












































































































































































































































































































































































































































































































































ECOLOGY OF SAND VEGETATION OF THE APOSTLE ISLANDS
Jefferson, Carol A.

During 1975-1976, 26 sites on sand in the Apostle Islands and
adjacent Bayfield Peninsula in Wisconsin were sampled to determine
the floristic composition, plant communities and developmental
history. Included were sand spits, tombolos, beaches, dunes and
a moraine. About 300 species of vascular plants, bryophytes, and
lichens were identified and 12 communities defined: Beach Strand;
Beach Grass; Jack Pine-White Pine/Blueberry/Lichen; Red Pine; Black
Spruce; Red Oak/Bracken; Balsam Fir-White Spruce; Deflation Plain;
Rush Swamp; Grass-Sedge Slough; Alder Thicket and Bog. Most of the
sites are on parallel ridges and runnels whose pattern of geologic
development corresponds to vegetational development. Logging, fires,
grazing, browsing and cultivation have affected the composition of the
present vegetation.

The original vegetation probably was a pine barren, but after
the logging of the 1890's— 1940's, most of the white and red pines
were cut and the area burned. Today the resultant jack pine-dominated
vegetation is present on several sites, but now is succeeded by an
open .oak woods on the inner islands and peninsula. The oaks are
absent from the outer islands, where the older forest includes
. many boreal species. The wetlands succeed from sloughs and swales
to forested swamps and bogs.

-Species presence and cover were sampled with regularly placed
plots in selected stands. A point-centered quarter method was used
along transects. Development of the soil profile was noted.

Department of Biology

Winona State University
Winona, Minnesota 55987
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-PLANT COMMUNITIES OF THE PARALLEL RIDGES AND TROUGHS OF PRESQUE ISLE
POINT, STOCKTON ISLAND, LAKE SUPERIOR, IN RELATION TO GEOMORPHIC .
PROCESSES AND WATER LEVEL HISTORY.

Coffin, Barbara Ann

The origin of the parallel ridges and troughs that form a neck of
land joining Presque Isle Point to the main body of Stockton Island, in
the Apostle Islands region, is found to be related to water level
history, currents, and wind. These have been active here since
glacial times. The parallel ridges, sand dunes and/or old beach
shorelines, are found in varying states: active aggrading dunes,
stabilized but sparsely vegetated ones, and thosecovered with forest.
The troughs are narrow strips of wet sphagnum bog with some open -
«ponds still present.

The topography of the neck creates distinct community boundaries
related to depth of water table. They were recorded and analyzed
according to the Braun-Blanquet Releve Method. Broad old dune ridges
forested by northern hardwoods mixed with conifers enclose a 16 ha.
triangular sphagnum bog of Ericaceous shrubs and scattered Tamarack
(Larix laricina) and Black Spruce (Picea mariana). Extensive coring
in this bog has revealed an ancient lake floor. Peat and lake
sediments are as much as eight meters deep in the central basin.
Northeast of the forested dune ridges is a series of five parallel
sand ridges separated by 5-10 m. strips of sphagnum bog. Adjacent
to these ridges stretches a long narrow lagoon enclosed by a dune- '
beach barrier which borders Lake Superior and forms the northeast
side of the neck.

Radiocarbon dating and palynological study of the cored sediments

are under study, to aid in clarifying the physiographic history.

Department of Botany
University of Minnesota
St. Paul, Minnesota 55108
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THE SEQUOIADENDRON GIGANTEUM EXHIBIT AT THE WORLD'S COLUMBIAN
EXPOSITION IN CHICAGO, 1893

McGRAW, DONALD J.

The discipline of botany and that of history converge in
research on the General Noble Tree, a specimen of Sequoiadendron
iganteun displayed at the Chicago '"World's Fair' of 1893. Believed
to be a definitive history, this discussion includes a variety of new
information not previously published.

In a few semi-popular historical accounts of the logging of the
Giant Sequoia in California, the story of the Noble has been re-
counted. These short vignettes are often illustrated with several
of the Charles C. Curtis photographs of the cutting operation. Little
information beyond the antiquarian appeal of the story is given.

Considerably more information regarding the cutting operation,
such as previously unpublished photographs, names and biographies of
those involved, and the subsequent history of the display section is
now available. It is believed this exhibit played a role in public
education in exposing the existence of the Giant Sequoia to the
doubting midwestern and eastern American populace.

In what has been called a "'California Hoax'', a section of Big
Tree exhibited in the Quaker Centennial in Philadelphia in 1876, was
discarded as a prank thrust upon the American public by California
wags. The Noble exhibit did much to dispell this attitude.

The history of the display section is traced from its cutting
in 1892, through its exhibit in Chicago in 1893, to its long-term
stay as an exhibit on the Mall in Washington, D.C. Its final
disposition. has remained mysterious, although a fascinating, though
unsubstantiated, hypothesis of its current resting place is offered.

Franklin College
Franklin, Indiana 46131
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POLLEN STUDIES OF ANCIENT LAKF SEDIMENTS IN ZION NATIONAL PARK, UTAH

HEVLY, R.H.

Lava and land-slide dammed drainages in Southwestern Utah impound-
ed lacustrine sediments of Pleistocene and Post-Pleistocene age whose
pollen content permits reconstruction of past vegetation and climate.

Recent studies have documented the occurrence of Pleistocene and
Post-Pleistocene lakes in Zion National Park. These lakes were ap-
parently formed by the damminc of ancient drainaces by lava flows
and/or land slides. The following localities have been studied:
Sentinel Slide Lake, Taylor Creek Slide Lake and Bog, Coalpits Wash
Lake, and Trail Canyon Slide Lake. These localities may be character-
ized as occurring between 4,000 and 6,000 feet elevation in Pinon-
Juniper Woodland with borderina Pine-0Oak-Fir Forest in adjoinina coves
and Chaparral on adjoinina exposed south facino slopes. MNear streams
which border the sample localities abundant riparian deciduous trees
occur in association with a variety of aquatic herbs.

While a variety of macro- and micro-fossils are present, only the
pollen of seed plants was recovered in sufficient quantity from the
relatively more fine textured and organic strata to determine the
relative abundance of major types. Pollen, spore and algal relict
data definitely indicate that these finer textured sediments represent
lacustrine depositional and environments. Paleoclimatic conditions
seem to have changed significantly since the end of the Pleistocene
when conditions were sufficiently cooler and moister that spruce, fir,
douglas fir and ponderosa pine were dominant plants where now pinon
pine, juniper, and oak predominate. At least once durina the Post-
Pleistocene environmental conditions have undergone a significant
fluctuation suggestive of the classical tripartite subdivision of the
Post-Pleistocene widely documented in western North America.

Northern Arizona lIniversity
Flagstaff, Arizona
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PALYNOLOGY OF THE GALLATIN MOUNTAIN "FOSSIL FORESTS'" OF YELLOWSTONE
NATIONAL PARK, MONTANA: PRELIMINARY REPORT

DEBORD, PHILLIP L.

The "Fossil Forests" of Yellowstone National Park are unique not
only because they cover a large area (over 40 square miles), but
because we find the petrified vertical stumps of one forest on top of
another. We find this sequence repeated numerous times in the
Gallatin Mountains. This study is concerned with the reconstruction
of the paleoclimatology, paleoecology, and depositional history of
these "Fossil Forests' based on the palynoflora and megaflora.

Ninety palynology samples have been taken from a measured
section (335' vertical distance) approximately one mile northwest of .
the junction of the west and east forks of Specimen Creek, Taxonomic
study of over 130 forms is in progress. The palynoflora recovered
from the thin organic zones associated with vertical stumps indicates
a flora with great ecological and taxonomic diversity. Pteridophytes,
bisaccate gymnosperms and Taxodiaceae are abundant. Of the angio-
sperms, Carya, Acer, Planera, Ilex, Salix, ?Populus, and Momipites,
are well represented. Alnus and Ulmus-Zelkova are particularly
abundant,

Because of such diversity reconstruction of the history of the
"Fossil Forests" will only be accomplished when investigation in other
areas of Yellowstone and in other disciplines have been completed,

Department of Biology
Loma Linda University
Loma-Linda, CA 92354



HOLOCENE VEGETATIONAL HISTORY OF THE LAKE MINCHUMINA AREA,
MT. McKINLEY QUADRANGLE, ALASKA ‘

Ager, Thomas

A pollen record spanning about 8700 years has been obtained
from a sediment core from Lake Minchumina, interior Alaska (63°55'N,
152013'W). One core segment (437-457cm) of the 556 cm core has
yielded a radiocarbon date of 6805 + 230 yrs.B.P. (GX-4230). Ex-
trapolation permits tentative dating of vegetation events inter-
preted from pollen data from the core. The pollen diagram from
Minchumina resembles the core I diagram from Birch Lake in the
middle Tanana Valley to the east. The Minchumina pollen diagram
can be subdivided into three informal subzones. Subzone '"a" is
characterized by very low percentages of alder pollen, low per-
centages of spruce (1-8%), and high percentages of birch pollen
(80-90%). Subzone "a'" spans core interval 490-556 cm (ca.8700-
7500 years B.P.). Subzone '"b'" is typified by high birch pollen
percentages 60-80%), rising 'alder percentages (4-27%), and rather
consistently low spruce percentages (4-8%). Subzone '"b" spans
core interval 375-490 cm (ca. 5700-7500 years B.P.). Subzone
"c¢" is characterized by higher spruce pollen percentages (17-60%),
moderate birch percentages (30-55%), and alder percentages of
12-24%. Subzone ''c'' spans the upper 375 .cm of core (ca. 5700 years
B.P. to present). If the single radiocarbon date proves to be
correct, the vegetation history implies that spruce and alder
arrived at Lake Minchumina considerably later than in the Tanana ‘
Valley to the east. The low spruce pollen percentages in the
core interval 375-556 cm suggest that spruce was rare or absent
in the Minchumina area until perhaps 5700 years B.P, vs. ca,

10,000 years B.P. in the middle Tanana Valley.

Institute of Polar Studies
125 S. Oval Mall

The Ohio State University
Columbus, Ohio 43210
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THE ECOLOGY OF SAWGRASS IN THE EVERGLADES OF SOUTHERN
FLORIDA

HOFSTETTER, RONALD H. AND PARSONS, FRANCES

Sawgrass, Cladium jamaicense Crantz, is the dominant
plant in the Everglades of southern Florida. It exists in
both expansive pure stands and as a component . in several
other plant communities, Relatively little is known about
the nature of growth, factors affecting growth, and the
ecological importance of this species. Currently sawgrass
is declining in both vigor and distribution throughout the -
Everglades,

This paper reviews briefly existing information on
sawgrass. New data are presented on the nature of growth
of the individual culms, on litter production and decompo-
sition, and on community energy production., The role of
hydrologic conditions, fire, hurricanes, competition by
native and exotic species, insect feeding, and man is
assessed relative to the decline of sawgrass. If existing
conditions continue, significant changes in the communities
of the Everglades should be anticipated., Some management .
procedures essential for maintaining the well-being of the
Everglades are presented briefly.

Department of Biology
University of Miami

P O, Box 249118

Coral Gables, FL 33124
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SEASONAL AND ENVIRONMENTAL DIFFERENCES IN NITROGEN AND .
PHOSPHORUS CONCENTRATIONS IN SAWGRASS IN SOUTHERN FLORIDA

PARSONS, FRANCES

Sawgrass, Cladium jamaicense Crantz, is the dominant
macrophyte in large areas of Everglades National Park,
Florida, This paper is a report of studies of the changes
in concentration of phosphorus and several nitrogen com-
pounds in sawgrass and the underlying sediments through an
annual cycle in several locations in the graminoid wetlands
in southern Florida. '

The plants and sediment were considered as contiguous
compartments of a community column. The compartments
assigned were as follows: green leaves, brown leaves,
inflorescence, when present, and roots of living sawgrass.
Other compartments were: ground water, when present, and
three depths of the underlying peat. The compartments
were sampled at one site considered to be least disturbed
by man's activities at approximately monthly intervals and
analysed for Kjeldahl nitrogen and total phosphorus.

Soluble components studied were ammonia, nitrate, nitrite, '
and phosphate, Other sites . exhibiting differing degrees of

apparent robustness of growth and suffering varying environ-

mental pressures (e. g. frequent fires, extended drydown)

were sampled seasonally. The nutrient values and the

differences in stature of sawgrass found at these sites are

compared with those of the reference site. Correlations

are shown between various plant components such as ash and

percent moisture as well as the nutrient constituents.

- The soluble nitrogen compounds in the plants and
sediment comprise a small fraction of total nitrogen. The
same is true of soluble phosphate and total phosphorus.
Ammonia and nitrate are seasonally negatively related in
roots and green leaves., Ammonia and nitrate are likewise
seasonally negatively related in the sediment, however, the
greatest amount of the reduced form is found during the
winter dry season when surface water is lowest and the
greatest amount of the oxidized form is present during the
summer rainy season when surface water is deepest. The
sediment composition within each site is extremely variable
with respect to the above nutrients, but seasonal variation
is apparent.

Department of Biology
University of Miami

P. O. Box 249118

Coral Gables, FL 33124
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EVIDENCE OF HURRICANE INFLUENCE ON BARRIER ISLAND SLASH PINE
FORESTS: MORPHOLOGY, WOOD ANATOMY AND GROWTH RELEASE PATTERNS

*STONEBURNER, DANIEL L. AND **MILLER, GERALD J.

The pervasive existence of pine-dominated forests on
barrier islands in the Gulf of Mexico has been an unexplained
anomaly in a region where live oaks are considered to be the
dominant forest types. The effects of hurricane processes are

discussed as a major factor contributing to the anomaly.

Insular slash pine (Pinus Elliotii Engelm.) forests, growing
in the Mississippi unit of the Gulf Islands National Seashore,
were critically examined for evidence of hurricane effects. The
widespread instance of hurricane-induced windthrow, overwash and
excellerated salt spray has produced differential patterns in the
age and size class distributions in these island forests. The
forest configuration and growth patterns obtained from living
trees are discussed as the result of repeated hurricane incidence.

Data obtained in this study indicate that repeated hurricane
processes are prerequisite for the maintenance of the pure slash
pine forests, growing on a chain of barrier islands, located along
the Mississippi Gulf Coast. '

*National Park Service
1895 Phoenix Boulevard
Atlanta, Georgia 30349

*% Agnes Scott College

E. College Avenue
Decatur, Georgia 30030
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VEGETATION OF THE CUMBERLAND ISLAND NATIONAL SEASHORE

BOZEMAN, J. R.*, HILLESTAD, H. O.** AND JOHNSON, A. S.**

A vegetational analysis of Cumberland Island, Camden County,
Georgia, was conducted in 1973 for the National Park Service. The
study was intended to provide data for development of management
guidelines for the Seashore.

Quantitative measurements of interior vegetation were made at 250
sample points on the island. Qualitative measurements of beach, dune,
and interdune vegetation were made along 10 transect lines.
Successional relationships of the various communities were projected
from sampling data, aerial photographs, and presumed effects of natural
and man-influenced changes.

Twenty-three communities were described and mapped for the island‘v
within the following categories: dunes, interdune flats, salt marsh,
fresh water, upland forests, and miscellaneous. Succession develops
toward a mixed hardwood forest dominated by several sclerophyllous
evergreen species, most often live oak (Quercus virginiana). On
wet-acid sites succession tends toward broad-leaved evergreen, bay
type vegetation. We interpret the mature forests of Cumberland as
subtropical in nature, since these forests are dominated by
broad-leaved evergreens, show floristic affinities with tropical
forests, and occur in,a moderate oceanic climate. With the exclusion
of fire over many decades, pine forests chaﬁge gradually in
composition to predominantly oaks and other hardwoods.

Cumberland Island is not a virgin wilderness. It exists today in
a semi-wild state, greatly modified by the land uses and management
practices of earlier inhabitants.

*Georgia Department of Natural Resources, Brunswick, Georgia 31520

**Institute of Natural Resources, University of Georgia, Athens,
Georgia 30602
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THE MAJOR PLANT COMMUNITIES OF THE FIRE ISLAND NATIONAL SEASHORE
Stalter, Richard

Fire Island, a barrier island composed primarily of quartz sand,
lies from three fourths of a mile to three miles south of Long Island.
Three main plant communities can be found within the National Seashore:
the sand dune community, favoring areas of light to.heavy salt spray,
bright sun, and sh1ft1ng sands; the salt marsh community, whose species
tolerate varying amounts of soil salt content and tidal flooding; and
the sunken forest, domlnated by Ilex opaca.

The sand ‘dune community is dominated by Ammophila breviligulata.
Other dune species include Artemisia stellariana, Cakile edentula,
E@Mﬁwpdwmwww,%h@wswwmwm&ﬂ%wmawMMwm

- Rhus radicans, Myrmca pennsy lvanica, Aretostaphylos uva—ursz, and
others. The species of the salt marsh community listed in increasing
elevation above datum include Spartina alterniflora, Salicormia spp.,
Limonium carolinianum, Iva oraria, and Baccharis halimifolia. The
sunken forest is dominated by holly (Ilex opaca). Quercus velutina
(one dead specimen was at least 180 years old), Amelanchier canadensis
(one having a circumference of nearly four feet), Sassafras albidum,
Acer rubrum, and Nyssa sylvatica are the most common arborescent
species 'in ‘the forest. Rarely more than 20 feet tall, the sunken
forest is truly a unique ecosystem. The location of the island, the
shade ‘tolerance -of holly, the presence of ‘a high complex dune system,
and the presence of salt spray probably account for the dominance of
Ilex.

St. John's University"
Jamaica, New York 11439
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THE FOREST COMMUNITIES OF MAMMOTH CAVE NATIONAL PARK
FALLER, A.*, JACKSON, M.T.,**

The forest communities of Mammoth Cave National Park were sampled
by the Bitterlich variable radius method in 38 separate stands. Stand
attributes of density, basal area and percent importance were used to
prepare an ordination analysis based on similarity between stands.
These stands associated, in ordination space, into six forest types.
The distributional control in the Park is primarily topographic. The
forest types include: 1) slope and upland oak-hickory stands domi-
nated by white oak (Quercus alba), black oak (Q. velutina), pignut
hickory (Carya glabra), and several other hickory species; 2) meso-
phytic old growth stands in deep hollows; 3) chestnut ocak (Q. prinus)
dominated stands on Pennsylvanian aged sandstone uplands; 4) eastern
hemlock (Tsuga canadensis) dominated stands with American beech
(Fagus grandifolia) and magnolia (Magnolia acuminata, M. macrophylla);
5) floodplain stands dominated by sycamore (Platanus occidentalis)
and maples (Acer saccharinum, A. negundo); and 6) successional stands
on abandoned farm land where black gum (Nyssa sylvatica), dogwood
(Cornus florida), winged elm (Ulmus alata), and tuliptree (Lirioden-
dron tulipifera) are dominant. Areas restocked with either Virginia
pine (Pinus virginana) or black locust (Robinia pseudo-acacia) were
not included in the ordination analysis. ’

The successional plant communities reflect two major trends.
The first involves a moisture gradient from hydric to mesic con-
ditions, e.g. on the larger and higher floodplains of the Green River
and its tributaries. This gradient is reflected in the change in
dominance from sycamore and silver maple to American beech and sugar
maple (A. saccharum). The second involves a time gradient of recov-
ery on abandoned agricultural land where the early stages are domi-
nated by black gum, dogwood, and winged elm, while older stages are
dominated by blackjack oak (Q. marilandica).

Average basal area ranged from 8.8 mZ2/hectare in some succes-
sional stands to 41.3 m2/hectare in floodplain stands with limited
disturbance. 014 growth stands, which are remnants of the Western
Mesophytic Forest, occur in sinks and deep hollows. These had the
greatest arboreal species diversity with more than twenty-five
species contributing to the canopy. Density ranged from 343 stems/
hectare in some 0ld growth stands to 787 stems/hectare in succes-
sional stands.

*DALTON-DALTON+LITTLE-NEWPORT, CLEVELAND, OHIO 44122
**INDIANA STATE UNIVERSITY, TERRE HAUTE, INDIANA 47809
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PRAIRIE RESTORATION AT PEA RIDGE NATIONAL MILITARY PARK, BENTON
COUNTY, ARKANSAS.

DALE, EDWARD E., JR., AND GIBBONS, JAMES

Prairie restoration studies have been made in various parts of
the United States, but not in Arkansas. In this paper we report
studies on prairie restoration in this area.

A one acre (.405 hectare) plot was plowed and disked in April
and June, 1975, and soil nutrients adjusted to approximate
conditions in nearby areas supporting native prairie. A total of
12 pounds (5.443 kilograms) of seeds, including Andropogon Gerardi,
A. scoparius, Bouteloua curtipendula, Sorghastrum nutans and
Panicum virgatum, were broadcast on June 13. The area was raked,
trampled, and mulched with straw, and test plots established to
determine effects of various seedbed treatments on seedling
establishment. Prairie forbs were introduced by transplanting.

Germination was noted 10 days after planting, and establishment
of a good stand of prairie grasses was obvious by August. Also,
10 species of prairie forbs, including Euphorbia corollata, Solidago
canadensis, Shrankia uncinata, Rudbeckia hirta and Cassia fasciculata,
became established naturally.

Weed species that became prominent in 1975 include Mollugo
verticillata, Diodia teres, Ambrosia artemisiifolia, Bidens aristosa
and Digitaria sanguinalis. Weed growth was severely inhibited in
areas with good stands of prairie grasses, and adequate weed control
was obtained by hand removal and mowing.

Survival of grass and forb transplants into the second year was
excellent, but forb survival during 1976 was adversely affected by
deer. '

Statistical studies showed that the only treatment of seed beds
that significantly improved establishment was raking after sowing.

Our studies indicate that prairie restoration in northwest
Arkansas is feasible.

Botany & Bacteriolgy Department
University of Arkansas
Fayetteville, Arkansas 72701
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INVESTIGATION OF VEGETATIONAL COMMUNITIES IN JOSHUA TREE NATIONAL
MONUMENT

Leary, Patrick, and Niles, Wesley E.

Since Joshua Tree National Monument came into the Park Service
some forty years ago, no thorough vegetational analysis has been
conducted. This project is a survey of perennial flora of Joshua .
Tree, an area encompassing 900 square miles. The emphasis has been
to define plant communities by applying statistical and ordinating
techniques to transect data. A vegetational map of the Monument
has been constructed. Data concerning various perennial plant species
includes frequency, distribution, percent cover and community
affinity. Information from this study will be useful in helping to
determine management policy for bighorn sheep, mule deer, public
use, etc., and to lay the foundation for future research.

University of Nevada
Las Vegas, Nevada
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VEGETATION OF CANYONLANDS NATIONAL PARK, UTAH IN RELATION TO
ENVIRONMENT

LOOPE, W. L. AND WEST, N. E.

The vegetation of Canyonlands National Park, Utah has been
described from 157 samples located throughout the Park. Species
frequencey, density and cover data were recorded along with measure-
ments of soil depth, slope, aspect, elevation and geologic substrate
at each site. Measurements of soil texture, pH, and electrical
conductivity were taken for a representative subsample. A map of the
vegetation of the Park was made by relating the sample points to
their corresponding spectral signatures on aerial photographs and
drawing boundaries associated with changes in photo signatures.

Vegetation in these arid to semi-arid environments appears to be
strongly related to regolith depth, geologic formation and water
table relationships. Elevation and slope/aspect control vegetation
patterns to a much smaller extent. Vegetational units are distinct
and can be readily visualized. The six map units designated (in order
of relative importance) were: blackbrush, juniper-pinyon woodlands,
semi-desert grasslands, sagebrush-fourwing saltbush, shrublands, salt
desert shrublands and riparian tall shrublands. These vegetational
units are related to specific combinations of environmental factors.

-.Boundaries between units are sharp vegetationally and environmentally.

Moisture availability appears to be the key factor, but effective
soil moisture is largely controlled by regolith/bedrock relationships.

Grasslands predominate at all elevations where regolith is over
50 cm in depth and there is no access to plant roots to the water
table. Regolith that is uniformly shallower than 50 cm supports
vegetation dominated by blackbrush (Coleogyne ramosissima). Sandy
areas with immediate access to the water table support thickets of
Salix, Tamarix, and other riparian shrubs. Brushlands dominated
by Atriplex canescens and Artemisia tridentata occur on deeper sand
deposits with access to capillary water only. Where competent
bedrock is exposed and joints are developed, Pinus edulis, Juniperus
osteosperma and various upland shrubs dominate. Several species of
Atriplex dominate the salt desert shrub type where tight shales
outcrop.

Historical use by domestic livestock has altered the composition
and cover in grasslands in the southern part of the Park the most.
Elsewhere, grassland modification is slight because of the relatively
more difficult access. Other types have experienced less obvious
changes. ’

Many abandoned roads exist within the Park dating chiefly from
extensive mineral exploration in the early 1950's. Secondary

succession on these disturbed areas is extremely slow.

Utah State University
Logan, Utah 84322
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DISTRIBUTION AND ECOLOGICAL RELATIONKSHIPS OF TWO 4OUNTAIN
HEATHS (PHYLLODOCE) Ii OLYMPIC NATIONAL PARK

OLMSTED, INGRID, C,

Ecology and distribution of Phyllodoce empetriformis
and P, glanduliflora in subalpine and alpine habitats of
Olympic hational Park were studied, Specific attention
was given to the water relations of both species,

The mountain heath Phyllodoce empetriformis is a
common shrub of the subalpine ecosystem in the Olympic
Mountains and occurs rarely in the alpine 2one; while
P. glanduliflora grows mostly in the alpine zone and only
infrequently at timberline, When sympatric, the two
species hybridize,

Environmental components of the habitat of both
species were measured, Ecological requirements of the
habitat, tolerances and phenologies are different for the
two species in each vegetation zone, The ericoid leaf
habit was examined with regard to water stress, Water
stress measurements were made with a pressure bonmb,
Distribution of the two species was further investigated

by doing germination and seedling establishment experiments

in the Phytotron,

From considerations of Fhyllodoce's reproductive
potential and survival capacity, suggestions will be made
as to its stability under recreational impact in a heavy
use zone of Olympic National Park and similar areas,
Successional trends will be mentioned,

Duke University
Durham, North Carolina
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OBSERVATIONS ON SNOW ALGAE IN CALIFORNIA
THOMAS, WILLIAM H.

Algae that impart a red color to snowfields are rather common
in California. Red snow occurs mainly in the Sierra Nevada (includ-
ing Yosemite and Sequoia-Kings Canyon National Parks) at altitudes
of 10,000-12,000 ft (3050-3660 m) and can occur at high altitudes
where snow persists in other parts of the state. The distribution
in the Sierra was similar in 1969 and 1970, contrasting snowfall
years. Colored snow was found from May to October in old, wet snow-
fields. The predominant color was red and occurred as surface patches
in depressions in the snow. The color could extend as deep as 30 cm
below the snow surface.

Algae in the snowfields of the Tioga Pass area (Sierra Nevada)
were large, red, spherical cells of Chlamydomonas nivalis. No other
algae were seen. Their distribution, as measured by cell numbers
and chlorophyll a, was patchy. Algal cells and chlorophyll a were
mainly distributed at or near the snow surface but extended down to
a depth of 10 cm. Light intensity was greatly attenuated by snow,
but enough light for photosynthesis was found at 50 cm below the sur-
face. Nutrient content of one snow sample was very low. The popula-
tions wgre very actively photosynthetic and took up as much as 65% of
added L ¢ in only 3 hr. It was tentatively concluded that CO9 limits
in situ photosynthesis. Photosynthesis was inhibited by melting snow
samples, Rough calculations of the growth rate suggested in situ
generation times of only a few days for these algae.

Institute of Marine Resources

Scripps Institution of Oceanography
University of California at San Diego
La Jolla, California 92093
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FOREST ECOSYSTEMS OF MOUNT RAINIER NATIONAL PARK

MOIR, W. H., HOBSON, F. D., HEMSTROM, M., AND FRANKLIN, J. F.

In 1975 we began studies to classify forests at Mount Rainier
National Park (MRNP), characterize their biological and environmental
features, and determine causes and rates of succession. This paper
reports our current knowledge.

Classification was based on data collected in mostly mature
forests from 242 plots distributed over all drainage systems. Forests
of the Tsuga heterophylla zone were limited to lowest elevations;
those of the Abies amabilis zone are prevalent to about 1580 m
elevation. Above this occurs subalpine parkland or forest-tundra
ecotone. We recognized 16 major forest associations to 1580 m.

Moisture and temperature gradients are important environmental
complexes governing distribution of forest types. These gradients
can be described physically by elevation, soils, landform, and relief
in each drainage system. The wettest drainages are Carbon and Mowich
Rivers; the driest, Ohanapecosh. Soils range from shallow, mixed
colluviums of steep slopes; layered tephras of varying iron-pan
development; and deep, wet soils of benches, lower slopes and
alluvial or lahar surfaces.

Disturbances (fire, avalanche, landslides, lahars) produced
forest ages of under 100 years, 100-250, 450-575, and over 900 years.
Forests of these ages need to be arranged into chronosequences for
each association. Several seral types are first generation on
recently deposited soil materials.

The different forests at MRNP have varying hardiness and dura-
bility to visitor usage. Visitor accommodation and opportunity to
meet expectations (scenery, wildlife encounters, solitude, interpreta-
tions, etc.) depend upon forest type and successional stage.

Forest Sciences Laboratory (USFS)
Corvallis, Oregon
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ECOLOGY OF ALPINE TIMBERLINE IN OLYMPIC NATIONAL PARK

. FONDA, R. W. AND LEMON, G. V.

Alpine timberline in the Olympics is formed by subalpine fir.
The vegetation pattern at .timberline is a result of the interactions
of topography, wind exposure, snow accumulation and melt, soil mois-
ture, and air and soil temperature. These factors combine to make
timberline a site with neither too much nor too little snow.

Basins and leeward concavities, which can accumulate as much as
5 m of snow in winter, mark the limits of timberline along one end of
the environmental gradient. Sites that are released from snow after
early July support subalpine sedge communities. Tree seedlings can-
not tolerate the snow compaction nor the short growing season caused
by late snow release.

Snow does not accumulate as deeply on windward sides of ridges
so that there is no winter protection. Here high winds, high daytime
temperatures, and low soil moisture combine to act against the trees
during the growing season.  Drought is important in the exclusion of
trees from higher ridges and convexities. - Conditions on the windward
slopes create soil drought in summer, so that all plants show decreased
water potentials late in the growing season. Poor overnight recovery
on extreme sites will exclude trees from early snow release meadows.
In August, meadow species on windward slopes show lower water poten-
tials than adjacent timberline trees. The lower water supply through
the summer shortens the growing season for timberline trees, compared
to the same species in the continuous forest 300 m lower. Conse-
quently, timberline on windward slopes represents. a point where trees
show an early cessation of growth and low biomass accumulation.

Western Washington State College
Bellingham, Washington 98225
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REDWOOD VEGETATION DYNAMICS

~ VEIRS, Stephen D.

Sequoia sempervirens dominates the redwood forests of coastal
northern California. Its ecological status is disputed. A climax
species for some, other observers see it as a long-lived fire
dependent sub-climax type. Careful elucidation of the natural
dynamics of redwood vegetation is essential to long term management
of the redwood parks of the region.

An intensive investigation of forest history in selected stands
near Redwood National Park has provided new insight into fire fre-
quency and its impact, tree establishment, growbth rates, longevity
and mortality, primary and secondary succession and other aspects
of redwood vegetation and the processes which maintain it. 4

Seguoia sempervirens, Pseudotsuga menziesii, Tsuga heterophylla,.
Abies grandis and Lithocarpus densiflorus each display different
responses to fire and other environmental factors which result in
thelr persistance in this vegetation type. 8. sempervirens is a
long-lived fire tolerant climax species which is best developed
where fire frequency is low. P. menziesil is a long-lived associate
and fire or disturbance dependent seral species. T. heterophylla,

A. grandis and L. densiflorus show adaptations which suggest they
are components of a climax vegetation type.

Redwood National Park
Crescent City, California 95531
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AN INTRODUCTION TO VEGETATION OF THE PROPOSED ANTAKCHAK CALDERA
NATIONAL MONUMENT AND ITS ENVIRONS ON THE ALASKA PENINSUTLA
OF ALASKA

DENNIS, JOHN G.

Aniakchak Caldera National Monument has been proposed for
addition to the National Park System to preserve, study, and inter-
pret not only the geological features of the caldera and the area
affected by its eruptions, but also the ecological features of the
resident and migratory, terrestrial, aquatic, and marine biota that
occuplies an environmment impacted by repeated deposits of volcanic
ash. An initial, rapid survey of the plant community portion of this
biota has shown the area to contain a mixture of plant communities
and environments representing features characteristic of both
Aleutian Island and Interior Alaska vegetation types.

Plant communities of the Aniakchak portion of the Alaska
Peninsula include latitudinal treeline groves of Populus balsamifera,
shrublands of medium to tall Salix spp. or Alnus crispa, dry tundra
of Dryas octopetala~-dwarf heath-dwarf Salix-forb species, moist
Empetrum nigrum tundra, moist heath shrub-dwarf willow-Carex-
Sphagnum tundra, Calamagrostis canadensis grass-forb meadow, and
Carex-Menyanthes trifoliata-Potentilla palustris marsh. Environmen-
tal factors identified to date that influence species composition
and distribution of these communities include parent material (rock,
ash, or organic) and drainage. Contraction crack polygons in ash
fields occur both on the Bristol Bay coastal flat and on the flat
terrain of the middle portion of the Peninsula east of Meshik ILake.
Seasonal soil frost at the 50 cm depth was encountered in one low,
wet area in mid-July. The development of a detailed understanding -
of the Aniakchak area vegetation, the relationship of that vegetation
to meso- and microenviromment, and the long term influence on the
vegetation of repeated depositions of volcanic ash will require
intensive study.

National Park Service
Washington, D.C., 20240
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PRIMARY VERSUS SECONDARY SUCCESSION AT GLACIER BAY
NATIONAL MONUMENT, SOUTHEASTERN ALASKA

LAWRENCE, DONALD B.

Vegetation development on till following recession of
glaciers in the heart of the Monument has taken about 80
years to reach mature alder thicket stage. At Lituya Bay
farther west, where a giant wave swépt away the forest but
not all the soil, alder forest has developed in only 15
years. Non-leguminous woody plants with symbiotic
nitrogen-fixing root nodules have played a major role in
clothing the landscape.

Succession following recession from termini mapped by
John Muir, 1879-99, has been studied since 1916, first by
W. S. Cooper, then by this author. The n? plots are now

mostly covered with Sitka Alders (Alnus crispa sinuata) 10

meters tall, whose seedlings didn't get established for
over 50 years. Results provide a model for understanding
primary development of vegetation following continental
glaciation because of catastrophic recession, 105 km in 200
years. The more remote the seed sources of plants capable
of symbiotic atmospheric nitrogen fixation the slower is
vegetation development, the more depauperate the indivi-
duals, and the less the biomass produced. Alpine Avens

(Dryas drummondii) rose family, and Sitka Alder, birch

family, are the most important nitrogen accumulators.

At Lituya Bay, on the Pacific coast of the Monument,

surviving tree alders (Alnus oregona) to the windward,

beyond the reach of the giant wave of 1958, have provided
seed. Fifteen years later, in 1973, resulting trees were
already 12 meters tall. Greater species diversity here is
probably due to survival of underground stems, roots able
to produce adventitious buds, and viable buried seeds.

Department of Botany
University of Minnesota
St. Paul, Minnesota 55108
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SEED CONTENT OF SUCCESSIONAL AND MATURE EVERGLADES ECOSYSTEM SOILS

EWEL, J. AND CONDE, L.

Succession on recently acquired abandoned farmlands within Ever-
glades National Park is strongly influenced by the kinds and numbers
of seeds present in the soil.  We determined the viable seed content
of soils from five successional stages and two mature, undisturbed
communities.

The five successional stages were: freshly disked farmland;
2.5-year-old unburned regrowth (dominated by Ludwigia peruviana); 2.5-
year-old regrowth, burned six months prior to sampling (also dominated
by L. peruviana); 17-year-old woodland (dominated by Myrica cerifera);
and 30-year-old forest (dominated by Schinus terebinthifolius, an
exotic tree). The two mature ecosystems were a hardwood hammock forest
and a seasonally flooded glade dominated by herbaceous plants. All
sites were within 3 km of one another and three were contiguous. The
viable seed content was determined by monitoring greenhouse germina-
tion from three 0.25 m® samples of surface soil from each site.

Eighty-five species have been recorded. Only one of these was
found on all seven sites and about half were restricted to single
sites. Exotics constituted about 15 percent of the observed species;
a fraction similar to that of most weedy floras. About ten percent of
the species were woody, only one of which was exotic.

The number of seeds per unit area was relatively constant within
sites but varied greatly among sites. Younger successional stages had
many more viable seeds than did the mature communities. Viable seed
densities ranged from about 130 m~2 in the hardwood hammock to almost
26,000 m-2 in the unburned Ludwigia stand. The numbers of both indivi-
duals and species of seeds were higher in the successional ecosystems
than in the mature communities, but the seed diversity was much higher
in the mature ecosystems. This was due to a more equitable distribu-
tion of seed among the species found within the mature systems.

Farming in the seasonally flooded glade lands has probably
resulted in soil and drainage changes which have produced a new sub-
strate for plant growth. The colonizing flora does not include an
unusually high proportion of exotic species, but because these sub-
strates are unique some exotics may become conspicuous, unremovable
components of the new ecosystems currently emerging there.

Botany Department
University of Florida
Gainesville, Florida 32611
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MYCORRHIZAE: THEIR ROLE IN SUCCESSION ON ABANDONED EVERGLADES FARMLAND

MEADOR, R.

Mycorrhizae, symbiotic associations between fungi and the roots of
most higher plants which aid in plant nutrition, can influence the
direction and floristic composition of succession on abandoned farm-
lands within the Everglades National Park. I examined the mycorrhizal
status of plant roots in five successional and two mature ecosystems
and found that mycorrhizal infection in the successional ecosystems is
different from that of the mature glade ecosystem which previously
occupied the site.

The five successional stages were: 1) farmland disked 2 months
prior to sampling, 2) 2.5-year-old regrowth (dominated by Panicum
purpurascens), 3) 2.5-year-old regrowth, burned in June 1975 (dominated
by Ludwigia peruviana), 4) 17-year-old woodland (dominated by Myrica
cerifera), and 5) 30-year-old forest (dominated by Schinus terebinthi-
folius). The two mature sites were: 6) a seasonally flooded glade
and 7) a hardwood hammock forest. All sites except the hardwood
hammock are flooded from June through November. The importance value
of higher plant species at each site was determined by biomass harvest
in sites 1, 2, 3, and 6 and by basal area measurement in sites 4, 5,
and 7. Root samples of each species were cleared, stained, and examined
microscopically to determine whether or not they were infected by
mycorrhizal fungi.

Mycorrhizal fungi from each site were identified by planting soy-
beans in soil from each site to permit endomycorrhizal propagules in
the soil to infect the soybean roots. The fungi were given sufficient
time to fruit and the spores were then extracted from the soil and
identified.

Mycorrhizal plants were found in all sites except the seasonally
flooded glade. The lowest percentage of mycorrhizal plants in the
successional sites was found in the farmland disked 2 months prior to
sampling. Mycorrhizal plants were dominants at the other sites.
Between 2 and 30 months after abandonment, mycorrhizal plants dominate
the community. ’

No mycorrhizae were discovered in the seasonally flooded glade,
indicating that this ecosystem may be non-mycorrhizal: a rarity in
natural terrestrial ecosystems. Because mycorrhizal plants have an
advantage in nutrient absorbtion over non-mycorrhizal plants, farming
practices which would allow mycorrhizal plants to establish in the
glades could change the structure of the glade ecosystem to one
dominated by mycorrhizal plants.

Botany Department
University of Florida
Gainesville, Florida 32611
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FACTORS ASSOCIATED WITH FAILURE OF GIANT SEQUOIA

Piirto, D. D., David, C. T., Parmeter, J. R., Jr., Tilles, D. A.,
Wilcox, W. W., and Wood, D. L.

Interest.in public safety and protection of old-growth giant Se-
quoias motivated an interdisciplinary study of the causes of uprooting
and stem failure of large trees. Of 33 recently fallen trees, 16 had
carpenter ant (mainly Camponotus modoc) galleries in or adjacent to
the zone of wood failure. Root or stem decay was found in the failure
zone of 30 trees. Both decay and carpenter ant galleries were asso-
ciated with fire scars. Of 27 trees with fire scars, 26 fell to the
scarred side.

High populations of carpenter ants were found both in groves sub-
ject . to heavy or to light human use. The diet of carpenter ants con-
sisted mainly of honeydew from aphids on understory white firs, not of
human refuse. When ants were excluded from aphid colonies, the colo-
nies disappeared as a result of predation.

Nine basidiomycetes, including Fomes annosus, Armillaria mellea,
Polyporus Schweinitzii, Poria albipellucida, Poria incrassata, Stereum
hirsutum, and Polyporus versicolor, were isolated from decayed wood at
the zone of tree failure. Microscopic ekamination of discolored wood
associated with carpenter ant galleries showed early to moderate
stages of decay. We have not yet determined if ants vector decay fun-
gi or facilitate their spread within the wood.

Our studies indicate that decay was the primary cause of failure

in old-growth giant Sequoias.

University of California, Berkeley, California 94720.
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VEGETATION OF HIGH-ELEVATION DISTURBED COMMUNITIES IN
GREAT SMOKY MOUNTAINS NATIONAL PARK

LINDSAY, MARY

Disturbed high elevation communities of Great
Smoky Mountains National Park, including grassy balds,
shelter clearings, old fields, and burn scars were
studied to determine the effects of environment and
disturbance on the vegetation.

Grasses were dominant only in communities that
were subject to long-term, continuous disturbance
such as balds, shelter clearings, and roadsides.
01d fields tended to have more forbs than these
communities. Burn scars were dominated by Rubus sp.,
Angelica trniquinata, Solidago glomerata,and tall
forbs.

Differences between sites were due mainly to
differences in elevation and history. Aspect and
successional stage caused most of the variation between
different plots on one site.

Section of Ecology and Systematics
Cornell University
Ithaca NY 14853

and
Uplands Field Research Laboratory

Great Smoky Mountains National Park
Gatlinburg TN 37738
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PROBLEMS OF REVEGETATION OF ALPINE TUNDRA

STEVENS, DAVID R.

The alpine tundra is one of the most unique resources in Rocky
Mountain National Park. The restoration of human damage needs to
be an important part of management in this ecosystem. Since 1932,
when Trail Ridge Road was opened to the public, efforts have been
made to restore the damage caused by man's activities in this area.
Destruction of the tundra has been the result of activities such as
road and parking area construction, trail construction, visitor
trampling, and removal of earlier human intrusions. Without
assistance, it is estimated to take hundreds of years for tundra
areas to recover. Numerous techniques to restore the tundra have
been tried, but most have failed. The objective of this study is
to review past restoration efforts and, by using modern technology,
test what appear to be the most feasible techniques for tundra
restoration.

Rocky Mountain National Park
Estes Park, Colorado 80517
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PHOTOSYNTHETIC PATHWAY DISTRIBUTIONS ALONG AN ELEVATION-ARIDITY
GRADIENT IN BIG BEND NATIONAL PARK

EICKMEIER, W. G.

Three distinct pathways of photosynthesis exist for higher plants,

the Calvin-Benson cycle (03), the Hatch-Slack cycle (Cu), and the
Crassulacean Acid Metabolism cycle (CAM). These pathways are different

in many important respects (i.e. ecological relations) and should be

important in ecosystem structure and interspecific competition for
desert communities. This paper describes the distributions of these

pathways along a composite elevation~aridity gradient in Big Bend

National Park, Brewster Co., Texas.
The vegetation along this gradient changes dramatically due to

increasing rainfall and decreasing temperature at upper elevations.

The vegetation was quantitatively sampled and the pathway of each
species was determined by 002 gas exchange patterns, presence or

absence of diurnal acidity changes, carbon isotope ratios, anatomical
characteristics, and/or previous literature reports.

The results of this study closely follow trends hypothesized
from pathway environmental relations. The CAM pathway dominated low
elevations, the Cu pathway dominated mid elevations, and the C3
pathway dominated high elevations; however, there were some
interesting anomalies.

I conclude that photosynthetic pathways and their different

environmental adaptations and competitive abilities are important in

understanding the composition and structure of desert plant

communities.

Department of General Biology
Vanderbilt University
Nashville, Tennessee 37235
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ECOLOGY OF SHORELINE VEGETATION, LAKE POWELL
POTTER, L. D.

The biogeologic setting for Lake Powell of the
Glen Canyon Recreation Area and the conversion of
the Colorado River to a reservoir are discussed.
The relation of physiographic features to vegetation
and shoreline recreational use are presented. A
major problem discussed is the plant invasion of
exotic species into the seasonal drawdown zone.

Tamarisk is a principal invading species and
has a multitude of adaptations to overcome the
adversities of a fluctuating shoreline. The
relative breakdown and decomposition of native
vegetation and tamarisk after submergence are
discussed, as is the importance of the mantle of
benthic organisms. As seedlings of tamarisk
become progressively older, they are more difficult
to control. The need is stressed for some shoreline
management to preserve the desirable sandy shores
for recreational use, rather than allowing their
development into impenetrable thickets with
noxious insects and with submerged off-shore masses
of flooded vegetation.

University of New Mexico
Albuquerque, N.M. 87131
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RIPARTAN ENVIRONMENTAL-VEGETATION INTERRELATIONSHIPS ALONG THE LOWER
ESCALANTE RIVER, GLEN CANYON NATIONAL RECREATION AREA, UTAH

Irvine, J. R. and West, N. E.

Studies of environmental and riparian vegetation interrelation-
ships along the lower Escalante River were conducted during 1974
and 1975. The study area included the Escalante River flood terraces
between Harris Wash and Coyote Gulch.

Methods were developed compatible for wilderness use. Sixty-
nine 1 x 10 meter macro-plots were taken at 23 locations. Measure-
ments were taken of major environmental parameters thought to
influence riparian vegetation: stratigraphy, soil texture and
moisture, river bank angle and aspect, and height and width of flood
terraces. »

Canyon profile was found to be strongly influenced by geologic
strata. Resistance to erosion by these strata determines canyon
width, number of meanders, and river bank profile. Periodic river
fluctuations and flash floods further modify the river bank profile
by creating three distinct flood terraces.

Vegetation distribution was found to be roughly correlated with
stratigraphy and flood terraces. The most dominant semi-aquatic
species, Seirpus americanus and Equisetum laevigatum were found on
soils saturated to supersaturated with water on the low flood terraces.
Bacchorts emoryi was found in the medium and high flood terraces where
the Chinle Formation was exposed. Different time periods between
river inundations and flash floods created significantly different -
population age structures for the three major tree species (Salix
exigua, Populus fremontii, and Tamarix pentandra). Tree longevity
increased from low to high flood terraces.

Population age structure differences were attributed to flooding
which dynamically maintains each population. Regeneration by root
suckers for Salix and Populus have a greater survival rate than
Tamarix whose seedling source is washed away by periodic fluctuations
in river level. Implications of this research are that reduction in
river flow or regulation of floods would remove population equilibrium
controls. Tamarixz, without the effect of its seed source being
washed away, would have a successional advantage over the other two
native tree species whose densities in the young age classes are
lower than that of Tamarixz. Furthermore, tree populations would
shift to an older age structure with greater density. Deleterious
effects would be increased evapotranspiration and inaccessability to
river recreation. The effects of such vegetation changes on wildlife
are unknown. - :

\ Utah State University
Logan, Utah 84322
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MAN'S IMPACT ON COLORADO RIVER FLUVIAL DEPOSITS WITHIN THE
GRAND CANYON

DOLAN, R.*, HAYDEN,B.*, HOWARD, A.*, JOHNSON, R.*¥

The National Park Service faces several difficult
issues concerning the management of float trips down the
Colorado River of the Grand Canyon. The demand for float
trips has increased dramatically since the early 1960's
while concurrently, irreversible changes are occurring to
the alluvial deposits along the river as a result of reg-
ulation of the river flow by the Glen Canyon Dam. The
questions of primary importance are 1) in what manner and
how rapidly are the alluvial deposits adjusting to the new
river regime, and 2) is the increased use of the river con-
tributing to the irreversible degradation of the system.
This paper is addressed to the second of these questions.

Human use along the Colorado River is limited, for the
most part, to the relic, pre-dam fluvial deposits colloqui-
ally caled "beaches."™ With the new river regime these
deposits are positioned well above the present high-water
stage (27,000 cfs), so they are not replenished periodically
as they were prior to construction of the dam in 1963. The
dominant natural process is therefore aeolian.

The float-trip passengers use the river beaches for
hiking, camping, and for lunch stops. At the most desirable
sites between thirty and forty people camp on the beaches
each night over a four to five month season. Human impact
includes incorporation of camp-site litter, burial of chem-
ically treated waste, and the direct stress associated with
people walking on the vegetation and unstable sedimentary
deposits. ,

Results of our investigations indicate that the rate
of degradation at the most heavily used sites exceeds the
capacity of aeolian processes to reestablish natural land-
scapes. Therefore, careful management of float trips is
needed if these environments are to be maintained in a
natural state rather than a "sand-box" like state.

*University of Virginia -
Charlottesville, Virginia

**Grand Canyon National Park
Grand Canyon, Arizona
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NATURAL RESOURCES IN GRAND CANYON NATIONAL PARK AND RIVER MANAGEMENT
. ALTERNATIVES ON THE COLORADO RIVER

STEVEN W. CAROTHERS!, STEWART W. AITCHISON!, and R. ROY JOHNSON®

Increasing pressure on natural resources on national park lands is
a widespread problem. In some areas human impact threatens to
severely alter the very resource that has made these areas suitable
for inclusion in the National Park System in the first place.

Prior to 1965 fewer than 2,000 persons had navigated the Colorado
River through the Grand Canyon. Not until 1967 were more than
2,000 persons/&ear traveling this world-reknown whitewater.
Currently this popular activity is providing recreational and edu-
cational opportunities for more than 15,000 visitors/year and
supports a multi-million dollar river-running business.

A limited number of beaches are available both for river-recrea-
tionists and back-country hikers. Concern over the possibility of
reaching intolerable levels of impact (from recreationists) on the
riparian ecosystem has led to a three year Colorado River Research
Project which terminated during the summer, 1976. This paper is
largely concerned with the interrelationships between the park
visitor and the biota. A monitoring program has been initiated to
closely follow any possible changes, or lack of changes, resulting

from a new river management plan which is currently being formulated.

This monitoring program will be a cooperative venture between
National Park Service managers, researchers and private contractors.

1Harold S. Colton Research Center
Museum of Northern Arizona
Flagstaff, Arizona

2Grand Canyon National Park
Grand Canyon, Arizona
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INTER-RELATIONSHIPS AMONG VISITOR USAGE, HUMAN IMPACT, AND THE BIOTIC

RESOURCES OF THE RIPARTAN ECOSYSTEM IN BIG BEND NATIONAL PARK

David J. Schmidly, Robert B. Ditton, William J. Boeer, Alan R. Graefe

The primary goal of this research was to secure detailed
information concerning the actual and potential impact on the Rio
Grande in Big Bend National Park (BBNP) and on associated land
area ecosystems resulting from present levels of human usage.

In evaluating user patterns, all potential information systems
on BBNP use were reviewed and evaluated. These included
concessionaire data, ranger counts at developed campgrounds,
traffic counter data, and backcountry permit data. The latter
category was particularly valuable in determining how many, when,
and where people used the Rio Grande corridor.

The extent of human impact was assessed by the use of a
subjective site evaluation sheet which included four basic
parameters and 15 different variables. The biological resource
monitored was the rodent fauna, which was sampled at 18 different
sites along the river exhibiting varying degrees of human impact.

The correlation coefficient statistic was used to relate
total subjective impact ratings by site to annual camping use by
site (man-days). Analysis revealed a significantly positive
correlation, verifying that as use increased subjectively evaluated
impact also increased. When impact and use data were related to
biological data (i.e., rodent fauna), no significant correlations
were yielded. The upshot of these two correlation analyses is that
site impacts have occurred as a result of recreational use, but not
to the point where ecological conditions, as indicated by the

biological health of rodent fauna, are in jeopardy.

Depts. of Wildlife & Fisheries
Sciences and Recreation and Parks
Texas A&M University

College Station, Texas 77843
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0ZARK RIVER-USE INVESTIGATIONS
Marnell, Leo F.

. During the past five years, the

" National Park Service has been engaged in
an intensive research effort at Ozark
National Scenic Riverways to secure facts
about river users and assess the impacts

of recreational floating on: the resource.
An interdisciplinary program has evolved
with consideration given to water quality,
physical impacts on the environment, socio-
logical aspects of river-use, and visitor
safety. Patterns of river-use have also
been extensively monitored. Findings from
the various studies are described and plans
for use of the data in carrying capacity
decision-making are discussed.

O0zark National Scenic Riverways
Van Buren, MO 63965
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APPLICATION OF RESEARCH DATA TO CARRYING CAPACITY
DETERMINATION

CHILMAN, K. C. AND BURDE, J. H.

Given that we have certain data or are collect-
ing data, how will it be useful for such management
decisions as carrying capacity determination for a
large park area? Carrying capacity is a multi-faceted
concept. Data collected will need to be organized
in relation to management objectives, probably through
a public review process, into a management plan.

It is often taken for granted that management
objectives are already determined and readily avail-
able, when in fact they may exist only in fragmented
form. This fragmentation is due to 1) changes in the
basic management situation and 2) closer public scru-
tiny. It can no longer be assumed that objectives
are well known: conscious planning (with improved
data) must develop and refine new objectives.

Pre-objectives planning differs from existing
planning efforts in emphasis on 1) shift from facili-
ties development planning to carrying capacity plan-
ning for park areas, 2) orientation on planning for
field unit needs as well as central office needs, and
3) uniqueness of the particular site and its manage-
ment directions versus standardized unit treatments.

This emerging planning strategy calls- for (as
well as an improved data base) a closer liaison
among researchers, planners, and managers. The need
for continuing communications among the parties in-
volved will necessitate new organizational arrange-
ments and operating strategies.

Southern Illinois University
Carbondale, Illinois
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MONITORING EMERGENCE PERIODS OF THE SMALLER EUROPEAN
ELM BARK BEETLE SCOLYTUS MULTISTRIATUS IN THE NATIONAL
CAPITAL PARKS WITH MULTILURE BAITED TRAPS.

Sherald, James L.

The smaller European elm bark beetle Scolytus
multistriatus (Marsh.) is the principle vector of the
Dutch elm disease fungus in the National Capital Parks.
Sanitation and a dormant application of the insectide
methoxychlor are the major control measures for
reducing the vector population. The Ecological Services
Laboratory in cooperation with the U.S. Department of
Agriculture, Northeastern Forest Experiment Station is
evaluating beetle traps baited with the synthetic
pheromone Multilure as a technique for monitoring beetle
emergence periods.

During April 1975, 50 wire mesh traps (30 x 30cm)
coated with Stikem SpecialR and baited with Multilure
dispensers were installed at random throughout the
Park. Traps were collected biweekly and the beetles
counted. Beetles first began to emerge during the
second week of May and reached the first emergence peak
during the first week of June. A second emergence peak
occurred in the last week of July approximately eight
weeks after the first peak. The second generation was
twice as large as the first. Beetles continued to be
trapped until the first week of November.

Beetle monitoring with Multilure baited traps is
currently being used by the Park to time a methoxychlor
cover spray for the second emergence period.

U.S. Department of Interior, National Park Service

National Capital Parks, Ecological Services Laboratory
1100 Ohio Dr., S.W. Washington, D.C. 20242
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‘'THE IMPACT OF DEFOLTIATION BY GYPSY MOTHS ON THE FOREST
AT MORRISTOWN NATIONAL HISTORIC PARK, NEW JERSEY

EHRENFELD, J.G.

In this paper I present the results of a study of
tree reproduction and forest regeneration occurring
around oaks that were killed during a massive gypsy moth
outbreak in 1967-1969, in the mixed oak forest at Morris- -
town National Historic Park. The infestation was intense
in patches scattered throughout the Park, and minimal in
the intervening areas;these areas were mapped during the
infestation. No chemical insecticides were applied, and
the outbreak was permitted to follow its normal course.
The existing situation thus presents an unusual oppor-
tunity to assess the effects of uncontrolled gypsy moth
populations on a mixed hardwood forest.

Vegetation around selected dead oak trees was
sampled by measuring the percentage cover of each species
along line transects. The dead oaks were chosen from
regions which had suffered heavy, moderate, and very
limited defoliation during the outbreak. The species
composition and the similarity of the species composition
to that of the surrounding stand were measured, and the
tendency for the regenerating forest to restore the
initial forest cover types wasg determined for the three
kinds of areas., The overall results indicate that the
gypsy moth may either retard succession, by permitting
increased reproduction of early successional stage
species beneath dead trees, or accelerate succession, by
removing the remaining o0ld individuals of early seral
stages from a near-climax stand.

Rutgers - The State University
New Brunswick, New Jersey 08903
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DUTCH ELM DISEASE THERAPY IN THE NATIONAL CAPITAL PARKS -
A PROGRESS REPORT. Sherald, James L.

Dutch elm disease (DED) caused by the fungus
Ceratocystis ulmi (Buism) C. Moreau continues to be one
of the most serious problems encountered by the National
Capital Parks. The Ecological Services Laboratory in
cooperation with the U. S. Department of Agriculture,
Northeastern Forest Experiment Station is evaluating
the combination of high pressure fungicide injection
and pruning of diseased limbs as a practical technique
for curing elms infected with DED.

During June and early July of 1975, 29 elms
(average diameter at breast height 35") which exhibited
wilt in 30% or less of the tree crown and from which
C. ulmi could be isolated were given a trunk injection
(70 psi) of MBC.HCl (methyl 2-benzimidazole carbamate
hydrochloride; 3 grams/liter, 2 liters/diameter inch).
When symptoms were localized in a single limb, a limb
injection (6 grams/liter, 1 liter/diameter inch) was
also given. All diseased limbs were pruned shortly
after trunk injection.

By late August and early September only one of the
treated trees exhibited further progression of DED.
By July 1976, twenty trees had a recurrence of DED.
Five trees displayed greater than 30% wilt and were
removed; fifteen trees exhibiting less than 30% wilt
were reinjected (6 grams/liter, 1 liter/diameter inch)
and pruned a second time. Of 29 trees treated in 1975,
nine were apparently free of DED by July 1976.

The injection/pruning program will be continued and
evaluated over a 3 year period.

U.S. Department of Interior, National Park Service,

National Capital Parks, Ecological Services Laboratory
1100 Ohio Dr., S.W. Washington, D.C. 20242
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REMOTE SENSING AS AN AID TO DETECTION OF URBAN VEGETATION STRESS

Hammerschlag, Richard S.

The' process of remote sensing offers great promise as a
practical tool for aiding the detection of stress on vegetation in
areas of high use. Besides the given virtues of large scale
coverage in a short time and vertical perspective, special remote
sensing techniques coupled with enhancement can provide renditions
of urban type scenes exposing stressed vegetation not normally seen.

The Ecological Services Laboratory, National Capital Parks,
has been working with NASA, Wallops Station to produce a remote
sensing system which will assist maintenance in the management of
NCP's urban parklands. Several procedures have been tested using
color and color IR film/filter combinations and multispectral
photography coupled with scanning microdensitometry, objective
viewing and the Image 100. These procedures were largely pursued

in a quest for early detection of Dutch elm disease but only minor

success has resulted. There has been much greater success in
detecting elms stressed due to other causes such as construction,
elm scorch, leaf curl and borers. Further work is warranted to

better differentiate between stress causes and to minimize errors

from false positive imagery.

Ecological Services Laboratory
National Capital Parks
National Park Service

1100 Ohio Drive SW

Washington, D. C. 20242
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RETARDATION OF GRASSES WITH CHEMICALS
Rai, G. S., Ogra, M. S., Yatsu, L. Y.*, Tallant, J. D.**,and Sims, A. C.

Growth in grasses is a continuous process which begins in leaf
primordium and then it becomes confined to an intercalary meristem.
Because of this growth pattern repeated mowings are needed. During
the last two decades plant biologists have been working on alternative
methods to mowing which make use of the chemicals. These compounds
when used as foliar spray or directly incorporated into soil in
suitable concentrations arrest cell division, block synthesis of
gibberellins, suppress apical dominance, and cause other metabolic
changes which lead to growth suppression.

To evaluate the usefulness of commercially available compounds
maleic hydrazide (1,2 dihydropyridazine-3,6 dione)}, Sustar 2-S
[N-4-methyl-3-(1,1,1-trifluoromethyl sulfonyl amino) phenyl] acetamide
and Maintain CF 125, treatments were arranged, at Chalmette National
Historical Park, in Latin Square System with four replications and
with four rates, that is 0, 1,000, 5,000, and 10,000 PPM based on
active ingredient equivalents.

Analysis of variance of fresh yield of grass clippings, 71 days
after the foliar application of the chemicals, indicated no fertility
differences at 95% level among 4 larger plots or replications.

The two primary variables, that is, chemicals and rates of
applications in PPM proved to be significantly different from control
plots.

Southern University in New Orleans
New Orleans, Louisiana 70126

*Southern Regional Research Center
U. S. D. A.
New Orleans, Louisiana

**Agricultural Research Service

U. S. D. A.
New Orleans, Louisiana
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ROOT DISEASE, HAZARD, AND FOREST PROTECTION IN YOSEMITE VALLEY

Parmeter,lJ. R., Jr., MacGregor?‘N. J., Srago? M., and Cobb} F. W., Jr.

Root disease, caused by Fomes annosus, is prevalent in the ponder-
osa pine/incense cedar stands of Yosemite Valley. Trees of all ages
have been killed in enlarging ''centers' as the fungus spreads from
tree to tree along roots. Over 100 such centers in developed sites
and over 50 in undeveloped sites have been confirmed by isolation or
detection of sporophores.

Monitoring (past 5 years) of mapped centers and reference to park
vegetation maps (up to 40 years old) provided preliminary indication
that center margins have enlarged about 2-3 ft./yr. The largest
mapped center, traced back to the 1930's, now exceeds 1/2 acre and is
continuing to enlarge. Evidence indicates that centers will enlarge
until obstructed by treeless areas or by stands of oaks or other re-

sistant hardwoods.

The rate at which new centers have been initiated is unknown, but
over half of the centers in developed sites involve fewer than 6 trees
and are estimated to be less than 20 years old. New centers have been
discovered each year sihce studies were begun 5 years ago. The rate
of center enlargement and the apparent rate of center initiation sug-
gest that F. amnosus will ultimately eliminate most of the pines and
cedars in Yosemite Valley.

In addition to loss of forest cover, F. amiosus decay of roots
causes potential hazard to park visitors and facilities. Failure of
root-rotted trees has caused both loss of life and property in the
Valley. Guidelines for early recognition and removal of hazardous
trees are being developed.

This intensive study of Yosemite Valley suggests that root dis-
eases may be critical factors in the management of forest stands in

high-use park areas.

lUniversity of California, Berkeley, California 94720.

2Region 5, U.S. Forest Service, San Francisco, California 94111
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COMPOSTING - AN ATTRACTIVE AND ECONOMICAL WAY TO RECYCLE '
URBAN-PRODUCED ORGANIC MATERIALS. Patterson, James C.

There are large amounts of organic materials
produced within the urban environment which have for
years been disposed of through dumping. The U.S. .
Department of Agriculture, Beltsville, Maryland, has
pioneered "static pile composting" which renders a
mixture of sewage sludge and wood chips into an effective
organic soil amendment. This paper deals with two
associated projects underway in National Capital Parks.

The first project involves composting of raw sludge
material collected from sanitary toilets along the C&O
Canal. The material is possibly 95% liquid and yet is
turned into a stable compost material in about three
weeks. Organic materials, such as saw dust, wood chips,
and Beltsville compost are used as bulking materials
to provide the aeration within the piles.

The second project is centered in Rock Creek Park
and is geared to recycle those organic materials which
are available in excess from park operations: horse
manure, leaves, wood chips, paper refuse, grass clippings
and sewage sludge. It is our desire to create two or
three formulations that will be used for turfgrass, shrubs .
and trees. These materials will then supplement the
normal fertilizer and organic soil amendments.

There are many uses to which these compost materials
can be directed such as mulches, picnic and playground
soil stabilization, a planting bed amendment, trail
stabilization, supplemental turf fertilizer, etc. It
is our feeling that the composting system mentioned will
help National Capital Parks solve their organic "waste"
problems and yet help supplement our needs for
fertilizers and organic soil amendments.

U.S. Department of Interior, National Park Service,

National Capital Parks, Ecological Services Laboratory,
1100 Ohio Dr., S.W. Washington, D.C. 20242
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UTILIZATION OF URBAN PRODUCED WASTES FOR SOIL
RENOVATION. Short, John R.

The traditional methods of disposal of urban-
produced wastes, in view of the rising cost of
fertilizers, soil conditioners, desirable topsoil, and
alternate methods of disposal of these wastes, cannot now
be considered practical. Other methods of disposing of
these organic wastes must be developed. One such method
is composting, developed by the U.S. Department of
Agriculture, Beltsville, Maryland

National Capital Parks, in addition to being concerned
with the increasing cost of fertilizer, is interested in
actively promoting the recycling concept. These concerns
coincided with the decision to create a park in the site
of former World War I temporary buildings, and it was
decided to utilize organic wastes in the preparation of
the soil. The wastes utilized in the preparation of
Constitution Gardens were sewage sludge composted with
woodchips, and leaf mold. These materials were mixed and
incorporated with the subsoil already present, and a
small amount of topsoil was applied to the surface. These
materials have generally provided good results, although
some problems still need to be resolved.

Another project which will utilize urban wastes is
the renovation of the site of the Folklife Festival.
The Festival itself will run for three months, and the
entire site has had a broadcast application of woodchips.
In order to reestablish turf at this site, composted
- sludge and the woodchips already present will be
incorporated into the soil to provide an improved
rooting medium for turf.

U.S. Department of Interior, National Park Service,

National Capital Parks, Ecological Services Laboratory
1100 Ohio Dr., S.W. Washington, D.C. 20242
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USE OF COMPOSTED SEWAGE SLUDGE FOR ESTABLISHMENT OF TURFGRASS
ANGLE, J.S., WOLF, D.C.l{ and HALL, J.R.‘z'/ .

Plant response and changes in soil physical and chemical proper-
ties upon addition of composted sewage sludge are reporfed.

A Sassafras sandy loam soil was amended with composted sludge at
rates of 0, 90, 180, 360, and 720 mT/ha and each main plot was divided
into two sub-plots. The sub-plots were sodded with a Kentucky Blue-
grass mixture or Kentucky 31 Tall Fescue. Four months after sod place-
ment, sod pulling strength was measured to evaluate the ability of the
sod to re~root into the compost amended soil. Kentucky Bluegrass
exhibited sod pulling strengths of 709, 969, 875, 793, 819 kg/m2 at
compost rates of 0, 90, 180, 360, and 720 mT/ha, respectively. At the
same compost rates, Kentucky 3] Tall Fescue had sod pulling strengths
of 533, 721, 635, L56, and-436 kg/mz, respectively.

Foliar analyses of turfgrass four months after sod placement on ‘
the compost amended soil showed increased P concentration in both
turfgraséeé with increased compost addition. Compost additions of
0, 90, 180, 360 and 720 n{T/ha resulted in N contents of 3.95%, 3.73%,
L. 45%, L.45% and 5.08%, respectively for‘Kentucky 31 Tall Fescue. The
N concentration of Kentucky Bluegrass was not influenced by compost
additions.

Soil samples were collected at a depth of 0-3 cm four months
after sod placement. Compost addition resulted in a consistent de-

crease in soil bulk density and an increase in percent soil moisture.

l-/University of Maryland
College Park, Maryland 20742

and

;//Virginia Polytechnic Institute ‘
Blacksburg, Virginia 24061
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SOIL COMPACTION - EFFECTS ON URBAN VEGETATION
Patterson, James C.

The urban environment imposes severe stress upon
vegetation. The problems are many, and interactions
common, making simple solutions difficult. This paper
on urban soils discusses basic soil physics and soil
chemistry, reviews existing literature, and describes
several research efforts in Washington. Particular
emphasis is placed on soil compaction and ways to
minimize its deleterious effects upon vegetation.

Natural soils contain a volume of pore space of 50%
or more while urban soils are generally highly compacted
with pore space volume of from 13 to 35%; this condition
in itself creates severe plant problems. The densities
of urban soils are generally quite high due to heavy-use,
causing severe plant stress.

We are testing various materials which assist in
reducing compaction while increasing water holding
capacity. Some of these materials are considered
lightweight aggregates while others are urban-produced
organic materials. Each has value as a soil amendment.

Our principal hypothesis is that a soil amendment
should assist in reducing compaction for the long-term,
particularly as it relates to tree growth. Secondly, a
soil amendment should be economically feasible and yet
available for use.

U.S. Department of Interior, Nationél Park Servicé,

National Capital Parks, Ecological Services Laboratory
1100 Ohio Dr., S.W. Washington, D.C. 20242
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MODIFICATION OF BULK DENSITY ON SILTY LOAM AND SANDY
LOAM SOILS IN WASHINGTON, D. C. Short, John R.

The soil present in an urban environment undergoes
severe' compaction, which causes problems for the urban
planner. Soil, when compacted sufficiently, is
difficult to utilize as either a landscaped area or a
recreation area. Compacted soil limits water intake into
the soil, gaseous exchange with the atmosphere, root
penetration and plant establishment. Because urban soil
is used for recreation and planting purposes, a method
must be found to overcome these deficiencies.

Several amendments, both organic and inorganic,
were applied to a silty loam and a sandy loam soil in
varying rates. The amendments used were sintered fly ash,
expanded slate, coarse construction sand, and sewage sludge
as an organic additive. _

Bulk density, infiltration rate, and pore space are
the principle parameters used to determine the various
degrees of compaction of the test plots. Bulk density
was determined using the clod method, infiltration rates
were determined using double ring infiltrometers, and .
pore space was calculated using the values for bulk
density and particle density previously determined.

Incorporating the hard, inorganic amendments into
the soil, will result in increased pore space. This
increase in pore space will allow a more rapid water
intake rate, better oxygen-carbon dioxide relationships
in the soil atmosphere, and easier penetration of the
soil matrix by plant roots.

U.S. Department of Interior, National Park Service

National Capital Parks, Ecological Services Laboratory
1100 Ohio Dr., S.W. Washington, D.C. 20242
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USE OF DREDGED MATERIAL FOR MARSH REESTABLISHMENT AT
DYKE MARSH. Hammerschlag, Richard S.

Dyke Marsh is a fresh water tidal marsh located
in the Potomac estuary south of Alexandria, Virginia.
This area has received various types of intervention by
man including diking for fishing and land reclamation,
dredging for sand and gravel, filling by barge and truck
as well as some modification for recreational purposes.
The Park Service is currently considering various
alternatives for managing the marsh area. One of the
more promising alternatives considers the practicality of
restoring portions of the marsh. The potential for using
dredged material at Dyke Marsh as a readily available
material has been thoroughly analyzed by several units
of the Waterways Experiment Station (WES), Vicksburg,
Mississippi. Chemical/physical analyses of the potential
source material from a shoal in the Potomac River
Channel, the marsh and disposal areas were made.
Engineering feasibility studies were run to include:
dike types and design, location of the first or
demonstration cell, erosion/water vector forces in the
marsh area, alternate filling techniques, etc. An
environmental assessment is being written which includes
collected data on the standard topics of wildlife,
vegetation, topography, archeology, etc. It is
anticipated that the information and actual completion of
the demonstration cell will provide good precedent for
further restorations and Dyke Marsh and other similar
areas around the country.

Ecological Services Laboratory
National Capital Parks
National Park Service

1100 Ohio Drive SW

Washington, DC 20242
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EFFECTS OF PEDESTRIAN TRAFFIC ON SAND DUNE VEGETATION

NICKERSON, NORTON H.

Use of publicly-owned natural areas for recreational
purposes is clearly increasing; effects of this intensifying
use on the vegetative cover in ecologically fragile areas as
often highly destructive and rather abrupt in their appearance.

For the past five years effects of pedestrian traffic
have been studied at the Province Lands Dunes in the Cape Cod -
National Seashore in an attempt to develop an understanding
of the responses of the major dune-binding sandgrass,
Ammophila breviligulata, under various use-pressures, and

to develop specific recommendations to the Seashore on how
the dune areas may be used without being destroyed.

Plant studies reveal that spread by rhizome formation is
not promounced at edges of grass fields; that buried (but
dead) vertical stems are more important to plant survival than
horizontal surficial roots; and that vulnerability to foot
traffic varies with time of growing season. Shoe traffic is
10 to 20 times more destructive than barefoot traffic in
comparable areas. Methods of measuring degrees of plant
destruction and recovery in the field have been developed.

Department of Biology

Tufts University
Medford, Massachusetts 02155
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OFF-ROAD VEHICLE IMPACT ON A SALT MARSH IN CAPE COD NATIONAL
SEASHORE, MASSACHUSETTS.

Brodhead, J. M. B., and Joseph DiMaio

A three year study of a heavily impacted salt marsh on Cape Cod,
Massachusetts, was initiated in 1974. The marsh is relatively young,
having developed typical salt marsh vegetation in the last one
hundred years. Aerial photography has documented vehicle traffic in
the marsh at least as early as 1938. At present, approximately half
of the intertidal portion of the kilometer-square marsh is bare sand.
Most of the vegetated portion is a Spartina alterniflora community
with only a small fraction of Spartina patens at higher elevations.

The objects of the study were as follows: to determine the amount
of sand flat which has been artificially maintained in that state by
driving; the potential natural vegetation of these areas; the amount
of driving required to maintain the bare sand flat; the most likely
successional sequence to full recovery in impacted areas; the feasi-
bility of enhancing the recovery of bare areas through modification
of tidal flux, fertilizer and plantings.

Findings to date have confirmed the hypothesis that much of the
bare sand flat in the marsh in unnatural and capable of rapid recovery
when protected from driving. Very low densities of traffic early in
the growing season are capable of maintaining bare areas in the marsh
indefinitely. Factors influencing recovery include elevation and
proximity to shifting sand, seed source, or vigorously advancing
rhizomes.

National Park Service Cooperative
Research Unit and Department
of Botany

University of Massachusetts

Amherst, Massachusetts 01002
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EFFECT OF OFF-ROAD VEHICLE TRAFFIC ON BEACH AND DUNE VEGETATION
Brodhead, J. M. B., Joseph DiMaio, Robert Zaremba and Deborah Elmer .

This paper reports on work in progress on the beaches and dunes of
Cape Cod National Seashore, Massachusetts. Since 1974, a number of
long term impact and recovery plots have been established in plant
communities on unstabilized and stabilized sand.

Experiments included subjecting test plots to controlled driving at
various levels; to uncontrolled driving by the general public; and to
no driving at all. Estimates of vehicle impact on the vegetation and
its subsequent recovery were made by following changes. in substrate
elevation, and by vegetation counts, mapping, and measurements of
biomass and percent cover.

The dominant plant of the beaches and dunes is Ammophila brevili-
gulata. This colonizes the upper beach -both by sprouting of new
plants from fragments washed ashore and through underground rhizomes
which spread from established plants. Summer growth rate of these
runners averages 2 cm/day. 100% of the runners in an experimental plot
were destroyed by 100 vehicle passes.

Season of impact seems to make little difference in above-ground
biomass reduction of foredune or dune, but recovery after impact is
much faster in the foredune. There is a greater annual sand accumu-
lation in the foredune.
Recovery after impact was markedly slower in the stabilized sand .
communities. Hudsonia and Deschampsia were reduced to lowest levels
after 50 passes and recolonized by seeds. Arctostaphylos is initially
more resistant, but after 300 passes, all three communities were at
the same low biomass levels. Arctostaphylos recolonized by above-
ground runners.

National Park Service Cooperative
Research Unit and Department of
Botany

University of Massachusetts

Amherst, Massachusetts 01002
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EFFECTS OF THE PREDATOR POLINICES DUPLICATUS (GASTROPODA) AND OFF-ROAD
VEHICLES ON THE MYA ARENARIA (PELECYPODA) POPULATION IN HATCHES HARBOR,
CAPE COD NATIONAL SEASHORE, MASSACHUSETTS.

Wheeler, Nancy R.

This study compares mortality induced on the Mya arenaria (soft
shell clam) population by varying levels of off-road vehicle (ORV)
driving with mortality induced by the natural predator, Polinices
duplicatus (clam drill) in Hatches Harbor near Provincetown,
Massachusetts.

During the summers of 1975 and 1976, ORV impact levels of fifty
passes per day for a three week period and five and twenty-five passes
per week for a ten week period were imposed upon Mya individuals.

These clams were numbered, measured, planted in rows, and recovered

at the end of experimental driving periods. Growth rates of survivors
and mortality were recorded. Population density of the naturally
occurring Mya population and bivalve species composition were estimated
by random sampling throughout the study area.

Polinices duplicatus individuals were collected in Hatches Harbor
from June through October 1976. Shells of individuals were marked and
measured, prey species and size (if the animal was feeding) were re-
corded, and individuals were released. Growth rates, and species
preference will be noted.

Though this study will not be concluded until October, 1976, present
trends indicate that Mya mortality caused by heavy ORV driving is more
destructive in form than the natural predation of the Polinices
population; this is due to the size (age) preference selection of the
snails which choose immature clams, while ORVs indiscriminately destroy
reproductively active and immature individuals, as well as compact the
sediments which inhibits the flow of water carrying oxygen and nutrients
to the filter-feeding Mya.

National Park Service Cooperative Research Unit

University of Massachusetts
Amherst, Massachusetts 01002
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THE EFFECTS OF OFF-ROAD RECREATIONAL VEHICLES ON SHOREBIRD POPULATIONS

Blodget, Bradford G. and Dianne Smith

The highly cryptic nests and young of beach-nesting seabirds,
particularly terns, render them particularly vulnerable to disruption
during the nesting season. The effects of ORV traffic on these birds
has never been adequately documented. Also, concern has grown that

driving on tidal flats may have adverse long-range effects upon flocks

of migratory shorebirds that utilize these areas for resting and
feeding.

Our findings at Cape Cod National Seashore have tended to show
that with complete closure of nesting areas and stepped-up wardening,
hatchability of Least Tern (Sterna albifrons) eggs remains excellent,
even despite proximate ORV traffic and associated high levels of
human disturbance. The histories of 113 nests were followed in 1975.
Disturbance and distribution studies, detailed habitat analysis,
censusing, and an historical analysis of the regional population are
underway.

About 455 and 551 pairs of Least Terns were censused on the Lower
Cape 'in 1975 and 1976, but it is not possible to conclude whether this
increase reflects relocated birds or actual new recruits into the
breeding pool. Productivity has been poor at most colonies due to
washouts and incessant fox predation. With protective measures in
effect, there has been little direct loss of eggs and chicks due to
wheels.

In 1975, shorebird study plots on the tidal flats were experiment-
ally impacted by driving over them known numbers of times. Shorebird
foraging behavior was then observed to determine if the birds would
reject this area, due perhaps to a depauperated infauna. Calidris
sandpipers and dowitchers showed a significant preference for non-
impacted areas. However, plovers preferred driven-upon areas,
apparently in response to food items turned up by wheels.

These observations are continuing in 1976. In addition the plots

themselves are being sampled for infaunal populations.

National Park Service Cooperative Research Unit
University of Massachusetts
Amherst, Massachusetts 01002
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THE EFFECTS OF OFF-ROAD VEHICLES ON THE CEOMORPHOLOGY OF DUNES IN THE
CAPE COD NATIONAL SEASHORE

Leatherman, S. P., Hamilton, J. A. and Carey, W. L.

The dune system in two contrasting areas within the Seashore are
being studied to determine the areas where vehicular traffic may cause
significant environmental change. The introduction of the over-sand
vehicle appears to have resulted in vegetative denudation and conse-
quent lowering of portions of the stabilized Provinceland and dunes.
Sand tracer studies were used to quantify the volume of sand displaced
downslope due to propulsion of vehicles. Control areas were monitored
to determine the natural rates of sediment movement for comparison
with the ORV's effects.

In contrast to the prograding shoreline of Race Point in the
Provincelands, the dunes at Nauset Spit are scarped on their seaward
face. Barren washover flats and smaller washover fans are present
along the length of the spit. Observational data indicate that many
of the smaller dune breaches are indeed man-made. In addition,
vehicular traffic over existing washovers prevents revegetation of
these barren regions and establishment of dune vegetation. The
formation of dunes would tend to prohibit most overwashes except
those associated with extreme events. Field sites, both control and
impact areas, have been selected for continued surveying in order to
evaluate the relative roles of overwash and dune building, and the
impact of vehicles on these processes. These studies should
determine if substantial long-term disruption of natural geomorphic
processes occurs as the result of recreational off-road vehicles in
the coastal system.

National Park Service Cooperative Research Unit
University of Massachusetts
Amherst, Massachusetts 01002
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THE IMPACT OF THE EUROPEAN WILD BOAR ON NATIVE PLANT COMMUNITIES
IN GREAT SMOKY MOUNTAINS NATIONAL PARK

Bratton, Susan Power

Since the European wild boar (Sus scrofa L.) entered the Great
Smoky Mountains National Park in the 1940's, the rooting activities
of this exotic species have disturbed a number of native plant
communities. The most extensively damaged areas are in gray beech
forest and high elevation hardwood forests with understories of mesic
herbs. Most of the rooting activity in these communities occurs
in May and June. Herb cover may be reduced to less than 5% of the
expected value. The number of herb species per sample plot may also
be reduced and poisonous plants may increase in relative cover.

In the winter, successional tulip tree and tulip-silverbell
forests are usually the most intensively rooted by hogs, although
both oak and pine forests are also locally disturbed. On the grassy
balds, hogs in search of starchy rhizomes or insect larvae root
around the bases of the shrubs and roll the grass turf.

The herb cover on the grassy balds and in the open tulip
forests regenerates more quickly than that under gray beech forest or
other types with a dense canopy. Hog rooting on the balds favors
forbs like Potentilla simplex over grasses. Hog rooted areas in
tulip forest also tend to support weedy forbs such as Ambrosia spp.
and Dioscorea batatas.

Hog rooting changes the structure of the soil surface and may
result in surface erosion.

‘Uplands Field Research Laboratory

Great Smoky Mountains National Park
Gatlinburg, Tennessee 37738
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GRASSY BALDS IN GREAT SMOKY MOUNTAINS NATIONAL PARK:
HISTORY AND VEGETATIONAL SUCCESSION

LINDSAY, MARY

Local oral tradition suggests that at least some
of the grassy balds of Great Smoky Mountains National
Park were cleared by white settlers. Regardless of the
reason for the original removal of trees, the balds
became and remained grassy because of heavy grazing.
Since the establishment of the National Park and the
consequent cessation of grazing, all balds have been
invaded by forest tree species.’

All grassy balds were certainly much enlarged by
continued grazing and cutting. Grazing was so intense
that establishment of woody seedlings was prevented,
and the forests on top of the main ridge in the western
half of the Park consisted of widely spaced large trees
with a grassy understory. Fire was not an important
factor in bald maintenance.

The area free of trees has decreased by over 50
percent on most balds, succession being faster at
lower elevations. Vaccindium spp., Rhododendron spp.,
Crataegus sp., and Amelanchdiern Laevis are the earliest
invaders. Species dominant in the surrounding forests
such as Quexcus rubra, Betula Lutea, Fagus grandifolia,
and, at higher elevations, Ab{ies grasendi and Picea
hubens are well established. Ring counts show that most
of the trees became established after the cessation of
grazing.

The grassy balds are not naturally self-maintaining
communities. Without management, they will succeed to
forest in 30 to 100 years.

Section of Ecology and systematics
Cornell University
Ithaca NY 14853

and
Uplands Field Research Laboratory

Great Smoky Mountains National Park
Gatlinburg TN 37738
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DECOMPOSITION OF FILTER PAPER AND NATIVE HERBAGE AT FIVE MEADOW
SITES IN SEQUOIA NATIONAL PARK, CALIFORNIA

RATLIFF, R. D. AND WESTFALL, S. E.

How much grazing a mountain meadow can stand probably depends on
the rate of herbage decomposition. Information on decomposition rate
for the meadows of the Sierra Nevada of California is scant. To help
fill the gap, five meadows on the Sequoia National Forest were studied
during a 3-year period (1972-1975) to determine an index to
decomposition. Weight losses from filter paper and from native
herbage--buried and unburied--were measured. Native herbage samples
provided a more accurate index to decomposition than did filter paper.
Herbage remains are naturally deposited on the soil surface. There-
fore, rate of decompostion for unburied herbage is probably more
accurate than that for buried herbage.

The range of yearly weight losses and standard statistical
errors, by type of sample, was: (a) buried herbage--losses, from 48
to 83 percent; errors, from 1.4 to 4.7 percent; (b) unburied herbage--
losses, from 49 to 78 percent; errors, from 1.4 to 5.2 percent; (c)
buried filter paper--losses, from 22 to 91 percent; errors, from 1.9
to 10.4 percent; and (d) unburied filter paper--losses, from 4 to 60
percent; errors, from 2.1 to 9.1 percent.

Between year differences in decompostion rates occurred at only
one site with unburied herbage, but year differences were significant
at four sites with buried filter paper. Buried herbage was affected
by year on two sites, and unburied filter paper was affected on three
sites.

Pacific Southwest Forest and Range
Experiment Station

1130 '"0'" Street

Fresno, California 93721
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ASPEN UTILIZATION BY LARGE HERBIVORES IN ROCKY MOUNTAIN NATIONAI PARK
OLMSTED, C. E.

The decline of aspen (Populus tremuloides Michx.) on elk winter
range has been reported from several National Park Service administered
areas in the Rocky Mountains. This paper reports on patterns of aspen
utilization and population dynamics in an area that undergoes heavy
browsing by both elk (Cervus canadensis) and mule deer (Odocoileus
hemionus) .

Thirteen permanent transects were established in aspen stands on
the lower eastern drainages of Rocky Mountain National Park. The tran-
sects were oriented perpendicular to and crossed the boundary of stand
development when such boundaries were evident. The transects extended
from the margin to the apparent center of each stand. They were each
1 m. wide by 2 m. high and ranged in length from 20 m. to 80 m. Tran-
sects were resampled at monthly intervals during the 1975-76 browsing
season. The winter history of 7242 twigs of the previous season's
growth was followed. Condition, basal diameter, upper diameter, total
length, non-viable length, and number of buds were recorded for each
twig on each visit.

The control stand, within an exclosure, experienced a 3.8% loss in
twig volume, primarily due to abscission of spur shoots. Comparison of
the data on a same stand basis with aspen density results collected in
1970 and 1973 indicate the following: an 8.3% increase in aspen/acre
is associated with a 19.7% loss in twig volume, a 5.0% decrease in
aspen/acre is associated with a 34.6% loss in twig volume, a 27.0%
decrease in aspen/acre is associated with a 70.6% loss in twig volume.
Twig volume losses in all other stands sampled ranged from 43.0% to
78.9%.

University of Colorado
Boulder, Colorado
80309
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LAND USE HABITS AND CHANGES IN VEGETATION ON EASTERN OREGON
RANGELANDS--AN HISTORICAL PERSPECTIVE

SHINN, D. A. AND STARKEY, E. E.

Because National Park Service lands are neither isolated eco-
systems nor segregated land management units, a regional perception
of past and present land use habits is important. Data concerning
changes in vegetation through time in the sagebrush-bunchgrass
habitats of eastern Oregon have been acquired for potential
application at John Day Fossil Beds National Monument, Oregon
and at Lava Beds National Monument, California.

Two environmental factors are of principal concern in this
study: 1) fire (and fire suppression) and 2) livestock grazing.
Three research techniques were used to measure the influence of
these factors on the sagebrush-bunchgrass environment: 1) Ethno-
graphic and historical literature has been investigated to outline
changing rescurce use habits occasioned by the shift from Native
American to European proprietorship. Aboriginal use of fire is
compared with post-settlement fire use and suppression. Intensities
of livestock grazing through time are reviewed and correlated with
historical information on changing range conditions. 2) Early
photographs of rangelands in eastern Oregon, dating to the late
1880's, have been gathered. Selected scenes have been relocated
and current photographs taken. The vegetation pictured in each
"before-and-after" set of photographs has been compared. Changes
in vegetation are discussed. 3) Informal interviews with land
managers, ranchers and "old timers" have been conducted to
determine popular range management habits and perceptions at
present and in the recent past.

Data obtained through these three techniques have been inte-
grated to indicate: 1) changing human activities affecting the
lands surrounding John Day Fossil Beds National Monument and
Lava Beds National Monument; and 2) the influence of these
activities on the vegetation of those areas.

Cooperative Park Studies Unit
Oregon State University
Corvallis, Oregon 97331




ALPINS AND SUBALPIHE VEGETATION UNDER THE INFLUEMNCE OF HNONe
NATIVE #4OUNTAIN GOATS, OLYAPIC WATIOWNAL PARK

OL4STED, IANGRID, C,

The alpine/subalpine vegetation of the geoslogically
complex Klahhane Ridge in Olympic wational Park was
mapped and studied with regard to the influences »of non-
native mountain goats,

In the northeastern portion of the Olympic Hdountains,
Klahhane Ridge is a west-east trending, mostly volcanic
mountain, Steep topography and precipitous rock
formations are basic hatitat factors which have influenced
the varied subalpine/alpine plant communities, Five
habitat types have been recognized, Flant communities
will be described within these habitats, A vegetation map
of the ridge will be presented,

dountain goats (Oreamnos americanus ), introduced in
the late 1920's, have reached a population size that has
affected the vegetation, Various types of influences from
feeding to trampling to bedding and dust-bathing have
been measured, Ratios of vegetated/unvegetated goat-
used areas have been determined and will be compared to
similar vegetation types that are little or not at all
used by goats, Cover and density measurements were made
of most plant species used by the mountain goats, Permanent
plots have been established for monitoring changes and
succession,

S0il btulk densities were determined for all habitat
types used by goats and compared to those not used by
them, i

Five endemic plant species of Olympic Hational Park

grow on Klahhane Ridge, Their status and condition will
be reported,. ' '

University of Washington
Seattle, Washington
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SUCCESSION FOLLOWING GOAT REMOVAL IN HAWAII VOLCANOES NATIONAL PARK

MUELLER-DOMBOIS, D.

A rapid early plant succession was initiated following goat
removal from the seasonally dry coastal lowland. The trend was
first discovered by experimental goat displacement in exclosures and
now is occurring over a much wider territory.

Under high goat pressure, much of the area was covered by a
sparse annual grassland (of Eragrostis tenella) with exposed patches
of dusty soil and rock. Now the grass cover has thickened and
changed in species composition and in many places is arrested in a
chamaephyte stage. This stage is characterized by a prevalence of
perennial bunch grasses (Rhynchelytrum repens, Hyparrhenia rufa) and
by thick mat-forming grasses (Melinis minutiflora, Cynodon dbctylon),
which are interspersed with low-growing shrubs (Indigofera
- suffruticosa, Cassia leschenaultiana, Waltheria americana). In some
places, native herbaceous vines (Canavalia kauensis, Ipomoea
congesta) have overgrown the grasses and shrubs resulting in a lush
vegetation cover. Depending on substrate differences and seasonal
rainfall variations, these 1ife forms are now constantly shifting
in quantity, indicating a temporary dynamic-equilibrium. This
arrested succession is caused by a lack of tree seeds, the supply of
which was exhausted by the century long devastation by feral goats.

Two exotic, taller-growing woody plants (Leucaena latisiliqua
and Ricinus communis), both with an enormous seed-producing
potential, are now invading the chamaephyte stage in a few
locations. If this process is not closely checked, this area will
convert rapidly into an undesirable thicket with very low species
diversity. At the present time, these two weed-tree species form
only a few small colonies in the vast area of this coastal lowland.

As step 2 in the ecosystem restoration program of this formerly
goat-infested territory, these two exotic tree-pests should be
monitored for elimination at very frequent (preferably monthly)
intervals. As step 3, a few strategically located seed source
centers should be established by planting (in aggregation) native
dry-zone tree species (such as Canthium odoratum, Diospyros ferrea,
Erythrina sandwicensis). The seed source for these centers should
be obtained from within an approximate three-mile Timit of the
formerly goat-infested territory.

University of Hawaii
Honolulu, Hawaii 96822
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THE USE OF UNIFORM ECOSYSTEM PARAMETERS TO CHARACTERIZE
NATURAL AREAS

SHEA, G. BRADFORD

With increases in pressure from human society, it is
becoming increasingly important to make decisions as to the
preservation of valuable natural areas, Decisions regarding
such preservation must result from planned, quantifiable
investigation of natural values. Ecological parameters such
as species diversity, successional age, biomass and product-
ivity can provide keys for such quantification.

Studies of wetland and forest natural areas for the U,S.
Park Service's Natural Landmark Program in Maryland and
Virginia have revealed that several important ecological
parameters can be assessed quickly and with rather simple
tools. The plant community can be assessed directly by
sampling, weighing and use of forestry tools such as increment
borers and altimeters. Faunal biomass, diversity, product=-
ivity and standing crop can often be assessed from local
information sources and a knowledge of the literature. Finally,
combination of plant and animal components of the ecosystem
can give important information on food availability, habitat
value and overall health of the ecosystem on a long term
basis,

Integration and quantification of these diverse factors
provides a basic challenge for comparing values of different
gcosystems, Differing types of wetland and terrestrial
systems can only be compared when information is available on
a large number of floral and faunal groupse This information
is lacking for most natural areas and must be extrapolated
from existing data. '

University of Maryland

Dept. of Botany and

Horn Point Environmental Lab
College Park, Maryland
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BIOLOGICAL MONITORING IN UNESCO BIOSPHERE RESERVES WITH SPECIFIC
REFERENCE TO THE GREAT SMOKY MOUNTAINS NATIONAL PARK1

Johnson, W. Carter* and Susan Power Bratton**

A system of reserve-wide and special purpose permanent sample
plots is suggested to monitor biotic changes in those National Parks
which have been designated as UNESCO Biosphere Reserves.

Biological monitoring is a major thrust of the currently expanding
UNESCO Biosphere Reserve Program. Since many National Parks have
recently been included in the U. S. set of Biosphere Reserves, a uni-
fied biological monitoring system would be optimal to serve the needs
of both the Parks and the UNESCO Program. '

We propose that a system of permanent sampling plots be established
to monitor several types of biological change in such regions. A
reserve-wide network of plots remeasured at 5-10 year intervals would
characterize major directions of change caused by wide-ranging pheno-
mena such as natural succession, disturbance patterns (e.g., windthrow,
fire) and the migration of altitudinal limits of vegetation zones in
response to climatic change. Smaller sets of special-purpose plots
would monitor changes occurring at a more local scale (e.g., response
of biota to automobile emissions concentrated along roadsides). Easily
measured biological variables should be selected for measurement and
ultimately correlated with environmental data to test various
hypotheses of change.

Time-series data such as those collected from such a plot system
can be used to construct probabilistic simulation models of landscape
dynamics. These models will be useful in predicting biotic changes
and in prescribing management alternatives.

*Environmental Sciences Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

**Jplands Field Research Laboratory
Great Smoky Mountains National Park
Gatlinburg, Tennessee 37738

IResearch sponsored by Union Carbide Corporation for the Energy
Research and Development Administration.
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A METHOD FOR EVALUATING LAND AREAS FOR NATIONAL PARK AND NATURAL AREA
STATUS.

Petrides, George A.

A checklist is developed against which to evaluate the status
and suitability of areas planned for permanent nature reserve
status. Area objectives are appraised and an analysis is made of
whether provisions for both nature preservation and public use are
adequate or excessive and whether adverse land use is properly
anticipated and controlled. Appraisal of overall achievements in
meeting objectives and in monitoring conditions is possible from
use of the check-sheet procedure.

Application of the method is made to the national parks and
reserves of one nation.

Department of Fisheries and Wildlife
Natural Resources Building
Michigan State University

- East Lansing, Michigan 48824
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ASSESSMENT METHODOLOGIES FOR PROTECTED BIOTIC SPECIES

BOONE, C. J.

The Endangered Species Act of 1973 has had and will continue to
have far-reaching effects upon the assessment process for identifying
environmental impacts on the federally and state-protected species. As
a result of attempts to quantify, as well as identify, adverse impacts
on floral and faunal species at a number of construction and mining
sites, a graphic matrix was developed. ' This matrix will be presented
and suggestions for utilizing it in ways that meet the legal constraints
will be discussed.

As an impact assessor, the author has reviewed a number of method-
ologies that are directly or indirectly applicable to the protection of
endangered and threatened species. Three procedures were deemed suit-
able for the development of the matrix. One concerned the geographic
distribution, critical habitat requirements, and land-use categories of
a given protected species. Another was a procedure based on the status
of the species in the natural extinction process. And the third was a
method offering a quasi cost/benefit scale that can be used to identify
those species in need of protection because of certain social or
physiological components in their ecosystems.

From efforts to apply the matrix to biological assessment it has
become apparent that an interdisciplinary approach is the most accept-
able method for conducting the assessment process, considering all the
federally imposed legal restraints.

Division of Environmental Impact Studies
Argonne National Laboratory
Argonne, Illinois
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MOUNTAIN MEADOW MANAGEMENT AND RESEARCH IN SEQUOIA AND KINGS
CANYON NATIONAL PARKS: A REVIEW AND UPDATE

DeBenedetti, Steven H. and Parsons, David J.

Mountain meadows of the southern Sierra Nevada have been
subjected to continuous and concentrated human impact for over a
century. This report reviews the history of this impact, ana-
lyzes management steps which have been taken to alleviate it and
presents recent findings on the present status and future needs
of the meadow ecosystem,

Large numbers of domestic sheep and cattle first invaded the
High Sierra following the droughts of the 1860's. Accounts of
the long-lasting destructive impact of these livestock on the
meadow ecosystem are reviewed. Sheep grazing was phased out in
the present day Parks through Federal legislation by 1900.
Limited permit cattle grazing has continued. Additional local
impact to the Parks' meadows has continued this century through
the recreational use of pack and saddle stock.

Since about 1950 specific efforts have been made to protect
and rehabilitate the Parks' meadows. Recovery from early grazing
impact and the effectiveness of later management activities have
been periodically evaluated. The most recent study (1973-1974),
as reported here, has found Park meadows, while still showing
such scattered signs of past impact as ground cover disturbance,
trail scars, and lodgepole encroachment, to be generally in an
improved condition. Much of the recovery identified is traced to
specific management activities. Recovery of. specific meadows is
evaluated by revisiting areas studied by previous investigators.
Finally, efforts are made to identify current problem areas or
activities and to establish a baseline for future studies.

National Park Service

Sequoia and Kings Canyon
National Parks

Three Rivers, CA 93271
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WILDERNESS PROTECTION IN THE HIGH SIERRA: EFFECTS OF A
15-YEAR CLOSURE

Parsons, David J. and DeBenedetti, Steven H.

Increasing use of the high elevation backcountry of the
Sierra Nevada has led to a growing concern over how to best
manage these areas to preserve natural conditions while at the
same time permitting public use. This paper reports on the
impact and effectiveness of a 15-year closure of a once heavily
used subalpine lake in Kings Canyon National Park.

Concern over visitor impact led to Bullfrog Lake being
closed to all camping and stock use in 1961. Recovery since that
time has been evaluated by comparing the area with heavily used
sites at Charlotte Lake and a comparable undisturbed subalpine
forest community also within the Kearsarge Basin.

Analysis within the once heavily used campsites at Bullfrog
Lake showed an average accumulation of litter and duff of 2.28
cm. This contrasts sharply with the bare soil found in the
heavily used sites at Charlotte Lake, yet is still less than the
buildup found in the comparable undisturbed forest. Soil com-
paction was measured and shown after 15 years of protection to
approximate that found in the undisturbed forest. The accumu-
lation of nearly 1.5 metric tonnes/hectare of fine fuels (in-
cluding twigs and branches up to 7.5 cm in diameter) under the
forest community at Bullfrog Lake also showed marked recovery
over the heavily used site but was still less than that found
under the undisturbed forest. Public acceptance of the need for
use restrictions to protect such areas has been encouraging.

Indications are that after 15 years of closure the forest
community and campsites around Bullfrog Lake have shown notice-
able recovery. However, due to the high elevation and consequent
slow growth rates the area will require additional time to regain
the characteristics of an undisturbed subalpine forest.

The information gained from this study is analyzed in terms
of its effectiveness in evaluating various backcountry use
restrictions.

National Park Service

Sequoia and Kings Canyon
National Parks

Three Rivers, CA 93271
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'THE HALEAKALA CRATER ECOSYSTEM

SMITH, CLIFFORD W.

The Haleakala Crater Ecosystem is a severely disturbed
and depauperate version of its former unique environment.
Grazing by cattle and goats and the introduction of exotic
weeds are responsible, yet few of the endemic species have
become extinct.

Haleakala Crater is the confluence of two major
erosion valleys which were partially filled by later
volcanic activity. On the northern and eastern crater
slopes is tropical rain forest with Metrosideros as the
dominant species and on the southern and western slopes
are mixed Hawaiian dryland forests. Within the crater,
the dominant vegetation is a high-elevation scrub which
nearly always consists of Vaceinium and Styphelia with or
without Sophora. The principal determinant of the type of
vegetation is rainfall, except above 3,000 m. where
temperature is more important. However, in drier areas the
age and type of substrate determine plant distribution.
The vegetation has been severely disturbed at one time .or
another by cattle, goats, pigs and man for at least the
past one hundred years. Most of the endemic flora and
fauna have survived including many species found only on
Haleakala. However, the continuous severe grazing pressure
by goats, rooting by pigs, and the disturbance and weeds
introduced by man are preventing the natural recovery of
the ecosystem. Current evidence suggests that even when
the goats are excluded from the Park, the recovery rate
will be very slow.

University of Hawaii
Honolulu, Hawaii 96822
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Baseline ecological studies and planning in Apostle Islands
National Lakeshore.

Brown, R. T., Linn, R. M., Kowalski, W. L., Larsen, W. C.,
Schulz, R. A., Blank, L. G., Dobie, R. W., & Patzoldt, K. R.

Ecological studies of the plants, animals and soil have been
completed on Bear Island and are in progress on three nearby islands,
Rocky, Raspberry and York. Information obtained is being used in
the drawing of a management plan for. this newly authorized National
Lakeshore.

Maps have been prepared showing vegatation types, animal
ranges, soils, abandoned glacial lake shorelines, depth to bedrock,
and soil limitations for paths and trails, for campsite and picnic
areas, and for septic tank disposal fields.

In addition to the maps, species lists of plants with relative
abundance in various habitats have been prepared. Rare or endagered
species have been carefully noted and located. Similar lists of
birds and mammals have also. been developed. Comparisons between
islands and within each island of both the plant and animal popu-
lations and explanations for the obvious differences have been made.

By using the newly available maps together with previously
existing topographic sheets, better planning for the development
of the park and monitoring of changes, man made or otherwise can be
carried out.

In summary, we have carried out basic ecological and taxonomic
surveys, suggested what limitations must be considered in the recrea-
tional development and management, and have provided much information
which can be used by the interpretive staff.

Department of Biological Sciences
Michigan Technological University
Houghton, Michigan 49931
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AN INVENTORY OF THE BIOTA OF LAKE MEAD NATIONAL RECREATION AREA
Douglas, Charles L., and Niles, Wesley E.*

For the past two years biologists from the University of
Nevada, Las Vegas and its affiliated National Park Service Cooperative
Unit have been engaged in a survey of the biota of Lake Mead National
Recreation Area. The study is concerned with a basic inventory of
all plants and animals (excluding fish and insects) which occur
within the boundaries of the 2500 square mile Recreation Area. Data
are being collected on the occurrence, relative abundance and distri-
bution of each species. Results are being published in a series of -
publications treating the bibliography and separate volumes on the
biotic categories, viz.: plants, amphibians, reptiles, birds and
mammals. The volumes on biota include distributional maps for each
recorded taxon. The study represents a fundamental approach to the
role of research within the Recretation Area. The accumulated data
base will identify areas requiring additional research and will
serve as a guide for an intelligent direction of future endeavors.

NPS/University of Nevada

Cooperative Resources Studies Unit
University of Nevada
Las Vegas, Nevada

*University of Nevada
Las Vegas, Nevada
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RESOURCE MONITORING, CHIRICAHUA NATIONAI. MONUMENT, ARIZONA
LUKENS, W. M. AND MOIR, W. H.*

Scientists and managers have common interest knowing causes and
rates of resource change in National Parks. At CNM a system of
vegetation and soil measurement established in 1974 provided quanti-
tative basis for: 1) describing existing vegetation and soil conditions
and trends, 2) procuring a baseline data set against which natural
succession can be measured, 3) identifying areas of human impact and
determining if deleterious or irreversible resource damage may result,
and 4) helping decide if policies of visitor or maintenance regulation
or use-limitations should be implemented.

The monitoring system employs vegetation and soil measurement
techniques commonly used by plant ecologists, namely sets of quadrats,
transects, and photographic sites at permanently established locations
in different park zones. These zones are road and trail corridors,
research natural areas, high-density visitor sites, and wilderness.
Care must be taken when reading quadrats to minimize location effects,
worker bias, and observational disturbances. These "apparent" measures
of resource change are artifacts of the monitoring system and must be
distinguished from "real" effects caused by natural or human impacts.

The monitoring system detects small magnitudes of resource change
long before trends become subjectively apparent to casual observation.
Scientists can measure vegetation or soil trends in seasonal or l-year
intervals, and managers can be alerted to possible deteriorating re-
source conditions with enough lead time to apply convenient restorative
prescriptions where necessary.

Results of the first year of monitoring at CNM indicated that
vegetation types and soils are mostly very durable under extant and
past conditions of climate, visitor use, and management.

Saguaro National Monument
Box 17210
Tucson, Arizona 85731

* Box 31
Rodeo, New Mexico 88056
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DERIVING ECOLOGICAL CARRYING CAPACITIES FOR RECREATIONAL
USE OF WILDERNESS CAMP AREAS - A CASE STUDY AT NELSON LAKE,
YOSEMITE NATIONAL PARK, U.S.A.

HOLMES, DANIEL O.

Visitor observations and trampling vulnerabilities of
plant species are integrated in an eleven step process to
derive use limits commensurate with preservation of both
the vegetation and the wilderness experience. Two types
of use limits are derived: (1) limits based upon campsite
size, number of campsites, and campsite occupancy ratings,
and (2) limits based upon the plant species! trampling
vulnerabilities, and the distribution of plants and visitor
use.

Campsites, trails, use zones, and vegetation communi-
ties at Nelson Lake (elevation 2940 m or 9630 ft) were _
mapped. The time spent be overnight visitors in each area
was recorded on a minute by minute basis. These camper
movements were also correlated with their activity types,
time of day, and each visitor's campsite of origin. Camper
preferences for specific campsites were noted.

Based upon the mapping, observed visitor occupancy of
different areas, their activities, and the species' tramp-
ling vulnerabilities, the two limits are calculated and
compared. The vegetation damage to be expected with differ-
ent levels of use 1is presented.

Extreme differences are noted in the carrying capaci-
ties of the different plant species and of the same plant
species in different areas around Nelson Lake. The need
for continual monitoring of vegetation change in wilderness
areas is discussed.

Department of Geography
University of California
Berkeley, CA. 94720
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WHAT WOULD YOU DO WITH, SAY, SAN MIGUEL ISLAND*

Kolipinski, Milton C,

San Miguel, one of the eight California Channel Islands, lies
less than 100 miles west of urban Los Angeles. The United States
Department of the Navy owns the island, and by a special agreement
the National Park Service cooperates in managlng the island's
resources.

This paper summarizes existing knowledge of San Miguel's
biological resources, both terrestrial and aquatic. Also, it
presents a capsule of the island's important archeological, geological
and historical resources. The author recommends management and
'research programs to protect these resources.

A recent era of resource devastation has passed for San Miguel
Island. It was characterized by extensive livestock grazing on the
land and wholesale slaughter of marine mammals on and near the shore.
In the past few decades much of the island's pr1m1t1ve character has
returned.

The principle suggestions to manage the island's resources
follow: ‘

1. Restore and perpetuate natural ecosystems and cultural
features.

2. Protect native plants and animals, as well as cultural
features from further detrimental human activities.

3. Control and, to the extent possible, eliminate non-native
plants ‘and animals.

*The inspiration for this title comes from Tan McHarg's, "What Would
You Do With, Say, Staten Island", Natural History, Journal of the
Museum of Natural History, Vol. 78, No. 4, April 1969.

Western Regional Office
National Park Service

P. 0. Box 36063

San Francisco, California 94102
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PLANT COMMUNITY RESPONSES TO THE USE OF PRESCRIBED BURNING AS AN
ALTERNATIVE TO MOWING IN THE MANAGEMENT OF BIG MEADOWS, SHENANDOAH
NATIONAL PARK.

COCKING, W. D., BAXTER, E. E., AND LILLY, S. L.

Big Meadows exists as one of the few remaining open grassland
communities in Shenandoah National Park. Extensive pasture and old
field succession seral stages characterized the vegetation along
Skyline Drive when the park was established in 1935. However, forty
years of uminterrupted succession has returned most areas to the young
forest stage. This has resulted in the loss of many open communities
and potentially threatens the existence within the park of several
plant and animal species due to the reduction of habitat diversity.

In order to preserve at least one extensive area, park personnel have
been mowing the meadowland in front of Byrd Visitor Center in the fall
of each year in an attempt to arrest succession. This practice has
become increasingly expensive in the last decade and appears to be
stabilizing the community at the shrub stage rather than the more
desirable grassland mosaic. Two management questions are posed: 1)
Could the less expensive prescribed burning be used as a substitute
for the mowing without adversely affecting the plant community

composition? 2) Could the grassland mosaic be maintained better by
the use of fire? )

Sixteen experimental plots were selected within the mesic upland
meadow. Mowing in the fall of 1974, prescribed burning on April 17,
1975, and seral stage (grassland and shrub) were examined in,a
replicated 2x2x2 factoral design. Clip sampling with 0.25 m”~ quadrats
and cover sampling using 0.5 m" quadrats was carried out prior to the
experimental burn and at six other times during the 1975 growing
season. A maximum 73% reduction of living grassland stage biomass
occurred one month following treatment and a maximum 53% reduction in
the Rubus-Robinia shrub stage was delayed until two weeks later.
Significant repair occurred in both communities. There was less than
15% reduction in each by 1lat August when overall control standing
crops were 4,113 g dry wt m~~ and 8,585 g dry wt m 2 respectively.
Changes in community cover included increaser species (eg. Fragaria,
Solidago, Potentilla, and Rubus) and others reduced in importance
(eg. Dennstaedtia, Polytrichum, Lycopodium, and Robinia). The degree
of change was dependent on both treatment and species composition of
the community.

The prescribed burning treatment appears to affect the community
in much the same way as the current mowing practice with the ecosystem
exhibiting a high degree of repairability. The use of burning alone
Will arrest succession; however, further study is necessary to deter-
mine whether it will stabilize as a grass-shrubland mosaic or as a
homogeneous shrubland. '
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FIRE ECOLOGY AND MANAGEMENT OF LAVA BEDS NATIONAL MONUMENT

MARTIN, R. E., AND JOHNSON, A. F.*

Fire was an important part of the ecology of the area now in-
cluded in Lava Beds National Monument., Overgrazing and fire control
have greatly modified the plant communities. The changes in vegeta-
tion and plans to move toward the historic vegetation (circa 1873)
are reported in this paper.

Lava Beds National Monument was established due to its unique
lava beds and caves as well as for being the site of the Modoc Indian
War of 1872-73. Army photographs clearly show bunchgrasses to be the
dominant vegetation in the northern end of the monument in 1873.
Analysis of vegetation in the higher-elevation south end of the monu-
ment indicate it was predominantly ponderosa pine (Pinus ponderosa
Doug. ex Loud.) frequently visited by fire. Today, most of the
bunchgrasses have been replaced by shrubs and exotics, and many of
the ponderosa were lost to the western pine beetle (Dendroctonus
brevicomis Lec.) and replaced by mountain mahogany (Cercocarpus ledi-
folius Nutt.) and bitterbrush (Purshia tridentata (Pursh) DC.).

Prescribed burning studies were begun in 1974 to record the
effect of documented fires on the vegetation. The fires were pre-
scribed using the best available knowledge to minimize the undesirable
effect on the desired historic vegetation and discriminate against
other species. Concurrent studies of the effect of fire on raptors,
small mammals, deer, and bobcats are mentioned.

Natural fire intervals are predicted from both tree fire scars
and lightning fire starts. Scars from 87 snags indicate fire inter-
vals of 5 to 15 years in the ponderosa pine zone. Using lightiing
fire data from fire control records and probabilities for spread,
wind, and overnight carryover, much of the monument would be burned
in each 5-year period. Fire spread predictions were made using

. typical weather patterns and randomly selecting patterns for tempera-
tures, humidities, and winds. Rothermel's fire spread equations and
elliptical model were used. Natural features such as lava flows and
collapsed lava tubes were considered in fire spread.

A fire management plan for Lava Beds National Monument is pro-
posed. Considerations in the planning are: objectives of manage-
ment, vegetation and fuel complexes, and practical considerations of
restoring fire to fire-protected areas.

Siliviculture Laboratory
Bend, Oregon 97701

University of Washington#*
Seattle, Washington - 98195
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SPATTAL AND TEMPORAL DISTRIBUTION OF NATURAL FUELS IN GLACIER PARK
BEVINS, C.D. AND JESKE, B.J.

Quantification of natural fuel distributions is necessary to util-
ize effectively available fire potential and behavior models and to aid
in wilderness fire management decision~making. An analysis of over 400
fuel samples taken in Glacier National Park shows ground fuel loadings
and packing ratios to be differentiated into five primary succession~
cover type categories, ten temporal classifications, and three vertical
fuel-vegetative strata.

Glacier's ground fuéls can be categorized by primary succession
and the existing vegetative cover type into five major fuel array
types: upright forest, krummholz forest, alpine meadows, talus-meadows,
and lowland meadows-prairie. Upright forest fuel arrays are further
classified by ten twenty-year stand age classes. Fuel array packing
ratios were also found to be discrete in their vertical distribution
for each fuel category and class.. Three vertical fuel~vegetative stra-
ta are recognized: the compacted needle-fall and undecomposed organic
matter, the stratum of fallen stemwood and branchwood and non-woody
vegetation, and an upper layer of the supported, woody-stemmed vegeta-
tion. During the sampling and analysis, eight fuel array components ’
were considered: fallen woody stems and branchwood in four diameter
size classes, forest floor litter, non-woody vegetation, and the stem-
wood and foliage components of woody-stemmed vegetation. The hori-
zontal distribution of each of the eight fuel components was also
quantified by fuel array category, age class, and vertical stratum,

Gradient Modeling, Inc,
Box 2666
Missoula, MT,. 59801

Gradient Modeling, Inc.

Box 147
West Glacier, MT, 59936
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FIREbMODELING FOR NATURAL FUEL STITUATIONS IN GLACIER NATIONAL PARK
BEVINS, COLLIN D.

A fire behavior model developed by the USDA Forest Service has
been used since 1972 to estimate fire intensity and spread in the up-
slope-upwind direction for horizontally- and vertically-uniform fuel
arrays. Adaptations have been made to this model allowing its appli-
cation to non-uniform wildland fuels and yielding fire behavior esti-
mates about the entire fire perimeter.

Field work in Glacier National Park shows natural fuels to be
neither horizontally nor vertically uniform in their distribution as
assumed by the original fire model. The fuel does appear to be ar-
ranged into three fairly discrete vertical strata that can be consider-
ed uniform within themselves. These strata are the compacted litter
layer, the layer of fallen branchwood and non-woody vegetation, and
the woody-stemmed, supported shrub layer. Each stratum is unique in
its fuel array characteristics, and therefore, its burning qualities.
The horizontal distribution of each stratum's fuel loading has also
been quantified.

The newly-adapted strata fire model accepts as inputs the entire
range of fuel loading values for each stratum rather than a single
mean value. Fire behvaior estimates are made over this horizontal
loading distribution for each fuel layer. The stratum of fastest fire
spread is selected for each of eight compass azimuths dependent upon
the direction and magnitude of the ambient wind and slope. The simu-
lated fire can therefore head, flank, and back through the fastest
available fuel layer based upon the layer's natural variability. Esti-
mated behavior variables include rate of perimeter increase, fireline
intensity, width, and residence time, flame length, tree .crown scorch
and ignition temperature heights, and the stratum of fastest fire
spread.

Gradient Modeling, Inc.
Box 2666
Missoula, MT. 59801

Gradient Modeling, Inc.

Box 147
West Glacier, MT. 59936
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A CHAPARRAL FIRE PLAN FOR PINNACLES NATIONAL MONUMENT

BISWELL, H.H., AND J.K. AGEE*

Fire has always been an integral part of California's
chaparral, and the vegetation is well adapted to it.
Occasional fires in chaparral reduce dead fuels and
maintain a vegetation mosaic by encouraging sprouting of
some shrubs and germination of others. At Pinnacles
National Monument, where the primary vegetation type is
chaparral, the historical fire management strategy was
total fire suppression. The successful use of this
policy has resulted in high volumes of dead fuel and

a disappearing vegetation mosaic., Wildfire hazards

are extremely high during summer months,

National Park Service fire policy changed in 1968, when
prescribed and natural fires, now called management fires,
were allowed in certain areas., The chaparral fire management
plan for Pinnacles begins with a research plan that has
evolved from the park's master plan and natural resources
management plan., The three year research plan will
experiment with three kinds of bﬁrning techniques under
varying combinations of weather, fuels, and topography,
correlating fire behavior and effects to the indexes of

the National Fire-Danger Rating System,

The Pinnacles area has been divided into 14 fire management
units, most of which will remain unburned during the
research phase, In addition to testing burning techniques,
studies will include sampling of the exisfing vegetation

and its condition, fire history, direct impacts of fire

on the site, successional patterns of vegetation after
burning, and the extent to which fire restores the appearance
and character of the original chaparral cover that evolved
with recurring fires.

University of California
Berkeley, California

*WNational Park Service
San Francisco, California
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FIRE-RESILIENT FORESTS OF DOUGLAS FIR IN OLYMPIC NATIONAL PARK: AN
HYPOTHESIS

FONDA, R. W.

Douglas fir and its associated species form fire-resilient com-
munities, because they can re-establish their niche structure on sites
after a destructive fire. The history of fire in the eastern Olympics
suggests that at least once every 150-300 years a long period of dry
weather coincided with a high fuel supply to support massive and wide-
spread fires. This frequency of fire, combined with the tong life
span of Douglas fir, has maintained Douglas fir in an area that should.
otherwise support forests dominated by the climax species western hem-
lock. The Douglas fir community is not fire-stable, however, because
individual organisms cannot survive the environmental perturbation
of fire.

Western Washington State College
Bellingham, Washington 98225
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PAST AND PRESENT INFLUENCE OF FIRE IN GUADALUPE MOUNTAINS AND

CARLSBAD CAVERNS NATIONAL PARKS

AHLSTRAND, G. M.

Fires of natural origin have been and should continue to be an

active process within ecosystems
Desert and adjacent area. Human
has greatly modified some of the
In this paper are discussed some
have altered the role of fire in
Caverns National Parks. The use

of the extreme northern Chihuahuan
influence over the past 125 years
ecosystems in this semi-arid regionmn.
of these modifications and how they
what are now Guadalupe and Carlsbad
of prescribed burns to attain

certain resources management objectives is also presented.

Carlsbad Caverns and Guadalupe
Mountains National Parks
Carlsbad, New Mexico 88220.
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The Ecological Role of Fire in North Rim Ponderosa Pine Forests,
Grand Canyon National Park

Peter S. Bennett

The National Park Service has supported a research program since
1970 for the evaluation of ecological effects of fire within North
Rim forests of Grand Canyon National Park. This project is broad in
scope, dealing with its subject at the ecosystem level.

Research has been conducted on the effects of fire exclusion for
long periods of time and also on the effects of prescribed burning.
Physical and biological soil properties, vegetational, floral, faunal
vertebrate, and fuel loading effects were considered.

Fire exclusion within North Rim Ponderosa forests has been an
important factor in shaping these ecosystems for the past 60 years.
The principal effects have been floral impoverishment, major shifts in
soil microfloral composition and the accumulation of fuels of all size
classes. '

Prescribed fires burning at energy release rates from 700 to 1000
kg cal/m?/min result in dramatic changes in affected forest ecosystems.,
Tree standing biomass is reduced by 10 to 20 percent, the plant species
diversity index increases by 123 to 209 percent, soil respiration rate
(decomposers) increases by 62 to 201 percent, and net fuel loadings are
reduced by 45 to 75 percent. The effects on the vertebrate fauna are
more complex than they are on the vegetation but are also less
pronounced.

Palynological and dendrochronological data show that the ponderosa
forest, within the Pt. Sublime study area, burned every 27 + 6 years
before European settlement. Preliminary data suggest that the mean
fire size in these times was 1.6 ha.

Recommendations are made to management for the maintenance of
these forests as natural ecosystems.

Grand Canyon National Park
Grand Canyon, Arizona
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MOOSE-FOREST-FIRE ECOLOGY IN ISLE ROYALE NATIONAL PARK
Janke, R. A.

Research on the ecology of the upland boreal forest type of
Isle Royale National Park has been in progress for several years.
Thus far, studies of the effects of moose and fire on this ecosystem
have been emphasized. A comparison between moose-browsed and un-
browsed areas has revealed striking changes in the density, structure,
tree species composition and ground cover of the forest since this
animal established a population in about 1910.

Extensive man-caused fires during a period of mining activity
in the 1800's have also greatly modified the forest. A comparison of
the existing forest, as recently sampled, with that of 1847, as
determined from analysis of original land survey notes, has indicated
that much of Isle Royale's boreal forest is now in relatively early
stages of succession as compared with pristine conditions.

Successional trends following fire have been studied by: (1)
intensive sampling of selected stands, including determination of
tree age structure, in order to reveal changes with time within each
stand and (2) by comparison of about 250 forest plots of varying
ages with one another. These same plots are currently being used to
determine the relationship between tree reproduction and the
environmental parameters affected by fire and post-fire succession.
Successional trends generally lead toward a more combustible forest.
This effect is moderated by moose-browsing.

Department of Biological Sciences

Michigan Technological University
Houghton, Michigan 49931
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YELLOWSTONE'S NATURAL FIRE PROGRAM

Despain, Donald G.

In 1972, Yellowstone National Park initiated a natural fire
program allowing fire to play it's role in the environment.
Approximately 300,000 acres were designated as natural fire zones
wherein lightning caused fires were allowed to burn. Through
1975, a total of 25 fires were not suppressed. Only 4 of these
burned more than one acre. The largest was 600 acres.

In 1976, the natural fire zones were expanded to include most
of the park (1,700,000 acres). Fires are still suppressed where
they could threaten developments and neighboring U. S. Forest
Service areas that do not have an approved natural fire management
plan. A cooperative agreement with the Bridger-Teton forest
permits interagency exchange of fires when mutually agreeable.

By mid-August 1976, eleven more fires were allowed to burn.
One reached more than 1,000 acres. There appears to be a logistic
distribution of fire size with large fires occuring as rare but
persistent phenomena.

‘'Fire, uninfluenced by modern man, is a complex phenomenon
with limiting factors and feedback mechanisms.

Yellowstone National Park
Wyoming 82190
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FIRE MANAGEMENT IN EVERGLADES NATIONAL PARK

BANCROFT, WILLIAM L.

Fire is a natural factor in the Everglades. Before the arrival
of European man lightning and Indian-caused fires perpetuated a
forest of South Florida Slash pine, Pinus elliottii var, densa,
and with water maintained the sawgrass prairie. After the arrival
of European man the character of the Everglades was altered by .
drainage and severe fires. A fire management program began in
Everglades National Park in 1972 to integrate fire and water
management in order to perpetuate pine forests interior sawgrass
glades, and coastal prairies.

Fire ecology research was conducted at Everglades National Park
from 1953 to 1971 to assess the role of fire in the pine forests
and sawgrass glades. These studies indicated that the rockland pine
forest and sawgrass glade were sub-climax communities that
without fire would be replaced by tropical hardwoods. The fire
management program was based on these studies.

Lightning-caused fires, human-caused fires, and prescribed .
burns are used under a predetermined prescription when they meet
approved resource management objectives to perpetuate the fire
sub-climax communities. The fire prescription is based on location,
drought index, soil moisture, and water level., Fires that do not
meet approved resource management objectives are wildfires and
suppressed, :

Since the program began, 21 wildfires (32,000 hectares),
82 lightning-caused fires (6,000 hectares), 23 human-caused fires
(3,000 hectares), and 177 prescribed burns (16,000 hectares) have
occurred.,

Everglades National Park
Homestead, Florida 33030
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PATTERNS OF SOIL EROSION AND VEGETATION DAMAGE ASSOCIATED WITH TRAILS
AND CAMPSITES IN GREAT SMOKY MOUNTAINS NATIONAL PARK

Hickler, Matthew G. and Bratton, Susan Power

The purpose of this study was to quantify physical conditions of
backcountry compsites and trails as they now exist in Great Smoky
Mountains National Park. Data collection for each trail included a
series of measurements for width, depth, slope, aspect, forest type,
and degree of erosion. All mud holes and extensively eroded areas
were recorded. Data collection for both legal and illegal campsites
included the type of site, topographic position, site vegetation,
‘site dimensions (including the size of eroded or damaged areas), the
extent of firewood removal, the quality of the water source and a
general rating of impact.

The degree and type of trail erosion shows correlations to
forest type, topography and the section of the Park where the trail
is found. A section of trail in spruce-fir forest, for example, is
frequently more eroded than a Section of the same trail in an ad-
joining forest type. ‘

The trampling damage associated with Appalachian Trail shelters
is not necessarily greater than that associated with other heavily
used campsites. Illegal campsites are usually, but not always,
smaller than nearby legal campsites and outnumber the legal campsites
by more than 4:1 in some sections of the Park. Again, some sections
of the Park have more problems with campsite erosion and illegal
camping than other sectionms.

Both the trail and campsite data are keyed to master maps
showing the position of each sampling site. The trail data were
processed on an IBM 360 computer and are available on punched cards.

Uplands Field Research Laboratory

Great Smoky Mountains National Park
Gatlinburg, Tennessee 37738
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CULTURAL INFLUENCES ON SUBALPINE AND ALPINE MEADOW VEGETA-
TION IN YOSEMITE NATIONAL PARK, U.S.A, 4

HOLMES, DANIEL O.

The perceived influences of cultural activities upon
meadow areas in national park wilderness strongly affect
management policy. Professional, popular, historical, and
contemporary concepts of the influences of people's
activities on the higher meadows in Yosemite are analyzed.

The origins and ecology of the particular meadows of
concern are discussed and the nature of the historical
information sources is presented. The human-related acti-
vities of burning, hunting, grazing, hiking, and horseback
riding are analyzed in terms of the past uses of the mea-
dows for sustinance, commercial gain, and recreation.

It is shown to be unlikely that hunting by Miwok
Indians had much influence upon meadow vegetation; the pro-
bability of the Miwoks having burned the meadows is also
determined to be low. Domestic sheep grazing, which per-
sisted for about 35 years prior to the park's establishment;
and effective trespassing control, is considered to have ‘
probably had no important and lasting ecological effects.
The effects of recreational use are found to have been
strictly localized. Influences of trail and campsite use
upon vegetation in adjacent meadows is emphasized, includ-
ing the issues of meadow invasion by lodgepole pine (Pinus
Murrayana Grev. & Balf.), invasion by alien plant species,
and soil erosion.

In conclusion, the cultural activities discussed seem
to have had no lasting effects on the meadow vegetation,
with the exception of specific locations that have been
heavily grazed or trampled by people and livestock.

Department of Geography
University of California
Berkeley, CA. 94720
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MANAGEMENT STUDIES OF HUMAN IMPACT AT BACKCOUNTRY CAMPSITES IN
OLYMPIC NATIONAL PARK, WASHINGITON, U.S.A.

MOORHEAD, B B., AND SCHREINER, E. S.

Recreational activities such as hiking and backcountry camping
have increased more than threefold during the past ten years in
Olympic National Park. In this paper we report studies of the bio-
physical characteristics of backcountry campsites and evident rela-
tionships between visitor use, consequent site alteration, and the
relative sensitivity of different camping locations and plant com-
'munities to trampling impact.

Measurements commonly used in plant synecological studies were
adapted to meet the operational constraints of foot travel in remote,
rugged terrain and frequent precipitation. New methods for extensive
survey of human impact, including the use of radial line intercepts
and printed 'keysort' cards, are described.

Biophysical data were collected from June to September at 73
backcountry camping locations, including 726 individual campsites,
between 1973 and 1975. Results indicate that few broad patterns . |
relating trampling severity to specific site factors hold throughout
the heterogeneous terrain of this park. A correlation pattern is
evident between radial size of trampled bare soil at a site, the
percent of coarse rock fraction at the surface, and the percent of
forest canopy cover.

Management priorities include the need to limit campfire-building
behavior in certain plant communities and the trend of proliferating
campfire sites, which evidently create new quasi-destinations for
hikers and enlarging social zones of concentrated trampling. Our
experience also points up the usefulness of establishing baseline
maps of campsite abundance and site alteration due to trampling at
key backcountry camping locations to monitor use trends and the
effectiveness of protective management actions.

Olympic National Park
Port Angeles, Washington 98362

Cooperative Park Studies Unit
College of Forest Resources
University of Washington
Seattle, Washington 98195
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EFFECTS OF HUMAN TRAMPLING ON SUBALPINE VEGETATION, YOSEMITE
NATIONAL PARK, SIERRA NEVADA, U.S.A.

Holmes, Daniel 0., and Dobson, Heidi E. M.*

Human trampling is shown to have detrimental effects upon low-
growing vegetation in the wilderness of Yosemite National Park.
‘Measurements of the trampling vulnerabilities and subsequent recoveries
of 22, perennial plant species are given.

Natural stands of plants near 2900 m (9500 ft) elevation were
trampled experimentally. The trampling effects are evaluated in
terms of the percent of original cover surviving 100 '"standard steps"
on a% mby 1 m area. Trampling impact on plants is viewed as the
collective result of several distinct trampling effects: shearing,

crushing, gouging, grinding, and ripping.

Herbaceous plants with basal leaves generally exhibited the
greatest resistance to trampling. The possession of pliable, and
leathery and thick basal leaves was usually essential for a high
survival rate. Other factors, such as the size and erectness of the
leaves, strength of the petioles and nodes, woodiness of the stems,
and the extent of the root system, influenced plant resistance to
varying degrees. In the late summer (September), plants were found
to usually be more vulnerable to trampling damage than in the early
summer (end of July to mid-August). Mixed, layered communities or
moist, peaty soil with a dense root content and a stable surface
tended to cushion the plants from damage. Plants most sensitive to
trampling were those with woody stems above the ground and those
with tall, entirely herbaceous, and caulescent shoot stems.

High recovery rates usually occurred when the regenerative
buds were at or below the soil surface, or when at the time of tramp-
ling, the plant was near the end of its growing season.

Department of Geography
University of California
Berkeley, California 94720

*Department of Entomology
University of California

Davis, California 95616
(formerly: Department of Botany
University of California
Berkeley, California 94720)
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VISITOR IMPACT ON SUBALPINE MEADOW VEGETATION IN GLACIER NATIONAL
' PARK, MONTANA

HARTLEY, ERNEST

This research was conducted to determine some of the
qualitative and quantitative relationships between human activities
and the stability of subalpine meadow vegetation at Logan Pass
in Glacier National Park. Data are presented on plant community
composition, species diversity, species cover, flower density,
plant height, underground storage carbohydrates, and soil compact-
ion as functions of human trampling intensity.

Visitor effects were studied in experimental plots, along
heavily used high mountain trails, and across previously
undisturbed vegetation. Single individuals walking through
dry meadow vegetation leave imperceptible traces, but a small
group walking in single file leaves a path of crushed plants.
Such damage is temporary if the action is not repeated. People
often do retrace the path and create a permanent addition to the
trail system. New paths were created in this way during the
study period.

Non-structural carbohydrate reserves in the roots and under-
ground storage organs of Erythronium grandiflorum were analyzed
to find a possible explanation for the smaller plants, decreased
flower production, and lower species cover observed in trampled
sites. These characteristics were associated with significant
reductions in carbohydrate content.

The attrition of trampling~-sensitive plants accounts for
floristic changes in trampled communities; plants of Phyllodoce
empetriformis, Senecio resedifolius, and Polytrichum alpinum
rapidly disappeared in trampled plots and did not return after
six years. Certain trampling-resistant species such as
Carex nigricans invade disturbed sites if trampling is not
too severe,

People are an unnatural part of high mountain ecosystems.
It is principally in relationship to man that alpine plants
are considered fragile,

Mountain Research Station

University of Colorado
Nederland, CO 80466
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VISITOR USE IMPACT IN SUBALPINE MEADOWS

LEMONS, J. D.

Vegetative stands with different levels of human use but within
the same subalpine meadow community were studied to determine whether
a correlation exists between vegetative condition and consequences
of trail use (soil compaction). '

Regressions of the species attributes frequency, density, and
importance values (I.V.) respectively, for each of the 20 most
common species on soil compaction were made for each stand. Carex
exserta was the only species to increase in attribute value as soil
compaction increased, thereby indicating resistance to human use
impacts. The regression of species attributes for C. exserta on
soil compaction was statistically significant, thereby indicating
that this species could serve as a quantitative indicator species
for visitor use effects. The remaining species decreased in stand
attribute values as stand soil compaction increased. Thus, most
species were sensitive to human use effects. However, the decrease
was not systematic for any of the decreaser species and therefore
they could not be used as indicator species.

A measure of similarity of disturbed stands to an undisturbed
reference stand was determined by calculating coefficient of com-
munity values (CC), using the respective attributes described above.
The CC values for all stands were significantly correlated with
s0il compaction.

Since individual species response to human use may be complex
within the context of community change, CC values may be of greater
value for predicting response to human use. Because soil compac-
tion measurements are easily acquired and are a function of human
use within an area, the correlation of soil compaction with CC
values along an undisturbed to disturbed gradient may aid national
park managers in predicting vegetative response as a function of
human use. :

National Park Service
Yosemite National Park
CA 95389
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GEOLOGY, SOILS, AND RECREATIONAL LIMITATIONS OF BEAR
ISLAND, WISCONSIN, APOSTLE ISLANDS NATIONAL LAKESHORE

Kowalski, W.L.

A Quaternary geologic history of Bear Island is form-
ulated with emphasis from the most recent glaciation (Val-
ders Stade of Late Wisconsin glaciation) through the ensu-
ing postglacial lake stages to the present. Abandoned
shorelines from past levels of postglacial Lake Superior
are evident. These shorelines correlate with glacial lake
stages of the Post-Duluth series which occupied the Lake
Superior basin approximately 10,000 years ago. Maps de-
picting abandoned shorelines and depth to bedrock are
presented.

Soil materials on Bear Island exhibit evidence of be-
ing water laid deposits. Soil borings reveal these mater-
ials to be variable in depth, O to 5 feet or more over
sandstone bedrock. Soils vary in texture from sand
through clay and in drainage from poorly drained to well
drained. A Bear Island soils map is presented. Soils are
rated as to the limitations they pose for specific recrea-
tional uses (i.e. paths and trails, camp sites and picnic
areas, and septic tank disposal fields) and presented on
color-coded soil limitation maps. By interpreting these
maps, park planners will be able to locate potential sites
for public enjoyment in areas that will best tolerate hu-
man impact.

Department of Biological Sciences
Michigan Technological University
Houghton, Michigan 49931
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IMPACT OF CHLORINE POLLUTION IN THE UPPER POTOMAC AND
ANACOSTIA ESTUARIES. Wester, Horace V. and Rawles,Steven pl

There is ample documentation that during the first
part of this century the upper Potomac and Anacostia
estuaries, which flow through Washington, D.C. were very
healthy ecosystems. Since that time the authors and others
have noted marked decline to elimination of much of this
life. This diminishing diversity and density of flora
and fauna in these upper tidal estuaries indicates that a
major ecological disruption to this ecosystem has occurred.

Field observations, plot studies and data from
controlled environment investigations with Cabomba
caroliniana, Elodea canadensis, Potomogetan crispus,

P. pectinata, and Vallisneria spiralis indicate that
chlorine pollution may be a significant cause of this
critical environmental problem affecting these once locally
prevalent plants. In bioassay tanks, these plants showed
marked retardation of growth, loss of chlorophyll, and
even collapse when total available chlorine levels in the
estuary water source occurred in a range of .05- 125ppm
under low turbidity conditions.

Environmental factors which appear to be correlated
to this ecosystem problem are as follows:

1. Concentration of chlorine pollutibn sources from
sewage treatment facilities and power plants, in the
affected estuaries.

2. Tidal action which, in effect, creates a semi-enclosed
system. This increases the ecosystem's vulnerability
to this pollution problem.

3. Light penetration as enhancing assimilation and
sensitivity of submerged vegetation to chlorine toxicity.

Since this representative ecosystem is part of the
Chesapeake Bay estuary which supports an annual
41 million dollar fish and shellfish industry, in
addition to sport fishing and hunting, etc., it is
important that we get a better understanding of the
problem scope.

Further investigation using bioassy tanks are being
conducted to further substantiate the specific role of
environmental factors which affect the Potomac River
basin and ultimately, the Chesapeake Bay estuary.

U.S. Department of Interior, National Park Service,
National Capital Parks, Ecological Services Laboratory
1100 Ohio Dr., S.W. Washington, D.C. 20242

lpddress the same as major author.
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THE DECLINE OF DESERT HOLLY AS RELATED TO OZONE POLLUTION IN
DEATH VALLEY NATIONAL MONUMENT

Jack Fisher

Desert Holly (Atriplex hymenelytra) was grown in a filtered air
greenhouse in Riverside at the University of California, and
fumigated with the same levels of ozone which occur in Death Valley
during summer months., The levels of .15 to .18 ppm ozone were used.
Photosynthesis was reduced in exposed leaves of Desert Holly. Water
use efficiency was reduced because of ozone induced stomatal closure
and increased mesophyl resistance. The reductions were most pro-
nounced in plants which were under high water stress. Three
controlled levels of water stress were utilized for experimental and
for control plants. From the resuls I conclude that abnormally
high ozone concentrations found in Death Valley during the summer
months could be a major factor in the decline of the Desert Holly
community. The damage from ozone is more pronounced when plants are
under high water stress. Ozone is present in Death Valley in
higher concentrations during the summer months when plants are under
water stress; thus the degree of damage caused by ozone is maximized.

Nevada State Parks
Las Vegas, Nevada
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THE IMPACT OF EXOTIC PLANTS ON THE NATIVE VEGETATION OF
THEODORE ROOSEVELT ISLAND. Thomas, L. Kay, Jr.

Three exotic plant species were studied. Lonicera
japonica, Thunb. (Japanese honeysuckle) and Hedera helix,
L. (English ivy) are destroying the forests (except the
swamp) of this low lying island in Washington, D.C. The
marsh on this Potomac River island is being changed by
Iris pseudacorus, L. (European yellow iris). Besides
studying impact, limiting factors were also determined.

On the island upland L. japonica growth increases
with light intensity. When shade is not a factor that
limits this evergreen vine, it overwhelms and kills
small trees and shrubs, and it inhibits reproduction,
especially of the following trees which are among the
overstory dominants on the upland of the island: Ulmus
americana, L., Prunus serotina, Ehrh., and Liriodendron

tulipifera, L.

On the upland there is no other factor that is
stronger than light for limiting H. helix growth, but
it is not as strong a limiting factor for this species
as it is for Lonicera. On the flood plains growth and
distribution are limited by water table height. In both
habitats Hedera suppresses the growth of native herbs.
This evergreen tendril liana climbs overstory and
understory trees as well as small trees and is able to
shade and kill them.

Marsh that would otherwise be occupied by Peltandra
virginica, (L.) Schott & Endl. are taken over by
I. pseudacorus. In the swamp-marsh transition Acorus
calamus, L. takes over Iris areas. The lengths of time
Irlis 1s inundated by water comes closest to a factor
limiting its growth. The shorter the inundation,
the greater is the growth rate.

U.S. Department of Interior, National Park Service,
National Capital Parks, Ecological Services Laboratory,
Prince William Forest Park, Box 208, Triangle, VA. 22172
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THE STATUS OF FIVE WOODY EXOTIC PLANTS IN THE TENNESSEE DISTRICT OF
GREAT SMOKY MOUNTAINS NATIONAL PARK

Baron, Jill

A study was made of the status of five exotic woody plants
(Albizza julibrissin, Lonicera japonica, Ailanthus altissima, Pueraria
thunbergiana, and Paulownia tomentosa). on the Tennessee side of the
Great Smoky Mountains National Park. Two hundred and seventy miles
of roads and trails, as well as streamsides and old homesites were
surveyed. Pueraria thunbergiana was not found in the survey area.
From the occurrences of the other four species the following
generalizations were made: these exotics appear to be confined to a
low elevation (below 3400ft.) successional forest dominated by
Liriodendron tulipifera; the species are most often found along roads
or around buildings where man has disturbed the natural environment;
there is little or no invasion of virgin forest; the populations are
probably stable or decreasing in size.

Uplands Field Research Laboratory'
" Great Smoky Mountains National Park
Gatlinburg, Tennessee 37738
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IMPACTS ON NATIONAL RECREATION RESOURCES OF CONSTRUCTION
AND OPERATION OF A KAIPAROWITS POWER PLANT

GIAMBERDINE, RICHARD V.; CARTER, ALEX R., JR.; FARIS, DOUGLAS
D.; AUSTIN, JOHN T.; KUSSMAN, JOEL V.

This study was undertaken to assess the impacts on national recreation resources
that would result from building and operating a 3,000-megawatt, coal-fired power
generating plant near the Kaiparowits plateau in southern Utah to supply
electrical power to Arizona and southern California.

Utilizing existing data and current methodology, the report analyzes impacts on
air quality, fish and wildlife, scenic views, visivtors, tourism, and other recreational
values associated with the five national parks, four national monuments, and one
national recreation area surrounding the two possible plant sites.

The results of the analysis indicate that there would be significant deterioration of
air quality in Bryce Canyon, Grand Canyon, and Capitol Reef National Parks, and
in Glen Canyon National Recreation Area. Also, there could be mercury
contamination of Lake Powell, degradation of regional aesthetic quality and
scenic views, and a loss of recreation-use days and tourist-related expenditures.

The study pointed out that more sophisticated theoretical estimations (modeling)
for air quality analyses are imperative to assure uniform and accurate predictions.
Similarly, it was apparent that the methods utilized to evaluate the effect of the
power plant and its plume on the aesthetic resources of the region need to be
refined if the magnitude of such impacts is to be represented accurately,
consistently, and meaningfully.

Denver Service Center

National Park Service

U.S. Department of the Interior
Denver, Colorado 80225
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THE HOLE IN THE SYSTEM: A GREAT PLAINS NATIONAL PARK

ALLEN, DURWARD L.

Forestry and Conservation
Department :

Purdue University

West Lafayette, Indiana 47907

NO ABSTRACT SUBMITTED
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ORNITHOLOGY IN THE NATIONAL PARKS
Robertson, W. B., Jr.

The National Parks have provided a reasonably active theater for
research in ornithology, but the ornithological research possibilities

- of National Park System areas, particularly for bird study that

extends beyond basic faunistics, have been very imperfectly exploited.
This paper surveys the current state of ornithological knowledge of
National Park System areas. The approach is primarily historical
within the major sectors of ornithology with more detailed reference
by way of example to various work completed and in progress. We also
indicate research facilities in NPS areas of specific interest to
ornithologists and suggest some research problems that seem to have
interesting potential. Closing comments undertake (perhaps rashly)
to propose modest attitudinal adjustments on the part of the National
Park Service and by ornithologists of the scientific community that
may advance ornithological research in the National Parks.

Everglades National Park
Homestead, Florida 33030
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ECOLOGY OF A THERMAL SPRING ALGAL-FLY COMMUNITY

WIEGERT, RICHARD G.

Department of Zoology
University of Georgia
Athens, Georgia 30651

NO ABSTRACT SUBMITTED
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SMALL MAMMAL POPULATIONS IN NORTHERN DEATH VALLEY NATIONAL MONUMENT

O0'Farrell, T. P. and O'Farrell, J. T.

The major objective of this study was to investigate the population
dynamics of small mammals inhabiting the Larrea/Ambrosia vegetation
association in the northern portion of Death Valley National Monument,
and to compare the results with population parameters established for
similar species in the shrub-steppe of the northern Great Basin Desert.

Small mammals were live-trapped at frequent intervals to establish
species composition, relative abundance, biomass, home ranges, and
reproductive performance. These measurements were examined in relation
to abiotic variables, such as soil and air temperatures and
precipitation, as well as to production of food and overwintering
population densities.

During 1975-1976, over 6,000 trap-nights of effort were expended
during 18 trapping sessions. Over 350 individual mice representing
seven species were captured more than 2,500 times. The long-tailed
pocket mouse, Perognathus formosus, was the most numerous species
trapped and appeared to completely dominate the study area in terms of
both numbers and biomass. The annual cycles of emergence from winter
torpor, density, reproductive activity, growth, home range sizes and
duration of activity on the surface were quantified. Preliminary
analyses indicated significant differences between characteristics of
this population and those of Perognathus parvus in northern shrub-
steppe.

One of the most striking adjustments in population dynamics were

prompt changes in reproductive performance correlated at least in part
with changes in food supplies. There was little food production

during 1974-1975 in the Grapevine area, and no reproduction was
observed in Perognathus formosus. Late, heavy rains in 1976 stimulated
germination of winter annuals, and the pocket mice responded by
breeding within two months. Perognathus parvus always bred, albeit at
low rates, even in years of extreme drought and poor food production.

We concluded that populations of small mammals in Death Valley were
responding to a matrix of environmental stimuli, but the most important
cues were probably soil temperatures, availability of food (seeds),

and the overwintering density of the most numerous species.

Applied Ecology and Physiology Center
Desert Research Institute

University of Nevada System

Date and Elm Streets

Boulder City, Nevada 89005
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ENVIRONMENTAL VARIABLES AND MULTIANNUAL CYCLES IN POPULATION
DYNAMICS OF THE MONTANE VOLE, MICROTUS MONTANUS, IN GRAND TETON
NATIONAL PARK.

PINTER, AELITA J.

Multiannual fluctuations in population density of small
rodents have been recognized since antiquity. These fluctuations
occur with sufficient regularity to be commonly designated as
"cycles."

The present report documents a seven year study of such a
cycle in the montane vole, Microtus montanus, in Grand Teton
National Park. It will be demonstrated that environmental
variables, acting through the reproductive responses of Microtus,
are among the most significant factors determining the length as
well as the amplitude of a given cycle. The mechanisms whereby
environmental variables exert physiological effects on Microtus
will also be discussed.

In view of the fact that Microtus is one of the principal
prey species for a large number of predators in Grand Teton
National Park, the cyclic abundance and scarcity of these rodents
is of paramount importance in regulating the numbers as well as
the distribution of some predators on a seasonal as well as on
a multiannual basis within the Park. Data will be presented to
support this contention.

The financial support of the New York Zoological Society
as well as the availability of the facilities of the Jackson Hole
Biological Research Station is hereby gratefully acknowledged.

Department of Biological Sciences
University of New Orleans
New Orleans, Louisiana 70122
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EFFECTS OF PRESCRIBED BURNING ON SMALL-MAMMAL COMMUNITIES IN LAVA BEDS
NATIONAL MONUMENT, CALIFORNIA

FRENZEL, R. W., STARKEY, E. E., AND BLACK, H. C.

Small mammal communities are a significant part of the Lava Beds
ecosystem. Small mammals are important prey species for many avian
and mammalian predators in the area and are potential vectors of
parasites and diseases. They may also have a significant influence on
natural succession after a fire. This paper studies the effects of
two prescribed burns on the population levels and species composition
of small mammals.

An area of about 300 acres of rangeland was burned in June 1976
to reduce densities of western juniper, antelope bitterbrush, mountain
mahogany and sagebrush. Another area of about 400 acres of cheatgrass
was also burned in June, 1976 in an attempt to favor native bunch-
grasses and decrease the abundance of cheatgrass, an exotic.

Small mammal populations were sampled on these burns and on con-
trol areas. Mark-recapture trapping began in April, two months before
burning, and continued through September at 30 day intervals. Length
of individual trapping periods was three days, and total trapping
effort equalled 7200 trap nights. This sampling schedule has allowed
the determination of the immediate effects of the fires on the small
mammal communities.

Removal trapping was also used to sample the populations prior to
burning. All small mammals captured during a 15 day period (15,000
trap nights) were removed. This procedure will be repeated during the
spring of 1977, thus allowing comparisons of relative abundance,
species composition, fertility factors, body weight and a variety of
other parameters between populations present before burning and
one-year later.

Cooperative Park Studies Unit
Oregon State University
Corvallis, Oregon 97331
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THE EFFECT OF CAMPGROUNDS ON SMALL MAMMALS IN '
CANYONLANDS AND ARCHES NATIONAL PARKS, UTAH - ,

CLEVENGER, G. A. AND WORKMAN, G. W.

Campground use in our national parks is increasing yearly, but
1ittle quantitative data is available concerning the impact this use
is having on the ecosystem of the campground and surrounding area.
This paper reports on the effects of campgrounds on small mammal pop-
ulations in Arches and Canyonlands National Parks, Utah.

Data collection consisted of live-trapping from April to
November, 1975 (12,336 trap-nights). The populations of ords kan-
garoo rat (Dipodomys ord11§, antelope ground squ1rre1s (Ammosperm-
ophilus leucurus), deer mice (Peromyscus spp.), woodrats (Neotoma

spp.), Colorado chipmunks (Eutamias quadrivittatus), and desert
cottontails (Sylvilagus audubonii) inhabiting campgrounds were com-
pared with a non-campground control area.

Squaw Flat campground in Canyoniands National Park contained
s1gmf1cant1y higher populations of woodrats and Colorado chipmunks. .
Devil's Garden campground in Arches National Park exhibited signifi-
cantly higher populations of Colorado chipmunks and deer mice. No
significant difference was found between campground and control areas
for all other species. Species occurrence for campgrounds and con-
trol areas was identical.

Results indicate that campgrounds may have any effect on the
small mammal populations of an area, and this should be taken into
consideration when formulating management plans for national parks.

Department of Wildlife Science
Utah State Unijversity
Logan, Utah 84322
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NATURAL HISTORY OF THE KAIBAB SQUIRREL IN GRAND CANYON
NATIONAL PARK

HALL, J. G.

The Kaibab squirrel is a form of the tassel-eared
squirrel and occurs only in the forests of the Kaibab Plat-
eau just north of the Grand Canyon. This study has foc-
used mainly on food habits and attempts to use thils infor-
mation to monitor population levels.

Because of its remarkable dependence on a single ;
plant species, the ponderosa pine, the Kaibab squirrel
'1s essentially restricted to pure stands, approximately
90% of which lie in Kaibab National Forest, 10% in Grand
Canyon National Park. Squirrels feed heavily on pine seed
during favorable years and also consume buds, staminate
cones and phloem of sub-terminal twigs which are available
annually. There is a very marked preference for certain in-
dividual trees.

Since these animals are extremely shy, a method of
attempting to census them indirectly by tallying the peel-
ed sub-terminal twigs on circular, tenth-acre plots has
been used in recent years. Results of these tallies show
a down-trend in the population, particularly alarming in-
the National Park Several possible explanations will be
discussed.

Summer home ranges and activity patterns were studied
on a small scale by radio-tracking and visual-tracking of
marked animals. Minimum size of home range is typically
10 to 15 acres but may be as large as 30 acres. Two dis-
tinct activity peaks occur each day, a major one in early
morning, a minor one in late afternoon. Squirrels rest
mostly in trees but may cover 2 miles on the ground in a
day.

Future researbh needs are: calibrating the census
technique, studying effects of fire- suppression and obtain-
ing data on reproductive performance.

San Francisco State University
San Francisco, California 94132
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POPULATION ORGANIZATION AND REGULATORY MECHANISMS OF PINE MARTENS IN
GRAND TETON NATIONAL PARK, WYOMING

CLARK, T. W. AND CAMPBELL, T. M.

Pine martens (Martes americana) are a relatively common resident,
but rarely seen predator of coniferous forest ecosystems in certain
areas. Historic overexploitation as a fur resource eliminated or
reduced populations and ranges and their present status is largely
unknown. Many basic questions concerning population organizational
systems and regulatory mechanisms characterizing unexploited martens
remains unanswered. Grand Teton National Park offers an area
protected for over 25 years and abundant martens. Progress based on
the first 14 months of a long-term field study aimed at determining
the role which animal behavior and environmental factors play in
regulating marten populations and social organization will be given.

Population structure and dynamics are being determined from Tive
trapping. Twenty martens (11 M:9 F) have been captured 234 times in
the 4.5 square mile study area. In spring-summer, 1975, spatially
males utilized exclusive areas; subsequently they have overlapped
considerably. Females consistently overlap each other and males. Home
range sizes averaged 600 acres for males and 220 acres for females.

Food as a regulatory is being investigated via scat analysis and
monitoring the rodent prey base. A phytosociological analysis of
habitat structure correlated with locations of relative capture
success will indicate high use areas. Behavior is indirectly being
investigated from trapping (e.g., shared capture sites).

Grand Teton National Park is serving as a control for a nearby
site on Teton National Forest currently being logged; logging effects
on martens are being determined. The above methods are being employed
and also radio telemetry tracking.

Department of Biology

Idaho State University
Pocatello, Idaho
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MAMMALS OF GUADALUPE MOUNTAINS NATIONAL PARK
CORNELY, JOHN E.,* GENOWAYS, HUGH H. AND BAKER, ROBERT J.

Zoogeographically, the Guadalupe Mountains are an island
inhabited by animals of Rocky Mountain affinities surrounded by
Chihuahuan desert. The complex interactions of many environmental
factors, including a wide variation of elevations, a variety of soil
types, and the rugged dissected topography of the mountains, have
resulted in a unique and diverse community of plants and animals.

The mammals of Guadalupe Mountains National Park are a unique mix-
ture of desert, grassland, riparian woodland, montane, and widespread
species.

Fifty-four species of mammals are known to occur in Guadalupe
Mountains National Park. An additional nine species may occur in
the park. Eight species that once occurred in the area are no longer
present. These include the black-tailed prairie dog, bighorn sheep,
bison, pronghorn, white-tailed deer, gray wolf, grizzly bear, and
the extinct Merriam's elk. In 1928, 44 Rocky Mountain elk were
released in McKittrick Canyon. Very little data exist on this
introduced herd, but approximately 150 elk now occur in the park.

Small mammals of special interest include a rare subspecies
of eastern cottontail, Texas antelope squirrel, gray-footed chip-
munk, Guadalupe Mountains pocket gopher, and Guadalupe Mountains
vole. The ranges of these mammals are limited to the Guadalupe
Mountains and neighboring mountain ranges. '

Texas Tech Univérsity
Lubbock, Texas 79409

*Northern Arizona University
Flagstaff, Arizona 86001
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RHYOLITE RADIONUCLIDE UPTAKE BY SELECTED PLANT SPECIES AND POCKET
GOPHERS IN YELLOWSTONE NATIONAL PARK

DIEM, KENNETH L. AND KENNINGTON, GARTH S.

During a 1961-63 comparative study of the influences of 5different
Yellowstone National Park rock substrates on northern pocket gophers,
1.5-month, replicated exposures of incisors and femurs of 29 specimens
to X-ray film revealed high radionuclide concentrations in the bone
tissues of the Pitchstone Plateau rhyolite area specimens. Eight-month
exposures -of Pitchstone gopher food plants, i.e.,Agoseris, Achillea ‘
and Aster revealed equally high radionuclide concentrations. Morpho-
logical anomalies were not observed in the Pitchstone gopher specimens.
However, the average annual population of pocket gophers/ha on the
Pitchstone Plateau was only 20% as large as those on the other 4 sub-
strate areas. Autoradiographs of the bones and teeth of 123 pocket
~gophers from the 4 nearby substrate areas revealed low radionuclide
concentration. A variety of alpha and beta analysis techniques failed
to adequately identify or quantify the specific radionuclide concentra-
tions. In 1974, an alpha-beta analysis of warm water flowing from an
Idaho formation, comparable to the Pitchstone Plateau, revealed a con-
centration of 88 pc/1 of Ra-226 and small concentrations of U-234, -235
and -238 and Th-230 and -232. This circumstantial evidence indicates a
need for a thorough radionuclide analysis of the water, plants _and ani-
mals associated with the rhyolite flows extending over 6500 km?2 in
Yellowstone National Park and surrounding states.

Department of Zoology and Physiology
University of Wyoming
Laramie, Wyoming 82071
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ECOLOGIC STUDIES OF COLORADOVTICK FEVER IN THE ROCKY MOUNTAIN
NATIONAL PARK

McLEAN, R. G., FRANCY, D. B., BOWEN, G. S., EADS, R. B.,
SHRINER, R. B. AND TRIMBLE, J. M,

In depth studies of Colorado Tick Fever (CTF) within natural

- foci in the Rocky Mountain National Park (RMNP) of Colorado were
conducted in 1974-75. Approximately 6000 mammals of 26 species
were trapped, measured, examined for ectoparasites, bled, marked

and released at various locations throughout the eastern slope of
the RMNP. There were 181 isolations of CTF virus from blood clots
of small mammals. The predominant species captured and infected
with CTF were Eutamias minimus, Spermophilus lateralis, Spermophilus

richardsonii, and Peromyscus maniculatus. No virus isolations were
made from rodents collected above 9,500 feet in elevation and the
habitat type with the highest level of CTF activity was the rocky,
south-facing slopes at 8000-9000 feet with open stands of ponderosa
pine (Pinus ponderosa), sagebrush (Artemisia tridentata) and
bitterbrush (Purshia tridentata). Seasonal differences in CTF
isolations from mammals were noted between 1974 and 1975.

Approximately 30 percent of adult Dermacentor andersoni ticks
collected from the ground at the various locations were positive
for CTF virus with the highest prevalence of infection in the
Moraine Park Campground. Peak collections of adult ticks occurred
in mid-May and declined sharply by mid-June. Ticks removed from
small mammals were primarily immature stages of D. andersoni.

S. lateralis had the highest prevalence of infestation with ticks
and the highest mean number of ticks per animal. E. minimus was
next in both categories. Estimated CTF infection rates of D.
andersoni ticks ranged from 4 per 1000 larvae taken from P.
maniculatus to 195 per 1000 nymphs from E. minimus.

Population data on rodent species from two separate sites are
related to CTF virus activity and the relationship of infection
rates in rodents and ticks is discussed.

Vector-Borne Diseases Division
Center for Disease Control
Ft. Collins, Colorado 80522
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RABBITS AND OTHER MAMMALS OF SAN JUAN ISLAND NATIONAL HISTORICAL PARK

WEISBROD, A. R., STEVENS, W. F., AND NORDQUIST, G. E.

The European rabbit Oryctolagus cuniculus was introduced on San
Juan Island Washington in the 1880's, then spreading throughout the
island, reaching densities as high as 200 individuals per hectare in
some years. The intent of this investigation was to describe the
basic life history and biology of the rabbit on the island and to
explore its relations with other mammal species.

Only twenty species of mammals are recorded for San Juan Island,
illustrating the tendency for islands to have fewer species than nearby
mainlands. The impoverished faunal assemblage on San Juan Island and
the Park probably reflect the Island's unique environment, its isola-
tion following the Pleistocene, and the recent influence of the now
dominant mammal, the European rabbit. On San Juan Island the reduced
species richness is maintained by the abundance and ubiquitous
distribution of the rabbit. Attempts to control the number of rabbits
on the Island may result in greater management problems by disrupting
a now stabilized biotic community in which the rabbit plays an
important role as prey and competitor.

USNPS Cooperative Park Studies Unit
College of Forest Resources AR-10
University of Washington

Seattle, Washington 98195
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DISTRIBUTION AND RICHNESS OF MAMMAL SPECIES IN MT. RAINIER NATIONAL
PARK

WEISBROD, A. R. AND DRAGAVON, J. A.

Contemporary theories suggest that species distribution and
richness are related to the isolation and size of an area. Further-
more, the number of species at equilibrium is a function of popula-
tion turnover rates. The intent of this study was to determine these
parameters as they influence mammal populations in Mt. Rainier National
Park, assessing the probable impacts of insularity on mamma1
d1str1but1on and diversity within the Park.

Mammal populations were sampled in 1974 and 1975, correlating
species occurrence with certain physical and biotic factors in each
habitat. Study areas were established and sampled at three elevations
in each of the Park's four major drainages. Four additional sites
were located in the adjacent national forest lands and selected for
comparability to the park sites. Vegetative components of each study
site were determined and compared with concomitant mammal populations
along altitudinal gradients, thereby permitting prec1se delineation of -
mammal distributions on the mountain.

Over 900 specimens representing 36 species were obtained in
approximately 18,000 trap nights in the two-year period. A1l specimens
were identified, sexed, aged, and standard measurements obtained. .
Stomach contents and reproductive tracts have been preserved and await
further analysis. Correlations with physical and biological factors
are reported. Estimates of mammal turnover rates are made for the
Park. Predictions based on these observations can form the basis of
management decisions consistent with overall national park policies.

USNPS Cooperative Park Studies Unit
College of Forest Resources AR-10
University of Washington

Seattle, Washington 98195
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MAN-CAUSED MORTALITIES OF COYOTES RADIO-MARKED IN GRAND TETON
NATIONAL PARK! ' '

TZILKOWSKI, WALTER M.* and KNOWLTON, FREDERICK F,**

Coyote (Canis latrans) mortality was documented in Grand Teton
National Park, an environment assumed to be minimally influenced by
man. The valley floor of Grand Teton National Park is approximately
256 square kilometers, including 24 square kilometers of non-federal
inholdings. Fifty-two coyotes, 26 males and 26 females, all
approximately four months of age or older, were collared with
‘radiotelemetric transmitters. The multiple-use transmitters
revealed geographic location of the coyotes and served as mortality
indicators. Thirty-seven percent (19 of 52) of the collared
coyotes were recovered dead, Man was responsible for ninety
percent (17 of 19) of these deaths: 13 coyotes were gunshot, one
was clubbed, one was trapped, and two were roadkills, Forty—two
percent (7 of 17) of the man-caused mortalities were recovered
within Park boundaries. Five of these coyotes were killed by
gunshot (three in the Park and two on non-federal inholdings) and
two coyotes were roadkills. Fifty-three percent (10 of 19) of the
coyotes collared in the fall of 1974 were found dead in the period
September 26, 1974 to May 25, 1975 as compared to eight percent
(1 of 12) «of ithe coyotes collared in the fall of 1975 found dead
from September 26, 1975 to May 25, 1976. Man was the principal
mortality :agent, both within and outside Park boundaries, with the
intensity of mortality differing between years.

*P.0. Box 207
Moose, Wyoming 83012

**U.S. Fish and Wildlife Service
Unit of Predator Studies
Utah State University
Logan, Utah 84322

TResearch funded by the U.S. Fish and Wildlife Service Contract #
14-16-0008-1120..
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HUMAN DISTURBANCE AT WOLF DENS--A MANAGEMENT PROBLEM
CHAPMAN, R. C.

Field observations of undisturbed and experimentally disturbed
wolf (Canis lupus) dens in Alaskan tundra situations were combined with
an extensive survey of available information to derive guidelines for
protecting active dens from human disturbance.

Extended observation of denning wolves made in Mount McKinley
National Park and in the Brooks Range during 3 seasons, well-documented
field simulations of disturbance by campers, an analysis of densite
characteristics, a review of published material on the sensory capaci-
ties of wolves and their reported reactions to disturbance, as well as
a questionnaire survey of land managers responsible for wolves have
formed the basis for recommending a size for closed areas around active
dens. Closures at pupping dens from initial activity with a minimum
radius of 2.4 km (1.5 mi) and extended until at least 1 August are
recommended. Protection of auxilliary dens and rendezvous sites with-
out closing very large areas may be difficult due to problems of
locating such areas and their impermanence.

Biology and Resource Management
Alaska Cooperative Park Studies Unit
University of Alaska

Fairbanks, Alaska 99701
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THE ROLE OF WOLF PREDATION IN A MOOSE POPULATION DECLINE

PETERSON, R. O.

In the early 1970s many moose populations in Canada and Alaska
declined. Causes included extreme winter weather, habitat changes,
wolf predation, and liberal hunting regulations. The first two
factors were also operative in Isle Royale National Park, and led
to increased moose vulnerability to wolf predation.

Post-fire forests which supported moose through the 1950s grew
out of reach and were little-used in the 1960s and 1970s. Moose
shifted to coniferous stands where winter food supply was limited,
and the population entered a series of severe winters between 1969
and 1972 at a peak level. In the early 1970s winter malnutrition
among moose increased, calf production declined, and newborn calves
were physically small. Deep snow increased calf vulnerability to
wolves, and predation on young adult moose increased suddenly as
cohorts of small calves matured.

Wolves exhibited an immediate functional response to high
moose vulnerability, evidenced by increased kill rates. A long-term
numerical response followed as a second, then a third, large pack
became established. The wolf population increased from its lowest
point (17) in 1969 to an all-time high (44) in 1976. During the
same period the moose population may have decreased by 40% and the
wolf:moose ratio altered from 1:80 to 1:20. Although winter
severity has moderated and predation on young adult moose has
ceased, calf production and survival have remained low.

Although the direct cause of most moose mortality has been wolf
predation, the underlying reasons for the declining moose population
and the increased wolf population were changes in habitat and moose
food supply. Wolf predation has continued to be selective; young
adults killed by wolves were probably vulnerable because of pre-natal
malnutrition, evidenced by small size at birth.

Department of Biological Sciences
Michigan Technological University
Houghton, Michigan 49931
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SUMMER SCAVENGING ACTIVITY IN NORTHEASTERN ALASKA

MAGOUN, A. J.

The scavenging behavior of birds and mammals on the North Slope of
the eastern Brooks Range was investigated during the summers of 1972
and 1973. Long-term observations were analyzed by 5-minute time
periods with respect to scavenger activity and interaction.

Grizzly bears (Ursus arctos horribilis Rausch), wolves (Canis
lupus tundrarum Miller), and ravens (Corvus corax Linnaeus) each
scavenged at over 50 percent of 15 large mammal carcasses. The major
activities of feeding, moving, and resting were accompanied by minor
activities such as caching, scraping, and inter- and intraspecific
interactions. Behavior at the carcasses varied considerably, being
influenced particularly by the dominance hierarchy of the scavengers
present. The raven appeared to rely on scavenging more than the other
species. Once a large mammal carcass was found by wolves or bears, it
was disposed of within 2 to 10 days; avian scavengers required more
than 10 days. The remains of a carcass may indicate which scavengers
had visited the carcass.

Biology and Resource Management
Alaska Cooperative Park Studies Unit
University of Alaska

Fairbanks, Alaska 99701
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RELATIONSHIPS OF MOOSE, SODIUM, AND AQUATIC VEGETATION
ON ISLE ROYALE NATIONAL PARK, LAKE SUPERIOR

AHO, R.W., AND JORDAN, P.A.

The primary source of sodium, whose availability
may control the Isle Royale moose (Alces alces) popu-
lation, is apparently aquatic vegetation. In this pa-
per we report studies of aquatic production and utili-
zation, and seasonal /phenological fluctuations in the
sodium content of aquatic vegetation.

An intemsive study of aquatic production and moose
utilization incorporates eight aquatic moose exclosures
constructed in 1975. Preliminary analysis of 1975 vege-
tation clipping 1nd1cates that moose consumed 48.77% of
the available 52.8 g/m (oven-dry weight) of Nitella,
the predominant macrophyte in Grace Creek, which averaged
2840 ppm sodium (oven-dry weight). Consumption of aquat-
ics is also being quantified by timed, manual simulation
of aquatic feeding. ’

From aerial photographs taken in July 1975, aquatic
habitats have been assigned to one of six categories,
mapped, and their areas calculated. The vegetation of a
sub-sample of these is being quantitatively sampled in
summer 1976, and these standing crop/sodium content data
will be extrapolated in order to estimate the total avail-
ability of this important nutritional component.

Department of Entomology, Fisheries,
and Wildlife

University of Minnesota

St. Paul, MN 55108
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STREAM FLOW AFFECTS ON BEAVER POPULATIONS IN GRAND TETON NATIONAL PARK

COLLINS, THOMAS C.

Beaver populations in Grand Teton National Park were studied for
four years to assess the influence of stream flow on population
abundance, distribution, and movements. This paper reports data which
document seasonal movements of the populations in response to changes
in stream flow. The results suggest that availability of winter
dwelling sites is an important factor limiting beaver density.

The Snake River in GINP is regulated by the Jackson Lake Dam,
while flows of the Buffalo Fork River and Pacific Creek are unimpaired.
Low flow rates on the Snake River occur eight to ten weeks later than
on the other streams, leaving a critically short period before winter.

Delineation of territory boundaries and observations of ear-tagged
beavers facilitated close scrutiny of colony movements. Rates of
abandonment and subsequent movement to new denning sites due to
seasonal high and low stream flows are similar on all three streams.
Reduction of habitat and scarcity of denning sites at low flow rates
greatly restrict potential colony density. Most colonies are forced to
occupy only larger channels; other colonies abandon areas, as a result
of which territorial integrity of existing colonies on the major
channels is maintained. Winter populations on each of the streams
appear to be at or near carrying capacity.

In conclusion, seasonal movements caused by fluctuatioms in stream
flow are typical of beaver populations in GINP. Colony density is
limited by availability of winter dwelling sites.

Department of Zoology & Physiology

University of Wyoming
Laramie, Wyoming 82071
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ECOLOGICAL STUDIES OF BEAVERS IN ISLE ROYALE NATIONAL PARK
SHELTON, P. C.

This summarizes beaver studies conducted on Isle Royale since 1960
as part of long-term investigations of the island's major mammals.
During this period the population recovered from a major die-off,
probably caused by tularemia, which occurred during the 1950's.
Live-trapping and aerial surveys in 1962 indicated a population of
about 900 beavers. Wolves then numbered 20 to 25 animals and beaver
remains occurred in 11 percent of wolf scats examined. By 1974
beavers had increased to about 2000 animals. Rolf 0. Peterson's wolf
studies indicated that these animals had increased to over 40 by 1975
and increased occurrence of beaver remains in wolf scats indicated
that beavers contributed significantly to the wolf increase. Beavers
fed primarily on aspen and birch stands dating from fires which
occurred in the late 19th century and in 1936. As stands near water
were depleted the rate of cutting decreased while the degree of
utilization of cut trees increased. Moose browsing and shade
intolerance of aspen and birch reproduction have prevented significant
regeneration of beaver foods.

Clinch Valley College
Wise, Virginia 24293
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MODELS OF TOP CARNIVORE POPULATIONS UNDER HUMAN IMPACT
Gehlbach, F,R., Hudson, J.W., and Rolf, H,L.

Linear algebraic models (with matrix, eigenvalue= 1 for
stability) of grizzly bear, cougar, and jaguar populations show that
present human impact can be too severe for conservation of these
K-selected predators. Models use known or estimated life history
parameters and habitat stability or decline. Some results WIth habitat
stability, as in national parks, follow.

Grizzly bears cannot stand more than a 8.5% annual harvest, the
two cats no more than 14.3%, if natural mortality is 25% in the first
year and 5% thereafter (includlng an increment to senility). Yet we
are aware of annual overkills approximating 39% in Yellowstone
grizzlies, 29% in New Mexico cougars, and 36% in Mexican jaguars.

If about 1000 jaguars remain in Mexico in 1970 and‘Have_én

estimated 0.82 reproductive rate, the average annual decline in skins '

received in the U. S. fur market, 1968-70 (36%), suggésts 1991 as the
year of the last jaguar. Similarly, if 350 cougars live in New Mexico
in 1970, a 29% annual overkill will extirpate them in 1990. :

Yellowstone grizzlies have a 0.56 reproductive rate and
immaturity period 1.7 times that of the cats. |If natural mortality
drops to 7% in the first year, a widely cited figure after c105|ng of
the garbage dumps, the 250 bears will stablllze WIth a 10.2% annual
kill or removal for management purposes.

We urge park managers and multigovernmental (park-state) planners
to consider the predictions of computor models in controlling culprit

carnivores and issuing hunting permits.

Institute of Environmental Studies, Baylor University, Waco, TX,76703
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POPULATION STUDIES OF THE BLACK BEAR IN THE GREAT SMOKY MOUNTAINS
NATIONAL PARK

Pelton, M. R.

Since 1970, over 7000 km of trails have been hiked, 2100 scats
collected, and 190 captures made on 123 individual black bears in the
SW quarter of the Park. Data on population density, reproduction,
age structure, food habits, movements, and activities have been
gathered.

Using the techniques of capture-recapture and radioisotope-feces-
tagging, a population estimate was derived of one bear/2.6 km2 (and
stable); smaller, interior areas support population densities of
twice this figure. Observations of 100 females with cubs revealed an
average litter size of 2.1; reproductive histories of adult females
indicate the frequency of litter bearing is below biotic potential.
Analysis of cementum annuli of premolar teeth of 118 bears indicate
an average age of 4.1 yr for males and 6.4 for females; adults (D4
yr old) made up 68% of the population.

Analysis of over 1100 scats revealed a predominantly vegetarian
diet consisting of various herbaceous plants in spring, a wide variety
of soft mast in summer, and hard mast in fall; during years of poor
hard mast production bears move long distances in foraging and thus,
become more vulnerable to mortality factors. Sizes of summer home
ranges of 22 radiotracked bears averaged 681 ha for 10 females,

642 ha for 6 subadult males, and 110 ha for 6 adult males.

Activities such as denning, panhandling, marking trees and making

summer beds are discussed. Major factors contributing to relative
population stability are delineated.

University of Tennessee
Knoxville, Tennessee 37901
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A FUNCTIONAL AND SONOGRAPHIC ANALYSIS OF THE MOANING VOCALIZATION
PERFORMED BY BLACK BEARS (URSUS AMERICANUS)

Jordan, Robert H.

Various moans, whines, and screeches performed by black bears
were described and analyzed sonographically. Data are presented
to support the hypothesis that these vocalizations all communicate
a message which, translated into plain English is "Allow me to

perform this action!". There are gradations of the basic message.
At one end of the continuum the message is: 'Please allow me to
perform this action!'. At the other end the message is: "I demand

that you allow me to perform this action!".
Department of Psychology

University of Tennessee
Knoxville, Tennessee
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| DO BLACK BEARS (URSUS AMERICANUS) MARK?

Jordan, Robert H.

Rubbing, urinating, defecating, and sniffing behaviors
performed by seven captive black bears were selected for analysis
from 145 of direct systematic observation and many additional hours
of films and videotapes. The behaviors were related to their
behavioral and environmental contexts to determine whether they
might serve territorial, sexual, or dominance functions.

Department of Psychology
University of Tennessee
Knoxville, Tennessee

—_
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POPULATION STUDIES OF THE EUROPEAN WILD HOG IN THE GREAT SMOKY
MOUNTAINS NATIONAL PARK

Pelton, M. R.

Data on food habits, reproduction, age structure, blood para-
meters, and control techniques were analyzed from over 200 European
wild hogs removed from the Park between 1971 and 1975. In addition
1419 rooting sites and 48 wallows were recorded by hiking 105 km of
index routes monthly; feces, wallows, and streams were monitored for
bacterial contaminants.

Stomach contents of 128 hogs revealed primarily plant material
in all seasons (90.2% by vol); mast was important when available.
Apparently no reproduction occurs during years of poor mast production
and during such years more extensive rooting and disturbance on under-
story vegetation likely occurs. Reproductive tracts from 162 hogs
revealed that puberty is attained in males at 7-12 mo and females at
4-7 mo; males are physiologically capable of breeding year-round. The
ave. litter size was 3.0 with farrowing peaks in Nov-Dec-Jan and again
in May-June-July and one litter/female/yr. Utilizing a combination
of aging techniques the ave. age of hogs was 1.5 yr; the age structure
indicated an expanding, healthy population. ' Analysis of 20 blood
parameters from 70 hogs revealed close similarity with domestic hogs
and no reliable techniques for monitoring population conditionm.

A bacteriological survey indicated that rooting and wallowing
activity may be contributing to bacterial loads of streams. Root site
evaluations revealed distinct seasonal movement patterns and resulted
in establishing a rooting-extent-index for future monitoring of the
population. An evaluation of conventional control techniques revealed
that shooting was the most efficient means of removing hogs.

The University of Tennessee
Knoxville, TN. 37901
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BEHAVIOR OF THE EUROPEAN WILD BOAR. IN THE GREAT SMOKY MOUNTAINS
NATIONAL PARK

Shaffer, Mark L.

This was a preliminary survey of boar behavior in high and low
elevation habitats during the summer season. Information was
gathered on the size, composition, and fidelity of groups; their
daily activity and movement patterns; habitat utilization; and
individual and group interactions.

An attempt was also made to bait boars to pre-selected sites
to be photographed. The photographs were then used to make a
population estimate for the study area.

Uplands Field Research Laboratory

Great Smoky Mountains National Park
Gatlinburg, Tennessee 37738
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THE FERAL PIG IN HAWAIL VOLCANOES NATIONAL PARK
BAKER, James K.

The non-native feral pig in Hawaii and the Hawaii Volcanoes
National Park is a major disruptive component of the native rain
forest and grassland habitats. The exotic pig was first introduced

‘to Hawaii by early Polynesians more than 1,200 years ago.

European breeds of pigs were introduced to Hawaii in 1778 by

‘Captaln James Cook and during the nearly 200 years since that time,

a large number of pigs of a wide variety of domesticated breeds
have been brought to the islands.

The pig is an omnivore and a scavenger. In the rain forest and
grassland communities of the park, it feeds on vegetation, insects,
earthworms, ground nesting birds, eggs and rodents, It commonly
scavenges on remains of cattle, goats and other pigs. In the rain
forest, its chief diet is the starchy interior pulp of the tree

‘ferno

The pig's habits of hollowing out interiors of tree ferns and
making mud wallows creates micro-aquatic habitats for mosquitoes,
other insects and various small crustacea. Because pigs Create
mosquito habitat in areas where these insects would not normally
occur, the pig through spread of mosquito borne avian malaria and
birdpox is an indirect threat to the extinction of native birds.

By ‘the making of trails, mud wallows, mosquito habitat, and by
its rootiing activities, tusking of tree trunks and by its role in
spreading 'weedy, ‘non-native plant species, the exotic pig in Hawaii
is also ‘endangering native forest and grassland communities.

Mauna Loa Field Station
Hawaii Volcanoes National Park
Hawail 96718
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THE BEHAVIOR, ECOLOGY, AND SOCIAL ORGANIZATION OF THE FERAL PONIES
OF ASSATEAGUE ISLAND

KEIPER, RONALD R.

Approximately 200 ponies Tive on Assateague Island, a
37 mile long barrier strand that parallels the Atlantic coast
of Maryland and Virginia. Since June, 1975, over 1000 hours
of direct field observation have been conducted on these
animals and significant data has been collected on their be-
havior, ecology, and social organization. Despite the fact that
the ponies live within the Assateague Island National Seashore,
they lead a relatively wild existence, roaming freely about the
island and obtaining their own food throughout the year.
Socially the ponies are organized into distinct herds. Most
herds consist of a dominant stallion, 2-15 mares, and their off-
spring. Some herds contained other males in addition to the dom-
inant stallion, while other herds had no dominant stallion at all.
Two of the herds were small bachelor male groups. The dominant
stallion did not always control the activities and movements of
his herd. Often a mare led the herd during grazing and in long
distance movements to water or resting sites. Many herds were un-
stable, with individuals moving from herd to herd or wandering
by themselves for extended periods of time.

Pennsylvania State University
Mont Alto, Pennsylvania 17237

286




ECOLOGICAL STUDIES OF FERAL BURROS IN DEATH VALLEY
Douglas, Charles L. and Norment, Christopher

A herd of 1500 feral burros inhabits mountain ranges on the
"western side of Death Valley. These animals cause severe management
problems by destruction of vegetation and competition for resources
with other mammals.

A large scale marking and telemetry program is underway to
determine seasonal movements. More than 80 individuals have been
marked. Marked animals are monitored from ground and aerial surveys.
Movements are being correlated with phenological changes in major
browse plants. A double-sampling technique is used to assess the
biomass of vegetation consumed seasonally. Nutrient levels and
caloric content of important browse species are analyzed at monthly
intervals.

Population structure and dynamics are being assessed, and
parameters such as growth and aging also are being studied. The
effect of burros on populations of small mammals is being evaluated
by means of two trapping grids. An ancillary study has resulted
in establishing hemotological and physiological standards for Death
Valley burros. Currently, an electrophoeretic study of serum
proteins is helping assess population genetics and the relationships
of Death Valley burros to those outside the Monument.

NPS/University of Nevada Las Vegas
Cooperative Resources Studies Unit

University of Nevada

Las Vegas, Nevada
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FERAL BURRO MANAGEMENT AT BANDELIER NATIONAL MONUMENT, NEW MEXICO
FLETCHER, M. R.

Feral horses and burros in the west have shown a dramatic increase
in numbers in recent years since the passing of Public Law 92-195.
Bandelier National Monument in northern New Mexico has had a popu-
lation of feral burros since the Tate 1930's. Control of these
exotic animals has been sporadic at Bandelier and no official control
has been accomplished until 1975.

At that time, the population of burros at Bandelier National Monument
was estimated to be approximately 130 animals which ranged an esti-
mated 8,000 hectares. An Environmental Assessment was prepared and
filed and a decision was made to reduce the herd by approximately
one-third. In February, 1975, shooters from the National Park Service
reduced the herd by 52 animals. At the same time, radio collars were
placed on eight animals and color-coded collars on another 11 animals.
These marked animals were under close observation from May 1975 to
May 1976.

Research activities on the burro herd have included soils studies,
vegetative analysis and vegetative trends, deer-burro interaction
studies, and two ethology studies of the herd. Soil erosion on the
monument is severe with up to 30 tons of soil per acre (67,000 kg/ha)
lost each year. Vegetative surveys of vegetative trends show more
than 50% of the vegetation in a downward trend. Aerial surveys and
information gained from marked animals indicated that the population
is increasing by approximately 25% per year. In the summer of 1976,
the herd numbered approximately 160 animals.

In June, 1976, the staff at Bandelier National Monument began prepa-
ration of an Environmental Assessment to review options on the manage-
ment of the feral burro population at Bandelier. The Environmental

~ Assessment will consider options from "No management" to "Removal of
as many burros as is feasable" and will be available for public input
by September, 1976. After public consideration, management will make
the decision regarding population control of feral burros at Bandelier
National Monument.

National Park Service
Southwest Region

P.0. Box 728

Santa Fe, New Mexico 87501

288



INVERTEBRATE FAUNA OF THE EARTH CRACKS OF
WUPATKI NATIONAL MONUMENT, ARIZONA

WELBOURN, W. CALVIN

The earth cracks of Wupatki National Monument are
tectonic features associated with three grabens within the
monument. Various aspects of these faults were investi-
gated by the Cave Research Foundation at the request of
the National Park Service. Five earth cracks were examined
for invertebrate cave fauna, with 24 arthropods and one
mollusk being found. Several earth cracks and caves in the
vicinity of Wupatki National Monument were also examined far
invertebrates and compared with the findings at Wupatki.

Examination of the fauna revealed 23 percent trog-
lophiles, 55 percent trogloxenes, and 22 percent acci-
dentals. No troglobites were found in the Wupatki earth
cracks. The caves and earth cracks examined outside the
monument contained a higher percentage of troglophiles as
well as two species of troglobites. The most common
invertebrates in the Wupatki earth cracks were cave crickets
Ceuthophilus yavapai Hubbell and pseudoscorpions Pseudo-
garypus sp. anc Archeolarca sp. A population study was
conducted in one earth crack.

Cave Research Foundation
306 Sandia Road, NW
Albuquerque, NM 87107
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A YEAR IN THE LIFE OF ORTHOPORUS ORNATUS, A DESERT MILLIPEDE

CRAWFORD, CLIFFORD S.

Orthoporus ornatus is a large, long-lived detritivore of the
Chihuahuan and Sonoran deserts. Its role in desert ecosystems is
appreciated by examining its behavior, reproductlon, feeding, and
dormancy in appropriate seasons.

Early summer rains promote massive emergence from soil hiber-
nacula. Feeding on the soil surface and in shrubs during the next
3-4 months is enhanced by behavioral thermoregulation and exception-
al resistance to desiccation.

Ova mature a month after emergence. Deposition of up to 500
eggs, each covered by a maternal fecal pellet, occurs in underground
chambers. Hatching, early molt, feeding on pellet material, and
emergence from the pellet usually occur within a year.

A population at Big Bend National Park ingests at least 13.7
megacal ha~l in a summer while producing the cuticle-tissue equiv-
alent of 2.0 megacal ha‘l, or less than 1% of the estimated net pri-
mary production. High assimilation efficiency correlates with ability
to digest cellulose.

The subterranean habitat is reoccupied as feeding ends. Metab-
olism is depressed, and a switch from carbohydrate to lipid metabolism
characterizes dormancy. In the next 2-3 months the full gut is emp-
tied of most ingested material and water, while the cuticle-tissue
complex becomes increasingly hydrated. Later hydration during dor-
mancy appears due to metabolic-water production. Hemolymph osmolality
is elevated significantly during dormancy, reducing the potential for
water loss to relatively dry soil.

Annual molt in late spring directly precedes increased energy

expenditure as the desert millipede prepares for another cycle of
emergence, feeding, and dormancy.

The University of New Mexico
Albuquerque, New Mexico 87131
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PRELIMINARY OBSERVATIONS OF THE BEHAVIOR AND ECOLOGY OF THE CAVE
CRICKET (Hadenoecus subterraneus Scudder.)

*STONEBURNER, DANIEL L. AND **BARR, THOMAS C., JR.

This paper introduces a novel technique for "in situ"
observation of cave organism behavior, both in and out of caves, and
discusses the ecological importance of the cave cricket as an energy
transport mechanism.

Historically, the aquatic and terrestrial biota living in the
heterotrophic cave system at Mammoth Cave National Park had three
major sources of energy: detritus transported into the system by
vadose water percolating downward from the surface, material deposited
by a migratory bat fauna, and material introduced by the cave cricket.

The demise of the bat fauna in the Mammoth Cave system left the
cave cricket as the primary natural energy source for the terrestrial
cave biota. Fiber optics were used to record the behavior of the cave
cricket at extremely low light levels as its energy is dissipated
along major energy pathways. Population studies using mark and
recapture techniques and calorimetric determinations of cave cricket
guano were used in a preliminary model of cave energetics in White
Cave, an isolated segment of the Mammoth Cave system.

Crickets are scavengers, feeding outside the cave at night on
the forest floor and roosting on cave ceilings by day. The migratory
behavior of the cave cricket results in the annual introduction of
about 1.3 to 3.4 x 105 kilocalaories in the form of cricket bodies,
eggs, and guano. Preliminary observations indicate that cave cricket
guana, ranging from 2-3.5 kilocalories per gram, provides the base for
the energy budget in the terrestrial portion of the heterotrophic
cave system.

*National Park Service
1895 Phoenix Boulevard
Atlanta, Georgia 30349

**Thomas Hunt Morgan School of Biological Sciences

University of Kentucky
Lexington, Kentucky 40506
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REPRODUCTIVE CHARACTERISTICS AND MANAGEMENT POTENTIAL OF
THE SEA TURTLE ROOKERY AT CANAVERAL NATIONAL SEASHORE, FLORIDA

EHRHART, L. M.

The population of sea turtles nesting on the beaches of the
Merritt Island National Wildlife Refuge (on the lands of the Kennedy
Space Center) was studied in the summers of 1973, 1974 and 1975. Much
of the shoreline included in the study is incorporated into the newly-
created Canaveral National Seashore. Of the 288 sea turtles
encountered and processed, 283 (98.37%) were loggerheads, Caretta
caretta, and five (1.77%) were green turtles, Chelonia mydas. These are
the northernmost records of green turtle nesting in the western
hemisphere, and probably in the world.

The loggerhead nesting season begins in early May at Canaveral
National Seashore, and lasts until mid- or late-August. The frequency
of egg clutch destruction by raccoons is extremely high (nearly 100%)
however, and in response to this, and in order to record basic
reproductive data, we established a protective incubation hatchery in
1974 and 1975. Average clutch size for loggerheads at CNS is 110.
Mean egg weights and minimum diameters are 42 g and 42 mm. Green
turtle eggs are considerably larger at 60 g and 47.5 mm. The mean
length of the incubation period for loggerheads (indoors) is 69 days.
The fertility rate for loggerheads in 1975 was ca. 877%. In 1974, 4352
(857% of potential) loggerhead hatchlings and 124 (74%) green turtle
hatchlings were released. 1In 1975, 3431 (72%) loggerheads and 40
(64.5%) green turtles were released.

Canaveral National Seashore holds considerable potential for sea
turtle management and preservation in that it includes ca. 40 km of
good nesting beach that can be well protected and controlled. A
management program consisting of removal of eggs for protective
incubation, raccoon removal, and/or protective enclosure of clutches on
the beach is suggested.

Florida Technological University
Orlando, Florida 32816
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HERPETOLOGICAL RESEARCH IN' THE NATIONAL PARK  SYSTEM: -. CRITERIA FOR -
APPROVAL AND' POSSIBLE DIRECTIONS FOR FUTURE ENDEAVORS

MORAFKA,, D. J..

The National Park Service should undertake an active, positive
role in establishing standards. for quality research, translating the
results of that research. into management decisions and educational
programs, and ultimately  in developing major themes for coordinated
system wide investigation.

The following questions should assist in assessing the appro-
priateness and quality of research praposals:

(1) Does the research have an adverse effect on Park: herpeto-
fauna?
If so, (@) why must the investigator disturb a park protected
population? (b) has the potentially negative impact been
minimized without impairing accuracy and significance of the
investigation?

(2) Is the experimental design, sample. size, funding, and sche-
dule of the proposal realistic, relative to the objectives?

(3) Is the theoretical or practical importance of the proposal's
objective sufficient to justify anticipated burdens imposed
upan park resources and/or staff?

Park administration should also encourage coordinated, system-
wide projects that benefit both individual herpetologists and the
needs of the park service. Herpetological investigations on the
following major themes are recommended:

(1) The uses of amphibians and reptiles as ecological indicators
relative . to: communities, climatic zones, successional stages, bio-
geographical provinces, and pollution (tox1c1ty, disclimax, etc.)

(2) Conservation of threatened spec1es

(3) The evaluation of individual species through niche definition,
especially the dominants, the community organizers,and the generators
of microhabitats. Reducing public prejudice against these classes
through such studies.

(4) The inventory of indigeneous herpetofaunas system-wide (keys,
checklists). Such efforts should focus on ecosystem structures and
biotic provinces more than on political boundaries.

Department of Biological Science
California State College
Dominguez Hills, California 90747
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APPLICATIONS OF ISLAND BIOGEOGRAPHIC THEORY TO NATURE PRESERVES
Harris, L. D. and Miller, R. M.

The theory of island biogeography explains the species diversity
and dynamics of insular biota. Application of island biogeographic
theory to nature preserves builds on the proposition that preserves
are fast becoming isolated islands in seas of civilization. Two case
studies, the Mkomazi Game Reserve of northern Tanzania and the
Everglades National Park are reported.

Fundamental to island biogeographic theory is the premise that
the number of resident species is predictable from an allometric
function of the area's size. Though the original species—area relation
encompassed continental areas (such as preserves), recent empirical
parameter values have derived from insular research. Our results sug-
gest that these values are inappropriate for application to continental
preserves.

To apply the theory to preserve situations special consideration
must be given to the geographic region, the degree of isolation and
the taxon being considered. Even though little relation exists between
area and the present number of large mammal species in East African
preserves, the species-area equation adequately predicts the number
of extant everglades mammals. The model predicts a future equilibrium
number for the Mkomazi which implies local extirpation. This is
empirically confirmed to date.

Results suggest that other factors such as environmental hetero-
geneity and intrinsic community structure may be more important as
predictors of the equilibrium number of species than area per se. The
very rich trophic elaboration of the Everglades Park is crucially dis-
tinct from the East African case where virtually no biomass is posi-
tioned above the primary carnivore level.

School of Forest Resources and Conservation
University of Florida
Gainesville, Florida 32611
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SPECIES ORIENTED MATRIX STUDIES TO INVESTIGATE TERRESTRIAL ECOSYSTEMS
IN CANADIAN NATIONAL PARKS

CARBYN, L. N.

Large mammals are important components of the ecosystems in
National Parks. Visitor pressures and evolutionary changes require
that studies be designed to promote an understanding of the inter- -
relationships between mammals and their environment.

Funding and priorities dictate the scope to which such studies
can be undertaken. In this paper, a model is presented that uses
wolf/prey studies in Riding Mountain National Park as an example of
how species oriented, matrix studies can be used to learn more about
the functional interactions of species within natural systems.
Biological diversity and biological originality are important manage-
ment objectives for these systems.

Research is being directed at two levels. The first level.
concerns the interactions between predators (i.e. wolves) and prey.
Predators and prey interact in a complex network of biotic and abiotic
factors. Key factors must be isolated, studied separately and then
synthesized. Predictions are made and evaluated through either
observations (naturalistic approach) and/or instrumentation. The
Tatter involves manipulating, handling and marking of mammals. Such
techniques, when used in National Parks, must be carefully considered
within the framework of parks policy and the philosophy behind non-
consumptive resource conservation.

The second level of approach is then directed towards other
related components within the ecosystems. Priorities going to those
components which seem to most directly affect the predator/prey
cycle. By using the carnivore population as a fulcrum for research,
it becomes possible to better understand the interrelation of
organisms at other trophic levels.

Canadian Wildlife Service
10025 Jasper Avenue
Edmonton, Alberta

T5J 156

Canada
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DEPLOYMENT, DISPERSAL, AND ADAPTIVE STRATEGIES OF LAND VERTEBRATES
ON ATLANTIC AND GULF BARRIER ISLANDS

LAZELL, J.D.

Reptiles, amphibians, and mammals have been studied on the off-
shore barrier islands at ‘Cape Cod, Cape’'Hatteras, -Cape Lookout, and
Gulf Islands iNational :Seashores. -The numbers ‘of 'resident species in
these groups is less, usually an order of magnitude less, than on
adjacent mainlands. "Marked differences, often worthy of taxonomic
distinction, tend to characterize barrier island populations.

Special ecological relationships and novel adaptive strategies often
develop in these vigorous and depauperate habitats. Although barrier
islands are amazingly dynamic spatially and temporally, their eco-
systems are solidly stable, resilient, and tenacious. ‘Human inter-
ference with natural geological and botanical processes on such
islands tends, therefore, to directly endanger unique, often endemic,
vertebrate animal forms.

Land vertebrates reach barrier islands by three different ‘routes:
(1) direct overwater colonization from mainlands; (2) longshore dis-
persal concordant with sand movement; and (3), rarely, upstream dis-
persal across shoaling inlets, Of these, the second has -tended to
produce the highest rates of differentiation and levels of endemism.

The kingsnake-ricerat (Lampropeltis-Oryzomys) interrelationship,
involving the waxmyrtle (Myrica cerifera) as refugium-and hiberna-
culum, seems to be one of the most elegant, yet simple, adaptive
strategies yet evolved. ‘

Much additional work must be done to elucidate farther adaptive
strategies and determine the status of little-known forms.

Massachusetts ‘Audubon Society

South Great Road :
Lincoln, Massachusetts 01773
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ECOLOGY OF ELK ON ALPINE TUNDRA IN ROCKY MOUNTAIN NATIONAL PARK

STEVENS, DAVID R.

The alpine tundra is one of the most unique resources in

Rocky Mountain National Park. Increasing our knowledge of the
natural influences and their relationships to man-caused impacts
is important to the proper management of this resource. In
recent years, elk have increased their use of the tundra as
winter range. In 1976, over 300 elk wintered above 11,000 feet'
(3,353 meters) elevation. The primary objective of this study
was to document ecological impact of elk populations on the
alpine in both summer and winter. Data were gathered on elk
food habits and vegetation type usage. Transects and agronomy
cages were installed in 1971 to measure annual utilization and
document composition and cover trends of the vegetation. The
results of the five years of study are presented.

Rocky Mountain National Park
Estes Park, Colorado 80517
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A POPULATION MODEL OF THE NORTH YELLOWSTONE ELK

FOWLER, CHARLES W.

The nature of the data which has been collected during past
studies of the North Yellowstone Elk herd has made it possible to
construct a population model. Because of the interest in this herd,
the model has been used to better understand its dynamics. The
importance of any biases in the data was examined and alternative
management strategies were compared. An assessment of the degree to
which predation could act as a regulatory agent was made. Migration
as a dynamic property of this herd was suggested to be important and
was hypothesized to be density dependent. The model is a density
dependent variable projection matrix.

College of Natural Resources

Utah State University
Logan, Utah 84322
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PERSPECTIVES ON THE MANAGEMENT OF AN INTRODUCED WAPITI POPULATION IN
MOUNT RAINIER NATIONAL PARK

BRADLEY, WILLIAM P. AND DRIVER, CHARLES H.

National Park Service policy relative to the management of park
wuldllfe must be based on a thorough knowledge of the species'
«blology This is particularly true for large ungulates which have
the potential to alter existing environments. Maintenance of
desired environments in national parks will often require direct
management efforts for controlling the abundance or level of impact
of these species. Management efforts are often complicated, however,
when ungulates utilize park areas only on a seasonal basis. This
necessitates the cooperation of other agencies whose current policies
and management goals may not correspond with those of the Park
Service. Such is the case with the introduced Rocky Mountain wapiti
in Mt. Rainier National Park.

A research program initiated in 1973 to provide biological
baseline data for wapiti in Mt. Rainier environments is briefly
described. This study has documented the physical impact of wapiti
in the park and has provided data on wapiti-vegetation interactions.
Analysis of data on wapiti population dynamics, movements, migration,
distribution, and abundance within the park provide additional
important management data.

A cooperative multi-agency management plan involving the Park
Service, the U. S. Forest Service, and the Washington Department of
Game is being prepared for Park Service consideration. This plan
includes an analysis of the management potential of sport hunting
on wapiti winter range outside the park. Other management alter-
natives and their relation to present Park Service policy are dis-
cussed and suggestions for policy changes are offered.

University of Washington
Seattle, Washington 98195
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DESERT BIGHORN SHEEP IN CANYONLANDS NATIONAL PARK

DEAN, H. C.

Canyonlands national park harbors one of the few native desert
bighorn sheep (Ovis canadensis nelsoni) populations in the United
States. This study investigated the distribution of bighorn sheep
in the Park and the role landforms played in the bighorn sheep-
livestock conflict.

Canyons within the Park were classified into four types on the
basis of characteristic landforms. Botanical characteristics and
water sources were evaluated for a minimum of two canyons for each
type. Interviews with cattlemen were employed to determine the
historical bighorn sheep distribution and the extent of livestock
grazing. Present bighorn sheep distribution was determined by
periodically surveying representative canyons throughout the study.

Prior to intensive livestock grazing bighorn sheep occupied much
of the Park. Today they inhabit only those canyons which are entirely
inaccessible to livestock or canyons which have physical barriers
preventing Tivestock from utilizing much of the canyon. Bighorn sheep
and deer demonstrate a similar spacial separation. If bighorn sheep
actually prefer rugged terrain, they would be selecting areas which are
more energetically costly than other available habitats. It appears
‘that they are selecting for isolation rather than a preferred terrain
type. Possibly it is this need for isolation which has made the
desert bighorn sheep a relict species.

Utah State University
Logan, Utah 84322
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MOVEMENTS OF DESERT BIGHORN SHEEP IN THE RIVER MOUNTAINS OF THE LAKE
MEAD NATIONAL RECREATION AREA

Leslie, David, and Douglas, Charles L.*

Since 1973, a total of 82 individual sheep have been marked with
color-coded ear or neck tags. Ten animals were equipped with radio
telemetry collars to facilitate intensive study of their movements.

To date, 850 observations have been collected by means of
ground survey, waterhole counts, helicopter and fixed wing surveys.
A total of 201 observations were recorded on the radio equipped animals
in the period between July 1, 1975 and November 30, 1975.

Preliminary findings on movements indicate a smaller home
range for ewes (particularly those with lambs) and a larger range
for rams, that increases in size with age of the individual.
Demography of the River Mountain herd is being evaluated, as is
population size and dynamics.

University of Nevada, Las Vegas
Las Vegas, Nevada

*NPS/University of Nevada, Las Vegas
Cooperative Resources Studies Unit

University of Nevada at Las Vegas

Las Vegas, Nevada

¢
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EWE-LAMB VOCALIZATION AND RECOGNITION IN CAPTIVE BIGHORN AT

ZION NATIONAL PARK, UTAH®
MCCUTCHEN, H. E.

Ewe-lamb vocalization and recognition phenomena are described in a
herd of captive desert bighorn sheep.

Ewe vocalizations were uncommon and were detected only within a
time period of two months post-partum. The vocalization frequency de-
creased toward the end of this period. Ewe vocalization was related to
the need of a ewe to locate her lamb for nursing among other lambs or
when it had moved in rugged terrain. Observations ére presented which
indicate individual recognition of maternal calls by the neonates.

Ewe vocalizations may play a part in reinforcing mother-infant social
bonds and prepare the lambs to follow the ewes away from lambing
grounds.

Lamb  vocalizations were rare. There was no evidence to indicate
individual recognition of lamb calls on the part of the ewes.

Individual recognition by visual and olfactory means related to
nursing behavior are discussed.

Zion National Park
Springdale, Utah 84767
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DALL SHEEP DEMOGRAPHY IN MCKINLEY PARK
MURPHY, E. C.

Ado1f Murie's classic wolf studies in Mount McKinley National Park
from 1937 to 1941 included detailed analysis of the Dall sheep (Ovis
dalli) population. His data have been analyzed and cited in numerous
papers on mortality patterns in mammals and in several ecological text-
books. The present report includes a reevaluation of these data and
presentation of additional demographic data collected through 1972.

The role of National Parks as sites for such studies is discussed.

Dall sheep population numbers, age-sex composition, and the male
age structure were studied in McKinley Park in the summer, 1972. Ages
of 142 living males were estimated by analyses of photographic trans-
parencies. This sample, with the composition ratios, was used to '
determine the male age structure. Results indicated that the age
structure had not been Stationary over the past several years. Reanal-
ysis of the skull data collected by Murie showed that the age structure
had not been stationary in the 1930's. Life tables constructed from
his data are then time-specific. Additional problems inherent in life
tables constructed from these skull data are discussed. |

McKinley Park is one of only a few areas where Dall sheep, one of.
the most sought-after big game trophies, are not hunted by man. It is
an ideal site for studying Dall sheep in relatively undisturbed condi¥
tions. But demographic parameters vary considerably not only tempo-
rally within a locality such as McKinley Park but also geographically.
A wide spectrum of Dall sheep habitats, from the Wrangell Mountains to
the Brooks Range, should be preserved in the National Wilderness
System.

The University of Kansas
Lawrence, Kansas 66045
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MOUNTAIN GOAT - HIGHWAY RELATIONS ALONG U.S. HIGHWAY 2,
GLACIER NATIONAL PARK

SINGER, FRANCIS J.

U.S. Highway 2 enters Glacier National Park for 5.2 km (3.2
miles) and traverses a movement route for mountain goats (Oreamnos
americanus) visiting a natural mineral lick on the banks of the
Middle Fork of the Flathead River. A Study was conducted in 1975
to obtain data on the mountain goats and surrounding environment in
order to form a basis for options in a proposed highway reconstruct-
ion. Data was gathered on reactions of goats to traffic, human-goat
interactions, seasonal and daily crossing patterns, and adaptations
of goats to the traffic/visitor situation.

An estimated 24,000 vehicles and 66,000 visitors stopped at
the exhibit in 1975; as many as 39,000 people may have seen goats at
the lick. From 0-40 percent of the passing traffic stopped at the
lick, the higher rates occurring during midday. Traffic safety
hazards approached .5 violations per hour at the exhibit during the
peak of visitor season. '

A high rate of disturbances by passing traffic and visitors
occurred during goat crossings. Crossing goats responded to
disturbances by hesitating, running back from the edge of the high-
way, running across the highway, and/or altering their crossing
route. Successful highway crossings were significantly associated
with a crepuscular pattern, size of crossing group, and sex and age
of the group leader. Only 0-2 mountain goats are hit by vehicles
each year because, 1) most goats cross the highway when traffic
volume is the lowest, 2} goats hesitate or run back from the road
edge when vehicles pass, and 3) drivers are able to avoid goats
that do run across because of slow speeds (x = 25 mph) in the crossing
area. Reconstruction was decided upon to include two goat under-
passes of the highway in order to avoid goat-vehicle collisions at
the higher reconstruction speeds and to avoid further nanny/kid
separations during crossings. In addition, the visitor viewing
area will be relocated to the east to avoid disruption of goat
movements and to eliminate the human safety hazards associated
with the present roadside location.

Uplands Field Research

Laboratory
Great Smoky Mountains National Park
Gatlinburg, Tennessee 37738
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ECOLOGICAL RELATIONSHIPS OF MOUNTAIN GOATS (Oreammos americanus) IN
GLACIER NATIONAL PARK

CHADWICK, D. H.

Data are presented from a three-year (1974-76) study of mountain
goat ecology in a 310 kmZ2 study area in Glacier National Park.
Supplementary and comparative data are drawn from a previous
three-year investigation of goats in the Swan Mountains of adjacent
Flathead National Forest. Regular field surveys of goat ranges were
accompanied by intensive observation of selected herd units and
quantitative examination of social behavior.

Comprehensive field surveys showed that a stable population of
approximately 360 mountain goats inhabited the park study area yielding
an unexpectedly high density of 1.2 goats/kmz. These results and
sample surveys elsewhere in the park suggest that parkwide population
figures are closer to 1,500 than to traditional estimates of 600-800
goats. Mountain goat habitat relationships were found to be determined
primarily by physical parameters associated with primary (geological)
succession rather than secondary (plant community) succession. Goats
exhibited marked preferences for steep slopes, high elevations, and
rock outcroppings. in all months. During winter, rock ledges provided
88% of all foraging and 977 of all bedding sites. Occupation of a
topographically defined, narrow niche appears to have selected for
utilization of habitats within a limited range of climax alpine and
subalpine plant communities, plasticity of diet and foraging technique,
and semi-gregarious social tendencies in this species. Monthly average
group size varied between 1.8 and 5. Thirty-six percent of all goats
observed in the park were alone or in pairs. Groups were widely spaced
within habitats, with average minimum intergroup distance varying
between 221m and 577m. Analysis of 4,000 behavioral interactiomns
revealed that group size, structure, and distribution were regulated by
agonistic relationships within a social hierarchy. Mortality patterns
were similarly influenced by terrain-related factors. In 20 instances
where cause of death could definitely be determined, avalanches
accounted for 60% and climbing accidents for 15%. Climbing accidents
were implicated in 647 of 53 observed physical abnormalities in live
animals. Utilization of precipitous habitats in the early stages of
primary succession was found to effectively isolate goats from the
influence of predators and competitors.

- In conclusion, this study indicates that mountain goat populations
in Glacier Park are stable and naturally regulated by extrinsic abiotic
factors; principally climate and the mnature of post-glacial terrain
inhabited by the species. Unique morphologic and behavioral
adaptations and a complex social structure enable mountain goats to
achieve high population densities within the carrying capacity of a
specialized and physically demanding niche.

Glacier National Park
West Glacier, Montana
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ARTIODACTYL DISTRIBUTION AND ENVIRONMENTAL GRADIENTS,
GLACIER NATIONAL PARK

ACKERMAN, BRUCE A. AND SINGER*, FRANCIS J.

Winter observations of five species of artiodactyls, moose, elk,
white-tailed deer, mule deer and mountain goats were plotted along
axis of environmental gradients to determine the usefulness of the
technique for studies of niche and habitat. A total of 920
observations from two study areas in the western half of the Park were
analyzed. Environmental gradients evaluated were slope, elevation,
time since burn, hydric/fluvial succession, snow depth, primary suc-
cession and topographic moisture. The gradients were established from
plant ecology studies. Distributions of moose, white-tailed deer, and
mountain goats were distinct from each other when plotted along the
gradient pairs, slope - snow depth, topographic/moisture - elevation,
and snow depth - fluvial succession. Elk and mule deer were more
generalized in their distribution. Mountain goat distribution was
best described by primary succession gradient. Sampling problems
became obvious in the preliminary attempt, but the technique showed
potential for studies of niche and for habitat predictions with
artiodactyls.

West Tisbury, Massachusetts 02575
*Uplands Field Research Laboratory

Great Smokey Mountains National Park
Gatlinburg, Tennessee 37738
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STATUS AND CHARACTERISTICS OF ARTIODACTYL POPULATIONS IN
-GLACIER NATIONAL PARK

MARTINKA, C. J.

Evaluation of historical records and current field
studies reveal that eight species of artiodactyls are native
postglacial inhabitants of Glacier National Park. Human
encroachment resulted in extirpation of mountain bison (Bison
bison athabascae) during the early 1800s and woodland caribou
(Rangifer tarandus caribou) in the 1930s. Populations of
mountain goats (Oreamnos americanus), bighorn sheep (Ovis
canadensis), mule deer (Odocoileus hemionus), and moose (Alces
‘alces) continue to occupy suitable park habitats to the
present time.

Parklands encompass 41,000 km2 of rugged mountainous
terrain with principal habitats represented by streambottom
forests, grasslands, upland coniferous forests, shrubfields,
and alpine tundra. Wintering artiodactyls utilize this complex
in relation to temporal, climatic, physiographic, and/or
biological factors. Each category contains one or more
environmental gradients which holistically determine distribution
and numbers of wintering artiodactyls. The result is a
predictable pattern of winter distribution based on specific
habitat elements required by each species. In turn, relative
numbers of each species are determined by the amounts of suitable
habitat available within the park.

Each artiodactyl species is adapted to efficiently exploit
a definable segment of one or more environmental gradients. The
process of competitive exclusion apparently contributes to
habitat and niche separation over time. Evolved physical and
behavioral features effectively maintain separation in a static
environment. However, time acts as an independent gradient to
determine direction and magnitude of change in various dependent
gradients. Accordingly, environmental gradients may be a useful
tool in predicting future conditions or evaluating management
options in the park.

Glacier National Park
West Glacier, MT 59936
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JUNCO HABITATS IN THE WESTERN UNITED STATES

Haldeman, J.R.

Habitat characteristics were measured in 100 Dark-eyed Junco
territories and 150 Gray-headed Junco territories. Dark-eyed
Juncos were studied near Crater Lake and Diamond Lake, Oregon;
and near Tahoe, California; while Gray-headed Juncos were studied
near Las Vegas, Nevada, and Death Valley, California; Grand Canyon
and Flagstaff, Arizona; and Luna, New Mexico.

Fifty-five habitat characteristics were determined for each
junco territory; these were mainly vegetational factors with
emphasis on ground cover, canopy cover, shrubbiness, and number of
trees present. '

From the methods used for sampling and the characteristics
selected, it was shown that most of the characteristics remained
consistent from one population to another and one species to another.
The only single characteristics useful in separating populations
were ground cover and lower canopy height, although other
populations were separable by combined variables. All populations
were significantly different from each other in their habitat
configuration except Gray-headed Juncos in New Mexico and Dark-
eyed Juncos in Oregon.

Variation in habitat. configuration was small in Dark-eyed
Juncos but large in Gray-headed Juncos. There was a greater
difference between extreme populations of the Gray-headed Junco
than between adjacent populations of Gray-headed Junco and Dark-
eyed Junco. The smallest amount of habitat variation existed
between the extreme populations studied, the Gray-headed Junco
in New Mexico and the Dark-eyed Junco in Oregon.

There are no consistent habitat similarities within junco
taxons and no consistent big differences between taxons, which
supports those taxonomists who believe that the taxons considered
are not true species.

Museum of Northern Arizona

Flagstaff, Arizona 86001
and

‘Florida Southern College

Lakeland, Florida 33802

308



COLIMA WARBLER STATUS AT BIG BEND NATIONAL PARK, TEXAS
WAUER, R.H.

The total range of the Colima Warbler (Vermivora
crissalis) 1in the United States occurs above 5500 feet
elevation in the Chisos Mountains of Big Bend National
Park, Texas. Studies of the bird's density, distri-
bution and habitat preference, from 1967 to 1976,
indicate that, although it is a peripheral species,
its sftatus within the Chisos Mountains is secure.

Six May Colima Warbler counts were taken during
the study period, and populations ranged from 37 to
58 pairs. Density correlated to the amount of precip-
itation recorded during the months prior to and during
the nesting season. The greatest variation of distri-
bution was found to occur in fringe areas along the
lower and higher elevations of the preferred canyons.

Approximately 85 percent of the territorial birds
recorded were located along relatively narrow and
moist canyons. Fifteen percent of the singing birds
were located on relatively open slopes or ridges.
Dominant to subdominant vegetation within 50 feet
of eleven nests studied consisted of, in order of
importance, Emory oak, bigtooth maple, Arizona cypress,
drooping juniper, mountain sage, birchleaf buckthorn,
Mexican pinyon, skunkbush sumac, and silktassel.

As a general rule, Colima Warblers were widely
distributed in wet years and the highest populatiens
occurred following a year of above average precipi-
tation.

Southwest Region
National Park Service
Santa Fe, N. M. 87501




CONCENTRATED AVIAN UTILIZATION OF AN EARLY FLOWERING CENTURY PLANT
(AGAVE HAVARDTIANA)

NEILL, R. L. AND ALLEN, T. M.

Highly concentrated avian activity was observed on the first
flowering century plant in the Basin of Big Bend National Park from
19 May to 22 May 1976. Of the twenty-one species observed within
50 m of the Agave twelve utilized the plant as a food source, ter-
ritorial post or perching site.

The study plant, located in the upper sotol-grassland associa-
tion, had three inflorescence clusters in flower with the remaining
twelve branches not yet flowering.

Four hundred sixty-eight avian visits were recorded in 18 hours
of observation distributed over four days. The total time on the
plant by avian species was 20,057 seconds or thirty per cent of the
total observed time. Eighty per cent of the total combined activity
was spent in feeding. Lucifer Hummingbirds (25%), White-winged Doves
(25%), Blue-throated Hummingbirds (21%) and House Finches (13%) were
the major species feeding on the Agave. Blue-throated Hummingbirds
(42%) and Lucifer Hummingbirds (28%) accounted for more than half of
the total number of visitations. The accelerated activity diminished
by approximately half as other Agave plants came into flower, and as
certain species relocated elsewhere in the Basin. All species re-
corded were resident species with the possible exception of Rivoli's
Hummingbird.

Agave nectar with associated small insects served as the food
source for ten species of birds. Nectar production in individual
flowers were measured and peak production occurred between twelve
midnight and six A.M. Nectar composition and concentration were
analyzed using the anthrone test, ninhydrin reagent, FeCl3-K3Fe(CN)g
and appropriate chromatographic procedures.

The University of Texas at Arlington
Arlington, Texas 76019
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AVIFAUNAL ASSOCIATES OF AGAVE HAVARDIANA TREL. IN BIG BEND
NATIONAL PARK

ALLEN, T. M., NEILL, R. L.

This study reports the pattern of avian utilization of the Big
Bend Century Plant, Agave Havardiana Trel., in Big Bend National
Park. .

All plants studied had the same number of branches and were
found between 1554-1615m in elevation. The influence of light
intensity and temperature was studied. Campground associated plants
had a similar activity pattern to those in the natural ecological
association except that House Finch activity was much greater in the
campground area.

Data was gathered over 316 hours in two summers (1975 and 1976).
Maximum avian activity, in general, occurred during the morning hours
of 8:00-10:30 a.m. and the early evening hours of 6:30-8:30 p.m.

Time separation between certain species with regard to their peak
visitation times was evident. For example, hummingbirds visited
earlier in the morning and later in the evening than the House
Finches. A total of thirty-eight species of birds were observed
utilizing the century plant. Plant usage was divided into categories
of feeding, perching and singing with dominant species in the first
category being House Finches, Black-chinned Hummingbirds, and Ladder-
backed Woodpeckers; in the second, House Finches, Cactus Wrens, and
White-winged Doves; and in the third category, Cactus Wrens and House
Finches. These species are listed in order of descending importance.
Flower parts,; nectar, and flower associated insects were the major
avian food sources offered by the plant. Agave Havardiana was often
defended by territorial hummingbirds and used as a lookout post for
territorial defense and predation by hummingbirds (i.e., Black-
chinned and Lucifer Hummingbirds) and other bird species (i.e.,
Cactus Wrens and Ash-throated Flycatchers).

The University of Texas at Arlington
Arlington, Texas 76019
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WADING BIRD PRESERVATION IN EVERGLADES NATIONAL PARK
KUSHIAN, JAMES A.

Fifteen species of wading birds nest in Everglades National Park.
Concern for the future of the outstanding wading bird colonies located
in the southern Everglades contributed to the park's establishment.
The changing status of these species suggests failure of the habitat
protection provided by the park to perpetuate their natural
distribution and abundance. The options open to achieve perpetuation
of these species and the ecosystem on which they depend within the
park are complex and involve unresolved issues in the preservation of
natural reserves.

Southern Florida wading bird populations have declined to about
5% of their late 1800's level because of colony disturbance and later
habitat loss. Declines were generally confined to inland colonies. .
Some populations have increased. Regional changes after 1960 reflect
continued habitat loss and altered hydrologic conditions, the critical .
importance of which is particularly demonstrable in the Wood Stork.
Sharper declines occurred in populations nesting in the park owing to
colony site shifts in response to overall functional segmentation of
the southern Florida wetland system of which the park is only a part.

"It is not possible to restore the conditions extant when white
man first visited the park area. Population shifts away from the
park evidence habituation to changing conditions which, if further
changes were minimized, should establish a regienal equilibrium in
which inland portions of the park might be an insignificant factor in
maintaining nesting populations. Some species may be extirpated from
the park or the region. Complex additional hydrologic manipulation
might restore a more naturally functioning system, which may or may
not avoid loss of species components. Massive manipulation might
preserve the most threatened species. A dilemma in perpetuating a
large, but ecologically nonisolated reserve, is that attempting to
preserve natural processes may not be compatible with maintaining
maximum or historic species richness.

Everglades National Park
Homestead, Florida 33030
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WHITE PELICAN REPRODUCTIVE FAILURES IN THE MOLLY ISLANDS BREEDING
COLONY IN YELLOWSTONE NATIONAL PARK

DIEM, KENNETH L.

Observations of the only White Pelican breeding colony in a
national park and the only breeding colony of the species located at an
elevation of 2357 m. began in 1890. From observations of the colony's
production of young during 25 years between 1889 and 1967, an average of
208 juvenile pelicans were recorded annually. During 8 years between
1966 and 1976 the observed annual average of young White Pelicans de-
clined to 71 birds. The 1970 breeding season was the first total breed-
ing failure recorded for the Molly Island colony. Since 1970 two more
breeding seasons have been complete failures. The reproductive failures
appear to be the result of a complex interaction of several factors.
Sublethal levels of DDE and PCB were measured in eggs collected in two
of the years when complete breeding failures occurred but no egg shell
thinning was detected. Marked decreases in nest building and increases
in nest and young abandonment seemed to characterize the years of re-
productive failure. These atypical behavior patterns appeared to be
the result of increased stress produced by the integration of a constant
body burden of pesticides with various combinations of delayed ice melt,
cold air temperatures, high water runoff levels and unseasonable forms
of precipitation. Disturbance of the colony by humans was considered
to be negligible.

Department of Zoology and Physiology

University of Wyoming
Laramie, Wyoming 82071
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THE COLUMBIAN SHARPTAILED GROUSE: WITH SPECIAL REFERENCE TO THEIR
POTENTIAL REINTRODUCTION TO LAVA BEDS NATIONAL MONUMENT

STARKEY, E. E. AND SCHNOES, R. A.

Early settlers found Columbian sharp-tailed grouse (Pediocetes
phasianellus columbianus) to be one of the most abundant game birds
in shrub-steppe portions of the Pacific Northwest and Intermountain
West. Today, they are only present in greatly reduced numbers in a
limited number of locations. The subspecies is classified as '"status
undetermined” by the U.S. Fish and Wildlife Service. This paper
discusses the causes of the population decline, current status of
populations, and the potential reintroduction of the Columbian sharp-
tail to Lava Beds National Monument, in northeastern California. '

Population declines generally began with human settlement.
Certainly overgrazing, farming practices and hunting were involved
in the sharptail's demise. In addition, changes in habitat resulting
from fire suppression could have been important. An attempt has been
made to place these factors in perspective.

Present populations are in general decreasing or stable through-
out the remaining range of the subspecies. A survey of state and
provincial game agencies indicates that consideration should be
given to reclassification of the Columbian sharptailed grouse from
"status undetermined" to "threatened".

Columbian sharptail grouse were present in the Lava Beds area
during early settlement periods. Therefore, their reintroduction
to the monument is being considered. Potential habitat has been
located and evaluated. Early vegetation maps were studied and
promising areas sampled for frequency and density of plant species,
as well as canopy coverage of shrubs. These data are compared to
similar data from areas where sharptails persist. Habitat manage-
ment recommendations are discussed. Additional research needs,
primarily behavioral, are also presented.

Cooperative Park Studies Unit
Oregon State University
Corvallis 97331
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PEREGRINE FALCON REINTRODUCTION POSSIBILITIES ALONG THE SOUTH SHORE OF
LAKE SUPERIOR

ISAACS, F. B. AND SLOAN, N. F,

Attempts at reintroducing captive bred peregrine falcons (Falco
peregrinus) into abandoned eyries throughout the Eastern United States
are currently underway. In 1974 the National Park Service provided
funds for a study of peregrine history, current status and reintro-
duction possibilities in Department of Interior lands located along
Lake Superior's south shore. The areas surveyed include Pictured
Rocks National Lakeshore and Isle Royale National Park in Michigan
and The Apostle Islands National Lakeshore in Wisconsin. The results
of this study will be presented.

Historically, nearly all peregrine falcon nesting sites in this
region were limited to lakeshore cliffs that provided suitable nesting
ledges and access to sufficient prey. Between 1906 and 1962, 11 nests
have been reported from five localities along the south shore of Lake
Superior and on Isle Royale. In addition, nine nests have been
located in four other areas of Michigan's Upper Peninsula. This data
provided a nucleus for field studies aimed at determining current
peregrine falcon status and at locating the site or sites best suited
for a reintroduction attempt.

A1l eyries were found to be currently abandoned with no evidence
of recent peregrine occupation visible. The Grand Portal Point area
of Pictured Rocks National Lakeshore, occupied as recently as 1961,
seems to provide the requirements necessary for a successful reintro-
duction attempt.

Forestry Department

" Michigan Technological Univ.
Houghton, Michigan 49931
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FOREST FIRES AND THE TREE-HOLE NESTING CYCLE IN GRAND
TETON AND YELLOWSTONE NATIONAL PARKS

TAYLOR, DALE L,

. Natural (lightning caused) forest fires have been
allowed to burn in zoned areas of certain national parks
since about 1968, This paper is a report on bird
populations that invade post-fire areas in ¥ellowstone
and Grand Teton National Parks, Emphasis will be on the
3,106 acre 1974 Waterfalls Canyon Forest Fire in Grand
Beton Park,

Northern three-toed woodpeckers wre the most
numerous nesting birds one year post-fire, Black-backed
three-toed woodpeckers were also present, but fewer in
number, Populations of both species were reduced by one-
half in severely burned portions of the forest the second
year post=fire, First and second year popudations
remained about the same in moderately burned areas,

The two woodpecker species initiate a tree-~hole
nesting cycle by making nest holes that are used by
mountain bluebirds, tree swallows and other species,
Hairy woodpeckers contribute to the tree.hole cycle
from the second year post-fire until the end of the
cycle, The cycle ends 30 to 4O years post=fire when
all fire killed trees have fallen,

I conclude that northern three-toed woodpeckers,
black-backed three-~toed woodpeckers and mountain blue-
birds are fire associated species,

- Seasonal Research Biologist
Grand Teton National Park
Moose, Wyoming
winter address:

Sterling College
Sterling, Kansas 67579
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BIRD DENSITY AND DIVERSITY CHANGES FOLLOWING PRESCRIBED BURNING OF
SACEBRUSH (Artemisia tridentata) IN JACKSON HOLE, WYOMING

McGee, John M.

Wildlife responses to wildfire and prescribed burning are
being studied in Grand Teton National Park and in adjacent areas of
the Bridger-Teton National Forest. This paper reports changes in
bird density and diversity immediately following spring and fall
prescribed burning of a sagebrush community in Jackson Hole, Teton
County, Wyoming.

In the first breeding season postburn, breeding bird density
decreased markedly on both the spring and fall burn study areas. In
the third year postburn, breeding densities on the spring burn area
were approaching unburned-control levels. No species bred on the
fall burn area during the first postburn breeding season, and only
one species is known to have nested during the second season.

In contrast to the breeders, non-breeding birds increased
- dramatically following both burns. The greatest increase occurred
on the fall burn area during the first growing season postburn.

Bird species diversity increased following spring and fall
burning; the greatest value occurred on the spring burn area one
season postburn. Variability decreased with time on each area. The
increased diversity and variability resulted from the influence of
non-nesting birds. This influence decreased with time in both cases.
Three seasons following spring burning, diversity was similar to that
obtained in unburned sagebrush. Species diversity on the fall burn
area was slightly higher and more variable after two seasons follow-
ing burning.

I conclude that spring and fall burning produce similar
changes in density and diversity, but different rates of return to
unburned levels,

Department of Zoology & Physiology
University of Wyoming
Laramie, Wyoming 82071
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COMPARATIVE ECOLOGY OF TWO AVIAN PREDATOR GUILDS
Eckhardt, Robert C.

Eight sympatric species of birds belonging to two insectivorous
guilds (ecologically related groups) breeding at 2660m in Rocky
Mountain National Park, Colorado, are examined in the light of
theories of competition and predation. Flycatchers are used to
exemplify the pursuers of optimal foraging theories, while gleaners:
(warblers) are used to exemplify searchers. The results of this
investigation lend support to only a few of the many predictions
drawn from several different models of optimal foraging. The concept
of adaptive syndromes (coordinated sets of adaptations? is suggested
as an alternative, and perhaps more useful, way of viewing predatory
strategies, and the two adaptive syndromes revealed in this work
are described.

The search/pursuit energy- or time- budget ratio, which is used
to define searchers and pursuers, is demonatrated to be impossible
to measure in the field for most species. Search-pursuit is there-
fore replaced by the concept of activeness of search, a spectrum of
‘behavior ranging from highly active searchers (such as warblers; in
some ways comparable to searchers or "widely-foraging" predators)
to passive searchers (such as flycatchers; in some ways comparable
to pursuers or "sit-and-wait" predators). Activeness of search is
easily measured in the field by several different methods.

The adaptive syndrome exhibited by active searchers includes
high velocity (perches/minute) and foraging intensity (attacks/
minute), a small attack radius and foraging space, low diversity
of structural foraging microhabitat, and small differences in
critical morphological dimensions (wing, weight, bill) between
species of the same guild. The adaptive syndrome exhibited by
passive searchers includes low velocity and foraging intensity,

a large attack radius and foraging space, a high structural foraging
microhabitat diversity, and large differences in critical morpho-
logical dimensions between species of the same guild. Analysis of
interspecific territoriality suggests that, in general, species
respond to other species displaying the same general adaptive
syndrome as greater potential competitors than to species displaying
a different adaptive syndrome.

Department of Zoology
Murray. Hall
University of Maine
Orono, Maine 04473
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THE INFLUENCE OF PREDATORS ON COLONY-SITE SEIECTION AND REPRODUCTIVE
SUCCESS IN RING-BILLED AND HERRING GULLS

SOUTHERN, W. E., CUTHBERT, F. J. AND PATTON,S. R.

Colonial waterbirds characteristically nest on islands and various
selective advantages have been attributed to this phenomenon. In this
paper we evaluate the effect of predators on breeding Ring-billed
Gulls (Larus delawarensis) and Herring Gulls (L. argentatus). The
resulting information is used to describe the optimum habitat required.
for successful reproduction by these species. Emphasis will be placed
on the actual limiting effect of predators, particularly the red fox
(Vulpes fulva).

During the summers of 1975 and 1976, the gull colonies on South
Manitou Island, Leelanau County, Michigan, which is included in the
Sleeping Bear Dunes National Lakeshore, were censused and monitored
throughout the breeding seasons to ascertain the causative agents
responsible for the previously noted high mortality rate. During both
years we recorded extremely high natality and significant adult
mortality. The primary cause in both cases was predation by red
foxes. Surplus killing prevailed during most of the breeding season,
particularly after young gulls were present. This resulted in several
hundred gulls being killed in a single night, adults being frightened
from the colony thereby exposing young chicks or eggs to near freezing
nighttime temperatures, and apparent desertion by many pairs of gulls.
Foxes were responsible for a significant part of the 85% mortality
rate recorded for Ring-billed Gull chicks and the 99% rate for Herring
Gull young.

We conclude that predator management is an essential part of any

program designed to maintain ground-nesting colonial birds on protected
Federal lands.

Northern Illinois University
DeKalb, Illinois 60115
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MAPPING THE GRAND CANYON - National Geographic Lecture
Washburn, Bradford

This public lecture, sponsored by the National Geographic Society,
will introduce the audience, with color slides, to the topographic
and geologic features of the central part of the Grand Canyon in
Arizona, and will describe in detail a joint project of Boston's
Museum of Science and the National Geographic Society to remap a
part of the Canyon on a scale of 1:4800. A laser distance-measuring
instrument used on this project will be demonstrated in the lecture
hall.

Dr. and Mrs. Washburn have made 13 trips to the Grand Canyon of
the Colorado River during the last 5 years, as a part of a joint project
to remap 170 square miles of the heart of the Canyon, sponsored by
the Museum and the National Geographic Society. The first survey of
the Canyon was accomplished by Francois Matthes' extraordinary
USGS expedition of 1902-03, which resulted in a map on a scale of
1:48000, published in 1903. The area was completely remapped
photogrammetrically by the USGS in 1954 and 1960; the source of
today's inch-to-a-mile Grand Canvyon sheets.

Dr. Washburn's field work, involving nearly seven hundred helicopter
landings, has produced a precise network of 92 control points on both
rims and in the canyon. Measurements of distance were done with a
Laser Ranger III under the direction of Harry R. Feldman. Angular
measurements were made by Dr. Washburn with a wWild T-3 Theodolite.
Photogrammetric plotting, based on this control and vertical aerial
photography from an altitude of 16,000 feet, has been done by
Lockwood Mapping of Rochester, New York, on 17 sheets at a scale
of 1:4800 with 50-foot contours. Strip-maps of the trails, made with
photographs taken from 12,000 feet, were contoured by Raytheon/
Autometrics on a scale of 1:2400, with 25-foot contours.

The field work and photogrammetry are now complete, and research is
now under way at the National Geographic, the Museum and the
Swiss Federal Institute of Topography in Berne to determine the most
effective way to present the incredibly savage and beautiful canyon
topography. Publication on a scale of 1:24000 will take place by the
National Geographic in about 2 years. Large-scale (1:5000) hikers'
strip-maps of the trails will be published by the Museum of Science
at about the same time. Simultaneously also, the Museum and
Swissair Photo Vermessungen of Zurich are working on an extremely
detailed and precise 1:5000 map of the Inner Canyon, which will be
coordinated with all of the trail-strips which radiate to both the
South and North Rims from this focal area.

Bradford Washburn

Director

Museum of Science

Science Park :

Boston, Mass. 02114
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