has and continues to
contribute a great deal of hydrologic research
effort to GCES.
The first synoptic study under GCES focused on water chemistry and biology on differentreachesand tributariesoftheColoradoRiver

plications. particularly in light ofthc ongoing
estahlishmentofthcnewNPS’sTnventoryand
MonitoringProgramandtheNPS’slong-standing commitment to public education in matters relating to the natural environment. The
growing USGS-NPS partnership forgeologic
data-base development in NPS lands should
benetitbothagenciesbyacceleratingprogress
toward mutual objectives.
The partnership builds on a long history of
project-level cooperation between the USGS
and the NPS, one that has resulted in the
publication of geologic maps and related interpretive studies of many individual NPS
land units over the years. In the past three
years alone, for example, the USGS has published geologic maps of Yosemite, Rocky
Mountain, Grand T&on, and Bryce Canyon
NPs. The production of geologic maps, digital geologic data sets, or both is currently
ongoing in several other NPS units, including
Kings Canyon, Sequoia, and Great Basin NPs
and Chiricahua National Monument. Despite
such individual successes, an even broader
framework for cooperation is needed in the
future to facilitate logistics and funding. to
encourage the application of uniform standards of geologic mapping and da&-base development, and to ensure that the work is
conducted in a prioritized manner that sati\ties the needs and mandate\ of both agencies.
For further information on available geologic-map data and ongoing USGS geologic
mapping projects, fordiscusaing potential cooperative studies, and for information about
the National Cooperative Geologic Mapping
Program, contact:
Paul stone
(703) 648-5276
U.S. Geological Survey
90R National Center

John Sutter
(703) 648.6964

Reston, VA 22092
FAX (703) 64X-6937

and under different flow regimes downstream
from Glen Canyon dam. These studies provide
detailed information on wafer quality spatially
and by flow level. Such information should
assist the National Park Service not only in
determining locationsforlong-term monitoring
throughouttheriverconidorhutalsoin
refining
management oh.iectives that may drive decisions regarding the release of water from Glen
Canyon Dam.
Synoptic sampling is used to assess, in a
comprehensive manner, the characteristics or
conditions of a system, such as the Colorado
River, at a fixed point in time. Sampling is
coordinated and carried out simultaneously at
severalcarefullypredetem~ined locations. llwe
sitesareselectedtoprovidethemaximumamount
of information regarding important inputs or
disturbances to the system.
The purpose of this type of experiment is to
permit the development of a general understanding of the system and to provide a large
data base of information for use in defining the
spatial characteristics in as much detail as possible. In addition, the data base is useful for
establishing protocols and direction for much
moredetailed and specific future investigations
and research studies.
In the tax of large river systems. repetitious
sampling, closely spaced in time. can provide
additional information regarding short-term
variations inchemicaland biological waterquality in relation to a variety of physical variations
including hydrologic, meteorologic. and diel
conditions. Executing water-quality synoptic
enperimentsduringdifferent
seasonsofthe year
can also provide information concerning longterm temporal variations.
Collectively. this
information can orovide a rapid and compre-

1 Table 1.

Chemical determinations made
on synoptic sample*
Trace

Nutrients

Elements Cont’d
Boron

Nitrate

Cadmium

Phosphate
Ammonium

ion

Chromium

Dissolved nitrogen

Cobalt

Dissolved phosphorus

copper

Dissolved organic carbon Iron
Major

ions

Lithium

Calcium

Lead

Magnesium

Mallgaoese

Sodium

MCICUry

Potassium

Molybdenum

Silica

Nickel

Chloride

Selenium

Sulfate

Strontium

Trace Elements
Aluminum

Thallium
Uranium

Arsenic

Vanadium

Barium

Zinc

Beryllium

a
hensix analy\i\ of the %mn and variability of
the water quality in a large and complex river
system. Differentiation of unstable properties,
the significance of the magnitude and diversity
of important components, and the sensitivity of
their response to physical variables provide a

systematic way 10 cvilluatc present and lleure
water-quality conditions.
Such a water-quality synoptic experiment
was conducted on the Colorado River, Nov. 5
and 6. 1990. Ten mainstream river stations and
6 tributary stations (at confluence) were se-

lected for water-quality
measurements and
sample collection for chemical and biological
analysis. A total of 470 river kilometers (the
tailwater of Glen Canyon Dam to Columbine
Falls) was included in the synoptic experiment.
Included also was the forebay of Lake Powell
formed by Glen Canyon Dam where the water
that would ultimately be released into the river
was sampled.
Sixty-eight people (all but four from the
USGS) participated in the synoptic experiment.
At each mainstream sampling station, or combination mainstream-tributary
station, a team
leader was designated. The team leader was
assignedtheresponsibilityfordirectingthesampling, processing samples, and recording field
data. Training of team leaders and team memhers on field measurements and sample collection was performed on Oct. 29, 1990, at Lees
Ferry, AZ. Three training sessions, including 3
to4hoursofclassroominstructionandriverside
equipment demonstration and use, were presented hy scientists from the USGS National
Research Program.

Samples collected hy wading used the DH-XI

Samplel

Lake
POWf?ll

COLORADO

RIVER

Colorado River showing sampling station localities and river miles from Lees Ferry for
the 1 l/5/90 USGS water-quality synoptic studies. o-indicates sampling localities

After training and equipment testing, personnel were transported to their assigned sampling locations. Personnel were at their stations
by late Saturday, Nov. 3.1990. Sunday, Nov. 4,
1990, was used to establish local sampling
schemes, and field-measurement sites, and to
practice measurements and sample collection.
Of the IO mainstream Colorado River sampling stations, 6 have cableways that cross the
river for discharge measurement and sample
collection. The cableways were used in the
synoptic experiments for water-sample collection. At stations where a cableway was not
available, sampling and measurements were
performed using a winch and boom mounted on
a boat. In small tributaries, samples were collected by depth-integrated discharge-weighted
procedures. The samples from the cableways
and by boat were collected by the D-77 sampler,
modilied to permit use of the collapsible-bag
technique as described by Meade and Stevens
(1990). Samples collected by wading used the
DH-8 I sampler. In both cases, sampling equipment war designed and configured to maintain
the integrity of samples for low-level traceelement analysis.
Field measwements and sample collection
beganat6:OOam onMonday,Nov.5,1990,
and
continued every 6 hours thereafter, until and
including midnight, Nov. 6, 1990. This scheme
provided 8 measuring and sampling times over
a 48.hour period. accommodating die] variations and fluctuating river stage caused by variable water release from Glen Canyon Dam. All
subsequent water samples for chemical and
biological analysis were field-filtered and preserved, if necessary, at the time of collection.
The samples were shippedchilled to the USGS
National ResearchProgram laboratory at Awada,
CO, for laboratory analysis (Taylor and others,
1990).
Fieldmeasurements at each station included
riverandtrihutarydischarge,
temperature,alkalinity, specific conductance, pH, dissolved oxygenconcentration,andSecchi-diskdepth.
About

Cableway,
stream.

used in synoptic experiments
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NPSAJSGS Cooperative
By Larry

Jackson

In 1983 the USGS and the NPS signed an
interagency agreement which facilitatea joint
investigations of the influences of human-induced (anthropogenic) atmospheric emissions
oftracemetalsandsulfuron
vegetationandsoils
in and near selected NP lands. Studies are in
progress or have been completed at Theodore
Roosevelt,BigThicket,Redwood,Gr~atSmoky
Mountains, EvergladeslBiscayne, Wrangell-St.
Elias, and Denali NPs and the Santa Monica
Mountains NRA. Studies have focused on developing baseiines for various chemical elements to be used in assessing environmental
degradation,inexaminingspatial
trendsofplant
and soil chemistry with respect m contamination sources, and in investigating biogeochemical processes that influence our ability to discriminate between elements of natural and anthropogenic origin.
While study designs and specific objectives
differ from one park region to another, establishing baseline geochemical and biogeochemical levels has been an important starting point
for each project. Elemental content of soils and
vascular plants, lichens, and mosses have been
used to establish modem-day baseline ranges
and to examine the spatial and temporal variability of specific element concentrations. Regardless of the scarce of contamination, it is
difficult to assess the extent of contamination
withoutanunderstandingofabackgroundvalue.
It is virtually impossible, however, m obtain a
true “background” value. The historical data
simply do not exist. Attempts have been made
at estimating background values by analyzing
certain plant specimens. by making comparisonswiththemostpriatinelocatiunsfromaround

780 field measurement were made during the
synoptic experiment. Water samples were collected for analysis of chemical and biological
characteristicsandsu~pended-sedimentconcentraion. Chemical determinations are listed in
Table I. Biological determinations included
drift biomass collected with 100 mm orificediameter nets at all sites and 0.5 M orificediameter nets at selected sites: benthic invertebrates at the lowest flow in the main stem
ColoradoRiverandatsampling-time flow
in the
tributaries; phytoplankton and zooplankton
abundance; and, atsxwal
stafions,chlorophyll
aconcentration(AverettandIwatsubo,inpress).
About 2.300 water samples were collected for
chemical and biological measurements. In addition to the specific determinations, team leaders and team members were careful to make
detailed notes on river conditions, including
floatingmaterialin theriver,andtotakepictures
of the river and sampling sites at the time of the
synoptic experiment.
Summary
Synoptic sampling provides away ofrapidly
evaluating water quality in large river systems.
These data are especially useful in guiding fu-
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the world, and by a variety of other techniques.
An alternative m estimating a true hackground element concentration (before any hum
man impact) is to determine a contemporary
baseline range against which future changes
may be measured. For the areas in which we
have had research projects, there are almost nu
chemical data that indicate the magnitude of
element concentrations or the spatial or temporal variability against which comparisons may
he made. Although the elemental content of a
particular plant species may have been measured at a different location, differences hetween regions and even between micro-habitats
may significantly affect the elemental content
of plants or soils. Hence, we have worked to
establishareferencepointforaparticularregion
at a specific time. In our work, this has been
defined usually as the 95 percent expected concentration range for an element in a specific
plant species, plant part, or soil horizon at a
specific time.
Seasonal cycling of elements or other episodic changes in element content may produce
a significantly different baseline range; thus, it
is impultant to understand the processes controlling element mobility in an environment in
order to use ranges that are measured for one
particularpointin time. In additiontoestablishing elemental baseline range\, these studies
have helped to understand the impact from point
pollution aources(\uchasfromachemicalspill)
and non-point pollution xwrce~ (such as from
the widespread application of insecticide\) and
todefinefutureresearchneedsforbiomonitoring
program\.
Theestablishmcntofelementhaselineranges
is typified by our work in Thcudure Roosevelt.

ture research directions. By designing time
variation in the synoptic wmpling, additional
information can be obtained regarding temporal change? in chemical and biological propert,e\.

Awed, R.C.. and Iwatsubo. R.T., in press, Aquatic
biology of the RedwoodCreekdrainage, Redwood National Park, California, in Nolan and
others. eds.. GeOmOrQhlC
process in aqUatiC
habltattntheRedwoodCreekbasin,notthweslem California: U.S. GeologicalSurvey ProfesSlonalpater 1454.
Meade,R.H.,and Stevens.H.H.. Jr., 1990,Strategies
and equipmentfor sampling suspendedsediment and associatedtoxic chem!cals in large
river-with emphasison the MississippiRiver, Scienceof the Total Environment.97198. Q.
125-135.
Taylor, H.E.. Garbarino,J.R.,and Brinton.T.I., 1990,
Theoccurrenceand
distributionoftracemetals
in the Mississippi River and its tributaries.
Science of the Total Environment, 97198. p.
369.384.

Studies

Redwood, and Denali NPI where lichens and
mosses are heing used as air quality monitors.
Scales of spatial variability in element concentrations in Prrrmelia sulcata and Parmelia
chlorochrou
in Theodore
Roosevelt NP,
H~pog~mnin mteromorpha and Urnerr spp. in
Redwood NP, and Pelrijiera aphrhosa and
H]‘locomium splendens in Denali NP were examined using analysis of variance sampling
designs. Baselineelementconcentrationranges
were determined
for those elements which did
not exhibit large geographical concentration
trends and for which analytical
measurement
error was not a large proportion of the total
element variability.
Similar studies have been done in EvergladesNPandSantaMonicaMountainsNRAto
establish baselineelementconcentrationranges
for vascular plants. In the Santa Monica Mountains Ceunothus me~ncarpus and Rhuc Iu~~ritrn
were sampled and analyzed.
Large seasonal
differences
in some nutrient and nonessential
element
concentrations
were observed
in the
twochaparral
species. In addition, wmc spatial
trends were noted which may be due to their
proximity
toanthropoeenicemi\sionsordifferences in the geochemistry
of the wil\ throughout the region. These seasonal and spetial trends
maketheectablishmrntofha\elineran:e~difficult. These trends also point to the importance
of understanding
the proccwzs controlling
biogeochemicel
cycling in an individual
environment inorderto
have an effective hiomonitoring
program.
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Crock, J.G.. GOUQh. L.P.. Magis, D.R Curry, K L Fey.
D.L.. Hagernan, P.L. and Welsch. E P.. 1992,
Element concentrations and trends for moss.
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Fossils, U.S. Geological Survey and the Public Lands
By John Pojeta, Jr.
Knowledge of fossils is critical to understanding Earth history and past life. Fossils
allowgeologiststoestablish timelinesbywhich
scientists can correlate past events, and fossils
are the direct evidence of the evolution of apeties over the past 3.45 billion years.
Within the National Park Service (NPS), the
U.S. Geological Survey (USGS) has two formal
ongoing cooperative studies at Petrified Forest
National Park (PFNP) and Dinosaur National
Monument (DNM). Fossilized spores and pollen are being recovered from the Mesozoic
Chinle and lMonison Formations. These plant
microfossils are analyzed to interpret the geological history and paleoenvironments of these
formations, which are geographically widespread in the Western Interior. These formations crop out in the northern and wuthem
Rocky Mountains and in the Colorado Plateau
region. Therockscontaineconomicdepositsof
uraniumand vanadium,anda~~renowned worldwide for the diverse and well-preserved Mesozoic fossils they contain.
The research on the Chinle Formation at
PFNP is a topical study in support of the NationalCooper.ativeGeologicMappingProgram.
The USGS project is led by Ronald .I. Litwin.
who works cooperatively with Park Superintendent Gary Cummins. Chief Ranger Kerry
Isensee, and Park Paleontologist
Vincent
Santucci. The exposures of the Chinle Formation at the Park have provided the opportunity to
establish the fossil pollen tranrition across the
boundaries of two of the stages in the Late
Triassic near the beginning of dinosaur evolution. Previously, similarstudiesofLateTriassic
pollenandsporesweredonentManassasBattlefield National Park, Virginia.
The DNM studies are coordinated by Christine Peterson (USGS, Denver) and Dan Chure
(Park Paleontologist, DNM.)
Pete Peterson
,..^^^
.

shells;Paleozoicbrachiopods;graptolites;
trilobites; and Paleozoic corals. Vertebrate studies
include Cenozoic mammals and trace fossils,
dinosaurs, and Triassic trace fossils. Paleobotanical research is conducted on both plant and
pollen fossils from Paleozoic, Mesozoic, and
Cenozoic rocks. Micropaleontological studies
include pollen, marine and fresh water diatoms,
ostracodes, nannofossils, foraminifera,
dinoflagellates,
conodonts, and radiolarians,
throughout most of the known time ranges of
each of these groups.
Within the USGS, paleontological studies
are important to the success of a number of
programs including National Cooperative Geologic Mapping, Global Change and Climate
History, National Mineral Resource Assessment, Evolution of Sedimentary Basins, Coal
Investigations, Oil and Gas Investigations, Offshore Geologic Framework, and Earthquake
Hazard? Reduction.
InadditiontocooperativeprojectawithNPS,
the P&S Branch also carries on studies in support of other government agencies including
Department of Energy at the Savannah River
Plant and the USAID Coal studies in Pakistan.
In cooperation with the Water Resources Division oftheUSGS. theBranch isalsoconducting
stratigraphic studies in Abu Dhabi of the United
Arab Emirates. In the recent past, P&S has
conducted studies for the Department of Defence at Enewetak Atoll and for the Department
of Energy at Yucca Mounlain.
The P&S Branch also regularly identifies
fossils for a wide variety of organizations and
individuals, including other USGS research
projects, universities, State geological surveys,
individual citizens, and other Federal agencies.
In this last category, P&S has most recently
worked with the Bureau of Land Management
(BLM) the Forest Service (FS).

In May 1992, the USGS, BLM, NPS, and
FS, signed a Memorandum of Understanding
(MOU) for “Management of Fossils on Public
Lands.” This MOU created an interagency
working
group known as “The Federal
Interagency Paleontological Working Group”
(FIPWIG).
This working group consists of:
Chief, Branch ofPaleontology and Stratigraphy
(USGS); Chief, Division of Recreation, Cultural, and Wilderness Resources (BLM); Chief,
Wildlife and Vegetation Division (NPS); and
Geology Program Specialist, Minerals and Geology Management Staff (FS), or their delegates. The USGS delegate to FIPWIG is the
permanentworkinggroupchair.
FIPWIGmeets
early each fiscal year to identify and prioritize
anticipated needs of the land managing agencies. Additional meetings can be convened as
required.
Also in May 1992, Public Law 102-285 the
“National Geological Mapping Act of 1992”
was enacted. Among other things, this act
established the “National Cooperative Mapping
Program” (NCMP). One of the program objectives of NCMP is “Development of a-national
paleontologic data base.... Representative categories of interdisciplinary
support shall
include...paleontologic investigations that provide information-to
a national paleontologic
databax...” The National Paleontological Data
Base (NPDB) will be maintained by the USGS
as authorized by the legislation.
Since its founding, the USGS has been assembling data on the Nation’s fossils, and these
data form the core of the NPDB. The data base
already has information on about 250,000 fossil
localities from which information can be supplied to land-managing agencies.
NC?!%’
research is continually expanding the data base,
and a dedicated effort is being made to make the
NPDB as complete as possible.

multidisciplinaryexaminationofthe
biostratigraphy and lithostratigraphy of the Upper JurassicMorri\on Formation. RonLitwin isexamining the fo%il pollen and spore succession from
all major dinosaur quarry sites in the Morrison
Formation in the west. Until this work commenced, the documented record of pollen from
the Morrison was sparse. However, more than
a dozen new pollen sites have been discovered
to date, and over I50 samples are currently
under study.
The USGS is the Federal agency charged
with collecting, studyingandpublishing reports
about fossils. Throughout most of the 113.year
history of the USGS, paleontologists have been
placed in a separate administrative unit. For
much of the 20th Century, this unit has been
calledthePaleontology andStratigraphy Branch
(P&S).
At the present time,
P&S has 51
paleontologists.
PaleontologicalexpertiseinP&Scoversmost
aspects ofresearch on fossils. Studies of invertebrate fossils are performed on clams, snails,
ammonites, and various smaller groups of mol.
lusks throughoutthe known timerangesofthese

Winter 1993

F tgure 1:

Senator Gore and Mrs. Gore with USGS scientists examining dinosaur footprints in
Upper Triassic lake deposits near Culpeper, Virginia.
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Modeling the Effects of Climate Change on the
Thermal Structure of Yellowstone Lake
Ry Sieve Hostetler

with Introduction

by John Varley

In 1868, explorer Legh Freeman culled
15 months the meteorological data has been
the warmest on record in Yellowstone Park. As
Yellowstone Lake I‘... the hugest and strangest
collectedhourlyatasiteonthenorthemshoreof
a result, the maximum ice thickness of 0.85 m
mountain lake in the world.” Indeed, current
the lake;datacollection willcontinueforanothwas less than normal (> I m) and simulated
scientific research concentrates on many of the
er I or2years. Proiilesofwatertemperatureand
values agree well with a mid-winter measurelake’s more complex and subtle enigmas. The
data on the duration of ice cover, ice thickness,
menf (C. Whitlock, University of Oregon, perlake is cold yet it straddles a geological hot
and depth of snow on the ice also are being
sonal communication).
Another result of the
stove. The outlet of the lake is continuously
collected to provide information to compare
warm,relarivelydry
winterwasthatbreak-upof
being raised and lowered by geothermal activiwith results of model simulations.
the ice occurredearlierthnn normal. Thedateof
ties. The great depths of the lake arc still being
Results from a 449.day (June 28, 1991 to
break-up simulated by the model (May 4) is
surveyed by robot camera; and, over the past
Sept.?, 1992)Gmulationindicatethatthemodel
within a few days of the observed break-up
year, a diatom unique to the lake was described,
is able to predict the thermal characteristics of
(May 7).
Following break-up, cool, windy
and thefirstundenvatergeyserwasfoundinthe
the lake, including lake surface temperature
conditions prevailed and the lake was observed
lake. Today Yellowstone Lake supports an
(Fig. I) and ice cover for the winter of 1991.92
to mix for a period of more than 2 weeks. This
abundant population of Yellowstone cutthroat
(Fig. 2). Preliminary comparisons of simulated
period of mixing is captured by the model and is
tront that are a primary food ~“urce for wildlife
and observed data (USFWS, unpublished data,
indicated by the slow rise of water temperature
(pelicans, osprey, eagles, bears) and are the
E. Theriot, Philadelphia Academy of Natural
that was simulated until about the first of June,
basis of an important sport fishery. The many
Science,personalcommunicarion)
indicatethat
1992.
facets of Yellowstone Lake make it a priceless
the model closely simulates the actual surface
Becaux the lake model rimulates evaporanatural treesure.
temperature of the lake for the period. The
tion in response to climatic conditions, it also
Modeling Study
simulated date of fall turnover in I99 I was Oct.
will be used to evaluate the present and past
The annual cycle of water temperature plays
12, a date within the estimated period of actual
water balances of Yellowstone Lake. Knowla key role in the water balance and productivity
turnover. The onset of total ice cover over the
cdgeofthewaterbalanceisimportant
tomaking
of Yellowstone Lake. The surface wafer temlake was simulated to be December 18, a date
estimates of lake level. A field project is curperature and the wafer balance of the lake are
within a few days of the observed onset (Dec.
renrly in progress at the lake to evaluate the
linked through evaporation.
Productivity is
13; J. Lounuberry, A. Siebecker, NPS, personal
water balance.
influenced by characteristics of the temperature
communication).
The winter of 1991.92 was
The thermal model will he u\ed to inve’ltistructure such as duration
gate the effects of climate on
and thickness of ice cover,
theproductivityofYellowstone
onset of stratification in
Lake in several ways. For ex20
spring,thestrengthandduample, the onhef and level of
ration of stratification
spring productivity under ice
through summer, and tumdependsontheintensityoflight
over in autumn. An inves(solarradiation)penetr;lting the
tigation of the temperature
ice, and the associated convecstruct”re of Yellowstone
tive mixing that is initiated by
Lake has been underway
heat from the penetreting mfor the past 15 months todiation. The model can be used
gether with investigations
in sensitivity tests to link cliof the water budget and
matic-determinedconditionsof
productivity of the lake.
the ice (e.g., presence or abThe findings of these stndsence of late spring snow) with
ies will be used to reconproductivity. ForHoloceneclistruct the climate of the
mate reconstructions of the
0 /
basin over the historical
lake, the model and data set
record and for the Holowill be used to reproduce therJun-PI Alb-91 act-91 No”-91 Jon-92 Mor-92J”“-92A”g-w
m-92
cene. These investigations
malcharacteristics(e.g.,spring
DATE
arecooperativestudies that
mixing, onset and strength of
involve personnel from the
stratification) that are favorigure 1. Simulated hourly valuesofthesurface temperatureofYellowstone
Lake.
National
Park Service,
able to diatom assemblages
USFWS. USGS, the Uniidentified in sediment cores
1 .oo
I
/
I
versity of Minnesota, the
I
1
I
r
obtained from the lake.
2
University of Oregon, OrHoste//rr is a rrserrrch hyegon State University, and
drologi.st with the USGS in
Ii
the Philadelphia Academy
Boulder. Colorado: Vorley is
I
of Sciences.
headofresemhrrt
Yullowwm
The goal of the lake
NP.
modeling study is to apply
References
a previously
developed
Hostetler,S. W., 1991. Simulation
zl 0.50
w
thermal model (Hostetler
of lakeiceandits effecton the
late-Pleistoceneevaporation
and
Benson,
1990;
$
rate of Lake Lahontan,Clim.
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Simulated hourly values of the thickness of ice on Yellowstone Lake.
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Yellowstune

Science I\ rhc flflc of il ncv.

quarfcrly lwhlicatlon dcvotcd TUrhc natural and
cultural scicnccs and edited at Ycllowrone NV
by Paul Schullery. Volume I, Number I, Fall
1992 is a 24 page issue, featuring articles on
Global ClimateChange in Greater Yellowstone
(by William
Romme and Monica Turner).
Bugged Bears and Collared Cougars (by Mark
Johnson), Confidence in the Past (an interview
with paleoecologist Elizabeth Bamosky), Newa
and Notes, and Dennis Knight’s review of Don
Despain’shook, YellowstoneVegetation:
Con-

sequences of Environment and History in a
Natural Setting (Roberts Rinehart Publishers,
Boulder, CO, I Y90. 239 pages; $14.95 paper).
* * *
“Social Science and Protected Area Management: The Principles of Partnership,” a plenary session speech delivered at The World
Parks Congress in Caracas in Fehrualy 1992 by
Gary Machlis,will hecarriedin afutureissueof
the George Wright Society FORUM.
Machlis
proposes that the munagement of protected area> is necessarily the management of people,
“In the past decade,” he t”ld the Congress,
“there has been a growing realization that hiologicalandsocialsystemsareinextricablyintertwined. Hrnce.thesocial~cienceshaveemerged
as a partner to conservation biology and protectednreasmanagement. lssuesincludevisitor
management, sustainable development, economic impact and equity, the social impacts of
tourism and more: in short, many of the issues
central to contemporary Con~erYation.‘~
Machlis poses these questions: “What exactly have the social sciences (anthropology.
economics, geography, psychology, political
science, and sociology) contributed that is ‘usable knowledge’ for protected area managers?
What contributions can be expected in the future? How should the social sciences be “rganized 10 deliver insight and expertise to the
protected area movement’?” For Machlis’s answers, read FORUM.
* * *

11”“. md Illana:renm,t ofn‘irural \c,cncc mu\curn\ and natnml sc~cnce collections. Contact
HMSO PuhlicarionsCcntrc, P.O. Bon 216, London SW85DT;

The Aquatic Plant Information Retrieval
System (APIRS) collects information about
aquatic plants. Free of charge, users may request and receive computer generated bihliographies. APlRSdependsondirectcontributions
from u’iers t” maintain this service. Please send
reprints, b”okann”uncements,newsletters,etc.,
to Center for Aquatic Plants, Institute of Food
and Ag Sciences, U/FL, 1922 NW 7lst St.,
Gainesville, FL 32606.
Sullivan also Sent news of a new facility, the
Museum of Biological Diversity, dedicated at
Ohio State University in Columbus on Dec. 3,
1992. It encompasses more than 55,000 square
feet of collections, labs, and graduate instructional space and is to house all the university’s
biological collections. For more information
contact Tod F. Stuessy, Museum Director, College of Biological Sciences, OH/State/U, 484
W. 12th Ave., Columbus, OH 43210.1292;
And news of the National Museum of Natural History’s 1993 Research Training Program
for students interested in systematic biology and
natural history research. This IO-week intensive program, May 22.Aug. I, includes a researchproject,lectures,discussions. t”urs,tield
trips, lab and collections work, and the “pportunity to learn from Smithsonian scholars. Contact: Mary Sangrey, ProgramCoordinator, NHB
166, Smithsonian Institution, Washington, DC

20560, (202)357-454X.
* * *
Resrorarion Ecology, the new journal of the
Society for Ecological Restoration, will present
its first issue at the beginning of 1993. It will
emphasize the technical and scientific elements
of restoration and will include refereed research
papers, reviews, and reader opinions.
The
journal’s editor-in-chief is William Niering of
Connecticut College. Edie Allen of San Diego
State University is serving as associate editor.

From Gary Sullivan in the Midwest Regional Office c”mes word of several information sources he recommends:

The Young Entomologists’ Society InternationalEntomologyResourceGuide(Fourth
Edition), updated, cnpanded, and revised, with
emphasis on insect study through educational
resources and materials; $IOSKl postpaid; mail
order and payment t” Young Entomologists
Society, Dept. RGN, 1915 Peggy Place. Lan-

sing, MI 4X910-2553;
IndexofMosses, 1963.1989contains

8,500

names and includes all new tana from the rank
of genus and below. Monographs in Systematic
Botany, Vol. 42,656~~. hard bound, June 1992;
$25.00, 52.00 shipping. Prepay to Dept. I I,
Missouri Botanical Garden, P.O. Box 299, St.
Louis, MI 63 166.0299:

The Manual of Natural History Curatorship, edited by Geoff Stanstield, John Mathias,
andGordonReid, willbeavailablefromHMS0
Books in early 1993, providing a comprehensive introduction to the philosophy, administra-
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Academy Report
Recommendations
The National Research Council (NRC) of
the National Academy of Sciences (NAS) “tt
Aug. 19, 1992 released ib replrttitled “Science
and the National Parks,” and set off a flurry of
activity within the Park Service.
Directs
Ridenourconvened a tield managers’ task force
on Sepr. 24.25, to develop options for the NRC
rcport’stoprecommendations. Taskforcememhers included Gene Hester, Bob Baker, Stan
Albright, Bob McIntosh, Tom Ritter, Dale
Engqquist, Dave Mihalic, Rob Amberger, Don
Fslvey, Ralph Tingey, Cindy McCleod, Jim
Larson, and Jim She&d.
Director Ridenour participated extensively
in the group deliberations and the task force
presented its options to him on September 25.
TheDirectorsent amemo”nOct.
7. lY92totbe
ADS for Natural Resources and Budget and
Administration, the AD for Legislative and
Congressional Affairs. and the Director of the
Office of Policy, directing them to implement
several of Ihe NRC report recommendations in
accordance with the options identified by the
Field managers’ task fvrce.
Specifically, Director Ridenour authorized
that a “Reseitrch in the National Parks” bill be
drafted and submitted to Congrt?ss by Jan. 15,
1993 that wouldestablish amandate for science
in the NPS. The recommendation t” seek a
strategic funding increase for science will be
addressed by first completing a Servicewide
asemnent and qua&i&on
of need no later
than Sept. 30. 1993. Meanwhile, the FY 95
budget call will handle science needs. using the
interim data base that also was utilized for tbe
FY 94 budget formulation.
The Director ordered that the controversial recommendation to
create an independent science arm in the Service
be dealt with by adopting what had been termed
the “Western Regi”n”mode1 of research supervision and program management. Specific rec.
ommendations
for organizational
changes
needed to accommodate this significant action
were due to the Director by Dec. 31. 1992.

Climate Change
Conference
David L. Peterson, Research Biologist (U/
WA CPSU), attended the International Conference on Mountain Environments in Changing
Climates, in Davos, Switzerland in October
1992.
He presented a paper titled “Recent
changes in the growth and distribution of subalpine forests in western North America.” The
highly interdisciplinary meeting was attended
hy scientists from climatology, geosciences,
biology, and sociology.
Peterson also visited with scientists at the
Swiss Federal Institute for Forest, Snow, and
Landscape Research in Birmensdorf. Dr. John
Innes,directoroftheSwissforestsurvey,hosted
this visit, as well as a pre-conference excursion
in the Swiss NP.

The Service will delay final decision on
hiring a Chief Scientist of national repute until
after necessary role and function statements and
organizational stmctwes are identified and a”cepted. In the interim, Dr. Hester has been
authorized t” proceed with filling B “Visiting
Senior Scientist” position to help with these
actions.
Support was given to establishing a “pa&
for science” program. a competitive research
grants program. and a basic resource information system for the Service. The NRC recommendationstocreateanindependent
lineitemio
the budget for research funding and to create an
inde@dent
science advisory bo%d were not
accepted for a variety of reasons. but the underlying objectives will be attempted by altemati

Mid-Atlantic

Region

The Region welcome\ x\eralnew
Resource
Managers: Denise Cook, formerly superintendent of Natural Bridges National Monument,
joins the Regional Office staff as a Natural
Resource Manager responsible for air, water,
and rare and endangered species; Ken Stevens,
formerly Resource Specialist at Bandolier National Monument, is the new Resource Manager
at New River Gorge National River; and Carl
Zimmeman,
formerly Resource Manager at
Golf Islands National Seashore, is the new Resource Manager at Assateague Island National
Seashore.
The Region’s resource managers met at Virginia Tech last spring to discuss regional resource management issues and RMPs, followed
by a Social Science Short Course that examined
the application of social science to park management. Topics included carrying capacity,
visitor management, tourism, park economic
impact, and park neighbors.
* * *
Virginia Tech CPSU Leader Jeff Marion
participated in an international workshop on
visitorcarryingcapacity,
heldinBelize,Central
America and sponsored by the World Wildlife
Fund. He gave a paper, “Tourism impacts to
protected areas: Procedures for the development of monitoring programs,” and took part in
a panel on similar topics at the First World
CongressonTourismand theEnvironment,also
held in Belize.
* * *
Copies of 2 papers presented to the NortheasternRecreation ResearchConference,“Trail
inventoryandassessmentapproachesappliedto
trail system planning at Delaware Water Gap
NRA” and “Campsite impact management: A
surveyofNPS backcountry managers”are available from Jeff Marion at NPYCPSU, Virginia
Tech/Dept.ofForestty,
Blacksburg, VA 24061.
0324.
* * *
The Region has established Geographic Information System technical supportagreements
with Penn State University and NC/State LJniversity. The 2 schools will help the Region’s
parks develop and operate ATLAS-GIS
and
GRASS-based GIS programs. NCSU recently
hosted a regional planning session attended by
Regional Office, park, and university staff, to
begin development of a work plan.
* * *
Intensive long-term research conducted by
UNA scientists has documented the acidification of streams in Shenandoah NP. Acidity
levels are approaching the biologically critical
level of 6.0 in I stream and have exceeded this
level in another. Chronic acidification has been
documented from analysis of weekly samples
from these streams, beginning in 1979. A significant new research program to record, analyze, snd predict biotic responses to the acidicAn
integrated
cation
has
begun.
multidisciplinary analysis of chemicallbiotic
linkages will be used to examine fish community responses to stream acidification.
* * *
IX

Kc\carch ,<I dr\rlop l&M prot~~~~I\ for \ertcbratr urvrys in park, has been initiated at
Penn State U. This research will evaluate exiating literature, develop or modify existing l&M
protocols, and field test recommended protocols on selected MAR parks. Protocols will be
organized by management information needs:
presence/absence. relative abundance, and spezies distribution.
* * *
Two Mid-Atlantic
Region employees recently took pan in an exchange with Russian
NPs through a joint effort of the NPS Office of
lntemationalAffairs,DelawareWaterGapNRA,
andtheStodentConservationAssociation. Maria
Burks, superintendent at Fredericksburg and
SpotsylvaniaCounty BattlefieldsNational Military Park, and Elizabeth Johnson, Chief of RerearchandResourcePlanningatDelaware
Water
Gap, traveled to Vodloeero NP to assist with
park planning, development, and operational
issues. Thenewlycreatedparkencompasses
I.5
million acre5 of rivers, lakes, bogs, and virgin
forest within which are hidden the remnants of
historic and prehistoric civilizationsd of both
the Karalia and Archangelsk regions of Russia
(bordering Finland).

Pacific Northwest
‘Thecontnbutionof\ociologytobiodiversity
research and management” is the title of an
article in Biological Conservation (1992, 62.
161.170),byGaryE.Machlis,NPS/CPSUatUi
ID in Moscow, ID and professor in the departments of Forest Resources and Sociology. Like
all scientific and environmental issues, Machlis
notes, hiodiversity is partially a socially constructed problem. Case study and comparative
multinational data suggest that the causes of
biodiveraity decline are a largely socio-economic, and solutions will require interdisciplinary approaches. The paper discusses how
sociologycanmakecontrihutionstobiodiversity
research and management, including (I ) better
understanding and management of habitat
change; (2) improved research and decisionmaking methodologies; (3) development of a
theoretical synthesis; and (4) analysis of the
social organization of conservation and comervation biology.
***
An expansive exhibit on the discovely of
fossils and the ongoing management of paleontological resources of John Day Fossil Beds NM
is on display this year at the High Desert Moscum 6 miles south of Bend, OR. Recent finds
at John Day include a new rodent, the size of a
modem ground squirrel; a mouse-deer and two
canid species, including one that may represent
a new species.
A new dating procedure, being used at the
Berkeley Geochronology Center in California,
shows promise ofbeing able to date prehistoric
samplesofvolcanictufftoanaccuracyofwithin
100,000 years. This methodology (called the
single-crystal laser fusion argon/argon method)
should help paleontologists like Ted Fremd (at

John IIay) figurr out how all the \pccic\ hung
Sound Sit together chronologically.
* * *
A 5.year effort to evaluate the potential for
the Cascade Range of Washington to support a
viablepopulationofgrizzlybearshasconcluded
thataprobable population of IOtoZObearsdoes
inhabit the Cascades. Numerous sightings and
observations of tracks have occulsed, and a GIS
evaluation of habitat has led the USFWS to
determinethepopulationis“recoverable.”
With
the Washington Dept. of Wildlife as the lead,
the USFS, NPS, USFWS, and the Government
of British Columbia arc working together in this
project as a subgroup ofthe Interagency Grizzly
Bear Committee.
For more information, contact Kathy Jope at
(206)553-5670.

National Capital Region
The Region recently joined with the Michigan State University Pesticide Research Center
and the Ml/State/U Foundation in sponsoring
the 1992IntemationalDutchElmDiseaseworkshop, “Recent Approaches to the Dutch Elm
Disease Problem.” The last Dutch elm disease
conference was held in 1981: in the interim,
considerable progress has been made in cellular
and molecular approaches to understanding and
controling the disease. The workshop brought
together from around the world old and new
generations of Dutch elm disease rexarchers,
co that acquaintances could be made and both
old and new information rhared.
Forty-five participants from 6 countric\ attended.
Sessions covered conventional approaches to diseaae management, principally
breedingforresiatance;applicationofthepathogen toxin to elm tissue cultures for rapid F&Ctionofresistanttrees:andmoleculerspproaches
for characterizing the host and the pathogen.
Workshop proceedings will be published.
AwardswerepresentedbyDr.GordonGuyer,
president of Ml/State/U, to 3 retired resmrchers: Dr. Hans M. Heybroek, Institute for Forestry and Nature Management
Research.
Wageningen.
Netherlands;
Dr. Richard
Campana, Department of Botany and Plant Pathology, University of Maine; and Dr. Francis
W. Holmes, Shade Tree Lab, University of
Massachusetts. Each award was an inscribed
plaquemadefromacrosssectionofalimbofthe
I65 year old Adam’s Elm, removed from the
White House grounds in 1991. The agencies
sponsoring the workshop received similar
plaques.
The National Capital Region and MI/State/
U are working through a Cooperative Agreement on molecular and biochemical aspects of
Dutchelmdiseasemanagement.
Dr. MariamB.
Stickle” of the MlIStatelU Pesticide Research
Center,andDr.JamesL.SheraldoftheNational
Cap&al Region’s Center for Urban Ecology,
are program managers.
* * *
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Western Region
A review was held in Tucson, AZ Sept. l-4,

1992 LOevaluate the Saguaro NM air quality
biological effects research program.
The
review’s evaluation and recommendations will
assist in establishing thedirectionforairquality
research at the monument. Copies of the report
may be had from the NPS CPSU, U of AZ,

(602)670-6X85.
* * *
The following reports have been published
by the CPSU at U/AZ:
Tech Rpt #46. “Statu\ of non-native plant
species, Tonto NM, AZ, hy B.G. Phillips.
Tech Rpt #47, “Mammals of the woodland
and forest habitats in the Rincon Mountains of
SaguaroNM,AZ,“byRursellDavisandRonnie
Sidner.
TechRpt#4X,“CaseFtudyolresearch,moni~
toring. and management programs associated
with the saguaro cactus (Carnrgk~ gigonrerrj at
Saguaro NM. AZ” bylorcph R. McAuliffc.
These reports or acomplete publication listing may be had by contacting the CPSU at LJi
AZ, (602)670-6X85.

Water Resources Divison
The Water Rewurce\ Division has moved to
a new location: 1201 Oakridge Drive, Suite
250, Fort Collins. CO 80525; (303) 495.6200.

Southwest Region
Other agcncic\ xc continuing to “get the
word”ahoutlnregmtedPestManagement.
Jerry
McCrea, REgional Biologist, recently sent a
“start up” package about IPM to the Lower
Colorado River Authority in Austin, TX. Earlier in the year. he sent a similar package to the
Texa Parks and Wildlife Dept.
* * *
The Africanired honey bee (AHB) continue\ to bc in the news. Padre Island National
Seashore was the third park in the region to have
a conlirmed identification. The park staff successfully removed the colony from a park structure after removing some of the \iding from the
building.
The staff has recently participated in the
regional workshopon the AHB, which included
hands-on training in an apiary. The course wab
conducted in August, 1992 in San Antonio; I7
SWR personnel attended. Dave Vekasy of San
Antonio Missions NHP was course co-coordinator.
Education is a key tool in AHB management. An article on the subject, written by the
Regional Biologist, was published in Contart,
theSouthwest Region’sinterpretive newsletter.
An information package, which contained the
article, was prepared and distributed at the megional IPM coordinators’ meeting in September
1992 in WASO.
* * *
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Museum IPM wa? the suh.iect covcrcd in a
workshop co-sponsored by the Midwest and the
Southwest Regional Offices. This course, the
inspiration of Steve Cinnamon of MWRO, was
held at Haskell Indian Junior College in
Lawrence, KS Aug. 31.Sept. 4, 1992. Our
course was the first NPS class to be conductedat
this DOI training ceuter...a nice facility that
others may wilnt to consider as a training site.
Twenty-four NPS personnel attended, representing 24 parks and 4 regions (MWR, SWR,
PNR, and RNR).
* * *

rcccntly published book, IVi/d/$i~ 2001: Poplarions (I 992 Elxvier).
The paper, “Modeling
MetapopulationDynamicsforSingleSpeciesof
Seabirds,” is the first application of this new
approach to population dynamics in seabirds
using stochastic models known as RAMASI
space and RAMASlstage.
Generic albatrosses,
ccmnonmts, and terns were modeled, with unexpected andprovocativeresults. Metapopulation
modeling will be of increasing importance in
grapplingwiththeproblemoffragmentedpopulations in national parks and their environs.
* * *

The Regional Biologist recently attended a
multi-agency noxious weed meeting convened
by theStateofNewMexicoand
heldinresponse
to the 1990 Farm Bill’s noxious weed provisions as well as to a memorial passed by the NM
legislature. The thrust of the meeting was to
encourage private landowners to manage noxious weeds, thus helping to reduce weed pressure on public lands. Four working groups were
established with thew objectives: (I) review of
a draft noxious weed list, (2) investigation of
educational opportunities, (3) weed mapping,
and (4) identification of funding options. The
Southwest Region is on the education working
group.
* * *

Two new regional resource management
specialists have joined the North Atlantic Region. Leslie Pointer moved from Chief of Resource Management at Yosemite to become
Branch Chief of Resource Management: Susan
Alberts is the new IPM Coordinator.

The CPSU at Albuquerque is installing a
CommunityGPUBaseStationforusebynearby
parks. The post-processing of GPU data increases accuracy of field observations and will
complement field activities in numerous NM
parka.
* * *
El Malpais National Monument (ELMA) is
the center of some wildlife management activity. The BLM recently declared its desire to
introduce bisonadjacenttothemonument,where
the animal is not native. The animals are currentlyonFortWingate,inwe~temNM;
the base
is scheduled for closure. The SWR‘s Division
of Environmental Coordination and Division of
Natural Resources Management and Science
worked together closely t” present the case for
why NPS policy would not support such an
action. BLM’s response is pending.
El Malpais is one of 2 SWR parks being
studied by the NM Dept. of Game and Fish as
possible reintroduction sites for bighorn sheep.
Bandelier National Monument is the second
site. In the case of ELMA, a particularly interesting aspect of the stody is that bighorn tissue
is preserved in one of the park’s caves, which
will allow DNA testing to determine whether
the desert or Rocky Mountain subspecies was
native to the park. ELMA is one of only 4 area
wherebighomwereknowntoinhabitlavaflows.
Native Americans report hunting bighorn in the
area as recently as the 1950s.

North Atlantic Region
Paul A. Buckley, NPS Senior Scientist at the
Coastal Research Center, University of Rhode
Island, is the author of an invited chapter in the

Bruce Cannery also has jointed the Acadia
NP resource management staff as the I&M
Coordinator.
Jim Allen, Coastal Geomorphologist, and
scientists from Rutgers University and the UniversityofSouthemCalifomiaconductedahighly
instrumented study of bayside beach erosion
and sediment transport at Fire Island National
Seashore with funding from NSF and NPS. He
also helped SWRO develop a plan for recreational use of the eroding Lagune Madre beach
at Bird Island Basin, Padre Island National
Seashore.

Southeast Region
In the days immedidately following HurricaneAndrew,theNPSsssembledaprofessional
resource assessment team to measure the ecological “vital signs” of south Florida national
parks. Twenty-three scientists from a variety of
disciplines examined resource conditions in order to prescribe immediate actions to stabilize
threatened resources and identify long-term activities to assure continued health of park ecosystems. They examined the geographic limits
and impacts of storm influence on coral reefs,
seagrass beds, hardwood hammocks, mangrove
forests, sawgrass marshes, pine foreats. historic
shipwrecks, and archeological sites. They also
determined the status of endangered species
such as panthers, crocodiles, and bald eagles.
Air and water quality and organic debris and
sediments that shape biological communities
were studied.
A final executive simvnary of the report is
available; the full report will be published after
peer review is complete.
Team members included the following:

Resource Assessment Coordination: Gary
E. Davis (Assessment leader). Laurie Parker,
and Cameron Shaw.

Marine Resources: James Tilmant (Teach
leader),, Richard W. Curry, Jay Zieman, Ronald
Jones. Thomas Smith, and Alina Srmant.
Freshwater Resources: Charles T. Roman

I9

(Team Ic:~dc~).Joel Trrxlrr, Mark Flora. Niohw
Ias Aumcn, James Schortemeyer,
Robert
Fennema, and Ben McPherson.

Upland Resources: Lloyd L. Loope (Team
leader), James Snyder, Mike Duever, and Alan
K. Hemdon.
Archeology: George Smith (Team leader),
Larry Murphy,
Comelison.

Guy

Prentice,

and John

GIS: Donald Myrick and Michael Rose.
PeerReviewGroup:MichaelSoukup,
William B. Robertson, Jr., Ariel E. Lugo, Stuart L.
Pimm, Robert Ulanowitz, John Ogden, and Peter Glynn.
* * *
The South Forida Water Management District, the Florida Dept. of Environmental
REgulators, U.S. Justice Dept., and agricultural
parties have agreed to the use of an outside
mediator in the ongoing lawsuit regarding the
Everglades restoration program. The mediator
would work with the groups involved to try to
reach consensus on the restoration program.
* * *
The GIS Specialist in the Southeast Region
has been relocated from the regional office to
Clemson University in South Carolina. Neil
Guse, Clemson CPSU Director, will be serving
as program coordinator for GIS and will supervise the G1S Specialist position.
* * *
ThroughaprojectfundedjointlyhyNPS,the
U.S. Army Corps of Engineers, and the South
Florida Water Management District, a native
Australian insect is being studied as a biological
controlagentfortheMelaleucatree.
Theweevil
Oqopsviriosa hasheenquarantinedattheUSDA
Agricultural Research Center in Gainesville,
FL, where it will be tested to insure that no
natiove plant species would be adversely affected by its dispersion.
Melaleuca, recently designated as a noxious
weed by the USDA, displaces wetland vegetation and wildlife habitat and has had adverse
effectsin theBigCypressNationalPreserveand
Everglades NP.
* * *
Personnel chanages in the Oftice of Science
and Natural Resources:
Through a cooperative agreement with The
Nature Conservancy, a database manager has
been hired for the Region’s Biological Conservation Database. The comprehensive computerizeddatabase tracksinfomutiononplantsand
animals, focusing on rare and threatened species. Clifton Eakes began in this position in
November. His most recent previous position
was Natural Areas Specialist for the Mississippi
Natural Heritage Program
Bob Hickman hasjoined the Regional office
staff as resource management plan coordinator,
publications coordinator, and project management coordinator. He has 20 years or experience in the North Atlantic, Midwest, and National Capital Region parks.
20

Brcndhan Zuhricki
cani air/water quality
the Region. Brendhan
U/RI on water quality
*

ua\ hired to fall the LZ~coordinator position for
worked for the CPSU at
issues.
* *

Recentlypuhlishedtechnicalreportsinclude:
Claxon, P.G. and H.L. Renwick. 1990. Bibliography of Scientific Research for Gulf Inslands
National Seashore. CPSU, RutgersThe
State University of NJ. NPS/SER/93-01.
Clexon, P.G. and H.L. Renwick. 1990. History of Scientific Research
for Gulf Islands
National Seashore, CPSU, Rutgers-The State
University of NJ. NPS/SER/93-02.
McCracken, G.F., C. Parker, and S. Guffey.
1992. Genetic Differentiation and Hybridization between Hatchery Stock and Native Brook
Trout in Great Smoky Mountains NP. NPS/
SER/93-05
Rikard. M. 1991. A Water Quality Study at
the Congaree Swamp
National Monument of Myers Creek, Reeves Creek and Toms
Creek,NPS/SER/93-06.

Midwest Region
New faces and/or positions in the Region:
Sue Jennings transferred from Blue Ridge
National Parkway to a Resource Management
Specialist position at Saint Croix National Scenic Riverways; Sam Lamie has entered govemment service as a Cartographic Technician at
Voyageurs NP; Ed Childres transferred to Indiana Dunes NL as a Cartographic Technician
from the Soil Conservation Service; Joe Myer
has transferred from the SER to serve as Regional GIS coordinator at the newly established
GIS Regional Technical Support Center at the
Great Lakes CPSU, U/WI,
Madison; Bob
Manasek has become Resource Management
Specialist at Scot& Bluff National Monument;
BobBrander,formerlyApostleIslandsNLecologist, has accepted a term appointment as Great
Lakes Coordinator.
New to the Research staff at Indiana Dunes
NL are Dr. Paul M. Stewart, aquatic ecologist,
andDr.RalphGrundel,animalecologist.
Stewart
was on the staff at Indiana U/Purdue U at Fort
Wayne; Grundel was on the staff at U/CA,
Berkeley.
Stewart has been appointed scientific liaison
in cooperation with the USFWS to examine
sites along the St. Croix for zebra mussel infestation and to recommend measures to retard its
spread in the river basin.
* * *
Dr. Richard Whitman, Chief Scientist at
Indiana Dunes NL, has been appointed to the
U.S. Great Lakes Policy Committee, which will
address the 5.Year Strategic Plans for the Great
Lakes. As a result of last year’s Environmental
Roundtable meeting, a resolution was signed by
I3 Midwest states and federal agencies on
interagencycooperation. Whitmanisteamleader
for a working group on Interagency Research
Needs Assessment for Environmental Management.

,

/

The Rrgion has finished a draft publications
plan outlining a strategy forestablishing 3 series
and for designing review procedures and standards. The plan is available for review by other
Regions; please contact the Regional Chief Scientist if interested.
* * *
A 2.day training session, held at Sleeping
Bear Dunes Sept. 15-16, 1992. addressed dune
systems management issues in the Great Lakes.
Staff from Sleeping Bear Dunes, Indiana Duues,
andPicturedRocksattended togetherwithnearby
staff from both State and Federal agencies.
* * *
Dr. Richard Whitman, Indiana Dunes NL
Chief Scientist, presented a paper, “Composition, apacial-temporal distribution and environmental factors influencing the interstitial beach
meiofauna of Lake Michigan” at the XXV SIL
International
Congress in August 1992 in
Barcelona, Spain.
The paper, authored by
Whitman,
Kevin
Kennedy,
and Mary
Andrzejewki.
has been submitted for puhlicalion to Vereinigung
Fur Theoretische und
Angewandte Limnologie. Whitman gave a related paper at the 8th International Meiofauna
Conference in Washington, DC, also in August.
* * *
The following papers by Indiana Dunes staff
have been accepted for publication:
Bowles, M.L., R. Flakne. A.K.McEachem.
and
N.B. Pevlovic. In Revision. Status and restoration planning for the federally threatened
Pitcher’s thistle (Cir.sium pitcheri) in Illinois.

Natural Areas Journal.
Brown, J.S. andN.B. Pavlovic. 1992. Evolution
in heterogeneous environments: Effects OSmigration on habitat specialization. Evolutionary

Ecology 6:320-382.
Cole.K.L.,K.F.Klick,andN.B.Pavlovic.l992.
Firetemperature monitoring duringexperimental bums at the Indiana Dunes. Natural Areas
Journal 12: 171-183.
McEachern. A.K., M.L. Bowles, and N.B.
Pavlovic. In Press. Recovery planning for the
threatened Great Lakes thistle Cir.siumpircheri
according to ametapopulation model. In Bowler,
M.L. and C. Whelan (eds). Recovery and Restoration of Endangered Species. Cambridge
U Press, Cambridge, MA.
Pavlovic, N.B. In Press. Disturbance-mediated
persistence of rare plants: restoration implications. In: Bowles, M.L. and C. Whelan (eds.)

Recovery and Restoration
Species, Camhridgc Presr.

of Endangered

Pavlovic,N.B.,M.DeMauro,andM.L.
Bowles.
1992.PerspectivesonPlantCompetition--Plant
collection rate should be positively correlated
with plant population size: Reply to the I -in-20
rule for plant collection. Plant Society Bulletin
38(1):X.
Whitman, R.L., D. Fagre, N. Pavlovic and K.
Cole. 1992. ApplicationsofLandscapeEcology
to Urban Park Management. UIMA Press.

Park Science

The Sunorm In\tilulc rcccntly \ponwred B
regional Sorum on “Land U&e Changes io the
Wc\tern Sonoran Desert Border Area.” The IX,
panicipants--includingrepresentativesfromU.S.
and Mexican agencies, the Tohono O‘oodham
Nation, and citizens from local communities-met in Ajo, AZ in October and reviewed major
resource issues facing the region, including the
implications of the North American Free Trade
Agreement. The ?xvn hall” approach was an
outgrowth of discussions over the past several
years to consider ways to implement the biosphere reserve (BR) concept in this multi-cultural region.
The possible imminent establishment of a
large BR in the Pinacate-Gran Desierto area of
Sonora (adjacent to the Organ Pipe Cactus NM
BR) provides incentive and opportunities for
strengtheningtransborderlinkagesamong
BRs.
Bill Gregg addressed the forum on cooperatlve approaches to coping with borders. In his
keynote, Hubert Hinote, Executive Director of
the Southern Appalachian MAB Cooperative,
discussed the experience ofthe Southern Appalachians in organizing cooperative projects to
meet regional needs. The forum resulted in a
consensus on the need for improved mechanisms for trinational cooperation in generating
and sharing information on regional issues, and
a recommendation for follow-up assessment to
see how this could be accomplished.
* * *
In September, the International Union of
Forestry Research Organizations, in cooperation with U.S. and Canadian agencies and orgamzations (including the NPS) sponsored an international symposium on “Ecology and Management of Lxin Forests.” The symposium
drew participant\ from more than a dozen mtions and provided a comprehensive review of
the state of knowledge of the ecology, genetics.

Rocky Mountain Region
The Region has joined the Colorado River
Endangered Fishes Recovery Implementation
Program. Four endangered and 2 candidate
species are the subject of considerable effort to
stave off extinction: razorback sucker, bonytail
chub, humpback chub, and Colorado squawfish
arecndangered:roundtailchubandflannelmouth
sucker are candidates. Ed Wick of our Fort
Collins office has the lead in this effort
* * *
Anthropological fieldresearchprojects have
begun in Glacier NP and in the Bighorn Canyon
NRA. These are the first systematic efforts to
collect baseline data on ethnographic resources
within these park units. Dr. Brian Reeves (lJ/
Calgary) and Dr. Larry Loendorf(Loendorfand
Assoc.) will work closely with park staffs and
members of the Native American community
presently using park resources for traditional
cultural purposes The results will provide informationonpresentuseofnaturalresourceswirhin
these parks and a cross cultural perspective on
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and management of Ixix forests, which occur
in horcal and alpine enwroumems throughout
the northern hemisohere.
Gregg and Pat Halpin (U/VA) gave a poster,
focusing on opportunities for cooperative research in BRs. The poster identified 20 BRs
containing one or more species of Larix, and
included results of potential life zone shifts in
Larix BRs, based on various global circulation
models. Gregg and Stan Krugman, BR coordinator for the USFS, co-chaired a seminar on
BRs, emphasizing the ongoing small watershed
research program in BRs in the U.S. and the
former Soviet Union, and the EuroMAB biological inventory database.
* * *
The EuroMAB pilot project to prepare biological inventorydatabasesinBRsisunderway.
The project was finalized at a July meeting of
MAB representatives from count&s panic&t-

ing in the Biosphere Reserve lntegmtrd MonitoringProgram, whichMikeRuggieroartended.
The formats for the NPS Biological Inventory
Status (BIS) and the biological inventory
(NPFLORA
and NPFAUNA)
databases were
adapted for use in EuroMAB BRs. The formats
are being used to prepare pilot BIS and vertebrate inventory databases for a selected BR in
Canada, the Czech and Slovak Federated Republic, France, Germany, Russia, Rumania,
Spain, Sweden, the United Kingdom, and the
U.S. The MAB Secretariar has sent each country instructions for preparing the databases,
whichwere scheduled toberetumedtoUSMAB
bytheendof 1992. Theenperienceofpreparing
the pilot databases will help EuroMAB countries determine a future strategy for preparing
and managing biological inventory data from
BRs.
Bill Gregg, MAB Coordinaror,NPS
ington CyJk

Wash-

resource values to inform the development of
natural resource management options.
* * *
Inhonorofits20thanniversary.Fossil
Butte
National Monument in 1992 hosted the Third
Conference on Fossil Resources in the NPS.
The 2 previous conferences were held by Dinosaur National Monument and Petrified Forest
NP. Conference topics have dealt with paleontological issues such as promoting paleontological research in NPs, increasing NPS technical staff, fossils in the field, laboratories and
museums, interpretation, law enforcement issues including theft and vandalism, and paleontological issues outside the Park System.
Final products of the 1992 conference are a
technical repolt including abstracts, selected
papers and a field trip guide, and a letter to the
NPS Director describing the status of NPS fossils and recommendations for future actions.
The Fourth Conference on Fossil Resources is
plannedfor lY94andwillbehostedbyFlorissant
Fossil Beds National Monument.

Limburger Cheese
Attracts
New Species To Pit
Traps at Oregon
Caves
Compared to most surface environments, caves tend to be low energy/low
food environments.
They usually lack
much wind, light, freeze-thaws,
or organic? thus it is fragile minerals and

species with low metabolisms that normally thrive underground. Foot traffic,
iights,clothinglint,
tunnels,andvandalism are high/energy/food
impacts on
caves. Visitors or altered airflow bring
in skin flakes, dust, spores, ordetergentrich lint, all of which foster exotic plant
growth.
In Oregon Caves, Carlsbad Caverns,
and probably many other commercialized caves, exotic animal communities
have developed oo lint deposits andexotic plants. Studies in C&bad Caverns
and Mammoth Cave indicate that an
unnatural increase in food causes the
“paradox of enrichment,”
where SWface-adapted
insects move in and
outcompete smaller and slower moving
cave-adapted insects.
The extinction
rate from these impacts depends in part
on whether caves are evolutionary “islands” or whether most of the recmitment of species occurs from smallcracks
surroundingthecave.
Findingoutwhich
of these biogeography models best ap
plies to cave communities is a hot topic
of current biospeleological research.
Year-round baselines are needed to
understand the evolution of cave communities and human caused impacts on
them. Unfortunately, untilafewmonths
ago, all that was known about Oregon
Caves’ faunawererecordssuchas“small
white spider seen in Neptune’s Grotto.”
The first macroinvertebrate
survey of
OregonCavesbeganinlate
August 1992.
Eighteen pit traps were placed in the
cave to help determine the effects of
cave entrances, humidity, and nearness
to the cave trail on cave populations and
species composition.
The use of limburger cheese as an
attractant already has yielded some 20
species,
at least 2 of which are
undescribed and are among the most
restricted endemics in the Park System.
The first endemic
is in the genus
Speoseyu, a millipede genus known by
only 2 other specimens. The second is a
water mite which probablyh is parasitic
on an unknown animal. The traps are
sampled and reset every 20 days. This
will continue until summer 1992, when
the program will be tied to a Smonthslong Earthwatch project.
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Support Tools for I&M Decision-making:
Moving from the Ideal to the Real
By June C. Rugh and David L. Peterson

Editor’s Note: This arricle (the .serond in a
series of two) representr LIresearch qfSorron fhe
partqfthe PacificNurthwestRefiion
ro oj@run
appmrrch.f~,rd~ve[opinRadynam~~, technically
rigorousinvenro~& monitoringprogramwirhin
each park. Based on state-of-the-art method5
and md~ses, i, ofsErr pmc’icrrl ~trcrteg~ and
support rools that will facilirate l&M prqnm
development rrmong parks.
With the help of the interdisciplinary planningteamdescribedin thepreviousarticle(Park
Sciencr, Fall 1992). most parks will be able to
developahroadinventoryandmonitoring(I&M)
“ideal” plan that encompasses a diversity of
projects. However budgetary and personnel
constraints mean that decisions must be made
about the relative value and feasibility of vatious projects within the overall plan. This is a
complex process involving a wide range of
issues and hundreds of individual decisions;
lacking a systematic approach, many of those
decisions may be made with limited knowledge
or by intuition alone. The support tools discussed here--the Analytic Hierarchy Process
and supporting software, Expert Choice--are
tbecoreofanew
analytical frameworkforI&M
planning, providing both strategic and technical
support for resource managers.

titularly

useful because it is stable, resisting

disruptions; it accommodatf3

additions easily:

its components can he arranged in a modular
fashion, allowing efficient modifications, and
finally, thehierarchyiscapahleofincorporating
a large number of elements economically.
To construct a hierarchy, a primary goal is
placed at the top. For example, the goa/ in
Figure 2 is to choose the most desirable car; the
criteria for this decision are initial cost, maintenance costs, fuel costs, resale value, stat”%
comfort, and reliability.
(Additional tiers of
.suhcriteria would he added in a more involved
case.) Alla-nnrives are the actual car models
being considered and compared: VW, Honda,
Chevy, and Cadillac.

Conceptual

Pairwice comparisons among hierarchy elements at any level provide a ratio scale ranking
of these elements. First, the main criteria are
compared with respect to the goal. Here, personal judgment comes into play; the decisionmakerenters judgments as to the relative value
of initial cost vs. maintenance costs. initial cost
vs. resale value, and so on. Thus, the initial cost
might he judged to he moderately more important than maintenance costs.
The next step is to compare the alternative?
with respect to each criterion; the user records
judgments for VW vs. Honda with respect to
initial cost, and so forth. Throughout this process, the more subjective elements such as intuition. experience,
or personal preference

Model of the National Park Service Inventory
and Monitoring (l&M) Program

Define Management Goals and Objectives
for an I&M Program

+,

d

Monitoring

4-r
:
:

The Analytic Hierarchy Process (AHP) is a
structured approach to decision-making that
allows resource managers to incorporate a large
number of criteria and judgments including
those based on experiential knowledge or intuition. Decision-makers are able to weigh the
contributions ofeach option and&w
ata final
assessment (or priority) that is both consistent
and defensible.
Applied to I&M program
development, this approach focuses on three
specific steps: (I) Identify I&M projects; (2)
Prioritizeprojects;and(3)Manimizetotal
I&M
program value over all projects.

:

First,decision-makersidentify potentialI&M
projects that would fulfill program objectives.
Second, these projects are prioritized based on
their total contribution to the I&M program
goals. AHP is used as a systematic technique to
determine those priorities, which represent the
definable V&P each project brings to the program as a whole. Third, budget and personnel
limitations are worked into program planning in
order to maximize the total I&M program value
over all implemented projects.

Analysis and Synthesis

Park personnel neednot he familiar with the
technical details of the AHP and related software; the regional I&M coordinator would operate the software. working with resource managers toderivemodelinputsandevaluate
model
outputs. Howeversomeconceptualbackground
can clarify AHP’s role in I&M planning. The
principal ideas of AHP are ( I) the use of hierarchies to structure decision-making, and (2) the
application of judgement ~WXLUYS and formal
mathsmtics to express and quantify individual
preferences.
As a basic paradigm, the hierarchy is par-
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Conceptual overview of the inventory and monitoring process in natuwl perk areas.
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Guideline (NPS-75), adocument developed by
the A/D for Natural Resources to provide
Servicewide policy, guidance, and direction to
parks designing and implementingcomprehensive natural resource inventory and monitoring
(I&M) programs. NPS-75 represents official
NPS policy and I&M efforts at all NPS organizational levels should be consistent with guidance provided in that document.
The NPS-7S guideline is largely conceptual
in nature. It is not, and war not designed to be,
a “how to” manual. Rather the I&M Program
National Committee, which guided NPS-75
development, determined that technical protocols on how to implement specific steps of the
I&M process should be developed independently over time and provided in the form of
supplements to NPS-75. The Prototype Monitoring ParkcomponentoftheServicewideI&M
Programrepresents one majoreffortdesigned to
develop those protocols in a scientifically valid
and expeditious manner.
Inthisandapreviousarticlepublishedin
the
Fall 1992 issue of Park Science (pp l-4). June
Rugh and Dave Peterson offer some conceptual
ideason how an I&Mprogram mightbeplanned
and implemented by individual parks. In several respects. their ideas parallel and complement the I&M project planning and development process outlined in NPS-75 (Fig. 1). For
example, whereas NPS-75 suggests a Science
Advisory Team as an effective way to develop
an I&M program for a given park, Rugh and
Peterson promote theuseofRegionalinterdisciplinary teams. There is no reason those could
not he essentially one and the satne.
Regarding the identification of individual
I&M projects, Rugh and Peterson advocate the
use of “brainstorming sessions” whereas NPS75 suggestz a structured, step-down process
might be used. Lastly, in their current article,
Rugh and Peterson describe how the Analytic
Hierarchy Process might be used to prioritize
individual I&M projects to insure consistence
with established park goals and objectives.
Guidance in NPS-7.5 is much less quantitative
but recommends that a risk analysis involving
an assessment of the nature of resource threats
and the vulnerability of resources to humaninduced impacts be an important basis forestablishing monitoring priorities and objectives.

arc as systematically quantified as objective
factors such as cost. With sets of these pair::-ise
comparison;,, ‘1ratio scale emages that captures
the priority of the related elements with respect
to the comparison criteria.
Further options, such as combining judgments concerning several criteria, are available
as well. Figure 3 illustrates the AHP as applied
to the process of rating I&M projects.
When applied to I&M planning, AHP would
enable managers to define criteria for priorities
in a straightforward yet versatile way.
For
example, priorities may be set for part of an
I&M plan based on economic and biological
factors. The biological factors may be subdivided into several wbfactors, such as endangered species status, susceptibility to air polhlion, andgeographicdistribution.
Eachofthese
subfactors can he further divided into yet another set of subfactors for a finer resolution.
This hierarchical processcancontinueformany
levels to include all posslblhtles that should he
considered, with rankingsassignedtoeach level
of the process.
The linkages become complex after only a
fewlevelsandcannotbetrackedefficientlywith
pencil and paper. For this reason, AHP has been
incorporated in the software package Expert
Choicel. This software allows the user to apply

1LTERNATIVES:

Figure 2.

hundreds of qualitative and quantitative assessments simultaneously to establish linkages and
calculate final priority rankings quickly and
accurately. It also enables a resource manager
to explore the nature of decisions used in the
I&M planning process.
The knowledge database created can be
changed or updated at any time, making it an
exemplary tool for I&M decision-making.
Moreover, the model can accommodate any
agenda the park might wish to include. This is
particularly pertinent to resource management
planning by federal agencies, which often requires consideration of political issues.
Most important, AHPiEC does not make
decisions for managers, but instead facilitates
the process of decision-making. By providing a
framework in which I&M and resource management planning issues can be addressed and
quantified explicitly, these tools offer resource
managers unprecedented
decision-making
power. versatility, and accountability.
When allocating resources within I&M program planning, the goal is to do the most I&M
work possible within established budget and
personnel limitations, with “most” defined as
the greatest total program value. This means
that an individualproject’svalueto
theprogram
alone can determine
the most effective

.vw
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Choosing the Best Car: An illustration of the Analytical Hierarchy Process

GOAL:
$MPiOject

There are no univerwl techniques for I&M
efforts related to total ecosystem management.
Many different ideas and approache? need to be
tested. Readers should realize that the ideas
provided in these articles describe a research
approach being field tested in the Pacific Northwest Region for implementing the guidance
provided in NPS-7.5. As the Servicewide I&M
Program progresses, additional approaches will
likely be field testedelsewhere in the Service as
well.

CRITERIA:
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Figure 3
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Rating I & M projects using the Analytical

Hierarchy Process
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allocation 01 resources. Similarly, a cost-benefit approach--wherein projects with the best
economic payoff gamer the highest rankings-falls short by not including other constraints,
such as personnel time.
Schmoldt et al. (1992) have formulated an
integerprogramming model which, by combining AHP and linear programming, maximizes
total program value, subject to specified constraints. With technical support from the I&M
team, resource managers would enter the minimum constraints (budget and personnel limitations) into the mathematical fomndation. Other
constraints, such as restrictions on project timing, could be factored in as well. For example,
ifaparticularprojecttoanalyze
snow chemistry
should not be performed until a geographic
survey of snow has been completed, then those
constraints would be added to the formulation.

Feh. 2-S.

1”Anchwagc, AK. Spomorcd by
members of the Exxon Valdrr Oil Spill Trustee Council.representing USDA,
USDI. NOAA. the Alaska attorney general, and the AK Depts. of Fish and Game
and of
Environmental Conservation. Contact: Brenda Baxter, Symposium
coordinator, U/AK, Fairbanks; 907-474-7086; FAX 907-474-6285.

Mar. 6.7.

PURLIC INTEREST SCIENCE CONFERENCE

Mar. 24.27

April 18-23

’ Tradenames are used for information
purposes only. No endorsement by the U.S.
Department of the Interior is implied.
Rqh is a technical wirer and Pererson is a
Research Bioloyisr at the U/WA CPSU, Searrle.
Schmoldt is a Research Forest Products Technologist with the USDA Form Service ar
Blacksburg, VA.
Thefollowingpublicationsareavai1ablefrom
the NPS CPSU, AR-IO, U/WA, Seattle, WA
9819.5:
Peterson.D.L., D.G. Sitsbee,and D.L. Schmo,d,.,992.
Guidelinesforde”elopinginventmyand monitaring
plans in nationalparks ManuscriptSubminedfor
publication.

in Eugene, OR, to address

issues relating to the interaction of science and the public policy process. Panel
topics will include new paradigms for science and policy making, science and the
law, and ethics. Workshops will deal with communicating to the non-scientist.
Contact: Len Broberg. Dept. of Biology, IJ of OR, Eugene, 97403.
EIGHTH ANNUAL U.S. LANDSCAPE ECOLOGY SYMPOSIUM,
“Pattern and Process in Landscape Ecology” at Oak Ridge National LabinOakRidge,
TN. Contact: Dr. MonicaG. Turner, Envir. Sciences Div., Oak Ridge Nat’1 Lab, PO
Box 2008, Oak Ridge, TN 337831.6038; (615)574-82X2.

WESTERN REGIONAL INTEGRATED CULTURAL & NATURAL RE.
SOURCES WORKSHOP, at Furnace Creek Ranch, Death Valley National
Monument. WRO Contacts: Jonathan Bayless, (4 I5)744-3968,

May 17-21

As the final step in the resource allocation
process,prlorityvaluesestimatedfrom
the AHP
exercise would be used as coefficients in the
Integer programming model.
Asinanyoptimizationprocedure,
theresults
ofthis“constrainedoptimization”approachwil1
be only as realistic as the parameter values used
in the calculations. More accurate budget or
penonnelestimates,orrevisedvaluejudgments,
can altertheemerging I&M program. Repeated
use of this process will insure that results are
acceptable and stable.

EXXON VALDEZ OIL SPILL SYMPOSIUhl,

June 22-25

Aug. 24-26

and Gene Wehunt,

(415)744-3957.
NATIONAL INTERAGENCY

WILDERNESS CONFERENCE, Tucson, AZ.
Focus on 3 stewardship themes: (I) Wilderness Restoration--minimum tool use in
alien plant species control and reveg; (2) Complementary Management of wilderness and archaeological, historical, and cultural resources, and (3) Emerging
Challenges: cultural diversity, demographic trends, adjacent land uses, day use,
outfitter policies, and access for the disabled. Contact: Alan Schmierer, WRO
(415)744-3959.
CONSERVATION IN THE WORKING LANDSCAPES, the 1993 Natural
Areas Conference, at Univ. of Maine, Orono, ME. Symposia topics: Biological
diversity in working landscapes (total perspective and institutional perspective),
conservation in marine ecosystems, inventory and monitoring natural landscapes in
working landscapes, conserving endangered species and natural communities in
working landscapes, and managing natural areas in working landscapes. Deadline
for papers, Jan. 15, 1993. Contact: Hank Tyler, ME State Planning Office, Station
38.. Augusta, ME 04333; (207)624-6041.
12th WILLIAM T. PECORA REMOTE SENSING SYMPOSIUM, “Land
Jnformation from Space-Based Systems,” Sioux Falls, SD. Sponsored by the USGS
in cooperation with other federal agencies. Abstracts are due by Feb. 15. 1993.
Contact: Dr. Robert Haas, Symposium chair, 605-594-6007
or Dr. James W.
Merchant, Program chair, 402-472-7531,
FAX 402-472-2410.

Ecological Society Meeting
Six members of the U&VA CPSU research
team attended the I992 meeting of the Ecological Society of America in Honolulu in August.
Four papers presented in a session entitled “Effects of Global Climate Change on Forests,”
WCTC:

Regtna M. Rochefort and David L. Peterson:
Effects of climate and other environmental factors on tree establishment in subalpine meadows of Mount Rainier NP;

Gregory 3. Ettl and David L. Peterson: The
effects of climate on growth of subalpine fir
fAbies lasiocarpa) across elevation gradients;
David W. Peterson andDavidL. Peterson: Subalpine
forests
and climate
change:
a

REGIONAL

dendroecological study; and

Ronda L. Little and David L. Peterson: Effects of climate on regeneration of subalpine
forests following wildfire in the Cascade Range
of Washington.
An additional paper, presented in the session
on Paleoecology, was by Michael J. Arbaugh
and David L. Peterson: A dendroecological
analysis of drought sensitivity for ponderosa
pine along the Front Range of Colorado, USA,
Research Assoc. DavidG. Silsbee presented
the results of previous air quality studies in
Great Smoky Mountains NP in a poster paper,
“Effects of canopy position and topographic
sheltering on exposure of plants to ozone.”

CHIEF SCIENTISTS
Larson, James w.
PACIFIC NORTHWEST
83 S. King St., Suite 212
Seattle. WA 98104
a-399-4176 (206) 553-2176

Kilgore, Bruce
WESTERN
600 Harrison ST., Suite 6W
San Francisco,CA 94107
8-484-3955 (4,5)7443955
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Ecology of High, Mountain Black Bear Population
In Relation to Land Use at Rocky Mountain NP
By Henry E. McCntchen
Rocky Mountain NP in Colorado is one of
the most heavily uced parks in the west. It
receives morevisitation than Yellowstone yet is
only l/8 the size. In addition, unlike other large
western parks such as Glacier and Ycllowstonc,
which were carved out of near wilderness.
ROM0 was established in an area that had been
heavily homesteaded, hunted, logged. farmed
and grazed for over SO years.
By I915 when the park wa\ established, the
large mammalian fauna populations had already collapsed (Newmark. 1987) from the impact of European settlement. and they have yet
to recover. The elk, once numbering in the
thousands, had become extinct by the 1900s.
Transplants from Ycllowstonc were made just
before the park was estahli\hed. and under park
protection the herds arc now flourishing. Mule
deer and highorn persisted: however bighorn
numher\ declined in the 1930s and required
transplants to wpplement lost herds (Stevens
and Hansen. 19X6). The wolf became extinct
before 1900: the grizzly was present until the
early 1920s. then it also disappeared. The two
otherlargecnrnivurec. thcmountainlionandthc
black hear. were present when the park wu
established but occurred in low numhcrs.
According to historical reports (Supcrintcndents annual reports ROMO) after the park was
cstahlishcd. black hears were cxtrcmcly ~carcc.
By the 1930s bears were observed fairly rcgularly yet were still believed to he low in numhers. From the 1930s to the 1980s the bear
population was thought to be stable and occurring in low densities throughout the park.

acres) provided a good “control.” It rccci~cs
less visitor use and most of the area outside and
adjacent to the park is undeveloped USFS land.
Rocky Mountain NP, in north-central Colorado about 50 miles northwest of Denver, prcscrvcs the most rugged section of the Colorado
Front range. Elevations are among the highest
in the contiguous U.S., (8,000’ to 14,00@+).
Vegetation zonation is apparent. About l/3 of
the high study area is alpine tundra. Mid-slopes
contain spruce/fir vegetation; lodgepole pine
occursonoldhumsandsouthfacingslopcs.
At
thclowcrclcvations, northfacingslopcscontain
Douglas fir and aspen: glacial moraines with
Ponderosapineintermined with meadow occur
in the dryer sites. The winter climate is cold
with low precipitation; summers arc cool, with
moderate precipitation; the alpine tundra can
demonstrate arctic conditions year round.
Because black bears arc difficult to count,
the study aimed at a total capture census. The
hears were captured with foot snares, marked
with ear tags and radiocollared.
The east area
census took two years. Low bear densities
meant that a lot of country had to he covered to
capture one hear and almost all the field work
had to he dune in the hackcountry. Baiting and
capture equipment was carried by backpack.
The west side study area was ccnsuscd in
1987, 1988, and 1989.
Following
this,
radiotracking and monitoring were performed
until the study was terminated in the winter of
1992.

in the Parks (VIPs) were increasingly utilized
for lower risk tasks (radiotelemetry and assistanccinbcarcapturc).
Thcparkputontacallfor
volunteers and eventually a cadre of about 25
VIPs was available to meet project needs.
Mostofthcvoluntccrs becamehighly skilled
in radiotelemetry and bear handling assistance.
The project could not have been done without
them. The park staff, particularly the West Unit
staff, also provided assistance and logistics support. Because of the rugged terrain the hears
inhabited,
it was not uncommon
for a
radiotrackingtcamtospend
an entireday hiking
in order to get a single radiolocation on a bear.
It was necessary to go to the hear dens in the
winter to replace radiocollars, to obtain data for
dcnning ecology and to check for reproduction
and physical condition, which posed special
logistic and safety prohlcms. The hears tended
to select cave dens near timberline, a little over
2 miles above sea level--from 10,000 to I I.000
feet, on steep north facing slopes, among cliffs,
remote from human use and trails. The winter
team had to snowshoe or ski, with heavy packs,
coping with cold weather, high altitudes. blizrards, temperamental snow packs, steep slopes.
snow covered cliffs and avalanche hazard.

Hazardous Work
Although the work was hazardous. as the
winter crew gainedexperience with safety foremost in mind, the risk was reduced. There were
minor mishaps on almost every trip frost bite,
tumbles down steep slopes, bruises and sprains,

The study was hindered throughout by funding.
manpower and logistics problems. Volunteers

Continued on pqe
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Rocky Mountain. unlike other parks with
black hear populations. has not experienced
large numbers of hear dcprcdations. For cxample. records of hear incidents from 1959 to
19X3 totaled I.33 with an average of about 5 per
year compared to Sequoia and Kings Canyon
NP which, hctwccn 1959 and 1976, had a total
of3.968 hcarincident\foranavcrageof220pcr
year (McCutchen. 19X7).
In 1984 bear depredations at ROM0 uncxpectcdly became a problem in the hackcountry,
reaching a record of 90. Park management
found thcrc was no information on the population, and without an idea of the population and
it\ dynamics thcrc was no way to predict the
impacts of a management or control program.
In I985 the park began a research program on
the bear’s population dynamics and ecology.
The southern 2/3 of the 265.000 acre park
(about lYO,OOO acres)--the overall \tudy area-was dissected by the Continental Divide, forming convenient east and west study areas. The
area east of the Continental Divide (90,000
acres). where most of the hear depredations
occurred in 1984, rccci~cs the highest front and
hackcountry use. Outside the park boundary to
the cast is a region of intensive urban and
auhurhan development and human use, including the gateway town of Ester Park. The study
area west of the continental divide (lOO,OiIO

Winter 1993

Author with 25 pound yearling black hear at itc den in Rocky Mountain NP. The bears in the
park were found to be among the smallest in North America
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in home ranges far within the park boundaries.
On the east side we found areas within the park
that we called vacant bear habitat. These were
areas extending inside the park for I to 2 miles
where bear habitat was suitable but rarely used
because of high human use outside the park.
The land tenure system and population structure of bears on the west side of the park was
considerably different from theeaat. Heremuch
of the area outside and adjacent to the park was
USFS land. Mature males were found on this
side in addition to subadults. There was no
mortality of these bears while they were being
radiotelemetered. Most ofthem had large home
ranges that were partly in the park but extended
for many miles to the west outside the park.
Several females had home ranges straddling the
boundary here, and they would move in and out
oftheparkfreely.
Oneareaoutsideandadjacent
to the western park boundary did not contain
park bear home ranges. This was the township
of Grand Lake; park hears avoided this area.

The hears in Rocky Mountain NP denned in caves on steep slopes, in remote areas far from roads
and trails at 10,000’ elevations. Radiolocating and snowshoeing to the dens was a dificult task.
Researchtechnician,BillMcEwen,clearsdenentranceasVIPsDamonLamothe,HollyMcCutchen
and lana McCutchen observe.
altitudesickness,andforcedovemightbivouacs,
but no serious injury occurred on any winter
trip.
After all the census effort on the east side,
only 6 adult and subadult bears were captured.
Of these only 2 were adult females; 3 were
subadult males, 1 was a subadult female, and 3
were cubs of the year. The study team believed
that all resident bears in the area had been
captured, as each was snared several times before the bears became trap wary.
Since the area had been well covered with
capture sites, the study team concluded that the
low capture rate was because of their low numbers. Because it had seemed logical that there
should be more bears in the area, capture effort
was maintained long after all the residents had
been captured.
The research revealed the extremely low
density of bears in this area. If 3 cubs were
counted for a total of 9 bears, the density was
only 1 per I6 square miles compared to I hear
per 2.2 square miles found in the black bear
research program conducted by the Colorado
State Division of Wildlife in southern Colorado
(Beck, 1991). About40percentofthe
east side
study area was alpine habitat, which the bears
did not utilize. If this area was not included and
only forested habitat was calculated in relation
to bear numbers, the density was I bear per 9.7
square miles--still a low density.
(The bear depredation problem was solved
in I985 by the capture and radiocollaring of the
first subadult male, a 3.year- old. After his
release his activities resulted in his recapture
and transplant to a remote sectionbf the park.
He was killed by a hunter outside the park, and
afterhisdemisebearincidentsin
thebackcountry
dropped to previous low levels.)

West Area Results
The bear census on the west side study area
(from 1987 to 1989). revealed a slightly better
situation than the east side. Of I2 bears accountedforby 1989.3 wereadultfemalesand4
were adult males. Two subadult females, a subadult male, and two cubs completed the count.
The bear density for the west side was one bear
per I3 squaremilesofstudy areaorone bear per
8.7 square miles of forested habitat below timberline.
A comparison of the east vs. the west side
subpopulations showed no mortality of adult
females on either side of the park during the
study, but the male bear population on the east
sideofthe parkshowedexploitationandconsidable
turnover. No adult resident males were
captured here, only subadults. Males did not
live long enough to become mature.
The study provided insight into thecauses of
this male mortality. Three of the 5 subadults
eventually captured here were killed, 2 by legal
hunting outside the park and 1 by unknown
causes. In addition a fourth mysteriously disappearedfromthepopulation.
Thesubadultmales,
apparently because of their less wary nature and
needsformore space, wanderedin andoutofthe
park, subjecting them to human predation outside.

Boundary Effect
The project researchers noted a “boundary
effect” of human use and development outside
the park in relation to bear land use inside the
park. Much of the area outside and adjacent to
the eastern park boundary was occupied by the
town of Estes Park and mountained subdivisions. Bears could not occupy these areas. The
females inside the park on the east side survived

Radiotelemetry showed the adult females
had exclusive home rangea averaging about 20
square miles. Home ranges of the large males
werenorobtained; however2smallermales
had
ranges from 16 to 26 square milea in size.

Secretive Behavinr
We found black bears at ROM0 were unique
in behavior compared to those in other parks. In
many national parks black bears arc highly
visible and frequent human use areas. In contrast, the ROM0 bears secretive and avoided
human use areas. The park has about 600.000
visitor daya of hiking use on the trails, but bears
and bear sign are seldom observed. Intensive
radiotracking of two east side female bears,
which had home ranges in the arcas of heaviest
human use. indicated they were almost never
foundin humanuwareas. Onaverage they were
radiolocated about 1 km from trails, 2 km from
trailheads, 2 km from dirt roads, 1 l/2 km from
paved roads, 2 km from picnic areas, 3 km from
human residences, 5 l/2 km from the major
campgrounds, and stayed about h km from the
park boundary (McCutchen, 1990).
As we
interpreted it, the bears partitioned the \pace,
with humans using the network of roads and
trails and the bears using the interstitial areas.
Because bears and other large Carnivores
reproduce so slowly, it requires several years of
study to obtain some idea of their population
dynamics. The research on the bears in the park
was extended into 1990, I991 and 1992 to&n
this information.

Low Reproductive

Rates

We found that reproductive rate and wccess
among black bears at ROM0 were among the
lowest on record for any study of black bears in
North America.
Females in the park did not
successfullyreproduceandbear their first litters
until they were about 7 years old. Generally
black bears in the western U.S. have cubs at
about 4 to 5 years of age (Beck, 1991), and the
bears in the eastern U.S. reproduce at about 3
years (Alt, 1989). Litter size at ROM0 varied
from one to 3 cubs but overall was quite low,
averaging 1.7ascomparedtoBeck’s(l991)

Continued on page 27
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Summary of Results

Summercapture
crew members
Steve King (left)
and Jeff Gould
lllGlS”~~
immobilized
black bear snared
in Rocky
Mountain NP.

findings in southern Colorado of 2.0. and Alt’s
(1989) 3.0 for Pennsylvania.
To put this in
perspective,
assuming a 2 year litter interval, a
IO year old female black bear in Pennsylvania
would have produced 12 cubs in her lifetime
wherea> B IO year old female at Rocky Mountain National Park would have produced 3 or 4.
ThesexratioofcubsatROMOwasaboutl:I
males to females, similar to other studies. Cub
survival, e.g. the percent surviving from birth to
I year of age. however, was extremely low,
averaging about 43 percent as compared to 56
percent found by Beck ( I99 I ), who considered
his cub survival low as compared to other atudies. ThecaulesforcubmortalityatROMOneed
further study. Two sources of cub mortality
identified were starvation in the den andcannibali\m by other bears.
The black bears at Rocky Mountain NP also
were found to be among the smallest on record.
Mature females weighed from 80 to 165 pounds
as compared to weights of 130 to 235 pounds
(Beck, 1991) for female black bear5 in southern
Colorado. Mature males weighed from 140 to
240 pounds as compared to mala in the southemColoradostudy(Beck,
199l)whichweighed
from 176 to 350 pounds. Yearlings at ROM0
were consistently small. Both females and
males axraged about 26 pounds as compared to
averagesof48poundsforfemalesandSOpounds
for males in southern Colorado (Beck).
We
surmixd that one of the causes of yearling
mortelitywaslowbody
weightgoingintohibernation.
The small body sizes, late maturation and
low rates of reproduction of the bears in Rocky
Mountain NP appear to be functions of the
habitat. Beck (1991) considered the park area
marginal for bears adjudged that his study area
in southern Colorado was above average. In
Beck‘s area, where the bear habitat was somewhat lower in average elevation, the bears had
two major feeding economies to draw from;
beginning in early summer and into the fall
berry crops provided food; in late fall acorns
(hard mast) from abundant oak stands were
utilized. In this area also there is greater habitat
diversity with many patches of vegetation in
various seral stages.
At Rocky Mountain NP the growing season
in the bear habitat is very short, and the climate
is essentially subarctic (subalpine), The ex-
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tremely high elevations and dry cold result in
low productivity of food bearing plants. Further. the bears have only one major feeding
economy
berry crops from mid summer to
early fall. There is no oak in the park. One
important,butinfrequentlyproduced,hardmasf
crop which the bears did utilize was the tiny
seeds from limber pine in late fall. Bear habitat
diversity in the park is limited. Much of the
park’s forest is mature; there is not a good
mosaicofvarious seralorage stands. Thisisdue
to the park’s vigorous protection from wildfire
for the 77 years since its establishment.

Multiple Pressures
The research indicates that low densities and
numbers of black bears in Rocky Mountain NP
result from a combination of factors. First,
along the eastern park boundary the town of
Estes Park, subdivisions, summer homes, resorts and other forms of urbanization have
usurped and fragmented bear habitat and constricted travel corridors. These areas also act as
“population sinks”whereemigratingbearscome
intoconflictwithmanandareremovedfromthe
population.
Second, hunting pressure along the eastern
boundary appears to have been so great as to
nearly eliminate the older male age classes. The
Colorado State Division of Wildlife is aware of
this hunting pressure and since 1986 has formulated more restrictive regulations for bear hunfing in areas surrounding the park.
Third, visitor use on the east side is extremely heavy on roads and trails. Many human
use areas are in highly productive bear habitat
(riparian areas and aspen stands). Because of
their unique human avoidance behavior, the
bears do not use this habitat, which reduces the
area’s carrying capacity for the species.
Fourth, historic fire suppression has degraded
the bear habitat causing further reduction of the
black bear carrying capacity. The park is developing a fire management plan that will include
prescribed burning. Restoring the park’s tire
regime eventually will create the needed vegetative mosaics and increase herbaceous and
shrub primary productivity needed by the bears.
Fifth, this high mountain area is marginal habitat for the bears, and their reproductive rate is
correspondingly low.

In summary, this 7 year study of black bears
in Rocky Mountain NP reveals that the species
is being heavily impacted by humans. The
population is very low. The census of the study
area on the lower 213 of the park indicated a
population of 21 bears. Extrapolating for the
entire park there is probably a population of
about 30 to 35 bears. Recruitment of 2 subadult
females to the breeding population set the trend
slowly upward. Male age classes on the east
side of the park show exploitation, however
radiotelemetry revealed no evidence of poaching of bears inside the park.
The bears are of small body size and exhibit
late maturation and low rates of reproduction.
Their high avoidance behavior to humans explains why park areas of suitable habitat are not
being fully utilized. The four factors of impact.
coupled with the species very low reproductive
capacity, havemade this aaubpopularionatrisk.
The population is so small in the park that the
loss of 2 or 3 adult females would put it on a
downward trend.
Although the habitat is marginal. research
indicates that the bear population would be
significantly larger (by perhaps as much as an
estimated 30 percent) if human impacts were
eliminatedormitigeted.
Periodic monitoring of
theblackbearpopulationintheparkisessential.
The species is an indicator of the impacts of
human use on the area as well as an indicator of
ecosystem (forest) health.
From an ecosystem viewpoint the black bear
population at Rocky Mountain NP provides a
useful model of what can happen to large camivores in a preserve when the area is too small to
maintain a viable population and begins to suffer from the “island effect,” being encroached
upon by adverse human land uses.
The information obtained by this research
project was incorporated into the bear management section of the park’s Natural Resources
Management Plan.
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Data Base Mapping and Management
By Janet L. Johnson, John Fels, Chuck
Ratkind, and Hugh Devine
Sinceirsmodestbeginningsin
1987,GISuse
at Colonial has experienced rapid growth in
both the range of resource management issues it
addresses and the corresponding physical size
of its database. Both natural and cultural resource information is being added to the system
at an increasing rate, forcing the park to institute
a mo*e formal system of organization, management, and output of its GIS data.
In the summer of 1991, the park enlisted the
GIS Research Program at North Carolina State
University (NCSU) to design a Database Management System (DBMS). The objective was a
system design that would facilitate expanded
use of Colonial’s GlS and provide better management and control of the database. Four
major factors were considered: accessibility,
usability, reliability, and adaptability.,
The main accessibility concern was that the
GIS be available at multiple locations throughout the park. There is little value in data that is
not on-hand or accessible when needed. The
second factor--usability--requires that the database be usable by personnel with limited GIS
training and experience. A GIS DBMS that is
too difficult will frustrate first-time or casual
usersandwill tendtodiscourageall butthemost
experienced database users. The third factor-.
reliability--is contingent on at least three criteria: (I) the database must be secure from ““a”thoriredaccess; (2)itmustbeproperlystoredso
thatacatastrophiceventsuchasfireorhurricane
does not destroy it; and (3) it must be updated,
documented, and distributed to users in a timely
manner. Adaptability--the final critical design
factor--is about insuring that the DBMS design
be flexible enough to allow for reconfiguration
as GIS experience grows. It is unlikely that any
one design will serve indefinitely as GIS use
continues to expand and change.
DBMS

Design

The GIS program at Colonial is managed by
the park’s Natural Resource Management Specialistanduseofthesystemisdistributedamong
four work areas. Two of these are within the
park‘sNatural ResourceManagement and Protection division: the
other two are located within the
lnterpretaive and Cultural Resource Management
division.
Expansion to the Maintenance
division is planned. The computers are DOS systems and are not
networked.
The park uses the
ATLAS*GIS
software program
andexchangesdataroutinelywith
local and state governmental users of ARC/INFO.
Currently,
there are I48 layers of themes in
the park GIS database.

thedatabasesizeforanapplieation
and facilitate
developmentofnew layersand mapproductsby
linking multiple themes logically, not physiCdlY.

The first file design maximizes user accessibility, as any part of the GIS database could be
retrievedwithoutthedifticultyofinvokingseparatetilesorsubdirectories. Reliabilityisachieved
in that the database is backed up, edited, and
restoredinitsentirety. This meansnewversions
of the database could be installed with very few
commands, and back-ups could easily be performed and catalogued. Flexibility is a mixed
result with this design, as the addition of new
layers is simple, but the manipulation and cataloging of the numerous layers is complex. For
example, just remembering the name of the
layer for utility rights-of-way, let alone what is
in it, could be a problem. This design’s major
drawback is usability. Stepping through I48
layers, turning them on or off for a mapping
application, is a tedious process; further, the
time and commands required to effect a mapping change would be significant due to the
large size of the database.
The second DBMS design, one that employs
multiple files as a way of grouping themes into
logical categories, was chosen for implementation. Thisdesigndividedthe
I48 themesinto Ill
files. The subdivided design was significantly
easier to operate, since development of a map,
application, or analysis involves manipulation
of very few layers. Although his was offset
somewhat by having to access several files, the
net number of command& and time requirements for map production was greatly reduced.
Accessibility and reliability are slightly compromised unless every tile is maintained in
every computer. Some infrequently used tiles
may be temporarily unavailable from a given
workarea,butourexperiencehasnotshown
this
to be a major problem.
Finally, adaptability is enhanced, as the addition or reconfiguration of the master files
involves the use of a small subset of the total
database, and tracking where information is
stored is considerably simpler.

The study developed and
evaluated two basic DBMS designs: the first would combine all
the GIS layers into one large tile,
eliminating the need for a user to
keep
track
of
multiple
subdirectories or files of data
within the system; the second would divide the database into a ColonialGISdatabaseisdividedinto
numberoftilesthatwouldreduce
features.
28

IOmasterfiles.

at Colonial NHP
Ongoing Work and Recommendations
The design of the DBMS has definite implications for both the symbolization (i.e. map
representation) of map analysis products with
theGIS andtheoperationalproceduresformanaging thesystem. AtColonial,thedevelopment
of the DBMS has proceeded concurrently with
the construction of guidelines and procedures
for these other activities. The results have been
formalized into the park’s GIS Database Mun-

ayemsnt Sy.snm and Map Presenrarion and
Feature Taxonomy standard operation procedure. I
The DBMS design and subsequent implementation has proven useful at Colonial.
In
addition to addressing the obvious need for data
organization and control, it has produced the
unexpected benefit of clarifying the role of GIS
within the park and indicating the extent to
which GIS can be utilized.
For the near future, the park is working to
refine DBMS and Map Preparation and Feature
Taxonomy operating procedures. During FY
93, a more complete data dictionary, detailed
numerical classification system. and expanded
input ofattributedata will be undertaken. Also,
as the ATLAS*GIS
program is released in a
Windows version, the park will explore linking
it with digital photos from the resource management files. The park plans to embark eventually
on digital orthophotoquad research with the
USGS.
This design works well for Colonial. but we
recognize it may not suit the needs of other
parks. It is hoped however that this study will
facilitate other GIS DBMS designs, and for
those who elect this path. Colonial’s construetion processea can provide guidance.

‘The GIS SOP is available from the park hy
sending a DOS formatted floppy diskette and
self.addressedstampeddiskettemailertoColonial NHP, Natural Resource Mgt. Spec.,
PO Box 210, Yorktown, VA 23690.
Johnson is a research associate and Fels
isaPh.dcondi&rewifhNCSLI’sGISResearch
Program; Rofkind is GIS CoordinotelNafvral
Resource Ma~gemeti
Specialist of Colonial;
Da&e is Director of the NCSCJ GIS Research
PVJgWL

Thesefilesrepresentgroupsoflayerscombinedbycommon
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Impact Monitoring and Restoration

in Mount Rainier NP

Ry Regina M. Rochefort
and Stephen T. Gibbons
Each year ahout 2 million people c”me t”
Mount Rainier NP. Day hiking and camping are
among the m”st popular activities; subalpine
and alpine meadows are the m”st frequently
visited destinations (Johnson et al, 1991). Alm”st314ofall visitorsgo t” Paradise,a beautiful
subalpine meadow located on the main park
road.
The Paradise area has been a popular attraction since 19 15, when the road first was opened
toautomohiles(Maninson,
1966). Othersuhalpinesreas,suchasSprayPark,haveheenheavily
used since the 18905, when hundreds oftourists
were guided in “ver mining roads (Martinson,
1966). This sustained level of heavy use has
resulted in numerous hareground and/or severely eroded areas. To deal with this problem,
Mount Rainier has developed B comprehensive
system of impact monitoring and restoration.
The program was developed first for the Paradi\e Meadows and now has been extended to the
entire park.

Impact sites are stabilized with silt bar\. ready for tilling and rcvegetation.
I

Paradise Restoration
The Paradiw meadows encompass approximately 389 ha (960 acres) and extend from
I.646 to 2,256 m (5,400’to 7.400’) in elevation.
Most of the meadow is within the subalpine
parkland ~“ne (Franklin and Dymar,
1984).
abhough a small portion is above treeline and i\
dominated by alpine vegetation. Park policy is
todixourageoff-trail
hikingduetothe fragility
of the whalpine vegetation. hut off-trail travel
still peni\&. causing new impacts and perpetuating existing bare-ground impacts.
In I986 the park began a large scale program
to repair human-caused impacts in the meadow.
The first \tep was t” form an interdivisional
committee to write a plan for protection and
rcStorati”n of the meadow (Rochefort, 1989).
Members of the c”mmitfee were Doug Buehler
(Interpretation), Mike Carneyu (Trails), Steve
^
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(Ranger Division, Bob Elmore (Landscape Architect). and Regina Rochefon (Botanist, chairperson).

has been filled with gravel and will next be filled with soil.

Theplanwasdevrlopedovera3yearperiod:
steps included field surveys of impacts,
\ociologicsurveyrregardingn”nc”~nplianceand
optimal
contr”l
methods (Johnson and
Swearingen, 1988),anddevelopmentofamethod
t” rate and rank impacts for restoration.

“n off-trail hiking. The author5 also developed
a profile of non-compliers.

Impact5 Documented
Field wrveyr in 1986 and 1987 documented
913 human-caused hareground impacts in the
meadow. Approximately89percentwereinfor.
mal “social” trails. The remaining impacts
(I I %c)were large bareground or trampled areas
used as rect and/or view points. Impact dimensions are variable: lengths range from 0.5 t”
1,500 m. widths from 0.1 t” 25.6 m,anddepths
from 0.01 t” 0.95 m.
The sociologic study, conducted by Darryl1
John?“n and Thomas Swearinger
(U/WA
CPSU), tested 7 sign texts, 2 types of harriers,
and the influence of a uniformed NPS employee
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The study showed that the standard sign text
inuseatthaftime(MeadowRepairs,N”Hiking)
was the least effective text tested. Both harriers
were effective, but the yellow polypropylene
rope was m”re effective than split rail fencing,
perhaps because many visitors came from urban
areas and equated ropes to area closures. The
sociological study also indicated that the mere
presenceofauniformedNPSemployeereduced
non-compliance t” a negligible level, showing
that visitors did indeed know they were expetted t” walk on maintained twils.
The study results led t” revised regulatory
sign texts within the meadow, additional interpretive signs in the meadow and visitor center
exhibits, and increased meadow r”ves by Interpretive Rangers.

Restoration Rating Criteria
Restoration rating criteria were developed
by the Paradise Plan Committee, Dr. William
Rippe (ORJStateKJ), and Susan Fritzke (now at
Yosemite NP), t” quantify relative damage of
each site and the potential for continued damage. and to produce a ranked list of all impacts
for restoration. The rating is the product of 2
numeric values: soil erosion potential, and aesthetic “I visual quality (Rochefon, 1990).
Seven factors are used to estimate soil
erosion potential: vegetation type, soil texture,
length of impact, depth of impact, width of
impact, slope, and percent bare ground. Three
factors are evaluated to determine the visual
qualityofthe impact: distancefromadeveloped
trail, visihdlty. and accessibility. In addition,
notations are recorded on a number of qualitative factors: safety hazards: presence of rare,
threatened, or endemic species; laws or regula-
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Anastasia Island Beach Mouse ‘At Home’
at Fort Matanzas National Monument
By Philip A. Frank
FonMatanzasNationalMonument(FMNM)
is a small park on the southern tip of Anastasia
Island,arlender 14kmlongbanierislandonthe
Atlantic coast ofNE Florida. Its featured attraction is a beautifully preserved 16th century
fortification built by the Spanish to control
access from the south to the town of St. Augustine. Less well known is its status as a prime
example of coastal strand--one of Florida’s rarest and most imperiled natural communities.
Tbe dune communities there are home to a wide
variety of wildlife, including several threatened
and endangered species, most notable of which
is the Anastasia Island beach mouse (AIBM,
Pemm~rcu.~polionotusphasma),
a small mammal endemic to the Island.
Beach mice are coastal forms of the more
common and widespread oldfield mouse that
occur~througboutthesoutheastemUnitedStates.
These mice inhabit coastal dunes along the

Atlantic coast of Florida and the Gulf coast? of
Florida and Alabama. Beach mice are habitat
specialists, preferring primaty dunes and adjacent coastal strand and scrub. They are entirely
nocturnal and pale in coloration, closely matching the light beach sands they inhabit.
Becauseofbeachfrontdevelopment throughout Florida, the loss ofbeach mouse habitat has
been extensive, and much of the remaining
habitat is fragmented, disturbed, and occupied
by exotic cats and house mice. As a result, 6 of
the 8 subspecies of beach mice are listed a?
either threatened or endangered, and one subspecies formerly found on the barrier island to
the south of Anastasia Island is believed to be
extinct (Humphrey and Barbour 19X1).
TheAIBMwaslistedasendangeredin
1989.
andIhavebeenconductingfieldresearchstressing basic ecology in order to guide management
for the beech mouse. Research has been funded

by the Florida Game and Fresh Water Fish
Commission’s Nongame Program, with additional support from the University of Florida
and the Florida Museum of Natural History.
Anastasia Island is developed over most of
its length; only 2 parcels of land remain essentially undisturbed. Fortunately, both are publicly owned. and are managed with the needs of
the beach moose in mind.
Anastasia State
Recreation Area (ASRA), located at the island’s
northern end, is managed by the Florida Park
Service and has approximately 6.5 km of linear
dune habitat. FMNM at the wuthern end i\
considerably smaller, with about I km of linear
dune habitat. Because of theprotected status of
FMNM and ASRA, these locations are critical
to the long-term perairtence of the AIBM.
The primary method used to study the beach
mouse was live trapping--on a series of grids
located at FMNM and ASRA, and on transects

revised limits on numbers of camping parties/
night).
tion? affecting the Life: and potential impacts on
aquatic or wildlife resources.
Impacted sites are ranked numerically, but if
the impact affects one of the qualitative factors,
it can he raised to the top of the prioritized list
duringannual,interdivisionalreviews.
All field
dataareenteredintoacomputerdatabase(dBase
program, which can be run on any IBM compatible computer), developed by Dr. Richard
Frenzel. The computer data base calculates
numeric rating values of each impact and prints
reports of numeric values, qualitative factor
notations, and the supplies required for restoration of individual sites (e.g. soil and gravel
volumes, numbers of greenhouse plants). The
program also contains modules for entering
reports on restoration efforts (supplies used,
hours spent, costs, materials, etc.) and monitoring results.

Restoration Methods
Restoration of individual impacts involves 6
steps: scarification, stabilization, filling, revegetation, site protection,
and monitoring
(Rochefort, 1990). Many sites have become
compacted and must be scarified to enhance
root penetration and water percolation. Impacts
deeper than 3 cm require stabilization to impede
downhill movement of soil. Wood or rock silt
bars are installed as subsurface erosion control
StruCt”reS.
Following stabilization, the site is tilled to
the grade of the adjacent undisturbed area. Fill
material consists of 3 components: rock, gravel,
and topsoil. All topsoil is purchased from outside the park but specifications require it to be
approximately the same soil texture, pH. and
organic matter content as that of native soils.
Soil issteamsterilired topreventimponationof
exotic seeds.
Once the site has been filled to grade, it is
revegetared, using 3 techniques: seeding, trans30

planting, and natural revegetation. Most ,ite\ in
Paradise are seeded and planted rather than
allowed to revegetate solely by natural means.
All seeds are collected as close to the impacted
site as possible, to maintain the genetic integrity
of the site. Transplants are either salvaged from
within the impacted site priorto filing, orgrown
in the park’s greenhouse from seeds or plant
stock collected in close proximity to the impacted site (Davis, 1991).
MountRainierNPhascompletedrestoration
of 35 social trails; an additional 24 sites have
been partially completed. Restoration over the
past 6 years has cost $810,000 and required
24,404 workhours. Approximately 30 percent
of this cost has been personnel wages; the remainder has been for supplies, materials, and
private helicopter use. The work has required
645 m’ of )oil, 260 m’ of gravel, I37 m’of rock,
and 29,150 greenhouse
and/or \&aged
plants.

Park-wide Applications
Impact rurveys in Paradise began in 1986
and were completed in 1987. In the winter of
1987, it was decided to expand the impact
monitoring program to Spray Park. Paradise
methodswererevisedandfurthertestedinSpray
Park. These methods now are used syrtematially to survey management zones within the
park’s Wilderness as funding permits. Impact
monitoring is carried out on alpine areas by
Rochefort; subalpine and forested areas are
monitored by Natural Resource Specialist Barbara Samora. Currently I1 of the park’s 22
alpine hones and 5 of the 33 subalpine zones
have been inventoried (1,591 total impacts).
Impact data are used both to direct restoration
efforts and to develop Limits for Acceptable
Change (LAC) standards within the park’s Wilderness. Currently LAC standards have been
revised for 8 alpine zones, I alpine camp, and 2
subalpine zones based on impact surveys (e.g.

All impacts are entered into I data base and
restoration efforts are directed at the highest
priority impacts. Restoration plan\ are developedbyavarietyofpersonnel,dependingon
the
size of the impact. Small projects are the responsibility of the area ranger: larger projects
have been planned by the Botanist or an
interdivisional committee.
Pam Griffin supervise\ ratoration crews
that work on large projects such as those now
underway in Paradise, Spray Park. and Sunrise.
implementation of large projects also rely on
substantial support from trail crew and rued,
personnel. Protection and monitoring of restoredareasisasharedresponsihilityofRanger,
Interpretive, and the Planning and Design and
Natural Resource divisionr.

Roch&rt, Bofmi.sr of Mount Rainier NP, is
pursuing her Ph.D. ar U/WA; Gihbor,., i., LI
Narurol Resource Specialist in rhe NPS Pacific
Norrhwesr Regional Oflice as well as Narional
Natural Lmdnzark.s C<,o,ordbmo~.
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lo&cd over the entire leneth of ihe nland. The
grids u’ere trappcdquarteriyfrom January 1YXY
to January I99 I, and the tnmsectb were trapped
duringthesummersof 1989and 1990. lnformation from the grids was used primarily to estimate beach mouse density and predator (feral
cats) abundance, while the transects provided
data on island-wide distribution.
The main
study sites were FMNM and ASRA, although
beach mice also were studied in a variety of
conditions including severely degraded habitats
adjacent to development.
Beach mice are distributed over nearly the
entire island. with the exception of an area
where the natural vegetution ha* been replaced
with concrete reinforcement to deter erosion.
The mice occupy sites with conditions ranging
from relatively pristine (ASRA and FMNM) to
severelydegraded. Tbeirpopulationlevelrwrre
found to he extremely variable, both in space
and time. In high quality habitat, densities may
range from 2 mice/ha to 90 mice/ha, with an
average density ofaround 30 mice/ha. Over the
2 years of trapping. no xasonal pattern in abundance was obvious, although there was a tendency for populations to be at high levels in
winter. Densitieb in the disturbed habitat adjacent to development were generally much less,
compared to ASRA and FMNM. Habitat availability. habitatquality.andthepresenceoflarge
number* of domestic cats may ha\e cawed this
difference.
Although separated only by a short distance
and appearing superficially similar. population
dynamics at FMNM
and ASRA were quite
different, wgge\ting different ecological facton are operating at thex locations. One striking difference way the presence of large numhers of feral cat\ at ASRA, whereas cats were
quite rare at FMNM.
Data collected at ASRA
overthr 2yearstudy suggestanegativecorrelation hetwcen cat abundance and beach mouse
density (Fig. I ). That cat3 are capable ofdeplet-

ing wildlife populatmnn is common wisdom
among field biologist? (Churcher and Lawton
19X9), hot field documentation is usually lacking.
Recommendations for management of the
AIBM include eliminating cats, both feral and
free-ranging domestic types, from beach mouse
habitat, preventing habitat damage from foot
andvehiculartraffic,educatingthepuhlicon
the
plight of the beach mouse, and establishing a
second population separate from Anastasia Island. This secondpopulationestahlishmentisa
high priority for the recovery of the AIBM, as it
will reduce the potential for extinction caused
by a catastrophic hurricane such as Hugo. which
devastated the Carolina coast in 1989.
I am currently working on a reintroduction
project in cooperation with the Florida Park
Service, the National Park Service, and the U.S.
Fish and Wildlife Service. The reintroduction
wouldbetoGuanaRiverStatePark,aprimesite
within the historic range of the subspecies located on a barrier island immediately north of
Anastasia Island. Using methods like those
used in a similar project (Holler et al. 19X9),
approximately 20 pairs of mice will be taken
from several locations on Anastasia Island, including FMNM, so as to include the range of
genetic variability into the founder population.
The reintroduction began in the fall of 1992,
a time of maximum food availability and population densities, and thepopulation will he monitored for I year, initially.
Success of the
reintroductioneffort will hemeasuredbygrowth
and enpamion of the population. If successful,
this effort will significantly enhance the surviva1 probability for this unique mammal.
1 would like to acknowledge
Wallace
Hihhard. Brian Peters, and Rick Gushew of the
NPS (FMNM) and Dow Carter. Paul Crawford.
and kobin Hock of the Florida Park Service
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who provided valuable assistance, as
well as br. Stephen Humphrey of U/FL who

mmated this research and gave ongoing advice
andassistance. RebeccaHensonwasinvaluable
in the field.
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Can11 I_.\Iclnt)rr’\Note~fromAhroad:

“PredationofY~lluwstuneF.lkCalve~”
by Frank Singer:

“Subalpine Meadows: Promising Indicator of Global Climate Change” by
Andrea Woodward and June Rugh:
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Figure 1. Beach mouse density (individuals/ha)
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at Anastasia Island State Recreation Area,
JohnsCounty,FL,comparedtohousecatabundanceasdeterminedthroughtrackcou
indices. Cat numhers were reduced by park staff beginning in fall, 1989. followed
a significant increase in the beach mouse population.

Winter 1993

- “Biological Implications of Trophy
Hunting of Dal1 Sheep in Alaska NPs
and Preserves” by Frank Singer;
- “GeologicMappingProgram
at Great
Basin NP’ by Janet L. Brown;
- “Window
to the Past” by Carol
McNulty-Huffman:
plus some holdovers previously promised and some newly-promised articles
on native plant protection, the Grand
Canyon willow fly catcher, and an evaluation of Mammoth Cave NP’s groundwater basin.
31

