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FOREWORD

The purpose of this report is to inform other Service personnel and
interested organizations and individuals outside of the Service of the
natural science studies being conducted on areas administered by the
National Park Service during calendar year 1969.
The first part of this document consists of a selection of narrative
reports on work conducted by Service personnel and by people under
contract.
The second part is a listing of projects, funded by the National Park
Service and/or other sources, which are being conducted in the National
Park System.
The third part of the report is a list of publications and final reports
concerning natural resources of the National Park System that have been
received by this Office in 1969.
Inquiries for further information on projects mentioned in this report
should be addressed to the appropriate investigator. Information on the
acquisition of reports or publications listed in the bibliography, or
additional copies of this report, can be obtained directly from this Office.
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ECOLOGICAL STUDIES PROGRAM
OCEANIC OVERWASH AND ITS ECOLOGICAL IMPLICATIONS
ON THE OUTER BANKS OF NORTH CAROLINA
(CALO-N-1 and 2)
INVESTIGATOR:

Paul J. Godfrey

Where the land meets the sea, terrestrial organisms face rigorous
conditions imposed by the oceanic environment. Such areas have long been
of interest co ecol.og.ists, and many investigations have dealt with the
problems faced by communities at the edge of the sea. The effects of salt
spray (Wells and Shunk, 1938; Costing and Billings, 1942), moving sand
and storm damage are generally well known (Oosting, 1954). Coastal plant
communities characteristically show the effects of salt spray; Wells (1939)
was moved to call such communities "salt-spray climax" in the Clementsian
sense of subclimax. Other subclimaxes have been described for various
situations, such as "fire climax" in the S. E. coastal plain (Oosting, 1956)
and in certain western areas. On the low barrier islands of the North
Carolina coast, particularly in Carteret County, another environmental
factor has created a subclimax of sorts, and coupled with salt spray, is
a rigorous force indeed. This is overwash. The concept of overwash as
as ecological factor, and "overwash climax" as a vegetation type, will be
considered in this paper.
The vegetation that survives on low barrier islands is well adapted
to conditions of overwash — the process whereby storm driven sea water
completely inundates the barrier islands and sand moves from the beach
face toward the back of the island. Not only is the vegetation well
adapted, but it also plays a critical role in the structure of these
islands and the sea-sand-plant system demonstrates a well ordered natural
balance that survives the vast power of storm driven waves. It shows a
remarkable flexibility that ensures the survival of this barrier island
ecosystem, as well as the estuarine ecosystem the islands protect. Contrary
to generally accepted interpretations, this process is not destructive,
but constructive, if undisturbed by man. It is the means by which the
ocean builds and moves the barrier islands, and this movement is essential
for their continued survival. This paper will attempt to put the concept
of an "overwash climax" into a perspective that can be applied to those
management situations, where permanent installations along barrier islands
are not present.
The area of study is the barrier island system of North Carolina
between Beaufort Inlet and Ocracoke Inlet (the region that will become
the Cape Lookout National Seashore). These islands have provided an
excellent opportunity to study the ecology and physiography of barrier
islands still in their natural state. This paper will propose that man
is the barrier island's worst enemy, not the sea. Barrier islands have
an intrinsic mechanism for surviving enormous oceanic forces,, Men's
interference with this mechanism with the thought he is improving or
restoring the "natural ecology" may, in fact, lead to the very breakdown
he is trying to prevent.
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Barrier islands are relatively common features around the world where
sandy substrates and gradually sloping land surfaces front on the sea.
Barrier islands have also formed seaward of terminal moraines such as
Long Island and Cape Cod. These islands all have certain features in
common: they are made of sand, are highly changeable, experience
severe storms and wave attacks, are bathed in salt spray and often
flooded with sea water, front on the surf and protect lagoons between
them and the mainland, and, in most areas, especially along the Atlantic
Coast, are receding. Barrier island systems in North America are common
features along the coast from the Gulf of Mexico to Cape Cod. The
North Carolina "Outer Banks" are the most extensive series of barrier
islands in the world, and Cape Hatteras projects farther out to sea
than any other.
Their position makes them highly vulnerable to the
hurricanes that move through the western Atlantic. The Outer Banks
which are the subject of this paper are the last extensive island
system along the east coast which has not yet been developed. They
are roadless, with only one permanent settlement, at Portsmouth Village,
and extend from Ocracoke Inlet to Beaufort Inlet, a distance of 82.7 km.
(51 miles). In contrast, the island system to the north — from Ocracoke
to Virginia — has many towns and is readily accessible by automobile.
The natural processes that can be seen in the Cape Lookout National
Seashore no longer occur in the Cape Hatteras region because of the
highways, towns, and man-made barrier dune systems there. The undeveloped
nature of Cape Lookout thus has great value in providing a control with
which the two barrier island systems can be compared. This alone is a
major reason for preserving the increasingly rare resource we have in
Cape Lookout National Seashore in as close to its natural state as
possible, and still manage it for appropriate recreational purposes.
The barrier island system of the Cape Lookout National Seashore
(Fig. 1) consists of four basic units: Shackleford Banks, Cape Lookout,
Core Banks, and Portsmouth Island. Shackleford Is the only unit of the
system with a general east-west orientation, while the rest trends in
a northeast-southwest direction. Except for portions of Cape Lookout,
Shackleford has the greatest land mass of the Seashore, and subsequently
the most variety. It is the only unit with a typical maritime forest
which runs along the inside of the island for about 4 miles of its
western half. What was once forest, seaward of the living woodland,
is now a rather scenic "ghost forest." This half has the largest and
most extensive dune system in the Seashore. The eastern half of Shackleford is much more like the rest of the Seashore islands than it is like
the western half. It is low, covered with grasslands rather than forest,
and with a single dune system along the beach. In the past this eastern
half of Shackleford was heavily forested but during the last 70 years
the woodland has been eliminated (Fig. 2 ) . The western end of Shackleford has shown a remarkable build-up of land surface into Beaufort Inlet
in recent years. Shackleford was connected to Cape Lookout by a neck
of land that was breached in the 1933 hurricane, forming Barden's Inlet.
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Figure 1.

1850 survey-

Figure 2,

Changes on Shackleford Banks and Cape Lookout 1850-1966.
(U.S. Coast and Geodetic Survey)
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Cape Lookout has a roughly triangular shape with dunes to 30 feet
high. The Cape has changed In both shape and position over the last
100 years. It has shortened and widened, swung east and then back
west, and is now growing westward, creating a large hook (Fig. 2 ) .
The Cape has the greatest number of buildings on the Seashore except
for a fishing camp complex on Core Banks opposite Davis, N. C., and
Portsmouth Island, and is likely to receive the greatest visitor impact
in the future. The vegetation is primarily grass and shrubs; except
for several thousand pine trees planted there by local interests last
year and in times past. None are of tree size yet. Cape Lookout grades
into Core Banks, and the line of demarcation between the two is ambiguous.
Generally, we refer to the island north of the lighthouse as Core Banks.
Core Banks presents a rather uniform and monotonous structure as it
runs toward the northeast. The island is low, with a single line of
low dunes fronting on a bare berm. Behind the low dunes are bands of
grassland and then extensive salt marshes forming a fringe behind the Banks
as well as islands of variable size in the sound. In these marshes, one
gets the impression of endless wet prairies. Salt marsh shrubs,
thickets of scrub, and one relatively large stand of maritime forest
comprise the woody vegetation on Core Banks; grasslands predominate.
Core Banks is broken by Drum Inlet, about two-thirds of the way to
Portsmouth Island, opposite Atlantic, N. C. This inlet also opened in
the 1933 hurricane. North of Drum Inlet, Core Banks is narrower and has
less grassland. Dune building experiments have been done on this part
of the Seashore by the Army Corps of Engineers and North Carolina State
University (Savage and Woodhouse, 1968). Core Banks ends at Swash Inlet,
a highly fickle inlet that opens and closes unpredictably. North of
Swash Inlet, Portsmouth Island continues northeastward toward Ocracoke.
The island gradually widens north of Swash Inlet and becomes increasingly
barren. At Portsmouth Village is the widest part of the Seashore.
However, nearly all of the island, except for the village proper, is
barren, and awash at high tides. Several marsh islands exist as separate
units on the back side of the bank. Storm tides wash freely across the
island carrying sand back and forth.
A most significant feature of barrier islands is their pronounced
tendency to move, particularly by recession. This movement relates to
their origin, present circumstances, and the forces that act on them.
Two major theories on the origin of barrier islands are now being
discussed by geologists. One is the drowned beach ridge theory of Hoyt,
and the other is the spit theory proposed in the 19th century and now
supported by J. Fisher and others. Hoyt's (1967) proposal holds that
the islands originated 4000 - 5000 years ago when the rapid postWisconsin sea level rise slowed down (Milliman and Emery, 1968).
Various dating techniques, primarily C-14 (Newman and Munsart, 1968),
indicate that the present barrier island system is not older than 5000
years. The slowing down of sea level rise permitted beach ridges (dune
lines) to build up along the coast that existed then. As the sea
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continued its present slow rise (in the N. C. area it is about 20cm/
100 years), the low areas behind the beach ridges were flooded, creating
lagoons and an isolated series of islands (Fig. 3a). These islands were
then continuously reworked by the sea and pushed back. The distance of
the island from the mainland is related to the slope of the coastal plain.
The spit theory (Fisher, 1968) proposes that the islands are actually
elongating spits which form on the down drift side of headlands as the
sea rises (Fig. 3b). That such growth occurs is readily evident on the
north side of Drum Inlet, on the elongating hook at Cape Lookout, at
the west end of Shackleford, and from the fact that old dune lines on
Shackleford follow the same pattern as the new dunes at the end of the
island. Woodlands on Shackleford have developed on the old curving dune
lines, suggesting that Shackleford developed as a westward-growing spit.
There is ample evidence for both theories and both are apparently operating.
Dolan (pers. cornm.) has pointed out that sea level change is variable
and times of rise may be followed by times of fall, with the overall
trend a general rise. Such fluctuations can result in the widening of
islands and the seaward march of forest vegetation as new dune lines
are formed when sea level drops for a period of time, followed by erosion
of the seaward side when the sea rises again. Another modification of
formation theories was proposed by J, Pierce (1964). He suggests that
Cedar Island, parts of the town of Atlantic, Harkers Island, and Shackleford all formed as westward oriented spits growing from Cape Lookout,
which he proposes has been moving southward from a starting point east
of Cedar Island. Left unexplained in this interpretation, however,
are the intervening mainland Pleistocene deposits which show no recent
oceanic activity. Nonetheless, the similarities between the sites
listed above are striking and the suggestions that they were formed in
the same manner are difficult to reject.
The 1919 theory of Johnson, which held that the islands formed as
offshore bars, has no experimental or field evidence and is largely
unaccepted by geologists today.
These theories provide us with an excellent explanation of how
vegetation reached the barrier islands. With the Banks having been
connected to the mainland in the recent past, the vegetation we see can
be of three types: 1. relic mainland vegetation on islands not severely
modified by the sea, 2. true maritime vegetation which can develop on
barrier islands subjected to infrequent modification, and 3. maritime
vegetation adapted to the most extreme conditions of frequent modification.
All three types are represented in Carteret County, and species diversity
decreases drastically from the first type to the last. Type 1 (relic)
is well represented on Bogue Banks, particularly in the Emerald Isle
area (but is rapidly being destroyed by man), and on this stable, well
developed island Burke (1962) listed 520 species. Shackleford Banks has
the greatest variety of plant life within the Seashore and is an area of
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Formation of barrier islands by submergence. 1, Beach or dune ridge forms adjacent to shoreline. 2, Submergence floods area landward of ridge to form barrier island and
lagoon.

A barrier island may 1, prograde; 2, enxle; or 3, remain in place, depending on
sediment supply, rate ol submergence, and hydiodynamic factors.

Figure 3a. Drowned beach ridge theory, (from Hoyt 1967)
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Idealized diagram showing barrier island formation from spit. 1 and 2, Spit develops in direction of longshore sediment transport. 3, Spit breached to form barrier island

(from Hoyt, 1967)

Possible development
islands as complex spits, under action
movement and related to known time
barrier islands of Gulf Coast (compare

ol barrier
ol longshore
sequences ol
log. IB).

(from Fisher, 1968)
Figure 3b.

Spit theory.
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considerably more maritime modification than Bogue Banks. Au (1968)
listed 281 species on that island. Core Banks represents the most
extreme cases of maritime influence and has the harshest environment1.
Here, in areas of continuous washover, and the vegetation we are calling
"overwash climax," only 25-30 species of vascular plants are present.
The primary agents of change are maritime storms, particularly
hurricanes and offshore currents. The storms are intermittent, and
often drastic, while the currents are continuous. An example of storm
activity in the western Atlantic is shown in Fig. 4, from the U. S.
Weather Bureau (Cry, 1965), and shows the tracks of all hurricanes that
occurred during the time period September 1 to 10 for the years 1901
to 1963. There is some suggestion of a cyclic pattern of storm periods
of 10 to 12 years. This provides evidence that similar storms have
always hit the Outer Banks and that they are major factors in the
existence of the Banks. At least 149 hurricanes affected the North
Carolina coast since 1586, the first recorded storms occurring during
Drake's explorations in that year (Carney and Hardy, 1967). The "Lost
Colony" may have been blown away by a hurricane. In addition to the
tropical cyclones, there are frequent winter Nor'easters. Two major
effects of all storms are wind and high water. The high water washes
completely over the low islands into the sounds behind, and when the
water exits as the storm leaves, inlets are cut in the weakest areas
(J. Fisher, 1962). Between Ocracoke and Beaufort, 9 inlets have existed
in recorded time according to Fisher. At the present time there are
three.
If the waves cannot over-top the highest islands, extensive erosion
of sand off the leading dunes and beach occurs. It is the overtopping
process which causes the major recession of these islands, and when
unhindered seems to maintain the islands' integrity
However, island
recession can be surprisingly rapid. Along many areas of the island
system, organic layers (peat) protrude from the beach into the surf zone.
A section of peat exposed at low tide along the shore of Shackleford
Banks was dated for us by the U. S. Geological Survey at less than 200
years (U.S.G.C. W-2307). This peat was imbedded with stumps and
definitely was part of the island at one time. There is no vegetation
in the vicinity under which such peat could form, and so a great change
must have occurred here. The surf zone must have been at least 400 m
from site of the peat when the trees were alive. Other signs of major
environmental changes were found nearby where old stumps now occur in
salt marshes. Such areas were described as wooded on maps 100 years
ago. In addition, the base level of the old forest floor on the eastern
half of Shackleford is now beneath about .5 m of beach sand and shell.
Such burial can only take place by overwash, and under present conditions
it is highly unlikely that forest vegetation could exist either in the
salt marsh areas, or at the elevation of the peat on the beach, or at the
elevation of the old forest floor now under layers of sand.
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L.—Total annual frequency of North Atlantic tropical cyclonca, 1871-1063, and of North Atlantic hurricane*, 1(86-1063.
movement in indicated by varoua ahadlnan.
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Besides dating of exposed peat and buried stumps, recession was
estimated by measurements made from old maps. The best maps date from
1850 and comparisons with modern maps show a recession of about 50 meters
on Core Banks (Fig. 5 ) . Note,
however, that the shapes and general
pattern of the 1850 rendition are strikingly similar to the most recent
map. An observation made in 1795, one of very few reliable records, by
a trained surveyor described Core Banks thus: "Towards the ocean, Core
Banks are sandy and barren, and towards the sound is a large marsh;
small shrubs cover the middle ground." This is an accurate description
even today. Statements that the Outer Banks were heavily wooded in the
last century are only supported by maps of Shackleford and not Core
Banks. In fact, Core Banks 100 years ago had not much more forest than
they have today.
Storm patterns and frequencies, old maps, exposed peat, buried
stumps, layers of heavy sand and shell, signs of overwash, and so
forth all provide subjective evidence that sand transport from the
beach to the back of the islands occurs, that such a pattern has
occurred in the past, and that the islands may, in fact, benefit from
such a process (Godfrey, 1969). This is probably how recession takes
place. Actual data, however, on the rates of build-up by overwash can
only be obtained from permanent markers. Such data were fortunately
available from permanent bench marks established by the U. S. Army
Corps of Engineers in 1960 (U.S.A., Corps of Eng. 1964). Iron pipes
with concrete bases at the level of the sand were set out from Cape
Lookout to Ocracoke Inlet, ostensibly to measure changes of the beach
line, but have provided us with an excellent dividend because we have
been able to measure surface elevation changes over a period of less than
ten years. The markers were set up in groups of three, 100 ft. (30.3 m)
apart, at right angles to the beach, the groups spaced at 3000 ft. (990 m)
intervals. Along a 30 km section of Core Banks, marker bases toward the
middle of the island (a mean distance of 130 m from the berm crest)
were buried an average of 8.4 cm by water deposited sand. Those markers
buried by sand dunes were not counted. The markers close to the beach
were either eroded or had no change; some were even buried. The data are
shown in Fig. 6. These data support the observations that sand is moved
from the beach zone into the middle of the island. This process has
been described qualitatively by others and, in general, the usual
impression is that it is a destructive process. This, however, does
not appear to be the case provided natural vegetation is present.
The major vegetation zones on Core Banks, and elsewhere on similar
low islands, are salt marsh along the back sides, a dense grassland
dominated by Spartina patens between the salt marshes and behind the
dune lines, and the dune zone dominated by either Uniola paniculata,
or Spartina patens, or both. From the dune zone to the beach is a wide,
usually barren, berm with a remarkably uniform width of about 300 m
throughout.

11

1850

HM6
Figure 5.

Topographic maps of Core Banks from Codds Creek to Guthrie Hammock. (U.S. Coast and Geodetic Survey)

Figure 6.

Overwash d a t a .

Profiles were made through the vegetation zones in one particular
area (Codds Creek), where aerial photographs dating from 1939 showed
distinct changes. The series of photographs are shown in Fig. 7,
and clearly demonstrate the overwash sequence and subsequent recovery
of the vegetation. The earliest photograph was taken in 1939 and up
to 1946 no major changes occurred. In 1958 hurricane Helene overwashed
the island. Sand was pushed back some 130 meters, burying the marshes
and grasslands and breaking down the dunes. Since then, as the photographs show, there has been a gradual recovery, particularly of the
Spartina patens grassland. Overwashes occurred during the 22 major
storms since then, and all have added more sand to the elevation of the
land. Sand pushed into the sounds and creeks has apparently provided
for salt marsh development. The beach receded about 36 m between 1939
and 1968. This is a highly variable figure because the width of the
beach changes with the season of the year.
Soil profiles along the transect at Codds Creek from the dune zone
to the salt marsh show distinct layers produced by the overwash, and
probably include some wind deposition. The profiles are shown in Figs.
8a and 8b. Distinct layers of fine sand, coarse sand and shell, heavy
shells and ilraenite decrease in number from the dune zone to the marsh.
Less severe and more frequent overwash layers are closest to the beach,
with washover layers produced by severe storms near the salt marsh.
Underlying the sand layers is a dark gray sand - organic layer indicative
of marsh conditions. Below that is salt marsh peat. Much of the marsh
that was alive in the 1940's was buried, and now supports a dends Spartina
p atens grassland (often called "high marsh"). At one spot near the
present dune zone, the base elevation has increased by nearly 1 m since
1946.
Of great importance in this process is the presence of grass
vegetation on the island to dissipate wave energy, trap the overwash
sand, and stabilize the surface. This vegetation can be either salt
marsh or grassland. For building to proceed, rapid regrowth on the
new sand is important.
The grassland area, which includes "high marsh," is dominated by
Spartina patens, which extends into the dune zone normally dominated
by Uniola paniculata. Occurring with Spartina are such species as
Hydrocotyle bonariensis, Solidago sempervirens, Scirpus americanus,
and Fimbristylis castanea. In the dune zone the grassland had a
standing crop of 31 g/m OD; in the region of best development (high
marsh - the area with the longest intervals between washovers) the
standing crop was 513 g/m OD. Elevation, hence the level of the water
table, also eners into zonation, with the best development occurring
just above the upper limits of "low salt marsh" dominated by Spartina
alterniflora.
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Figure ?•

Changes of surface features and subsequent regrowth of grassland vegetation in the
Codds Creek area on Core Banks.

ON

Figure 8a. Transect profile across Core Banks at Codds Creek.

Figure 8b. Codds Creek overwash study area on
Core Banks. Dotted line indicates profile transect
diagrammed in Figure 8a.
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The adaptations which allow Spartina patens to thrive under
continuous salt spray, frequent salt water flooding, surface erosinn,
and frequent burial are shared by very few plants, and this sets the
grass apart as a unique terrestrial species. Studies by Oosting and
Billings in 1942 and Oosting in 1945 showed that S. patens is the most
tolerant to salt spray and salt water flooding of the common barrier
island plants. Seneca (1968) showed that Spartina patens is the most
resistant to salt of several dune grasses he tested. The response of
this grass to burial was tested in June of 1969 by burying several meter
square plots with root-free sand to depths of 10 cm and 20 cm. Within
two months there was rapid regrowth of Spartina, through the sand. The
following results of regrowth compared to an unburied site were observed:
Burial Depth
Set #1

Set #2

% Culm recovery of normal

20 cm

25.2

10 cm

29.9

20

16

10

30.5

We can expect complete recovery within a few seasons from growth up
through the sand, and seeding.
Spartina patens spreads rapidly by rhizomes and will push up
through relatively deep layers of sand. The sketches in Fig. 9 were
made from plants dug up in area of overwash burial and illustrate their
growth potential. The difference between the levels of the land before
and after burial is readily evident by the bases of the culms. Upon
burial, rhizomes grew up through the sand and a new culm base formed.
With this rapid ability to recolonize new layers of sand following
burial, plus its tolerance to salt spray and flooding, the grass is of
considerable importance in the building process of the islands. This
also suggests that if the grasslands were not present, surface erosion
could be a problem.
Portsmouth Island once had the largest town on the Outer Banks
and was slated to become a major port in the 1800's. Subsequently,
heavy human use as well as excessive grazing pressure existed on the
island. Grazing was a common land use since early settlements, and
until 1958 livestock roamed freely on Core Banks, and still do on
Shackleford. At last count, over 40 head of cattle, 44 horses, and
unknown numbers of sheep and goats still graze Shackleford. That
these animals have a marked effect can be seen by exclosures set up
last year in marsh and dune areas. Salt marshes on Shackleford have
been grazed totally and appear as mud flats, but in exclosures a dense
stand of Spartina alterniflora develops. Likewise, dune areas are
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Figure 9.

Structure and growth of Spartina patens in response to burial

heavily grazed and exclosurea show a striking increase of Andropogon
scoparius and Uniola paniculata within the fence. In 1803 comments
were made that Portsmouth was severely overgrazed and that the herds
should be reduced (Dunbar, 1958). At present, much of the island is
bare of grass and overwash carries sand all the way across to the sound
regularly. The land is low and frequently flooded, even at moderately
high tide. If the Spartina patens grassland were restored, we would
expect that overwash would build the island, or at least slow down
so that the sand could be stabilized, rather than eroding the surface
as seems to be the present case. It appears that the normal process
of overwash is occurring too fast on Portsmouth, due to over use by
livestock in years past.
During severe storms, or following a period of storms, sand may
be carried all the way across a barrier island, regardless of vegetation
present, and be deposited in the sound behind in the shape of a fan.
Such an extreme overwash is thought to be destructive but actually
the material deposited behind the island will produce salt marsh
(Godfrey, 1969b). The net result is a widening of the island, and
an increase in the elevation of the bay or creek bottom. Fig. 10
was taken in 1963 and shows the old Coast Guard station on Core Banks
opposite Atlantic, N. C. The area had been dredged for boat basins
up to 1958 and until then livestock still grazed the land. There were
also a series of severe storms predating this photograph. Fig. 11
shows the same area in 1970 (the station burned in 1968). There has
been a marked increase of grass cover, by natural means only, on the
island itself, and a definite widening of the land as can be seen with
reference to the sea wall and telephone poles. The old shoreline along
the sound can still be seen. All of the new land surface supports salt
marsh and the fan in the lower right hand corner will also become salt
marsh in a few years. To test the ability of the salt marsh cordgrass
(Spartina alterniflora) to invade the new surfaces, a transplant
experiment was set up in April of 1969. The test plot is shown in Fig.
12. Transplant material was obtained from the existing marsh nearby,
which was developed since 1963 on overwash sand deposits, and set out
in a 2 X 5 m plot with single plants 0.5 m apart. Fig. 13 shows the
same site on September 30, 1969. There was a 97% survival of transplants
and the area between plants had already been filled by new culms, so
that the density of plants was very similar to the natural marsh.
This plantation has survived the winter and is now growing again. It
has also trapped and held sand, because the elevation of the grassed
plot is several centimeters above the surrounding flat. In this way,
then, sand brought into the sounds becomes salt marsh as long as marsh
grass is present. Some of the most productive and luxurious salt marsh
stands have developed in recent years on overwash fans. Sand carried
beyond the limit of salt marsh and into deeper waters will be colonized
by underwater vegetation, particularly widgeon grass (Ruppia maritima).
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Figure 10. The Atlantic Coast Guard Station on Core Banks
as it looked in 1963. At this time, several years after
abandonment, the sound waters still ran up to the sea wall
just behind the station. A mooring post is shown by the
arrow.

Figure 11. The same area in Figure 10 as it looked on
January 22, 1970. (The station burned in 1968.) The
sound behind the sea wall has filled in and salt marsh
has developed on the natural fill. The old sea wall
is still visible, and the arrow shows the same mooring
post in Figure 10. The overwash fan shown in the lower
right corner of Figure 10 increased in size, as seen here,
and is now developing into salt marsh. Vegetative cover
both in terms of marsh grass and the higher elevation
grasslands has increased more than 100^. The base on
which the marsh is developing has been derived primarily
from overwash deposition, and in this manner salt marsh
will expand behind the barrier island. An experimental
grass planting was made near the mooring post shown by
the arrow.(Figures 12 and 13).
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Figure 12. Salt marsh grass plantation made on April 8,
1969, at the site of the old Coast Guard Station on Core
Banks. As late as 1963, this site was underwater and the
natural salt marsh here has developed since that time.
Grass for the plantation came from the marsh in the background and individual plants were set out 0.5 m apart in
a space 5 m by 2 m.

Figure 13. The same site as it appeared on September 30,
1969. The grass has expanded to the point where its
density is nearly equal to the natural marsh. The sand
ridge seen at the post in Figure 12 moved into the marsh
grass and was incorporated, thus adding to the base elevation.
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In some cases, beds of underwater vegetation may be buried, but are
soon recolonized by marine plants or salt marsh grass. Such burial
is rarely deep and is a means whereby the bay bottom can keep rising
as the sea level rises. In this way, suitable shallow water habitats
in the estuary are maintained.
When overwash deposition is cut off by barrier dune systems,
either natural or man-made, a primary source of sand for marsh expansion
and elevation increases of the bay bottom is eliminated. While this is
not a critical factor in areas where constant supplies of sand and
sediment are being brought into the sounds by rivers, in most areas
along the North Carolina coast, particularly from Cape Lookout northward,
it can become critical. With the only deposition coming from organic
matter and exceedingly fine sediments, the marshes cannot grow to keep
up with the rising sea level. Some areas behind the Outer Banks in the
Cape Hatteras area show definite signs of erosion along the sound
sides. As long as the source of new substrates is cut off, such
erosion can be expected to continue. A paradox will soon develop in
which erosion occurs on both sides of the barrier islands because man
thought he was creating a stable system by building high barrier dunes.
It will be necessary for him to continue piling sand on both the sea
and sound sides of the islands in a frantic effort to keep his head
literally above water. The natural process, however, moves sand from
the front to the rear of the islands, and this represents true conservation
of sand. In this way the islands can survive the rising sea level by
slowly migrating upslope toward the mainland. Of course, as the sea
rises sound waters will encroach on the mainland so there is little
chance of the islands actually migrating all the way across the sounds.
The greatest danger comes from man's attempts to manipulate the barrier
islands and to create "stable land surfaces" where relative instability
is the order of the times. By attempting to hold everything in one place,
man is actually creating a much more unstable situation that will lead
to greater problems of erosion in the future. Erosion is a man-conceived
evil that only man worries about, especially when it threatens his
structures. In the natural order of things, a dynamic stability exists
on the barrier islands, where the power of the sea is met by flexibility,
and erosion is met by subsequent buildup elsewhere. When man interferes,
he interrupts the natural pattern. In the long run, he will make the
situation worse because such interruptions will put the islands in
greater jeopardy of destruction as long as the sea continues to rise.
Man is the barrier island's greatest enemy, not the sea.
Thus, it becomes increasingly evident that sea water overflowing
the barrier islands during storm periods is not destructive as many
have stated, but instead is constructive. Sand that is moved from
the beach face either by wind or overwash onto the island surface is
being conserved, not lost. When overwash is stopped by high dune
lines, the energy of the waves is expended on those dunes, resulting
in erosion, and as the water runs off the beach, sand is carried away,
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often into deep water. When this occurs, as seems to be the case
wherever overwash has been stopped, we have true loss of material and
the beaches become increasingly narrow. With a rising sea level,
recession seems to ensure the long-term survival of the islands as
they move up the coastal plain slope. Without this movement, and
with a lack of sand supply, they could be overwhelmed by the rising
seas. While there is sand movement along the shorelines, it appears
that much of the material which constitutes the barrier islands has
been derived locally and reworked in place. Heavy shells, many of
which show evidence of having been buried in marsh deposits, are
abundant throughout the structure of Core Banks, and they could not
have been transported long distances by the longshore drift commonly
credited with building beaches. Instead, much of this material, plus
coarse sands, has been pushed up from deposits offshore. The ocean
keeps moving materials up and over and as it rises pushes the ridge
of sand and shell we call the barrier island ahead of it. (If the
ocean creates and maintains the barrier islands, how is it possible
to claim, as many have, that the ocean is destroying them at the same
time?) The vegetation adapted to this rapidly changing island
environment plays a significant role in promoting the natural buildup
as sand is pushed from the bare beach and dunes over and onto the
islands. The primary grass species on the higher ground, Spartina
patens, is highly resistant to salt spray, salt water flooding, and
responds quickly to burial by continuously growing up through the
layers. The dominate grass of the low ground, Spartina alterniflora,
shows many of the same adaptations but requires periodic immersion
in salt water. Thus, these two species of Spartina, plus several
other species, including Juncus roemerianus, create a dense vegetation
which acts to dissipate wave energy, hold the sand in place, add to the
fertility of the land, and then trap more sand pushed in from the beach.
Fig. 14 suggests a model by which the overwash process occurs and the
manner in which low barrier islands retain their structure and dynamic
stability.
We have not had the "opportunity" to observe first hand the results
of a major storm on the Cape Lookout region, but others have recorded
similar thoughts on storm effects elsewhere. J. P. Morgan (1958) reported
on the effects of Hurricane Audrey wich hit the Gulf Coast barrier
islands in 1957 with winds in excess of 100 mph and tides up to 12
feet above normal. He noted that sediments were added to marshes,
that the beach sands were reworked, and that the beach itself retreated
some 200 - 400 feet. In closing his paper he noted that: "after the
storm, about nine months ago, the effects of the damage are almost
gone, indicating that all of this low coastal area is more or less
in equilibrium with hurricane conditions. The only permanent damage
was to the poor people who tried to live there."
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Figure 14. Overwash model based on Core Banks.

1. Cross-section of a low barrier island at any starting
time.

2. A severe storm will push high tides over the beach
berm and as the water flows back across the island it
carries beach sand into grasslands.

3. A second, less severe storm carries a smaller
quantity of sand onto the earlier deposit. Abnormal
high tides have pushed a small quantity of sand over
the edge of the berm. Grasses have recolonized the
earlier layer by pushing up through the deposit. The
front of the island has retreated a small amount.

4. A very severe storm completely inundates the
island and carries a great deal of sand across which
adds to the earlier layers. Old dunes have been
knocked down and the sand spread out. The beach
front has retreated substantially. In some places,
the berm front may be lowered as sand moves away from
this source.

5. A few years later (less than 10 usually), and
after a period of relative storm quiet, the island
surface has completely recovered, but the vegetation
zones have been displaced slightly. Low salt marsh
has developed on the new base in the sound, the former
low marsh has become high marsh, and the sand flat has
extended into the old high marsh border.
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SYNTHESIS
From these observations, as well as the growing body of information
on coastal processes, a clearer picture of the nature of Outer Banks
is emerging. With this picture, it is becoming possible to deal with
some of the academic and practical problems associated with barrier
islands as well as better understand their ecology. One must also
recognize that a model for the structure of one barrier island does
not always hold for others. Each area must be evaluated on its own
terms. However, there are certain features which tie all such islands
together.
The present location of the Outer Banks is only a temporary position
along the shifting Interface between land and the sea, and is closely
tied to the level of the sea at this particular time. In centuries
past, the shore line was farther seaward than today, and the sea was
lower. Wherever the Outer Banks were when they formed is difficult to
fix, but it is evident that they have been generally receding. A cooler
trend in world-wide climate would see a drop in sea level as polar ice
caps grow. The shore lines would then move seaward for a while. However,
if the general warming of the earth continues, despite periods of slight
cooling (which we seem to have experienced for the past 20 years), we
can expect the ocean to keep rising. As it rises, the land, both
seaside and soundside, will retreat. Tied in with sea level rise is
geological change of the earth's surface. Certain land masses are
rising, such as the southeastern U. S., while others are subsiding;
the northeastern U. S. Thus, where the land is rising, the apparent
rise of sea level will be less than where the land is sinking. It
appears, however, that the present rate of sea level rise is greater
than land emergence. This results in an overall submergence of the coast.
Coastal North Carolina has seen major changes over relatively
short periods of time. What was the "natural ecology" of the Outer
Banks 500 years ago? No one can say, because in most places the sea
now covers what was once dry land. Even during the short time that
European man has lived along the coast, certain low areas that once supported
houses are now under water. The foundations of these old buildings
have been found in sounds along the North Carolina coast. The signs
of old woodlands are everywhere evident along shore lines, and in most
cases their demise came from submergence. We can assume that forest
covered certain areas of the Banks, with grassland elsewhere, and that
a general pattern similar to what we see today existed, but not
necessarily in the same places. We can assume that the barrier islands
were wider in certain areas, and that the mainland shore was likewise
farther seaward. However, there may have been times when the sea got
as high as it is today and then dropped for several centuries.
Certainly, major changes have been occurring throughout the history of
this region. The present forest on Shackleford grows on old dune lines how old? We don't know. But, the area was once highly fluid because
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dune lines only form where there Is bare, unvegetated sand. Thus, the
"primeval ecology" of Shackleford was a sand dune environment, not
forest as we see today. During a long period of relative stability,
perhaps a time of falling sea level, forest vegetation became established
on these dunes and the surface stabilized; the environment changed
completely. Likewise, other forests grew In the past on land that has
since become too low for woodland. Such locations are now under water,
or burled by sand pushed In by the sea. Here the "primeval ecology"
was once forest, but once again the environment has changed completely,
and now salt marsh or grassland is the natural vegetation.
We should regard the barrier island system as an ever-changing
feature, and the vegetation we see at any one time as the result of
major environmental forces. Some portions of the vegetation may be
relic and poorly adapted to the maritime environment, while other
types are well-adapted communities in harmony with the sea.
The flexible and strikingly uniform structure of Core Banks may
represent the true "natural ecology" of barrier islands of this type
under present conditions, and "stable" islands such as Bogue Banks
may evolve toward a Core Banks type structure. The environmental
conditions which allowed the growth of forest on old dune lines may
not now exist, the trend being toward continued recession and erosion.
If this is so, we can envision an evolutionary sequence in the development and change of the islands.
The overriding effect of a rising sea is to push the beach back,
except in localized areas of accretion. This "pushing back" has two
main results: erosion of solid dune lines and overwash deposition
behind open dune lines. There are many theories to explain the destruction of the forest on Shackleford. The most likely cause is tied to
the general natural recession of beaches. In the 1800's, when the
forest covered a much greater area, it was protected by a line of
dunes seaward of the present dune line. This can be seen from old
maps as well as field surveys. The protecting line of dunes could not
be over-topped, or forest would not have existed where it did. This
dune line was eroded in the same way we see everywhere along the coast
where high, continuous dunes exist close to the water. About the turn
of the century, during a period of severe storms, the dune line was
finally broken and the sand could be blown back over the forest. Before
this happened, the beach was very narrow and the dune lines must have
been cut away drastically. The movement of sand continued for about
50 years, and then began to slow down and stabilize. Despite continued
grazing pressure during those years, much of what was once blowing sand
is now covered with dune vegetation. We now have a new, relatively
stable, barrier dune system well back from the beach. Seaward of this
dune line is an extensive dune and grassland area, plus a wide berm,
over and through which high water can flow without causing severe damage.

33

Thus, a new equilibrium has been established until the time comes when
the sea will have worked its way up to the present barrier dune. The
maze of dunes and channels in back of the beach provide innumerable
pathways through which water can flow and dissipate energy without
causing typical beach erosion.
The rest of the seashore region is now dominated by an overwash
environment that constantly remodels the land surface. Just as
overwash carries sand back and into the dune lines in what was once
forest on Shackleford, so it moves sand into the low areas on the other
islands. The base level of the berm is determined by the sea, and where
sand is in short supply, the sea keeps moving this berm back. The
islands are literally rolled over and over. In such an environment,
scattered dunes, dense grasslands, and salt marshes represent the natural
ecology, and not maritime forest. If overwash is halted on such lands,
they will soon be drowned and only a dune line remain. Building a high
man-made dune line may lead to a major disaster in future years when
the sea finally does break it down. Soundside erosion will begin, and
coupled with beach erosion, will jeopardize the islands. This is
happening now in various places, some natural, some man-caused. There
is a case of natural soundside erosion along the western half of
Shackleford. Much of the problem here, however, is that the outflow
of North River makes a sharp right turn and travels 4 miles westward
along Shackleford to Beaufort Inlet. There was once an inlet through
the middle of Shackleford, but after it closed, the river was forced
to turn right. It is interesting to speculate whether a new inlet at
the old site would relieve the pressure and prevent further erosion.
At present, we are losing both sides of the western half of the island,
except at the far end next to Beaufort Inlet where the land is growing
in both length and width. An originally natural situation now maintained
by man exists along the eastern side of Barden's Inlet near the lighthouse; the inlet was opened by the 1933 hurricane, and is now dredged
regularly, so a fair amount of water passes through the inlet. Much
of this flow is directed toward the lighthouse section of Core Banks,
where it is forced to make a westerly turn. At this site, Core Banks
is eroding fairly rapidly. Here is the paradox: the Cape Lookout
lighthouse is not threatened on its seaward side, but on its back side
where solid land once existed. Since the inlet would probably close if
not dredged, the erosion problem is now man-made.
The restriction of flow across barrier islands by a high dune may
lead to major flooding of the mainland, according to many local residents
who recall the 1933 hurricane, the first major storm in many years.
Prior to that hurricane, all inlets between Ocracoke and Beaufort had
closed and high dunes had built up on the Banks. The storm stayed off
the coast for several days and pushed water into the sounds through the
existing inlets. When the storm moved north-eastward, the reversal of
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wind blew water from Pamlico Sound down into Core Sound and severe
flooding began on the mainland, because dune lines on Core Banks acted
as dikes. One resident recalled how he kept watching the water rise
ever higher until suddenly it began to fall rapidly, "as if someone
pulled the plug." "That was when Barden and Drum Inlets were busted
open." Under such circumstances it seems quite plausible that a high,
continuous dune line could hold water back, whereas the present low
condition along the island allows storm waters to rapidly drain seaward.
The desirability of a continuous, high barrier dune system becomes
questionable when we consider the possible damming effects, plus the
likelihood of increased erosion on the seaward side. I believe that
such construction is not desirable. What appears to be the best structure
is what we now see on Core Banks: 1. a wide berm, 2. scattered dunes
of various heights around which high water can flow, 3. extensive grasslands and salt marshes. The wide berm provides a large working surface
and preliminary resistance for high water caused by storms. The berm
is also the primary source of sand for dune building since the ocean is
continuously moving sand onto its surface and onshore winds then carry
fine grains back into the dune zone. During years of calm, dunes will
start developing on the berm, beginning from sea oat (Uniola paniculata)
seedlings. The seeds of this grass are carried onto the berm by high
tides and they germinate along drift lines. These dunes offer added,
but not total, resistance. The main line of dunes is variable in size
and position. Low areas behind and between the dunes act as a maze
through which the water will flow and meet more, but again not total,
resistance. Some sand will be carried back from these dunes. Finally,
the grasslands provide more resistance, breaking wave energy further and
causing deposition of sand from the water. The sea will then flow
back across the marshes, bereft its energy and sand load, with little
damage other than flooding. Thus, the secret of this apparent equilibrium
is flexibility and a lack of excessive resistance. What resistance
exists is adequate to preserve the barrier island system. This mechanism
of survival conserves as much sand as possible and keeps losses to
the sea at a minimum.
Management of this region must recognize the highly flexible
nature of these islands, and understand that such flexibility is
essential for their continued existence. It is possible for us to
work with this system and let the ocean do the land building for us.
I believe it imperative to treat the islands of Cape Lookout National
Seashore in a different manner than other seashores. We must protect
these islands from the works of man, not the sea. "We have met the
enemy, and he is us." - Pogo.
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DEER-RANGE RELATIONSHIPS
CARLSBAD CAVERNS NATIONAL PARK
(CACA-N-3«)
INVESTIGATOR|

Walter H. Kittams

OBJECTIVES:
i. Determine deer density in relation to biotic and physical
factors and establish habitat units.
2.

Determine the important deer food plants; their distribution,
growth habits, and ecology; finally, to establish key species.

3. Ascertain effects of weather, available water, adjacent hunting,
and other factors which may limit deer numbers.
k.

Refine methods for routine monitoring of deer and habitat
condition and otherwise relate them to the deer ecosystem.

5. Publish results.
Work conducted in 1969 w &s mainly a continuation of that
reported in 1968. Deer were observed with binoculars
for age, sex and food habits data. Utilization of shrubs was determined
by observing 10 twigs per bush, 25 bushes per transect. For Qpuntia
imbricata, fruit only was counted. Growth of twigs was measured on only
a few shrub branches, and vegetation was coded on a number of photographs
inside and outside the exclosure near headquarters. Carcasses of five
roadkilled deer in and near the park were salvaged for paunch samples,
reference jaws, and condition data. Through efforts of the park ranger
force, five paunch samples and four sets of ovaries were collected from
deer killed by hunters near the park boundary.

METHODS:

RESULTS AND
DISCUSSION:

Pellet-group transects have been read twice since fawns
were born in 1969. Those readings of the 13 transects
on foothill range show these trends: rise and decline
of deer on 6, continuing rise on 3, decline and rise on 3> and continuing
decline on 1. Old transects (established 1963-6U) on the foothills
indicate the deer population in the 1968 fawn year (August 1968-July 1969)
was up from the previous year on 5 transects and level on 2. New transects
(established 1967) indicate the present level of foothill deer to be
generally the same as a year ago. Further breakdown indicates that transects showing decline are at the edge of the escarpment and in mid- and
upper Walnut Canyon.
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The 12 upland transects showed rise and decline on 6, decline and
rise on 4, and continuing rise on 2. Old transects here showed the
population in the 15*58 fawn year up on 2 and down on 1 from the
previous year. The 9 new transects on uplands indicate present level
of deer above that of a year ago. Overall, the uplands population is
indicated to be up, except for the southern part of the park.
Transect readings were critically analysed toward eventual elimination
of some transects to reduce man-days required—about 108 annually now.
Most of the 10 old transects indicate that between 1964 and 1968 a peak
was reached in the 1966 fawn year, especially on the foothills. On lb
of the 25 transects, annual highs have usually been reached on the first
or second quarters of the fawn year, and k transects on the fourth quarter.
The first and second quarters would be normal for non-migratory deer;
whereas the fourth quarter peak, mainly on uplands, indicates ingress of
deer for early summer. Recurring annual patterns were found to be similar
on several transects, suggesting possibilities for elimination of some.
Monthly road counts by rangers totaled 371 deer on foothills, well above
the 271 of the previous year, but below the I967 year count. Total foothill
deer observed by the biologist October 1969 to January 1970 was 887. Fawn
to 100-doe ratios were 76 in October, 85 in November, 75 in December, and
70 in January. Discounting the apparent rise in November, the data indicate
a very high fawn crop and excellent survival: two to three times that of
1968. Buck to 100-doe ratios for the four months were 55, 62, 51, and 35,
indicating the predominantly buck-hunt near the park does not significantly
affect the foothill, deer population.
Condition of does observed is tabulated below:

Month

Total classified

Good

Percentage
Fair
" ~-

Poor

September

kl

78

17

October

82

78

22

November

45

91

7

2

December

59

88

12

-

5

Early fall condition of does was not quite as good as a year ago, likely
because of the stress caused by suckling fawns, and perhaps due to a short
forage supply during the dry summer. Data show that in succeeding months,
does with fawns improved in condition, being 14 percent good in September;
55 - October; 85 - November; and 86 in December.
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Few deer were observed on the uplands. I saw only 11 while I was
engaged in transect work six days in October; however, 73 were observed
during eight days in January 1970. The combined records gave a fawn
to 100-doe ratio of 55, and buck to 100-doe ratio of 87. This sm^l
sample only suggests that the upland fawn crop may be less than on the
foothills, and that the deer population there is even less affected by
outside hunting.
Two roadkills in April and June were rated medium condition; two in
August thin or poor. Carcasses of only five deer were found on the
range; all probably died in late winter or spring. Two, ages k and 5,
had jaw infections, and the one old animal had poor teeth. Thus their
deaths could not be attributed to forage deficiency. Death of the two
fawns, however, could have been. Tentative condition ratings of park
deer, and observations of a number of hunter-killed deer on the Black
Gap Management Area near Big Bend National Park suggest that desert mule
deer store much less fat than do northern mule deer. Certainly the high
fawn crop this year indicates adequate condition of park deer.
Additional knowledge of food habits on the foothills was acquired (Table l).
Most of the major food items on the foothills were among those reported by
Cooke last year. Absence of Fallugia paradoxa this year may be due to the
poor growing season for shrubsT. Viguiera stenoloba was high this year,
perhaps because it was one of the few shrubs that made good growth. Utilization checks in fall 1969 revealed that several shrubs and half-shrubs on
both the foothills and uplands made very little growth in 1969. Apparently,
the heavy rains in late August were too late for them and even for most
forbs which were abundant in late summer 1968.
Fruit was a major plant part eaten on Opuntia imbricata, and on Mimosa
biuncifera and Juniperus pinchotii in fall. Most of the 0. imbricata
fruit persisted from 1968 since production of fruit on cacti was low in
1969. Unusually good crops of M. biuncifera and J. pinchotii were produced and available in fall 1969.
Forage plants made relatively good growth in 1968. Overwinter utilization
is listed in Table 2. Several browse species were examined to accommodate
the variable distribution of browse species and the variety of plants eaten
by deer on the foothills. Data indicate that Dalea formosa, Fallugia
paradoxa, Cercocarpus breviflorus, Arbutus texana, Opuntia imbricata fruits,
Rhus microphylla, and Gutierrezia microcephala were rather heavily utilized.
Most of these plants are of such limited distribution or such low density
that they can serve as indicators for only portions of the foothill range.
Even so, the degree of deer use during the 1968-69 winter suggests that
utilization was too heavy.
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Table 1.—Deer feeding observations on foothills - 1969
No. observations

Month

No. feeding
minutes

Major food items*/

Jan-Feb

21

36.8

Pain, Opim, Per forbs

Mar

33

38.0

Opim, Jupi, Agle

Mar

100*/

Dafo, Daar, Vist, Agle

Mar

2&

Vist, Opim, Dafo, Agle

Sep-Oct

32

39.5

Mibi, Jupi, Daar

Nov-Dec

111

16.6

Vist, Jupi

Dec

IOCV

Qumo, Guspp, Vist

Dec

57*/

Qumo, Jupi, Guspp

Dec

i«££/
-

Opim

a.

Pain
Opim
Per forbs
Jupi
Agle
Dafo

Parthenium incanum
Qpuntia imbricata
Perennial forbs
Juniperus pinchotii
Agave lechuguilla
Dalea formosa

b.

Observations made by tracking in snow

c.

Selected site
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Daar
Vist
Mibi
Qumo
Guspp

-

Dalea argyraea
Viguiera stenoloba
Mimosa biuncifera
Quercus mohriana
Gutierrezia spp.

Table 2.—Browse utilization, 1968-69
No. of
transects

Species

Percent utilization

Foothills
Arbutus texana

1

100

Bernardia obovata

3

52

Cercocarpus brevlflorus

n

78

Dalea argyraea

3

79

Dalea formosa

5

3U

Fallugia paradoxa

2

80

Gutierrezia microcephala

1

62

Opuntia imbricata

2

6u

Quercus spp.

u

16

Rhus microphylla

1

73

Rhus trilobata

1

52

3

9U

17

82

Uplands
Arbutus texana
Cercocarpus breviflorus
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On the uplands, utilization of Cercocarpua breviflorus continued too
high for good forage production and, probably, for maintenance of the
species. The nearly complete use of Arbutus texana shoots continued
as in the past two years, except that it was slightly less in 1968-69
along the southern west boundary.
On the basis of forage utilization and deer population trend, recommendation was made to the Superintendent in spring 1969 to seek all reasonable
reduction of deer around the park, especially at upper elevations.
Several recommendations have been made directly to the park staff for
improvements in counting and classifying deer and in reading the pelletgroup transects. Field tests indicate that these will help reduce
variability. Tests will be made of observing deer at night as soon
as a good spotlight is obtained (Howard, 1966).
About o20 deer were killed in 180 hunter-days along the north boundary,
and 8 in 16 5 hunter-days along the south boundary. Harvest potential
was the greatest in several years, since season was extended to 16 days
and validations for either-sex animals were raised to 2,500 in the
Guadalupe Unit. With such a low harvest this year, then, it appears
that hunting will continue to be only a minor influence on the park
deer population and that insufficient specimens can be obtained from
hunter killed deer for useful breeding history.
CONCLUSIONS:
1. The park deer population is on the increase over most of
the park as indicated by fawn-to-doe ratios, pellet-group
counts and deer condition.
2.

Utilization of browse plants during the 1968-69 winter was
too high on both the park uplands and foothills.

3. Browse production was relatively poor during the 1969 season
but fall moisture has promoted compensatory succulence of
shrubs and growth of forbs.
h.

Progress is evident in development of techniques for appraising
condition of deer herd and habitat.

PLANS FOR 1970:
1. Continue study phases underway.
2.

Initiate study of deer movement.

3. Attempt to increase deer observations on uplands.
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REFERENCES CITED:
Howard, Volney W. i960. Mule Deer Density in Relation to Habitat
on the Fort Stanton Range. MS Thesis, N. M. State Univ.,
University Park. 31 PP-
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NATURAL ECOLOGIC SURFACE CONDITIONS
OF CARLSBAD CAVERNS NATIONAL PARK
(CACA-N-11)

INVESTIGATOR!

Walter H. Kittams

OBJECTIVES!

1.

To continue reconnaissance in and near the Park for relict
areas and for evidence and cause of changes in vegetation
and water sources.

2.

To continue search for information in literature and photo
files and from early settlers for record of early condition
of the Guadalupe Mountains area.

METHODS:

Observations incidental to other field work have
been made on distribution and condition of plant
communities, and on present flow of seeps and evidence of earlier
flow.

RESULTS AND
DISCUSSION:

Press of work on other projects left almost no
time for this one.

In mid-July, lightning struck near us and started fire in a sotol
plant. The fire soon spread through a cluster of lechuguilla plants.
If the fire had not been extinguished, it would have soon reached
dense grass and spread rapidly with a 10-15 mph wind. This was a
demonstration that wildfire might burn considerable area dominated
by grass and lechuguilla.
A fence line on a ridge separating domestic sheep pasture from the
north edge of the Park was found to exhibit striking differences in
vegetation attributable to long-term sheep grazing:
Vegetation

I n Park

Sheep P a s t u r e

Ground cover

Thin

Very sparse

Common
Sparse
Sparse
Sparse

Sparse
None
None
None

Grasses
Curlyleaf muhly
Hairy grama
Black grama
Sideoats grama
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(Table continued)

Vegetation
Bush muhly
Slim tridens
Three-awn
Fluffgrass

In Park

Sheep Pa sture

Sparse
Sparse
Few
Rare

None
None
More
Dense patches

Scattered, fair to good
Common, excellent
Scattered, fair
Common, good
Scattered clones

rewer, poor
Rare, poor
Less, fair to poor
Scarce, poor
Fewer young plants

Shrubs
Feather dalea
Skeletcnleaf goldeneye
Bernardia
Mariola
Lechuguilla

The two species, three-awn and fluffgrass, which were more abundant
in the sheep pasture are of poor quality and no doubt filled voids left by
disappearance of better grasses.
Dr. Gary Cunningham was encouraged to investigate the retreat of
alligator juniper on the uplands. He sampled two locations and
found that reproduction density is sufficient to replace standing
dead trees.
CONCLUSIONS;
1. Uncontrolled fire may significantly reduce lechuguilla and
shrubs and favor grasses.
2.

If extensive areas of the Park foothills range were once
abused by sheep, they have recovered.

3. The Park uplands may eventually have significant stands of
alligator juniper.
PUNS FOR
1970:

Continue f i e l d o b s e r v a t i o n s and s e a r c h for
information useful in establishing natural
ecologic condition.
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BIGHORN ECOLOGY AS IT RELATES TO THE FORAGE AND
WATER RESOURCES IN DEATH VALLEY
(DEVA-N-10)

INVESTIGATOR:

Charles G. Hansen

OBJECTIVES:

The native fauna of Death Valley National Monument is
quite varied because of the wide variety of habitats
found in the monument from below sea level to the nearly 12,000-foot
mountains adjacent to the valley floor. Perhaps the most spectacular
animal is the desert bighorn sheep which ranges through this great
elevational change. Although they are most commonly found in the
rugged terrain surrounding the lowlands they are occasionally found in
the valley and even cross the salt pan on the valley floor.
Desert bighorn habitat is threatened because of the adverse influence
of people upon their usually remote environment. Bighorn numbers and
distribution have been reduced over much of their former range. Consequently, it is desireable to perpetuate and restore these animals in
the Death Valley ecosystem. To accomplish this objective an ecological
study was initiated with the following specific objectives:
1.

Determine with reasonable accuracy the former numbers and
distribution of bighorn in Death Valley.

2.

Establish the present numbers and distribution of bighorn
in Death Valley.

3.

Determine the past and present stresses placed on bighorn
sheep or their environment by man.

4.

Determine the feasibility of restoring bighorn to their
former range through habitat rehabilitation.

5.

Determine methods by which bighorn sheep can be restored
to their former range and numbers.

METHODS:

The mountainous areas surrounding the valley where bighorn sheep are found are being investigated and data are
being collected on: (a) forage species used by bighorn; (b) water resources that are or may have been used by bighorn; and (c) bighorn numbers
and distribution now and in the past. Because of the remoteness of the
bighorn habitat and the vast areas to be covered, it is necessary to
travel on foot, horse, four-wheel drive vehicle and in the air. The
rugged terrain and wide variation in temperature determines the season
of access and mode of travel into much of the study area.
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A quantitative method of adequately determining the density of vegetation is being explored which can suitably describe a plant community
where some areas have plants growing 100 meters or more apart compared
to others where the same species may cover 80 percent or more of the
ground. Also, the disjunct distribution of some species makes comparisons quite difficult. Presently only a general estimate of density is
being applied along with a determination of distribution. Plant distribution is being broken down by elevation and location.
RESULTS AND
DISCUS£10";

This program was initiated in July 1968. A preliminary
reconnaissance of the area was made during the first
6 months and a library search was conducted for material
pertinent to the study. Also, a preliminary report was made for the
management of wildlife in the Tin Mountain area of the monument (Hansen,
1968).
Subsequent work has been a more intensive survey of the mountainous
areas of the monument. As a result of these surveys, a preliminary
classification (Hansen, 1967) of bighorn habitat has been nearly completed. The end result will be a map of the entire monument that illustrates the areas most attractive to sheep and a quantitative listing of
the value oi selected characteristics that influence bighorn presence.
This classification shows that out of about 290 water sources (Welles
and Welles, 1959) recorded for the monument only 3ix are classified as
excellent for bighorn. Of the six bighorn waterholes, two are so close
together they can be considered as only one and another is threatened
by heavy burro use;
Water is a critical factor in the survival of the desert bighorn (Welles
and Welles, 1961) and the range of a herd away from water during the dry
season is usually no more than 6 miles. Consequently, the waterholes
used by sheep were determined and plotted on a map. This was done by
using the Habitat Classification Map and a quantitative evaluation of
the water resources. Thus, potential bighorn use was determined. In
order to establish adequate water distribution new sites were selected
for the possible development of temporary artificial water sources. The
resulting map shows that 52 permanent water sources would be needed to
provide bighorn with sufficient water to utilize their former habitat.
PLANS FOR
1970:

Plans for the 1970 calendar year are to continue the
field investigations of all known bighorn habitat using
aerial and ground survey methods. The main effort will
be to study areas that have had the least attention in past years. These
areas will have to be explored in order to determine the current status
of the bighorn and the forage and water resources of the monument. As
areas are more closely studied the Habitat Classification Map and Water
Source Records will be up-dated and refined. Vegetation sampling will
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continue and an attempt will be made to adequately describe the plant
communities in the area of low-density vegetation so that comparisons
can be made within the range of the bighorn sheep.
REFERENCES CITED:
Hansen, C. G. 1967. Classifying bighorn habitat on the Desert
National Wildlife Range. Mimeo. Bureau of Sport Fisheries
and Wildlife, Las Vegas, Nevada. 20 pp.
Hansen, C. G. 1968. Proposed management of wildlife in the Tin
Mountain area of Death Valley National Monument. Memo to
Superintendent, Death Valley files, dated 11/15/68. 20 pp.
Welles, R. E. and F. B. Welles. 1959. Preliminary study of
wildlife water sources in Death Valley National Monument.
Typewritten report in the Death Valley National Monument
Library. 320 pp.
Welles, R. E. and F. B. Welles. 1961. The bighorn of Death
Valley. Fauna of the National Parks Series No. 6. U.S.
Govt. Printing Office. 242 pp.
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EVALUATION OF BURRO ACTIVITY ON THE ECOSYSTEM
OF DEATH VALLEY
(DEVA-N-11)

INVESTIGATOR:

Charles G. Hansen

OBJECTIVES:

The feral burro became established in Death Valley National Monument long before the monument was established.
This large foreign herbivore has inserted itself into a wide variety of
habitats from the valley floor below sea level to the mountaintops
nearly 12,000 feet high. Burros have had a marked influence on the soil,
vegetation and water resources and the general objective of this study
is to evaluate the effect of burros on the ecosystem. More specifically,
the objectives are:
1.

Determine the past and present distribution of burro in
Death Valley.

2.

Establish the abundance and distribution of the native
biota in comparable habitats with and without burro u6e.

3.

Determine the effect upon the total ecosystem by burros
in relation to their abundance.

4.

Establish habitat requirements for burro in Death Valley.

METHODS:

A critical examination will have to be made of the biota
in selected areas where burros have and have not been
living. This will be necessary in order to evaluate the effect of the
burro upon the ecosystem. Data are being collected on: (a) forage species; (b) water resources; and (c) burro numbers and distribution from
past records and current field investigations. Because of the vastness
of the area occupied by burros and the remoteness of the terrain it is
necessary to travel on foot, horse, four-wheel vehicles and in the air.

A preliminary sampling of the vegetation is being carried out in preparation for a more intensive study of the plant ecology of the area.
RESULTS AND
DISCUSSION:

A preliminary survey of the area was made in 1968. Data
collection on burro numbers and distribution has continued
and the burro skull collection has been enlarged and catalogued. Contact has been maintained with current legal policy and management procedures.

According to the available data it appears that burros do not travel much
more than 5 or 6 miles from water. This is especially evident in the dry
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part of the year. In the last few years burros have established themselves on the floor of the valley (200 feet below sea level) around
some of the water sources there. These animals frequent this low elevation even during the heat of the summer. It also appears that colts
are born In any season of the year, although more may be dropped during
the spring. Also, the male burros appear to congregate into bachelor
groups which separate themselves from the females, and females with
colts are frequently seen by themselves.
Additional data on forage species and food habits is needed before they
can be analyzed. Water appears to be consumed throughout the year but
in lesser amounts during the cooler times of the year.
CONCLUSIONS:

More intensive research is needed to assist in the management of these animals.

PLANS FOR
1970:

Continue to investigate burro activity and collect additional data on forage species, water requirements and
food habits. When the Burro Management Plan is initiated,
more intensive research will be possible and can be pursued. Individual
animals can then be studied and perhaps even be handled.
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BASIC RECONNAISSANCE OF THE DEATH VALLEY ECOSYSTEM
(DEVA-N-12)

INVESTIGATOR:

Charles G. Hansen

OBJECTIVES:

It is essential to accumulate basic facts and descriptions on the ecosystem before an intensive and longrange program can be established. Future administration of the area
can benefit by the knowledge of all the ramifications involved in the
ecology of the area. The specific objective of the study is:
To produce a description of the total ecosystem that can be
used in master planning and research.

METHODS:

Field surveys and a search of the literature have been
used to gather information for this study. Additional
field surveys will be conducted. The vegetation is being sampled to
determine distribution of the major species in the various plant communities. Climatic data are being accumulated from official weather
records and other sources. Information about the fauna of the area is
collected incidental to other studies and from the records of other
scientists working in Death Valley. Much of the data for this study is
being obtained while conducting research on the ecology of the desert
bighorn sheep and the activity of the feral burro.
RESULTS AND
DISCUSSION:

A general survey of the ecosystem of Death Valley was
accomplished and much reference material was gathered
for future use.

The vegetation in the Death Valley area appears to be unique because of
the disjunct distribution of relatively common plants. Outstanding examples are Hunter Mountain where only pinyon pine (Pinus monophylla) grows
in a typical pinyon-juniper habitat. In contrast, Pinto Peak supports
only juniper trees (Juniperus osteosperma) in a situation where pinyon
pine should also be found. Other species that do not appear to follow
the usual distribution according to elevation, slope and exposure are
the Joshua (Yucca brevifolia), sagebrush (Artemisia tridentata) and
blackbrush (Coleogyne ramosissima). Also there is a noticeable lack of
vegetation at the lower elevations.
The climate of Death Valley is often determined by the surrounding terrain. Rain shadows produce a very obvious effect on adjacent foothills
and nearby mountains. Cold and warm air currents sometimes create a
turbulence that causes local duststorms and appears to influence thundershowers. A low cloud cover during the hot summer will sometimes produce
a relatively high humidity when dry conditions are usually expected.
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Small animal ecology on the monument has not been investigated extensively but some intensive studies have been made by outside scientists
of some species and in limited areas of the valley. Animal life is of
low density at the lower elevations, corresponding to the low density
of the vegetation. The density of the biota does increase with an
increase in elevation. Exotic animals are present and have influenced
the ecology of most of the area. These are primarily the burro and
the chukar partridge. Others include starlings, English sparrows,
mosquito fish and goldfish.
The presence of foreign plants also influences the Death Valley ecosystem and in some instances threatens the critical water supply for
other species of wildlife.
PLANS FOR
1970:

Continue to gather information about the ecosystem that
will assist in master planning and research planning
for the monument.
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OCCURRENCE AND DISTRIBUTION OF SOUTH FLORIDA BIRDS
(EVER-N-8)
INVESTIGATORS: William B. Robertson, Jr.
John C. Ogden
OBJECTIVES:

As stated in the annual report for 1968, this project
is maintained on a continuing basis to cover miscellaneous studies and professional activities relating to birds of the
Everglades, Fort Jefferson and Biscayne areas of Florida.
METHODS:

Field observations, literature reviews, summarizing
observers* reports, and publication of new records.

RESULTS AND
DISCUSSION:

Work accomplished during calendar year 1969 included:
submission of a short note for publication in BirdBanding on Empidonax traillii status in south Florida
by Ogden and Fisk; two Florida Region seasonal bird accounts prepared
for Audubon Field Notes, one each by Ogden and Robertson; a bird checklist booklet for Everglades Natural History Association by Ogden; compilation of Coot Bay bird count for publication in Audubon Field Notes
by Ogden; and current ornithological literature abstracts submitted to
The Auk, mostly by Robertson.
PLANS FOR
1970:

During 1970 we expect to prepare Florida Region seasonal
bird accounts and compile the Coot Bay bird count for
Audubon Field Notes, publish additional reports on local
bird occurrences, and abstract ornithological papers for the Recent
Literature section of The Auk.
PUBLICATIONS:

Listed above.

54

POPULATION DYNAMICS OF BALD EAGLES IN
EVERGLADES NATIONAL PARK
(EVER-N-9A)

INVESTIGATORS:

William B. Robertson, Jr.
John C. Ogden

OBJECTIVES:

To determine the size and dynamics of the breeding population of Bald Eagles centered on Everglades National Park.

METHODS:

Field observations were made in large part from a
National Park Service airplane.

RESULTS AND
DISCUSSION:

Begining with the breeding season of 1958-59 all nests
in and near the park have been located and their annual
productivity followed in detail. The adult population
numbers 50-55 pairs, and reproduction over the years has not departed
significantly from 50 percent of active nests successfully fledging an
average of 1.5 young per successful nest. During the 1968-69 season,
33 young eagles were produced from 22 successful nests, out of a total
of 53 nesting sites under observation. Four additional eagle eggs were
collected during December 1969 from nests of known history in Florida
Bay, and submitted for analysis of residues of persistent pesticides as
part of a cooperative project with the National Audubon Society involving
eagle populations in several portions of North America. The inland roost
of subadult eagles in pine woods near Mahogany Hammock continued to be
used by approximately 20 eagles during 1969.
For additional detail on results to date, see Everglades National Park
Natural Sciences Research Plan, pp. 74-76; and Proceedings Second Natural Sciences Research Meeting, Everglades National Park, July 18-19,
1968, pp. 4-5.
CONCLUSIONS:

The Bald Eagle population of the Park appears to be
reproducing at a rate entirely adequate to maintain
the local population, in spite of surprisingly high DDE residues detected
in eggs from Florida Bay previously analyzed.
PLANS FOR
1970:

Now in its 12th year, our survey of eagle reproduction
has acquired additional value because of its pertinence
to worldwide studies concerned with the effects of environmental contaminants on fish-eating vertebrates. Therefore, we will
continue our survey during the 1969-70 season, and beyond. At some time
in the future, as time is available, we will prepare a publishable manuscript on our Bald Eagle population studies.
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LIFE HISTORY STUDY OF SHORT-TAILED HAWKS,
Buteo brachyurus, IN FLORIDA
(EVER-N-9C)

INVESTIGATOR:

John C. Ogden

OBJECTIVES:

To determine the life history and ecology of Shorttailed Hawks, including investigations of the breeding
biology, seasonal migrations, hunting techniques and prey, habitats and
competitors, size of Florida population, and value of Everglades
National Park to Florida Short-tails.
METHODS:

When this project was initiated in 1968, very little was
known of the species' life history or ecology, therefore, of necessity, the project has been primarily a field study of wild
Short-tailed Hawks, with emphasis placed on studying hawk behavior at
active nest sites.

RESULTS AND
DISCUSSION:

The field study was essentially completed by the end of
1968, and results were previously summarized in the
annual report for that year. During September 1969, I
presented a 20-minute paper on the results of the study at the annual
meeting of the American Ornithologists' Union, at Fayetteville, Arkansas.
CONCLUSIONS:

Life history and ecological data obtained during this
project have made it possible to evaluate the status of
Short-tailed Hawks in the United States (equals Florida). One result
has been the inclusion of the species on the 1968 revision of the list
of "Rare and Endangered Fish and Wildlife of the United States."
Buteo brachyurus deserves special attention from future researchers
seeking to understand evolutionary principles within tropical regions.
For example, the Short-tail is a species with specialized hunting techniques and prey, yet belong to a genus of raptores which contains a high
percentage of species known to be opportunistic hunters with very general
prey requirements. However, other genera of raptorial birds containing
species with specialized hunting techniques geared towards the same prey
that Short-tails seek (small birds) may differ from Short-tails in important aspects of breeding biology (clutch size, etc.). Evolutionary pathways which have produced such divergence within tropical raptores are
poorly understood.
PLANS FOR
1970:

The major effort of calendar year 1970 will be to submit a completed manuscript dealing with all aspects of
this project for publication in The Auk.
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REFERENCES:
Bureau of Sport Fisheries and Wildlife. 1968. Rare and Endangered
Fish and Wildlife of the United States. Resource Publ. 34,
U.S. Dept. of the Interior, Washington, D.C. pp. 13-14.
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FLORIDA BAY OSPREY POPULATION STUDY
(EVER-N-9E)

INVESTIGATOR:

John C. Ogden

OBJECTIVES:

To conduct an in-depth study of the population structure,
seasonal movements, food habits and reproductive success
of Florida Bay Ospreys. Ultimately, Ospreys will serve as an indicator
species for the well-being of end-of-the-food-chain vertebrates in Florida
Bay, especially fish-eating species susceptible to poisoning by persistent
pesticides.
METHODS:

The project is organized in two unequal parts. The major
effort is to band and color tag most, if not all, juvenile Ospreys produced, during each reproductive season, by approximately
50 pairs nesting on a three-island study area south of Flamingo. After
several years of the tagging operation, enough marked birds should return to the study islands as breeding adults to allow for more intensive
population structure and nesting studies with known-aged birds. In the
course of the present tagging program, preliminary information on breeding success, food habits, and development of juveniles will be recorded.
During this initial period of study, recoveries or observations of tagged
birds will gradually provide information on post-breeding dispersal by
different age-groups of Ospreys.

The second part of the project involves a 2-day aerial survey during the
peak of the Osprey nesting season of all active nests in Florida Bay.
RESULTS AND
DISCUSSION:

During 1969, 41 juvenile Ospreys were tagged from 39
active nests on the study area. Additional data were
collected on food habits and aspects of breeding biology.
Nine color tagged juveniles were observed from 2 to 18-month intervals
after fledging, to provide the beginnings of an understanding of offseason dispersal by Ospreys. During 1968 and 1969, approximately 70 percent of active nests on the study area fledged an average of 1.7 young
per successful nest.
The entire Florida Bay population contained 138
active nests during mid-February 1969.
PLANS FOR
1970:

We will repeat our tagging efforts on the study islands,
attempt to gather additional information on food chains
and nesting success, and continue to search for color
tagged Ospreys, especially among the breeding pairs.

PUBLICATIONS:
Henny, C. J. and J. C. Ogden. 1970. Estimated status of Osprey
populations in the United States. Jour. Wildlife Management.
(In press)
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WADING BIRD STUDIES IN EVERGLADES NATIONAL PARK
(EVER-N-12)

INVESTIGATORS:

William B. Robertson, Jr.
John C. Ogden

OBJECTIVES:

To determine the history, current population trends,
fjodiug ecology, nesting sites, and seasonal movements
of populations of certain wading bird species breeding in or near Everglades National Park. Species of particular concern are the interior,
colonial nesters (Wood Storks, White Ibis, Common and Snowy Egrets) and
Florida Bay populations of Great White Herons, Reddish Egrets, and
Roseate Spoonbills.

METHODS:

Regular aerial surveys by NTS airplane, counts of nests
and general data collecting within colonies, banding and
color tagging juvenile waders, and quantitative fish trapping.

RESULTS AND
DISCUSSION:

Colonial species nesting on mainland areas of the park,
and feeding to a large extent in areas directly influenced by overland flow of fresh water, failed to produce young during the 1968-69 winter-spring breeding season. Not directly
affected by the uncertain fresh-water conditions of the park, the Florida
Bay species completed another successful breeding season; including production of several hundred juvenile spoonbills, and evidence of further
extension of nesting by Reddish Egrets into western Florida Bay. Important aspects of Wood Stork biology (population structure, colony interchanges, and daily feeding routines) may become better known once a
project for color tagging juvenile storks at East River Rookery gets
underway. However, the failure of all stork colonies in 1969 forced
postponement until 1970 for the tagging project. During December 1969,
quantitative fish traps were established in 'glades drainage creeks at
the headwaters of Rookery Branch, hopefully to show correlations between
densities of fish and nesting conditions within stork rookeries.
CONCLUSIONS:

The failure of inland rookeries during 1969 apparently
was caused by unusually heavy January rains within the
park, and by an overland flow of fresh water through Flood Control District structures into the park during late winter-spring months that was
considerably in excess of what the battered 'glades ecosystem could absorb during the dry season months. The combined effect was to dilute
food densities to a level below that needed for rookery success.
PLANS FOR
1970:

Clearly the Florida population of Wood Storks is becoming
seriously endangered, and deserves increasing attention.
We plan to (1) continue survey of nesting success and
seasonal movements of wading bird populations in the park area, and
(2) step up in-depth study of Wood Stork biology.
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DISTRIBUTION, REPRODUCTIVE SUCCESS AND
MANAGEMENT OF CROCODILES
(EVER-N-26)

INVESTIGATORS:

John C. Ogden
Richard W. Klukas

OBJECTIVES:
1.

To determine population size, nesting success, population
control factors, and habitat requirements through nesting
studies in Florida Bay.

2.

To restock the depleted Everglades population through a
hatching and rearing program utilizing eggs from nests
located in endangered habitats outside park boundaries.

RESULTS AND
DISCUSSION:

The crocodile project was initiated during calendar
year 1969, with the first year's effort directed
towards developing techniques for hatching and rearing crocodiles. Twenty eggs from one Key Largo nest site were transferred during June to Everglades. Eleven eggs hatched during August,
and 10 young were healthy and growing at the end of the year. We are
attempting to maintain a controlled, high temperature environment during the cooler winter months to insure rapid and continuous growth
rates by the juvenile crocodiles.

PLANS FOR
1970:

During calendar year 1970 we expect to work towards
meeting both objectives listed above. A crocodile nest
survey will be conducted during April-May in eastern
and central Florida Bay and in the vicinity of adjacent mainland bays
and lakes. Followup studies and monitoring will occur at active nest
sites. Immediate objectives will be to determine size and range of the
breeding population, and factors affecting nesting success. Continuing
with our crocodile restocking project, we will tag and release our present batch of test juveniles no earlier than the spring of 1970. If we
feel our hatching and rearing techniques have been successful, we will
repeat the project using larger numbers of eggs.
PUBLICATIONS:
Robertson, William B., Jr., G. Sprugel, L. Sumner (Editors).
1966. Everglades National Park Natural Sciences Research
Plan. National Park Service, U.S. Dept. of the Interior,
Washington, D.C. Chapter 3, pp. 61-62.
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TERN COLONY STUDIES IN FORT JEFFERSON NATIONAL MONUMENT
(FOJE-N-2a)

INVESTIGATORS:

William B. Robertson, Jr., John C. Ogden,
0. L. Austin, Jr., J. Dinsmore, B. Harrington

OBJECTIVES:

To develop information essential to the proper protection, management and interpretation of the breeding
colony of Sooty Terns and Brown Noddies, which is unique in National
Park Service and a major natural history feature of Fort Jefferson
National Monument.
METHODS:

Large-scale banding and field observations of Sooty
Terns and Brown Noddies, and studies at individually
tagged nest sites.

RESULTS AND
DISCUSSION:

During calendar year 1969, few juvenile Sooty Terns
were banded due to a sudden deterioration in nesting
affecting the entire colony at a time when most Sooties
were on eggs. Causes for the nesting failure have not been determined;
however, several explanatory theories set forth are yet to be tested.
By contrast, the small colony of Brown Noddies nesting on the same
island maintained an apparently normal production of young. During 1969,
adult Brown Noddies were banded at 65 tagged nests, and data collected
on molt by adults and dimorphism among nestlings.
CONCLUSIONS:

Major conclusions are summarized in the ONSS Annual Report for 1968. No conclusions have been reached concerning Brown Noddy nesting studies.

PLANS FOR
1970:

Complete the long manuscript on Sooty Tern movement as
shown by band recoveries, analyze collections on hand of
tern food, molt, and bands to determine rate of wear;
give special attention to sequence of nesting activities by Sooty Terns
for possible new information on causes of the 1969 failure; and continue
Brown Noddy nest site studies.
PUBLICATIONS:
Robertson, William B., Jr., Paulson and Mason.
to the United States. Auk 78: 423-425.

1961.

A Tern new

Robertson, William B., Jr. 1964. The Terns of the Dry Tortugas.
Bull. Florida State Museum 8(1): 1-94.
Robertson, William B., Jr.
Juvenile Sooty Terns.

1969. Transatlantic Migration of
Nature 223: 632-634.
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Pooley, A. C. 1969. Preliminary studies on the breeding of the
Nile Crocodile Crocodylus niloticus in Zululand. The
Lammergeyer 3(10): 22-44.
Pooley, A. C. 1969. Some observations on the rearing of crocodiles. Jhe. Lammergeyer 3(10): 45-59.
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PHYSICAL, CHEMICAL AND BIOLOGICAL
CLASSIFICATION OF PARK WATERS
(GLAC-N-8)
INVESTIGATOR:

C.

Robert Wasem

OBJECTIVES:
Inventory existing conditions prevailing in aquatic ecosystems with
the following specific goals:
1.

To determine status and distribution of native and introduced
fishes.

2.

To document basic physical and chemical characteristics of
lakes and streams to better understand natural and altered
aquatic ecosystems.

3.

To establish existing relatively pure water standards for
future identification of possible deterioration of natural
water quality.

4.

To document existing problems associated with water pollution.

METHODS:

Dissolved oxygen, pH, water temperature, and total alkalinity were measured in the field while conductivity,
total iron, total hardness and turbidity were determined in the laboratory. Fluoride and orthophosphate were also measured on several
samples in the laboratory. A line-operated conductivity meter (Solubridge) and a Hach DR-EL Engineer's Laboratory were used in laboratory
determinations, while Hach portable field test kits and either a
pocket mercury or marine hydrographic thermometer were used in the
field. Visability readings were made with a 20 centimeter diameter
Secchi disc.

Elevations and distances down-drainage to water sample sites were
measured off a U. S. G. S. topographic map. Weather data came from
official U. S. Weather Bureau records. Free carbon dioxide
was determined from a nomograph using total alkalinity and pH values.
All results were converted to the metric system in keeping with the
accepted trend in this direction.
All tests were made in daylight hours when diurnal water temperatures
would be the highest, pH values the highest (H + ion activity the
lowest), and dissolved oxygen content also the highest. Free CO2
content would be lowest during afternoon hours. Most tests were made
between 1000 and 1600 hours m.d.t.
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RESULTS AND
DISCUSSION:

Ninety-three lakes and streams were checked for basic
water quality between 18 June and 25 September 1969.
Weather records indicated June was wetter (+3.89 centimeter precipitation) and warmer (+0.28 °Celsius) than the thirty-year
climatological normal at the West Glacier station. July and August
were both drier than normal (-2.0 and -3.35 cm. respectively) and
cooler than normal (-0.45 and -0.73 °C. respectively), while September,
like June, was wetter than normal (+3.33 cm.) and warmer than normal
(+0.73 ° C ) . Overall the 1969 summer at the West Glacier weather
station was slightly drier than normal (-1.87 cm. departure) and cooler
than normal (-0.17 °C. departure).
Waters sampled by major watersheds were 17 in the Missouri drainage
(12 streams, 5 lakes); 28 in the South Saskatchewan drainage (24
streams and 4 lakes); 23 in the Middle Fork Flathead River drainage
(17 streams, 6 lakes); and 25 in the North Fork of the Flathead River
drainage (19 streams and 6 lakes).
1.

Sample Site Topographic Data
Elevations - East-slope sample points generally were at considerably higher elevations than those of the west-slope of the Continental Divide. Forty-five east-slope sites averaged 1,629 meters
(5,343 feet) while 48 west-slope sites averaged 1,147 meters (3,762
ft.) above sea level. The average for all sample points was 1,380
meters (4,526 ft.). The range for all 93 park waters was 961 to
2,150 meters (3,152 to 7,052 ft.) inclusive.
Distances from Drainage Heads - West-slope sample points were generally located considerably further down-drainage than were eastslope sample points. The west-slope average was 20.6 kilometers
(12.8 miles) compared to about 8.5 (5.3 miles) for waters on the
east side of the Divide. The range was 0.4 kilometers (0.25 miles)
for several glacial cirque lakes to 125.6 kilometers (78 miles)
for the North Fork Flathead River at Camas Creek.

2.

Water Temperatures - Average water temperatures for 93 samples was
11.2 °C. (52.2 °F.) with a range of 5.3 to 22.5 °C. (41.5 to 72.5
°F.). East-slope waters averaged 10.7 °C. (51.3 °F.). While westslope waters averaged 13.8 °C. (56.8 °F.). Water temperatures were
taken at the time of year and the time of day they would be expected
to be at or near maximum.

3.

Turbidity - Turbidity ranging from 1 to 28 Jackson Units was present in 43 of 92 lakes and streams. East-slope waters averaged
slightly more turbid than west-slope waters (3.8 to 2.2 respectively). The park average for all 92 samples was 3.0 Jackson Units.
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Virtually all waters were sampled well after the peak snowmelt
runoff period, hence should be relatively clear.
*•

Secchi Disc Visibility - Visibility in 10 lakes ranged from 0.76
meters (2.5 ft.) to 12.5 meters (41 ft.) with a mean of 6.7 meters
(22 ft.). Most readings were made under ideal conditions, i.e.
midday bright sunlight. Water clarity, as indicated by these data,
is below actual clarity levels as several of these readings were
made with the disc resting on the lake bottom. Also, two of the
lakes were low-elevation and of a slightly eutrophic or distrophic
type.

5«

Dissolved Oxygen - Ninety-one surface waters were tested with no
dissolved oxygen deficit evident in any lake or stream. The range
was 7.2 to 10.6 milligrams per liter (mg./l.) inclusive, with a
parkwide average of 9.0 mg./l. There was no significant difference in mean dissolved oxygen values from the four major drainages. Sixty-nine waters (75.8 percent) fell between 7.5 and 10.0
mg./l. dissolved oxygen while 46 waters (50.5 percent) were between 8.5 and 9.5 mg./l. inclusive. Percent saturation values have
not yet been calculated for most waters.

6.

Hydrogen Ion Activity - pH values ranged between 6.6 and 8.5
inclusive with a mean of 7.51 for 93 park waters. Forty-four
east-slope waters showed a higher mean value of 7.57 compared
with 7.45 for 47 west-slope waters. Seventy-one waters (76.3
percent) ranged.between 7.4 and 8.2, and 46 waters (49.4 percent)
fell between pH values of 7.6 and 8.0 inclusive. Only 8.7 percent of the waters tested were below a pH of 7.2.

7.

Total Iron - Fifty-six of 92 tests showed ferric and/or ferrous
iron in concentrations ranging from 0.5 mg./l. to but an unimportant trace. Most waters showed either no iron or only a trace.
The park average was 0.03 mg./l. If iron in amounts greater than
0.2 mg./l. are indeed lethal to fish as stated by Minkina (1946),
then iron content generally appears to be of no problem in park
waters as only two insignificant streams showed iron in excess of
this (0.5 and 0.32 mg./l.). Both of these stream samples sites
were just outside the park boundary on the Blackfeet Indian
Reservation. Only six other waters (2 lakes and 4 streams)
exceeded 0.05 mg./l.

8.

Total Alkalinity - Total (bicarbonate) alkalinity as measured
with the pocket field test kit was not considered accurate.
Future alkalinity determinations will be made in the laboratory
using an electric pH meter to find titration end points. Due to
virtually all pH values being below 8.3, no phenolphthalein
(carbonate) alkalinity existed.
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9.

Dissolved Ionizable Solids - Ionizable solids were measured in the
laboratory on a line-operated Solu-bridge calibrated in grains-pergallon which were converted to mg./l. at the standard temperature
of 25 °C. Dissolved solids ranged between 9 and 224 mg./l. for 92
park waters with a mean of 59 mg./l. Mean values for the four major
drainages were 58 mg./l. for 27 tributary waters of the South
Saskatchewan River; 74.5 mg./l. for 17 waters of the Missouri River;
54.5 mg./l. for 23 waters of the Middle Fork Flathead River; and
52.7 mg./l. for 25 tributary waters of the North Fork Flathead
River.
Of the waters tested, 12 (13 percent) fell in the least productive
"strongly oligotrophic" class (0-20 mg./l.); 47 (51.1 percent)
were in the "oligotrophic" class (20-60 mg./l.); 23 (25 percent)
placed in the "mildly oligotrophic" category (60-100 mg./l.);
7 (7.6 percent) were in the more productive "mildly eutrophic" class
(100-140 mg./l.); and only 3 waters (3.3 percent) were in the most
productive "eutrophic" category (over 140 mg./l.). This suggested
classification of park waters based upon nutrient level (dissolved
inorganic solids) was proposed by the author (1968).

10.

Fluoride - The Tiach SPADNS method was used to determine fluoride
in eight samples from west-slope waters collected at sample points
ranging from 19.2 to 70.4 airline kilometers east of the probable
source - an aluminum ore reduction plant near Columbia Falls.
Fluoride content of the eight samples varied from 0.39 to 0.48
mg./l. with the. mean at 0.43 mg./l.
According to local information, the water supply for Columbia Falls
contains a 0.1 mg./l. concentration of natural fluoride. Pacific
Power and Light Co. (1964) and Spindler (1965) found levels of
natural fluoride in waters of the Flathead River at Kalispell,
Montana and six park tributary streams of the South Saskatchewan
River as being either nonexistent or undetectable.

11.

S oluble Inorganic Phosphate - Each summer the park's two primary
sewage treatment plants release what appears to be significant
amounts of sewage effluent into virtually pure park waters. A third
facility located at Logan Pass, utilizing septic tank treatment
only, also discharges a significant volume of effluent into headwaters of the north fork of Reynolds Creek, a headwater tributary
of the St. Mary River.
The Hach stannous reduction method was used to determine orthophosphate content of the Logan Pass effluent and the Lake McDonald
sewage treatment plant effluent.
During the 1969 travel season, the Logan Pass facility, serving a
visitor center, released about 3,351,400 liters (885,440 gallons
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of effluent which on 13 August contained 8.0 mg./l. orthophosphate.
Thus something like 26.8 kilograms (59 pounds avdp.) of readily
available phosphorus were discharged into the aquatic and closelyadjacent terrestial ecosystems over the course of the 1969 visitation period.
From early June to mid-September, the Lake McDonald treatment plant
released approximately 12,552,900 liters (3,316,500 gallons) of
effluent which on 27 August contained 24 mg./l. orthophosphate, and
on 4 September was carrying 27 mg./l. orthophosphate. Using the
lower concentration and applying it over the entire travel season,
about 302 kilograms (665 pounds avdp.) of phosphorus were discharged
into Snyder Creek to quickly flow into Lake McDonald. This lake is
oligotrophia and its natural waters probably contain inorganic
phosphate at a concentration of near 0.02 to 0.001 mg./l. These
extremely low natural phosphate levels are too low to detect and
measure with existing equipment.
ho phosphate determination was made of the approximately 73,716,200
liters (19,475,900 gallons) of sewage effluent released into Swiftcurrent Creek just below Swiftcurrent Lake and Falls on the park's
east-slope.
CONCLUSIONS:

Studies to date indicate that generally lakes and streams
of Glacier National Pari: are relatively pure, cold
(11.2 °C. average maximum); virtually clear (3.0 J.T.U. average); possess
more than adequate dissolved oxygen (+7.2 mg./l. for all samples);
and with the exception of a few low elevation streams and many subalpine waters, pH values are ideal for optimum biological activity (pH
7.0 to 8.5).
Most lakes and streams (76 percent) are relatively "infertile"
(oligotrophia) to slightly "fertile" (mildly oligotrophia) as based
upon content of dissolved ionizable solids (conductivity).
Total iron content (ferrous + ferric), as it might effect aquatic life,
was found to be insignificant. Free carbon dioxide was generally low
(1-5 mg./l.), but these values cannot be considered entirely reliable
as total alkalinity measurements were not accurate.
At first examination, fluoride tests appear to show accumulation via
aerial fallout. However, future improved laboratory tests may indicate
virtually no fluoride increase above natural surface water levels.
Fluoride levels could increase to 1.7 mg./l. before water would cease
to be suitable for human consumption according to criteria set by the
Federal Water Pollution Administration (1968). This concentration is
allowed if annual average maximum daily temperatures do not exceed
12.06 °C. (53.7 °F.).
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The addition of phosphorus to aquatic ecosystems may well be significant (McClelland, 1968), and at the present time is considered the
single factor most liable to alter, by unnatural enrichment
(eutrophication), the natural aquatic ecosystem in coming years.
Fortunately the problem is not widespread and can be corrected by
tertiary treatment of effluents with alum, aluminum sulfate, ferrous
sulfate, ferric sulfate or cupric sulfate (Lea et.al. 1954).
Other than phosphorus and possibly nitrogen injections into the
natural aquatic ecosystem, natural water quality in Glacier
National Park appears to well exceed all minimum standards set by
the Federal Water Pollution Administration (1968). These standards
were set to maintain desirable water quality in altered lakes and
streams, however, and should not be applied to natural uncontaminated
waters where no deviation from natural conditions should be allowed
to develop.
PLANS FOR
1970:

Sampling will continue with special emphasis to be
placed upon studies of fish fauna in selected waters.
More complete and accurate water quality determinations
will be made of park waters particularly in tributaries of the Middle
Fork Flathead River and Marias River. Improved fluoride and phosphate monitoring of several selected lakes and streams is also planned.

REFERENCES CITED:
Federal Water Pollution Admin., U.S. Dept. of the Interior. 1968.
Water quality criteria, a report of the National Technical
Advisory Committee to the Sec. of Interior. U.S. Government
Printing Office; Washington, D. C. 234pp.
Lea, W. L., G. A. Rohlich, and W. L. Katz. 1954. Removal of
phosphates from treated sewage. Sewage and Industrial
Wastes, Vol. 26, No. 3, pp. 261-275.
McClelland, B. Riley. 1968. Cultural eutrophication - a threat
to national park lakes? Unpublished report, special problem
in limnology. Colorado State Univ., Fort Collins. 24 pp.
Minkina, A. L. 1946. On the action of iron and aluminum on fish.
Trud. Mosk. Zoopark 3, 23 (1946); Water Pollution Abst.,
23 (July 1950).
Pacific Power and Light Co. 1964. Industrial Survey, Flathead
Valley, Montana. Industrial Development Dept., Portland,
Oregon.
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WILDFIRE ECOLOGY STUDIES, GLACIER NATIONAL PARK
(GLAC-N-15)
INVESTIGATOR:

C. J. Martinka

OBJECTIVES:
To obtain quantitative data on vegetation reestablishment
following wildfire.
METHODS:

Data on floral composition, ground cover characteristics and conifer reproduction were secured through
annual measurements of established sampling transects using standard
canopy coverage, line intercept and plot techniques. Growth and size
of important shrubs were measured.

RESULTS AND
DISCUSSION:

Five sampling transects were established on each of
two areas burned by wildfire during 1967. Original
vegetation on the Flathead area was characterized by
lodgepole/larch and burn types; that on the Glacier Wall area by
spruce/fir, shrub slide and burn types.

Revegetation of the Flathead area during 1968 was characterized by
white spirea (Spirea betulifolia), pinegrass (Calamagrostis rubescens)
and fireweed (Epilobium angustifolium). Canopy coverage of each increased during 1969 and the total number of species encountered in
coverage plots increased from 12 in 1968 to 24 in 1969. Lodgepole
pine seedlings reestablished at a rate of 2,226 per acre in 1968.
Revegetation of the Glacier Wall area during 1968 was characterized
by fireweed, thimbleberry (Rubus parviflorus) and streamside globe
mallow (Iliamna rivularis). Canopy coverage of each increased during
1969 and the number of species encountered in coverage plots increased
from 20 in 1968 to 30 in 1969. Western larch (Larix occidentalis) and
Engelman spruce (Picea engelmannii) seedlings reestablished at a rate
of 2,610 per acre.
Willow (Sallx bebbiana) and mountain maple (Acer glabrum) were the
principal resprouting shrubs on the Flathead burn. Mean number and
length for willow shoots were 13 and 2.5 feet for willow plants; 39
and 1.3 for mountain maple plants. Alder (Alnus spp.) was the principal shrub on the Glacier Wall burn. Reestablishment was primarily
through seedlings although limited resprouting was evident.
Bare ground decreased on both areas during 1969 while coverage by litter, mosses and lichens increased. Erosion was not apparent on either
area.
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CONCLUSIONS:

Revegetation occurs rapidly on sites subjected to
wildfire on the spruce/fir zone. Lack of erosion,
resprouting of major wildlife winter forage species and immediate
reestablishment of conifers limit potential long-term effects of
wildfire.
PLANS FOR 1970:
All phases of the project will be continued.
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GRIZZLY ECOLOGY STUDIES IN GLACIER NATIONAL PARK
(GLAC-N-16)
INVESTIGATOR:

C. J. Martlnka

OBJECTIVES:

To obtain quantitative data on distribution, movements,
population dynamics, habits, habitat relationships,
ecology and management of the grizzly bear (Ursus arctos) in Glacier
National Park.

METHODS:

Data on locations, numbers, sex and age classes, activity and habitat use were secured through use of a
monitoring system which documented reported observations of grizzly
bear. Supplemental data were secured during extensive park coverage
by foot, horseback, vehicle, or aircraft. Food habits were studied
from analysis of scats and evaluations of feeding sites. Movements
were studied from observations of naturally marked individuals or family groups. Grizzly-visitor relationships data were secured through
documentation of injury, damage and molesting incidents.
RESULTS AND
DISCUSSION:

Observations of 728 grizzly bears were reported or recorded from 1967 through 1969. Their locations reflected use-intensity of various park areas but
indicated distribution throughout the park. Identification of individual grizzlies on a 290-square-mile sampling area resulted in density
estimates of 6.9 (1969) to 9.1 (1967) square miles per bear. Densities
as high as one per square mile occurred on certain late summer foraging
areas in the upper spruce/fir zone.
Population composition as determined from classification of 135 bears
in 1969 was 54, 16, 13, and 17 percent unclassified adults, productive
females, cubs and yearling/2-year olds, respectively. Low rates of
mortality were exhibited for cub, yearling and adult grizzlies. Regulation of population numbers probably occurs through social stress
resulting in subadult dispersal and/or mortality.
Movement data for three recognizable family groups indicated home ranges
of 4, 10, and 12 square miles. Home ranges were adjacent with little
overlap and each was occupied by the same bear for 3 consecutive years.
Social organization within the population was distinct. Grizzlies were
characteristically observed a6 single individuals, family groups, subadult litter mates, or male/female mated pairs. Litter sizes varied
from 1 to 3 with 1 or 2 occurring most frequently. Young remained with
the female through the second year; the maternal tie was broken during
the third summer.
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Grizzlies were active from April through November. Associations with
low-elevation coniferous forests, meadows and ungulate winter ranges
occurred during spring. Movements to higher elevations occurred in
summer and by late August maximum use of vegetation types characteristic of the upper spruce/fir and alpine zones was evident. Dispersal
to lower elevations during fall coincided, in part, with early frosts.
Certain population segments were active at high elevations throughout
the season of activity.
Food habits were studied from analysis of 177 scats. Important food
chain links occurred between grizzlies and ungulates, cowparsnip
(Heracleum lanatum), glacier lily (Erythronlum grandiflorum), horsetail (Equisetem spp.), huckleberry (Vaccineum spp.), mountain ash
(Sorbus scopulina), grasses and sedges. Small mammals did not appear
as important as previously reported.
Grizzly-visitor conflicts were categorized according to causative factors. Defense-reaction conflicts resulted from the natural aggressive
nature of the grizzly and primarily involved defense of young by females. Other conflicts were related to the attraction of unnatural
food sources and involved all age classes of bears.
CONCLUSIONS:

The population of grizzlies in Glacier National Park
is free-ranging and controlled by natural factors.
The grizzly occupies an omnivorous niche in the park ecosystem and is
currently free from food chain links to unnatural food sources. The
maintenance of a wild, free-ranging population appears to be the most
satisfactory approach to minimizing grizzly-visitor conflicts.
PLANS FOR
1970:

All phases of the research will be continued.
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UNGULATE ECOLOGY STUDIES IN GLACIER NATIONAL PARK
(GLAC-N-17)

INVESTIGATOR:

C. J. Martinka

OBJECTIVES:

To obtain quantitative data on distribution, movements,
population dynamics, habits, habitat relationships,
ecology and management of wintering elk (Cervus canadensis) and mule
deer (Odocoileus hemionus) populations in the Middle Fork Flathead
River drainage.
METHODS:

Extensive studies were conducted throughout the Middle
Fork drainage. Intensive investigation was limited to
the Belton Hills winter range. Data on locations, numbers, sex and age
classes, activity and habitat use were secured during routine coverage
of the study area. Data on movements were obtained from relocations of
naturally and/or artificially marked animals. Food habits were studied
by examining feeding sites and analysis of rumens as they became available. Habitat composition was studied by use of aerial photographs and
quantitative measurements of representative vegetation. Biotic impact
was documented by standard range techniques.
RESULTS AND
DISCUSSION:

Eleven principal winter ranges were identified in the
Middle Fork drainage. Major changes in population have
not occurred over a 36-year period although a depression appeared to occur during the 1955-65 period.

Vegetation of the Belton Hills study area consisted primarily of burn,
lodgepole/larch and Douglas fir types. Measurements of seven representative stands of the burn type revealed that shrubs were the dominant
plant species.
In 119 morning and evening observation trips during 1967-68 and 1968-69
a total of 6,102 elk observations were made on the Belton Hills. The
estimated wintering population decreased from 169 in 1967-68 to 126 in
1968-69. Herd structure approached that of reported unharvested elk
herds. Malnutrition and old age appeared to be principal natural mortality factors. Nonnatural losses were estimated as less than 5 percent of the population.
Fall migration occurred in response to snowfall in high elevations.
Spring migration coincided with snowmelt and initiation of new forage
growth. Elevational movements by elk on winter range appeared in response to snow depth changes. Winter home ranges of two marked elk
were .32 and .25 square miles during 1968-69.
Although elk were characteristically observed on the burn type, extensive use of coniferous forests was indicated. Yarding occurred in
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forested sites during periods of deep snow. Browse was the most Important forage eaten; redstem ceanothus (Geanothus sanguineus), chokecherry
(Prunus virginiana). evergreen ceanothus (C. velutinus). willow (SaJLix
spp.), mountain maple (Acer glabrum) and serviceberry (Amelanchier
alnifolia) were preferred in descending order. Douglas fir (Pseudotsuga
menziesla) and lodgepole pine (Pinus contorta) were eaten during yarding periods.
A total of 1,372 observations were made on mule deer. Wintering populations of 40 and 64 were estimated for 1967-68 and 1968-69, respectively. Herd composition was comparable to that of populations subjected
to low rates of exploitation. Malnutrition, old age and coyote predation were principal natural mortality factors. Nonnatural mortality
was estimated at less than 5 percent of the population.
Fall migration coincided with snowfall at low elevations. Elevational
movements and spring migration were similar to those of elk.
Habitat use was similar to that of elk except that yarding sites occurred
on physiographically different sites. Browse was the most important
forage eaten; serviceberry, redstem ceanothus and chokecherry were preferred.
Elk contributed about 95 percent of the biotic impact on the winter
range. Site-category and annual differences occurred in the condition
and utilization of key forages. Mountain maple and serviceberry both
showed structural response to browsing but appeared to compensate for
utilization through increased annual growth.
CONCLUSIONS:

The Belton Hills appeared to represent an ecologically
intact winter range for elk and mule deer. In general,
reproductive biology, habitat quality and weather appeared to be principal factors involved in the regulation of population numbers. Key
differences in ecological niches appeared to permit cohabitation of the
study area by elk and mule deer during winter.

PLANS FOR 1970:
All phases of the study will be continued.
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VEGETATION CLASSIFICATION STUDIES,
GLACIER NATIONAL PARK
(GLAC-N-18)

INVESTIGATOR:

C. J. Martinka

OBJECTIVES:

To obtain quantitative data on types, natural units,
physiographic distribution, floral composition, successional processes and ecosystem relationships of park vegetation.

METHODS:

Data on distribution, floral composition and successional processes for natural units of park vegetation
were secured during extensive foot, horseback and vehicle coverage.
Distribution and composition were determined through use of standard
techniques. Aerial photos and maps were used in the determination and
delineation of ecosystem boundaries.
RESULTS AND
DISCUSSION:

Five major habitat zones and 16 principal vegetation
types have been identified and described. Each vegetation type was composed of one or more communities
including associations, associes and disclimaxes.

Three terrestrial ecosystems were identified. Their distributions
coincided with the distribution of major habitat zones. The coniferous forest ecosystem was located west of the Continental Divide and
included vegetation representative of the spruce/fir and Douglas fir
habitat zones. The alpine ecosystem was located astride the Continental Divide and included vegetation representative of the alpine
zone and alpine-spruce/fir ecotone. The coniferous forest/bunchgrass
ecosystem was located east of the Continental Divide and included vegetation representative of the spruce/fir, Douglas fir and bunchgrass
habitat zones.
CONCLUSIONS:

Physiographic factors dominated by abrupt changes in
topography and precipitation interact with other
environmental factors to produce complex vegetation patterns in the
park. Wildfire and snow appear to be the most important factors contributing to the maintenance of extensive areas in serai status.
PLANS FOR 1970:
Quantitative studies will be initiated, time permitting.
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VISITOR IMPACT ON CAMPGROUND BIOTA
(GRCA-N-10)

INVESTIGATOR:

Peter S. Bennett

OBJECTIVES:

Research is to be undertaken to evaluate and quantify
the rate and mode of impact by visitors on the vegetation and soils of the campgrounds of Grand Canyon National Park. The
major emphasis of the study will be directed toward the determination
of changes taking place in the plant communities involved, with only
minor attention given to the faunistic changes. The environmental elements of climate, soils, vegetation and visitor use will receive intensive investigation. Further research will be directed toward finding
an efficient, feasible and rapid method of restoration of damaged areas.
Recommendations for future management will be made to minimize impact.
METHODS:

Weather records from past years will be compiled and
compared with data gathered during the course of the
study in order to form a baseline of data. Campground sites will be
carefully classified according to type and severity of impact. About
10 percent of the campsites will be randomly selected and 6tudied intensively. Such areas will be inventoried for prominent elements of the
macro and microflora and will have their densities and frequencies determined. Such data will be statistically compared with undisturbed
sites. Visitor use patterns will be determined by examination of
existing park use records, the findings of the research sociologist and
by direct observation. No attempt will be made to contact visitors
directly.
From this information, determinations of impact per man-day can be made,
yielding the campground carrying capacity. Predictions about the number
of man-days use that will lead to significant deterioration will be determined.
RESULTS AND
DISCUSSION:

Too little work has been done on this project during the
past year to yield reportable results. Progress has been
hampered by masterplanning and logistical problems within
the park. More than 2,000 "shots" were taken in six selected campsites
as part of a plane table survey. Forty-eight tree cores have been taken
and analyzed. Thirty-seven soil samples were collected and are in the
process of being analyzed for their chemical, physical and biological
properties.
PLANS FOR
1970:

During the 1970 calendar year, significant progress
should be achieved on this project. Plans call for observations of camping patterns in the campground on 167
randomly selected dates. Observations will be made of the types of
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equipment in use, numbers of campers and their activities. By the end
of the year, work should be nearing completion on the physical or
mechanical aspects of the campground and control area soils. Work
should be well underway on soil microflora and soil chemistry. Climate
monitoring will continue throughout the study.
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ELK ECOLOGY AND MANAGEMENT INVESTIGATIONS
IN GRAND TETON NATIONAL PARK
(GRTE-N-1)

INVESTIGATOR:

Douglas B. Houston

OBJECTIVES:

Overall objectives are to provide data on the ecology
of that portion of the Jackson Hole elk (Ceryus canadensis) herd that winters in the National Elk Refuge, and to manage
various herd segments to reduce the need to hunt in Grand Teton. The
intensity of Service investigations has been reduced, and routine management operations were assumed by the park's resources management
specialist. Much of the work initiated by Park Service personnel on
areas outside the park has been assumed by biologists in other agencies.
METHODS:

Routine measurements of forage utilization, the annual
management program and migration survey were continued
using methods described previously (Cole, 1970; Houston, 1969).

RESULTS AND
DISCUSSION:

Forage utilization measurements on park winter ranges
showed increased use on some browse and grass units
following the comparatively severe winter of 1968-69.
Use on spring and summer ranges in subalpine areas was shown to be the
highest recorded during the past 6 years. Fluctuations in the use of
both summer and winter range areas are expected and are not considered
to represent a departure from natural conditions.
Over 7,100 tracks were counted during the 1969 migration survey with
58 percent of the animals crossing counting units within the park; 42
percent, outside the park. The main migration occurred the last 2 weeks
of December and was one of the latest on record (Wood and Yorgason,
1970).
Overall elk harvest calculations are not available at this time. Total
kill on Grand Teton was 568 animals. Removals from north migratory
groups are expected to be below the programmed removals because of the
late migration.
Detailed discussions of research and management data will be presented
in the 1970 Elk Ecology and Management Report (Houston and Wood, 1970).
CONCLUSIONS:

Results from the migration survey showed that substantial progress is being made on the objective of restoring
historic patterns of migration and distribution and in reducing the need
to kill large numbers of elk in Grand Teton National Park.
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PLANS FOR
1970:

Management duties will have been assumed by the resources management specialist, and research biologists
are expected to serve In largely an advisory capacity.
Studies of forage utilization, management activities and migrations
will be continued. Vegetation trends on summer ranges will be determined by remeasurlng transects established In 1959.
REFERENCES CITED:
Cole, G. F. 1970. The elk of Grand Teton and southern Yellowstone Parks. Fauna of the National Parks No. 8. (proposed)
Houston, D. B. 1969. Elk ecology and management Investigations.
National Park Service mlmeo. report. 60 p.
Houston, D. B. and R. Wood. 1970. Elk ecology and management
Investigations. National Park Service mlmeo. report.
Wood, R. and I. J. Yorgason. 1970. Elk migration survey-1969.
National Park Service mlmeo. report.
PUBLICATIONS:
Cole, G. F. 1970. The elk of Grand Teton and southern Yellowstone Parks. Fauna of the National Parks No. 8. (proposed)
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MOOSE ECOLOGY INVESTIGATIONS IN
GRAND TETON NATIONAL PARK
(GRTE-N-3a)

INVESTIGATOR:

Douglas B. Houston

OBJECTIVES:

Work done since the completion of the intensive study
(1963-67) has involved monitoring habitat condition
trends and population dynamics of the park's moose (Alces alces).

METHODS:

Eight blueberry willow (Sallx pseudocordata) transects
were used to sample range condition trends. Winter herd
classifications were obtained in February. In addition, limited experimental immobilization of moose, using the drug M99, was done in cooperation with the Wyoming Game and Fish Commission.
RESULTS AND
DISCUSSION:

Willow transects showed a decline in browsed leaders
and severely hedged plants from 1963 to 1968. This was
followed by an increase in leader use that exceeded
90 percent on some sample units during the comparatively severe winter
of 1968-69.

Winter herd composition has been comparatively stable over 6 years
(1964-69) at about 42 percent females, 24 percent calves, and 34 percent males. However, declines in calf production and winter mortality
of calves have followed severe winters. Data are discussed in detail
in the annual Elk Ecology and Management Reports.
Mg 0 was used to immobilize 38 moose (mostly in areas outside the park)
and data have been prepared for publication.
CONCLUSIONS:

Data continue to support the hypothesis that the park's
moose population is essentially "naturally regulated"
by environmental effects upon reproduction, by periodic winter mortality,
and by emigration of subadults. This occurs without permanent damage to
the main forage sources or effects upon the park fauna. M99 was shown
to be an excellent drug for the immobilization of moose.

PLANS FOR
1970:

Monitoring of habitat relationships and population
dynamics will be continued.

PUBLICATIONS:
Houston, D. B. 1968. The Shiras Moose in Jackson Hole, Wyoming.
Tech. Bull. No. 1. Grand Teton Nat. Hist. Assoc. 100 p.
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. 1969. Immobilization of the Shires Moose.
Mgmt. 33:534-537.

J. Wildl.

. 1969. A note on the blood chemistry of the Shires
Moose. J. Mammal. In press.
. 1970. Immobilization of moose with MQ-Q, Etorphine.
J. Mammal. In press.
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SNAKE RIVER CUTTHROAT TROUT INVESTIGATIONS
(GRTE-N-5)

INVESTIGATORS:

Douglas B. Houston
Peter S. Hayden

OBJECTIVES:

Objectives of this study are to provide information on
the life history of the cutthroat trout (Salmo clarki)
population inhabiting the Snake River in Grand Teton National Park.
The study will also provide information for the management and interpretation of the Snake River ecosystem. Specific study objectives for
1969 were to (1) continue harvest studies; (2) monitor the physical and
chemical characteristics of the Snake River; (3) initiate population
studies on the cutthroat trout; and (4) initiate water quality analysis
for detection and abatement of pollution.

METHODS:

Water chemistry was determined using standard methods -colorimetric equipment was obtained for water quality
analysis. The harvest studies were continued using methods described
by Wiley (1969). Population studies were by mark and recapture methods
-- one involving angler harvest and one using the electrofishing methods
of Vincent (1969).

RESULTS AND
DISCUSSION:

Physical and Chemical Characteristics: Chemical analyses
of Snake River water indicated total dissolved solids to
be "typical" of intermountain streams draining complex
watersheds. Comparatively high amounts (averaging 17 ppm) of silica
probably contribute to good diatom growth in the river. Chloride, silica,
and sulfate concentrations are significantly lower below Jackson Lake
indicating uptake of these ions within the lake. Closure of the Jackson
Lake dam for periodic maintenance results in sharp increases in alkalinity, salinity, and pH for at least 20 miles downstream. Closure in
1969 lasted 49 days (October 7 to November 25). Feasibility studies for
a bypass around the dam were completed by the Bureau of Reclamation in
1969.
Water Quality Monitoring Program: To evaluate possible water pollution
in the park, water was collected at 11 sites within the park and analyzed
for orthophosphate and nitrate. Natural orthophosphate levels in the
Buffalo Fork River were three to four times higher than those in the
Snake River. Orthophosphate was also observed to be taken up in Jackson
Lake. A slight increase in orthophosphate was detected below the Moose
sewage treatment plant indicating further treatment is necessary.
Harvest Studies: Data showed that 62 to 74 percent of the cutthroat
trout caught within the park were lass than 11 inches long (Table 1) and
represented age classes I and II. The largest proportion of the most
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effective angler group (boat anglera) fish within the park and total
removals of cutthroat trout have exceeded 5 pounds per surface acre in
some park areas. A potentially biologically precarious situation exists
within the park as cutthroat trout do not mature until age III or IV.
Escapement of cutthroat trout into these reproducing age classes appears
much lower within the park than in areas to the south. Additional data
from the creel survey dealing with characteristics of the trout and
angler populations are presented in a detailed report (Houston and
Hayden, 1969).
Table 1.--Percentages of cutthroat trout caught by size class
in different sections of the Snake River, 1967-69.

Size Clas ses
Area
Less than 11"
1967 1968 1969

11 to 15 it

Over 15 ii

1967 1968 1969

1967 1968 1969

Dam-Pac. Cr.

70

65

70

21

23

22

9

11

7

Pac. Cr.-Moose

74

62

68

21

31

30

5

7

2

Moose-Palisades*

42

44

-

43

43

-

15

13

-

- Areas south of the park
Population Studies; Samples obtained during fall electrofishing operations were too small to permit calculations of trout population size (only
61 cutthroat trout were captured in an 18.5 mile section of the river between Pacific Creek and Moose). Smaller trout apparently were in water
too deep to sample, or the possibility of low trout numbers combined with
low shocking efficiency has not been eliminated. During 1970, other electrode combinations will be used in an attempt to improve shocking efficiencies. Population estimates will also be attempted using a mark and
recapture method involving cooperating anglers.
CONCLUSIONS:

Present rates of angler harvest appear to conflict with
the park's objective of maintaining populations of native
Snake River cutthroat trout. Management recommendations have been made
to reduce harvests and to test the hypothesis that angler removals are
responsible for the present status of the fishery. A bypass structure
around the Jackson Lake dam is the only feasible method of maintaining
approximate natural waterflows in the Snake River during dam inspections.
Such a structure seems justified within the park since the welfare of the
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cutthroat trout population may be at stake. The Snake River cutthroat
trout is one of the two natural large river populations of cutthroat
trout left in the country and represents a unique race of the species.
PLANS FOR
1970:

Studies of cutthroat trout population dynamics and
angler harvest will be continued. The physical classification habitat types will be completed. Ecological
studies of the whitefish will be initiated.

REFERENCES CITED:
Houston, D. B. and P. S. Hayden. 1969. Snake River Cutthroat
Investigations. N.P.S. Progress Report. 37 p.
Vincent, R. 1969. River electrofishing and fish population
estimates. Montana Fish & Game Dept. mimeo. report. 11 p.
Wiley, R. W. 1969. An ecological evaluation of the Snake
River cutthroat trout fishery with emphasis on harvest.
M.S. Thesis, Univ. of Wyoming. 118 p.
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JACKSON LAKE LIMNOLOGICAL STUDIES
(GRTE-N-6)

INVESTIGATOR:

Peter S. Hayden

OBJECTIVES:

The overall study objective is to understand the total
aquatic ecosystem and more specifically, factors affecting the native cutthroat trout population in Jackson Lake. The 1969
study objectives were to (1) monitor physical and chemical parameters
as part of a continuing limnological study; (2) initiate a quantitative
study of limnoplankton; and (3) continue the collection and analysis of
biological data from fish populations.

METHODS:

Quantitative net and nannoplankton samples were collected
from various depths at three sampling stations. Data on
water temperature, dissolved oxygen and water chemistry were collected in
conjunction with plankton. Analysis was made of lake trout scale samples
collected in 1959 and 1960 by Wyoming Game and Fish Department. Analysis
was made of stomach samples collected from angler-caught lake trout in
1968 and 1969. A creel census was conducted during the January-April
period.
RESULTS AND
DISCUSSION:

1.

Physical and Chemical Characteristics: Jackson Lake
was ice-free for 232 days (May 8 to December 25) in
1969 or about 64 percent of the year. An unusually
warm and clear May caused rapid spring circulation to occur and thermal
stratification was well established by May 25. Cool weather in mid-tolate June delayed heating of the lake and depressed the thermocline somewhat. Maximum surface water temperature reached 71° F. by August 1.
Thermal stratification had broken down by mid-October and fall circulation was complete by December 1. The 1969 annual heat budget was calculated to be 43,732 gram calories per square centimeter--a 13 percent
increase over the 1968 heat budget of 38,756 gram calories per square
centimeter.
An essentially orthograde dissolved oxygen curve was again observed during
the summer stagnation period. Some depletion of dissolved oxygen does
occur near the bottom, particularly during winter stagnation. A complete
discussion of dissolved oxygen levels was presented in the 1968-69 progress report (Hayden, 1969).
Concentrations of dissolved solids (salinity) of Jackson Lake water increases slightly with depth and during ice-covered periods. Preliminary
data on micronutrients indicates soluble orthophosphate levels of less
than 0.015 parts per million, increasing somewhat with depth. Nitrogen
values (NO2 and NO3) averaged 0.030 parts per million.
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2. Limnoplankton Studies: Analysis of plankton samples is in progress so no conclusions can be made at this time. Some problems were
encountered during the year with equipment. A new project boat was obtained in July, but the old motor broke down late in August. Inclement
weather severely hampered sampling during September and October. A
system of mooring buoys will be used in 1970 to alleviate this problem.
Another apparent problem is the winter distribution of Daphnia pulex.
This organism was essentially absent from plankton samples collected
during the winter of 1968-69 although it contributes a large part of the
winter diet of lake trout. It is postulated that this organism is concentrated near the bottom during the winter since they were not observed
in open water.
3. Benthic Invertebrates and Rooted Aquatic Plants: No fieldwork
was done on these phases of the study in 1969. The identification of
aquatic plants collected to date was confirmed by Dr. Richard Shaw.
These were as reported in the 1968-69 progress report.
4. Fish Populations: Harvest data were collected and analyzed during the 1968-69 ice-fishing season. The total harvest was calculated to
be 4,206 trout--lake trout contributing 99 percent of the total. A complete discussion of the creel census was presented in the 1968-69 progress report.
Analysis was made of the stomach contents of 49 lake trout collected in
July 1968, and of 118 lake trout collected during January-March 1969.
The lake trout population inhabiting Jack8on Lake appears to be more
planktonivorous than most other lake trout populations reported in the
literature. Major food items were zooplankton (primarily Daphnia pulex),
midge (Chironomidae) larva and nymphs, and fish (mostly the sculpin,
Cottus beldingi). Table 1 indicates changes of feeding habits by season
due to differences in availability of food organisms. Table 2 shows
changes of feeding habits by size class--fish being more important in the
diet of larger lake trout.
Scale samples for age analysis were collected from lake trout caught by
fishermen in 1969. These samples were sent away to be prepared and have
not been returned. Scales from 384 lake trout collected in 1959 and 1960
by the Wyoming Game and Fish Department were analyzed. These samples
were also collected from the angler harvest and should be comparable to
the 1969 samples. Age-growth calculations are not complete, but the
following is the combined age structure for the 1959-60 samples--age II 0.5 percent; age III - 14.8 percent; age IV - 43.8 percent; age V - 26.3
percent; age VI - 11.7 percent; age VII - 2.6 percent; and age VIII 0.2 percent. It appears that lake trout are not fully recruited to the
fishery until age IV. Length frequency distribution indicates that
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Table 1.—Percent occurrence and percent total volume of food organisms in lake trout stomachs collected during summer and
winter periods from Jackson Lake, Wyoming.
Organisms

1968 ( Summer)
Percent
Percent
Occurrence
Volume

1969 (Winter)
Percent
Percent
Occurrence
Volume

Zooplankton

13

59

32

73

Chironomidae

23

57

*

9

Fish

39

29

57

31

Organic
Detritus

9

61

10

49

Inorganic
Detritus

1

10

*

6

Ephemeroptera

3

8

*

13

Coleoptera

*

2

-

-

12

6

-

-

Terrestrial
Insects (Hymenoptera)
* - Less than 1.0 percent
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Tabic 2.--Percent occurrence and percent total volume of food organisms in lake trout stomachs, by size class, of fish collected
in 1968 and 19&9 from Jackson Lake, Wyoming.
Organisms

Size Class c)f Lake Trout
Less than
11"

%vol.

%OCC.

15.1 to
20.0"

11.1 to
15.0"

%vol. %occ.

%vol. %occ.

More than
20.0"
%VOl.

%occ.

Zooplankton

85

100

43

78

29

62

0

0

Chironomidae

0

0

13

29

5

18

•K-

8

Fish

0

0

19

19

55

49

99

83

Organic
Detritus

15

100

15

61

8

51

1

25

Inorganic
Detritus

0

0

*

7

1

13

0

0

Ephemeroptera

0

0

*

10

2

13

*

8

Coleoptera

0

0

#

2

0

0

0

0

Terrestrial Insects (Hymenoptera) 0

0

9

3

0

0

0

0

* - Less than 1.0 percent
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age IV and V lake trout contributed more to the harvest in 1969 than in
1959 or 1960. This will be verified by analysis of the 1969 scales.
CONCLUSIONS:

The physical and chemical data from Jackson Lake do not
indicate any unusual llmnological features. The lake
has the typical physical, chemical, and biological features of a lake
rather than of a reservoir.
PLANS FOR
1970:

Quantitative sampling and analysis of limnoplankton will
be continued. The physical and chemical characteristics
will again be monitored. A programmed creel census program will be initiated to evaluate the present cutthroat trout stocking
program. This census will be continued for two or three years and will
be a cooperative effort of the National Park Service and the Wyoming
Game and Fish Department. Biological data from fish populations will
be collected and analyzed.
REFERENCES CITED:
Hayden, Peter S. 1969. Jackson Lake Limnological Investigations.
National Park Service Progress Report, 1968-1969.
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BIGHORN SHEEP INVESTIGATIONS IN
GRAND TETON NATIONAL PARK
(GRTE-N-7)

INVESTIGATOR:

Douglas B. Houston

OBJECTIVES:

To determine the population dynamics and ecology of
the bighorn sheep (Ovis canadensis) in the Teton

Range.
METHODS:

Several aerial surveys, including two helicopter flights,
were used to delineate sheep ranges, determine herd composition, and record habitat use. Ground surveys were made during the
summer of 1969 to provide additional data on composition, habitat use,
food habits and behavior.
RESULTS AND
DISCUSSION:

A total of 166 observations of bighorn was recorded
during 1969; 93 of which were from the air. Seventy bighorns (26 fenales, 22 lambs, 22 males) were observed during a July 30 helicopter flight. Sheep summered on a variety of alpine
and subalpine vegetation types, but occurred primarily on paleozoic limestone strata above 9,000 feet. The extent of the winter range was not
determined because only 15 animals were located during a February helicopter flight. Some of these animals occupied subalpine burns at about
8,500 feet, most wintered in alpine areas above 10,000 feet. Feeding
site examinations showed that a variety of forbs made up the summer diets.
A review of available population data showed that present sheep numbers
(100+) were of the same magnitude as reported by Burnap (1957) and Wright
and Thompson (1935) for portions of the Teton Range.
TENTATIVE
CONCLUSIONS:

Data are too limited to permit more than tentative conelusions. The virtual lack of yearling sheep in this
summer's classifications and the high ewe-lamb ratio
(indicating mostly adult females in the population) suggests that significant lamb survival may occur only at irregular intervals. Sheep
populations in the Teton Range may have remained at about present levels
for several decades.
PLANS FOR
1970:

Plans for the following year are uncertain. Sheep are
difficult to find from the ground unless they can first
be located during aerial surveys. More extensive helicopter flights will be required to effectively work on these animals and
funds for such a study may not be available.
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REFERENCES CITED:
Burnap, G., e_t.al. 1957. Bighorn Sheep Survey.
Wyo. Game and Fish. Comm.

Mimeo. report.

Wright, G. M. and B. H. Thompson. 1935. Wildlife Management
in the National Parks. Fauna of the National Parks No. 2.
U.S. Govt. Printing Office, Washington, D.C.
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DEER DAMAGE TO TEXAS MADRONE IN MCKITTRICK CANYON
GUADALUPE MOUNTAINS NATIONAL PARK
(GUMO-N-3a)
INVESTIGATOR:

Walter H. Kittams

OBJECTIVE:

Determine degree of damage to madrone (Arbutus texana)
in the area, its present and long-range effect, and
how this relates to natural ecologic condition.

METHODS:

Fifteen sampling sites were established in June to
give a representative coverage of the canyon extending
3.7 miles up from the mouth. At least 25 trees or branches were measured
at each site for a total of kZJ. Only stems (trees and branches) alive
or recently dead were measured. Recent bark removal ("barking") and old
scars were measured on the stem circumference where bark loss was greatest
(critical circumference). Record was also made of availability of bark
and of degree of browsing of b sal shoots. Percentage of bark loss was
computed and data were tabular.;*! for analysis. Follow-up reconnaissances
were made to observe effect of the spring barking and to watch for further
barking.
RESULTS AND
DISCUSSION:

Severe barking of Texas madrone occurred in McKittrick
Canyon in late May and early June 1969 (Figs. 1 and 2 ) .
Such degree of damage by wild ungulates was unknown in
the Trans-Pecos where the madrone is generally declining. No additional
barking was seen in summer; however, during the following winter, deer
were occasionally scraping the bark but unable to strip it.
The 15 samples indicate that most stems which had died recently were
fully girdled before spring 1969. Of all stems alive and fully available,
one-third had entire bark prior to 1969> very few escaped 1969 bark
removal, half suffered more than 50 percent removal of 1969 bark, and
two-thirds had an accumulated bark loss of more than 50 percent of the
critical circumference. Similar degree of bark loss was found on available portions of stems which were partly protected from deer by natural
obstructions or position. Barking of individual stems was frequently
cumulative; that is, it occurred during more than one year. Observations
indicate that trees fully girdled may continue to live until the following
spring, and that they may survive beyond a year if they have about 10
percent of the bark remaining at the critical circumference.
In the main canyon below the Fork (1.9 miles), one-third of the sampled
trees were partly protected from deer. Of the remainder, two-thirds are
expected to be lost (10 percent already dead, U2 percent alive but fully
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girdled, and 15 percent with 90-99 percent bark loss). Intact dead
stems suggest that annual death during recent previous years was much
less than that indicated in the 1969 study. Persistent browsing of
basal shoots is a threat to long-term survival of plant units. Onethird of the trees and clumps sampled in the main canyon had no shoots.
Of plant units having shoots, over three-quarters suffered browsing of
90-100 percent of the shoot tips. Reproduction by seed is very rare
there at best.
Very little is known about the mule deer population in the area. Pelletgroup transects from one to three miles away suggest a population high in
the general area. This, coupled with drought, may have caused the deer
to turn to madrone.
CONCLUSIONS:

Damage to madrone was greatest in the main canyon;
nearly half of all trees and branches alive in early
1969 may be lost. Heavy browsing of basal shoots and poor reproduction
by seed also operate against survival of the madrone. Man may be
indirectly responsible for the unusual pressure of deer on madrone in
the canyon, through control of predators on nearby lands and by reducing
water availability to deer outside the canyon.
PLANS FOR 1970:
1.

Periodic surveillance to keep check on barking activity
and to ascertain effects of recent barking.

2. Work with McKittrick ranger to establish additional pelletgroup transects and a deer count route.
3. Propose a research project to develop reference information
on ecology of the area with special reference to the madrone
and deer.
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Figure 1.

Kadrone tree in main KcKittrick Canyon. The 5-inch
diameter trunk is fully girdled from a height of
22 to 55 inches; the branch, out 6 inches. The scar
was yellow on June 9, 1969 (photo date), indicating
the bark had been removed only a few days oreviously.
Streaks in the scar are deer tooth marks. Only the
outer sheath had been removed from the bark above
the lowest branch; the bark itself survived, all
basal shoots had been browsed. This tree lived
through the following winter but will likely die in
spring 1970.
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Figure 2. Madrone clump at mouth of McKittrick Canyon. Light colored portions of
trunks and branches are wood exposed by recent bark removal. Twelve
stems were measured to assess damage by deer; all suffered some barking
in spring 1969. Of ten stems fully available to deer, seven were fully
girdled; two were half available, one with a total loss of available
bark at the critical circumference. By late winter, six of the girdled
stems had died. (Photo date June 9, 1969.)
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HIIAKA* FIRE BURN STUDY IN
HAWAII VOLCANOES NATIONAL PARK
(HAVO-N-14)

INVESTIGATOR:

Garrett A. Smathers

OBJECTIVES:
1. To record the vegetation recovery and succession in a burned
area that resulted from a fire set by volcanic activity.
2.

To evaluate the revegetation relative to competition between
native and nonnative plants. The study of various serais will
give a better understanding of the part nonnative plants take
in colonizing disturbed sites or openings in the native plant
communities.

3. To provide basic information to resources managers for controlling or eliminating nonnative plants with the aid of more
competitive native types.
METHODS:

Additional methods have been instituted since the first
annual progress report (Smathers, 1968).

An increase in area sampled has been accomplished by adding 10 x 100 meters
belt transects to quadrats No. 1 and No. 2. These transects extend eastward from the respective quadrats and increase the percentage of data as
recorded in Table 1. This additional data was needed to provide greater
statistical reliability for some parameters used.
Additional investigation has been made of the ecological factors of climate,
soils, and the original vegetation type. The life form concept is being
utilized in the analyses of serai developments, in hopes of gaining additional
understanding of dynamic environmental conditions, and for the evaluation of
competition between native and nonnative plants. Workers have used various
terms to designate the structural changes in a plant that are caused by its
environment. Oftentimes the term "life form" is synonymous with "vegetative
form" and "growth form."
The morphological adjustments that some plants undergo in response to the
environmental conditions interested botanists quite early (Humboldt, 1807;
Grisebach, 1872; Kerner, 1863; Warming, 1909; and Drude, 1913). As a result,
various systems for recognizing and classifying life forms evolved. However,
as Braun-Blanquet (1932) has pointed out, only Raunkiaer's (1934) system is
based upon sound morphological and biological principles, and it is characterized by simplicity, clarity, and compactness.
*Drs. Otto and Isa Degener of Volcano, Hawaii, report the Hiiaka Crater was
misspelled "Heake" on the USGS map, 1933 edition. See Figure 1 for general
location.
100

Figure 1.
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TABLB 1.

SPECIES SUCCESSION

Symbols:

CHRONOLOGY

See Table 2 for Explanation of-Life Form and Table 3 for
Braun-Blanquet Scale and Vitality Index.
N

= native species (endemic and indigenous).

Sr = survived by root or rhizome system.
3a = survived by aerial shoots or buds at or just above
ground level.
d

= disseminules (seeds, spores, fruits, whole or parts
of a plant, etc.).

a = animals; (b) - birds; (p) - pigs; etc.
w

= wind

s

= runners, stolons, etc.

1
Species

'•

— B-B3
"
and
Vitality
Index
Origin

Life Form

Init ial
Method
of E s t a b .

Most
Probable
Dispersal
Agency

1 Month After the F i r e
Myrica faya
Andropogon v i r g i n i c u s
Nephrolepis h i r s u t u l a

sCh-frut-scap
Gh(H)-herb-caesp
G-rhiz

r
1#
r

X
X
N

sMP-scap
sNP-scap
sCh-frut-scap
sCh-frut-scap

+
+

N

1
r
r
1
r
r
r
r
r
r
r
r
r
r

X
N
N
N
N
N
N
X
N
X
X
N
N

Sr, 3a
Sa
Sr

9 Months After the F i r e
Metrosideros polymorpha
Myrica faya
Scaevola Kilaueae
Vaccinium r e t i c u l a t u m
Dubautia c i l i o l a t a
Osteomeles a n t h y l l i d i f o l i a
S t y p h e l i a tameiameiae
Coprosma ernodeoides
Rubus r o s a e f o l i u s
Pipturus albidus
Cuphea c a r t h a g i n e n s i s
Pluchea odorata
Dodonaea v i s c o s a
Wikstroemia sandwicensis

dNP

sCh-frut
sCh-frut
sCh-frut
sCh-frut
sCh-frut-rept
dCh-frut
dCh-frut
dCh-frut
dCh-frut
dCh-frut
dCh-frut
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Sa
Sa

Sr, Sa
Sr, Sa
Sa

Sa, d

a(b)

Sa
Sa
Sa

Sa, Sr
d
d
Sa
d

Sr, d
Sa

a(b), w
a(b), w
w

a(b), w

Table 1. (con.)

Species
Sadleria cyatheoides
Cibotium glaucum
A r g r o s t i s avenacea
Andropogon v i r g i n i c u s
Andropogon g l o m e r a t u s
Bulbostylis capillaris
Cyperus p o l y s t a c h y o s
Machaerina a n g u s t i f o l i a
Paspalum o r b i c u l a r e
Sporobolus africanus
Carex w a h u e n s i s v a r .
rubiginosa
Luzula h a w a i i e n s i s
Cyperus b r e v i f o l i u s
Axonopus a f f i n i s
Gahnia g a h n i a e f o r m i s
Kelinis minutiflora
Isachne d i s t i c h o p h y l l a
Cyperus k y l l i n g i a
Cyperus k y l l i n g i a v a r .
humilis
Spathoglottis plicata
Arundina b a m b u s a e f o l i a
Polypodium pelucidum
Sphenomeris chusana
Nephrolepis hirsutula
P s i l o t u m nudum
Cirsium v u l g a r e
Oxalis corniculata
B r i z a minor
Sacciolepis indica
Sonchus asper
Sonchus o l e r a c e u s
Solanum nigrum
Erechtites valerianifolia
Gnaphalium purpureum
Conyza c a n a d e n s i s
Anagallis arvensis

2

B-BS
and
Vitality
Index

Life Form
sCh-herb-scap
sCh-herb-scap
Ch(H)-herb-caesp
Ch(H)-herb-caesp
Ch (11) - h e r b - c a e sp
Ch(H)-herb-caesp
Ch(H)-herb-caesp
Ch(H)-herb-caesp
Ch(H)-herb-caesp
Ch(H)-herb-caesp
Ch^lO-herb-caesp
Ch(H)-herb-caesp
Ch(H)-herb-caesp
Ch(H)-herb-caesp
Ch(H)-herb-caesp
Ch(H)-herb-caesp
Ch(H)-herb-rept
Ch(B)-herb-rept

+w

r
1*
3*
r
r
+

r
r
r
r
+
+

r
r
r
r
+•

Ch(H)-herb-rept
G-bulb
G-bulb
G-rhiz
G-rhiz
G-rhiz
G-rhiz
G-rad
G-rad
T-caesp
T-caesp
T-scap
T-scap
T-scap
T-scap
T-sem
T-sera
T-rept

r«

sMP-scap
sNP-scap
sCh-frut-scap

+
+
+

+•

•
r
•
r
r
r
r
r
r
2«
r
r
r
+
+
+

Or i g in

Initial
Method
of E s t a b .
Sa

N
N
X
X
X
X
X
X
X
X

d
Sa, d
d
d
d
Sa
Sa, d
d

N
N
X
X
N
X
N
X

d
d
d
d
d
d
d
d

w
w
w
w
w
s
w
w

X
X
X
N
X
N
N
X
X
X
X
X
X
X
X
X
X
X

d
Sr, d
d
d , Sr
d
Sr
d
d
d
d
d
d
d
d
d
d
d
d

w

N

Sa
Sa
S r , Sa

Sa

16 Months A f t e r t h e F i r e
M e t r o s i d e r o s polymorphs
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Most
Probable
Dispersal
Agency

w
w
w
w
w
w
w

w
w
w
w

w
w
w
w
w
w
w
a(b)
w
w
w
?

3

Table 1. (con.)

Life Form

Species
S a n t a 1 urn e l l i p t i c u m
paniculatum

B-BS
and
Vitality
Index

Or i g in

Initial
Method
of E s t a b .

Most
Probable
Dispersal
Agency

var.

1'lyrica fay a
Scaevola Kilaueae
Vaccinium r e t i c u l a t u m
Dubautia c i l i o l a t a
Osteomeles a n t h y l 1 i d i f o l i a
S t y p h e l i a tatneiameiae
Goprosma e r n o d e o i d e s
ltubus r o s a e f o l i u s
Pipturus albidus
Cuphea c a r t h a g i n e n s i s
Pluchea odorata
Dodonaea v i s c o s a
Wikstroemia sandwicensis
Buddieja a s i a t i c a
Stachytarpheta jaraaicensis
Sadleria cyatheoides
C i b o t i u m glaucum
A r g r o s t i s avenacea
Andropogon v i r g i n i c u s
Andropogon g l o m e r a t u s
Bulbostylis capillaris
Cyperua p o l y s t a c h y o s
Machaerina a n g u s t i f o l i a
Carex w a h u e n s i s v a r .
rub iginoaa
Luzula hawaiiensis
Cyperua b r e v i f o l i u a
Axonopua a f f i n i s
Gahnia gahniaeformia
Melinia minutiflora
Isachne d Letichophylla
Cyperua k y l l i n g i a
Cyperus k y l l i n g i a v a r .
humilia
Spathoglottia plicata
Arundina bambusaefolia
Polypodium p e l u c i d u m
Nephrolepia h i r s u t u l a
P a i l o t u m nudum
Setaria geniculata
Gleichenia linearia

dMP-scap
dNP-acap
dCh-frut-scap
sCh-frut-scap
dNP
sCh-frut
sCh-frut
sCh-frut
aCh-frut
sCh-frut-rept
dCh-frut
dCh-frut
dCh-frut
dCh-frut
dCh-frut
dCh-frut
dCh-frut
dCh-suff
aCh-herb-acap
sCh-herb-scap
Ch(H)-herb-caesp
Ch(H)-herb-caesp
ChdO-herb-caesp
Ch(H)-herb-caesp
Ch(H)-herb-caeap
Ch(H)-herb-caesp
Ch(H)- h e r b Ch(H). •herbCh(H)- •herbCh(H). •herbCh(H)- h e r b Gh(H)- h e r b Ch(H)- h e r b Ch(H)- h e r b -

caesp
caesp
caeap
caesp
caesp
caesp
rept
rept

Gh(H)-herb-rept
G-bulb
G-bulb
G-rhiz
G-rhiz
G-rhiz
G-rhiz
G-rhiz-rept
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r
+•

r#
r
r
!•
r

•r
r
+

r
r
r
r
+•
+»

r
r
+•

r
+

5*
+
+

r
r
r
+

r
r
+

r
•
r
r
•
+

r
r
r»

X
N
N
N
N
N
N
X
N
X
X
N
LN

X
X
N
N
X
X
X
X
X
X

3a
3a
S a , 3r
3 r , 3a
3a
3a, d
3a

a(b),

a

Sa

Sa
Sa, 3r
d
d
Sa
d
Sr, d
Sa
d
d

a(b), w
a(b), w
w
a(b), w
w
W

Sa

3a
d
Sa, d
d
d
d
Sa

N
N
X
X
N
X
N
X

d
d
d
d
d
d
d
d

X
X
X
N
N
N
X
N

d
Sr, d
d
d , Sr
Sr
d
d
Sr

?
W

w
w
w

w
w
w
w
w
w
w
w
w
w
w
w
w
w

:

Table 1. (con.)

Specles
Cirsium vulgare
Sacciolepis indica
Sonchus asper
Erechtites valerianifolia
Conyza canadensis
Bryum crasslcostatua
Brotherus

B-BS
and
Vitality
Index

Life Form
G-rad
T-caesp
T-scap
i-scap
T-sem
BrCh-pulv

r
+°
r

+°
+°
+
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Or ig in
X
X
X
X
X
N

Initial
Method
of E s t a b .
d
d
d
d
d
d

Most
Probable
Dispersal
Agency
w
w
w
w
w
w

The life form permits one to grasp a broad perspective of the ecological
character of a commiuiity. Braun-Blanquet (1932) believed that the life
form spectra of a pioneer community can best reflect the ecological relations of the habitat. Clements (beaver and Clements, 1938) believed that the
life form was an indicator of the enviroixraental complex and an important
factor in directing plant .succession.
By inspection, Raunkaier found that vascular plants fell into 5 manor classes
(Phanerophytes, Chamaephytes, Hemicryptophytes, Geophytes (Ciqyptophytes), and
Therophytes) with each recognised by the position of the perennating buds
being below or at the ground, surface, or at various levels above during the
unfavorable period (winter). Using the Raunkiaer system as a framework,
Braun-Blanquet (1932) raised the number to 10 classes by including the
cryptogams, tree epiphytes, and the water plants other than plankton.
Although the Raunkaier-Braun-Blanquet system is the most suitable of all for
phytosociological investigations, it may become difficult to apply in some
tropical climates. Here the unfavorable period does not occur, and in some
instances one life form may change into another under certain environmental
conditions. It seems that Ellenberg and Mueller-Dombois (1965/66) have
bridged this gap in their work: "A Key to Raunkiaer Plant Life Forms with
Revised Subdivisions." They have retained the Raunkiaer-Braun-Blanquet
system, but at the same time they have given more emphasis to the structure
and longevity of the photosyrithesizing organs. A portion of their classification scheme that is used in this study is shown in Table 2.
The sole use of the biological spectra (percentage of life forms) does not
provide an accurate -picture of the community physiognomy. These data must
be accompanied with further analysis of the flora such as cover and density.
For example, a plant species may have a very low life form percentage, but
nevertheless be in control of the community as would be a tree species of a
deciduous forest.
Many of the European phytosociologists have used the Braun-Blanquet "species
magnitude" scale to analyze plant communities. In this one scale BraunBlanquet combined the estimation of abundance (i.e., number of individuals)
and dominance (i.e., degree of cover). In addition, he showed the vitality
of various species by adding an index to the magnitude value. The vitality
index gives some indication as to the competition between species and the
developmental trend of the plant community. The Braun-Blanquet scale and
vitality index are explained in Table 3In the preparation of life form
Ellenberg (1937) have converted
tages that shows quite well the
magnitude, weight percentage or

spectra of a community or region, Tuxen and
the Braun-Blanquet Scale into cover percenspecies quantitative relations, i.e., their
frequency. Their method is as follows:
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TABLE 2.

The life form classification used here is taken from the Raunkiaer
life form system with revised subdivisions by Ellenberg and Muelleruombois (1965/66). Some further modifications have been made to
meet the specific needs of this study.
The following major grouping of life forms is determined primarily
by position of the perennating organs above or below the ground, or
the plant's method of surviving unfavorable periods.

Major Life Forms
Phanerophytes

Symbol

Position and Description of Perennating Organs

P

Woody plants or herbaceous evergreen perennials.

PM

Those with perennating organs >2 m above ground
(trees).

PN

Those with perennating organs >25-50 cm above
ground b u t < 2 m (shrubs).

Chamaephytes

Ch

Plants with mature branches or shoot system
(perennating organs) within 25-5) cms above the
ground surface. Unlike phanerophytes, height
differences are not as important, however, the
degree of lignification and the habit of the
shoot system is of major importance.

Hemicryptophytes

H

Plants with the remnant shoot system (perennating organs) relatively flat on the ground
during the unfavorable period (winter).

Gh(ll)

In tropical and semitropical climates (Hawaii)
the unfavorable season is not present, however,
in these environments the hemicryptophyte's
shoots may die-back periodically, but always
their remnant shoot systems remain green at
least 25 cms above the ground surface. In this
respect they characterize the Chamaephyte life
form. Thus, under these conditions the (H)
symbol becomes an attribute for the front symbol
Ch.

Ceophytes

G

Herbaceous plants with their perennating organs
well protected in the soil.

Therophytes

T

Plants that complete their life cycle in one
year or less (annuals). However, in tropical
and semitropical climates (Hawaii) they may
live longer than one year, but usually no more
than two.

Thallo-chamaephytes

BrCh

Moss chamaephytes
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TABLE 2 .

(cont.)
The following symbols designate various conditions of the 3hoot or
habits of the shoot system. They are used as attribute symbols for
the major life form front symbol; and some may be applied to more
than one life form.

Symbol

Descript ion

bulb

bulbous geophytes that arise from bulbs or eorms.

caesp

branched from or near the base, i.e., bunch
habit. This symbol is used more with hemicryptophytes and Therophytes than with Chamaephytes.
In the latter, it is omitted because the caespitose habit is the most frequent in that life form.

t'rut

woodiness completed into branch-tips, i.e.,
frutescent.

herb

non-woody evergreen perennial forbs, grasses,
ferns.

rept

where the shoot habit is one of a creeping or
crawling nature—usually stoloniferous and rhizomatus forms, i.e., reptant.

rhiz

rhizome-geophytes that arise from rhizomes of
various lengths.

rad

root-budding geophytes, i.e., radicigemma.

seap

single stemmed phanerophytes and other life forms
with more or less lateral branches, i.e., scapose.

s em

semi-rosette as opposed to those plants that have
complete rosettes (res.).

suff

semi-woody, lignified (or suffruticose).

DU

cushion-forming, i.e., pulvinate.

lY

Leaf condition
Symbol

Description
Sclerophyllous - evergreen hard leaves.

d

Daphno - evergreen soft leaves.
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TABLE 3 .

BRAUN-BLANQUET SPECIES MAGNITUDE SCALE (B-BS) AND VITALITY INDEX.

Magnitude S c a l e
Value

Number of

Individuals

and % Cover

5

any number, w i t h 75-100% c o v e r

4

a n y number, w i t h 50-757o c o v e r

3

any number, w i t h 25-50% c o v e r

2

any number, w i t h 5-25% c o v e r or v e r y n u m e r o u s , w i t h
l e a s t 5% c o v e r

1

n u m e r o u s , b u t l e s s t h a n 5% c o v e r ,

or s c a t t e r e d ,

with

c o v e r up t o 5%
•

s e l d o m , w i t h l e s s t h a n 5% c o v e r

r

s o l i t a r y w i t h l e s s t h a n 5% c o v e r

V i t a l i t y I n d e x With B-BS
Index

Description

oo

very feeble

o

feeble

no i n d e x
•

and n e v e r f r u i t i n g

(e.g.,

1°)

normal
very

vigorous
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(e.g.,

+°° or

2°°)

at

Magnitude
after
Braun-Blanquet

5

k

3

2
I

Range of cover
dapo;eo values

Mean
Cover degree

(3)
75-1CX)
50-75
25-50
5-25

5

2.5
0.1

+

r

87.5
62.5
37.5
15.0
arbitrarily
determined

value ignored

Although this system is approximate, it gives a good representation of the
ecological position of the various species according to their life form
classification.
A life form spectrum chronology of the first 16 months of plant succession
and recovery of the Hiiaka fire burn is shown in Figure 2.
RESULT AND
DISCUSSION:

Vegetation Cover Before Fire

Doty and Mueller-Dombois (1966) classified the original cover as an Open
Metrosideros-Gleichenia-Andropogon Forest type. They reported that its
disturbed (open?) condition was caused by fire that went through this particular area about 30 years ago, and in part by the proximity of fumarole areas
and scattered, individual stem vents and in part by relative recent lava flows.
Prior to the Hiiaka fire, the community was characterized by scattered small
(1-5 m) Metrosideros trees, some of which were sprouts from stumps. Also
seedlings were present. The ground cover was dominated by thickets of the
creeping fern, Gleichenia linearis, and by patches of Andropogon virginicus.
Other common plants were Lycopodiuva cernuuin, Machaerina angustifolia, Carex
wahuensis var. rubiginosa, Isachne distichophylla, and Briza minor. This
vegetation type was considered to be a serai form of the humid montane rain
forest.
Soils
Further investigation of the area soils indicates general agreement with
previous observations (Smathers, 1968) and with the State Soil Survey (Cline
et al, 1955). The following classification and modal profile description is
given:
Order

- Azonal; Entisol according to the 7-approximation (i960).

Suborder - Regosol; derived from volcanic ash and cinders.
profile evidenced by presence of A]_ surface.
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A genetic

LIFE FORM SPECTRA CHRONOLOGY

Figure 2

_/ = % native species

* = < 1% cover

Family

-

lianu: Derived from very young volcanic material in regions
of high rainfall. The profile typically has 6-8 inches of
dark brown or almost black A| horizon of very high organicmatter content. The pH of the A^ layer is generally above
5.5 or 6.0 and commonly near 6.5. The A^ layer is underlain
directly by volcanic ash. The ash is little weathered.

Series

-

Hiiaka gravelly loam, gently sloping phase. Tends to support
trees, faros, and grasses with the latter increasing at
lower altitudes where the rainfall is less.

Small particles of charcoal are found throughout the shallow profile of some
soil pits. This is an apparent indication that fires have occurred in this
area in prehistoric time* (prior to 1790).
Climatology
The following information was obtained through extrapolations of various data
found in U.S. Weather Bureau records (Blumenstock, 1961).
Approximate annual precipitation: 2500 mm.
Approximate mean annual temp: 17°C.
The rainfall exceeds the 100 ram mark for several months per year, and,
therefore, indicates a humid climate. Most of the rainfall occurs during
the winter and spring months.
Trade winds prevail as manifested by a wind-pressure aspect in the vegetation.
Vegetation Recovery and Succession
Since the fire of August 22, 1968, the quadrats and belt transects have been
analyzed for three periods (1-9-16 months after the fire),'and the listing
of species present, their life form, magnitude, and other pertinent data are
recorded in Table 1. A life form spectra chronology was prepared for each
period of observation, and a total spectral profile is shown in Figure 2.
By referring to these chronologies, one can follow the first 19 months of
the revegetation process, and, also, begin to see the importance of the life
form concept in helping to analyze the environmental complex. Figures 3 (a,
b, c) and 4 (a, b) reveal pictorially the rapid rate in succession and
physiognomic change of the new vegetation.
1st - month observation: All the phanerophytes (trees and shrubs) appeared
to be killed with exception of a few specimens of the nonnative Fire Tree
(Myrica faya). These individuals exhibited survival with a few green adventitious buds along the base of their burned trunks.
*01dest known exact date (historic record) of volcanic materials in Hawaii.
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FIGURES 3 (a, b, c ) .

3a

3a.

Burned area 6 days after the fire. Black
spiney bunches in foreground are charred
remains of the native sedge Uki. Smaller
black tufts were previously bunches of
Broom-Sedge grass. Ohia trees in the background range from scorched to severely
burned.

3b.

9 months later new bunches of Broom-Sedge
grass have sprung from the burned tufts.
Some Ohia trees have developed adventitious
buds along their trunks and branches.

3c.

At 16 months the nonnative Broom-Sedge grass
covers 90% of the ground and grows up to
1 meter high. Some native Ohia trees continue
to develop new foliage.

t—

3b

3c

FIGURES 4 (a, b ) .
4a. Opened area after August 22, 1968 burn. Native Uki sedge (large charred
bunches) and False Staghorn Fern dominated the ground cover before the
fire. Most Ohia trees appeared to be dead.
4b.
o>

16 months later the Broom-Sedge grass, which was not established here
before the fire, had invaded the area and controlled 90 % of the ground
cover. Many of the native Ohia trees survived the fire.

4a

4b
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The most conspicuous and highly-regenerating plant was the normative BroomSedge (Andropogon virginicus). Its many blackened and charred tuffs had
begun to sprout green shoots up to 3/^ dm high.
The only native species present was the Sword Fern (Nephrolepis hirsutula)
that appeared around cracks and crevices even where the fire had penetrated.
The native Uki Sedge (Machaerina angustifolia) and False Staghorn Fern
(Gleichenia linearis) were the most devastated of the herbaceous groundcover plants. However, live rhizomes of the latter species were abundant
1 cm+ below ground level.
9-months observation: This period is characterized by the sharp increase of
species and life forms. Many trees and shrubs that first appeared to be dead
had now begun to develop green buds along their charred stems, however, most
of the buds appeared at the basal portions just a few cms above ground level.
All, with exception of the Fire Tree, were native species. The Fire Tree had
exhibited little additional recovery than that observed during the firstmonth period. The native Ohia Tree (Metrosideros polymorpha) was the sole
representative of the phanerophyte layer.
Again, as with the first-month observation, the bunch-forming herbaceous
Chamaephyte (Hemicryptophyte) Broom-Sedge grass exhibited an explosive increase
in number of individuals and percentage cover (see Figures 2, and 3b)• This
species and life form dominated the new cover. Also, another normative BroomSedge grass of the same life form, A. glomeratus, began to invade in a few
spots.
Beginning to appear, both from survival stock and seedlings, were the woody
and herbaceous Chamaephytes. This layer was composed mostly of native species.
Here, the hard-leaved woody forms (practically all native species) accounted
for the 5$ cover of this stratum (Figure 2). Most conspicuous species were
the Amaumau Fern (Sadleria cyatheoides), Ohelo (Vaccinium reticulatum), and
basal sprouts along the burned trunks of Ohia Trees (Metrosideros polymorpha).
There was a sharp increase in species representing the Geophyte life form,
but most were nonnatives. Most distinct members were the normative
Philippine Orchid (Spathoglottis plicata) and the native fern Ae (Polypodium
pellucidum).
This period marks the first appearance of species representing the Therophyte
(annuals) life form that exhibited a large number of species present and
percentage cover (15$ of ground cover, see Figure 2). The most conspicuous
species, and accounting for practically all the cover percentage, was the
nonnative Glenwood Grass (Sacciolepis indica), a bunch-forming annual (see
Table l).
"'" ~" ""
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l6-months observation: An additional life form, Thallo-Chamaephyte, was
represented by the cushion-forming moss, Bryum crassicostatum Brotherus.
This hardy bryophyte was found established in open areas on fine gravels
that were mixed with charcoal remains.
The bunch-forming Broom-Sedge grass continued to show a prodigious increase,
and, by this time, it controlled over ^Cffo of the ground cover (Figure 2).
The dynamic appearance of this species is depicted in Figures 3c and tb. A
major significance is that A. glomeratus continued to become established in
the A. virginicus controlled community, while a similar normative life form,
Argrositis avenacea, was practically eliminated.
Although native species of the Chamaephyte (Hemicryptophyte) life form continued to increase, they still occupied less than If) of the cover in this
stratum.
As with other periods of observation, the woody Chamaephytes continued to
increase in both species and shoot conditions and habits. Also, native
species, especially the hard-leaved types, co-dominated or dominated all the
different structural features of this major life form (Figure 2).
All the phanerophytes were native, and the most surprising occurrence was the
recovery of the native Sandalwood Tree (Santalum ellipticum var paniculatum).
Trees that had been recorded as dead in previous observations now possessed
new shoots up to 3 dms long. This new growth appeared throughout the charred
trunks and branches. In some localities young Sandalwood seedlings had become
established. Outside the burned area several Sandalwood trees have been presumably killed by volcanic fume (primarily 0O2 gas) from the Hiiaka eruption.
However, within a matter of months these specimens had made a miraculous
recovery (see Figures 5a and 5b).
The Therophytes (mostly Glenwood Grass) that previously controlled 15%' of the
ground cover now possessed less than one percent, because of the explosive
spread of A. virginicus. The remaining species of this life form displayed
low vigor or little evidence of reseeding (Figure 2).
Two additional species were observed to be successfully invading the BroomSedge grassland. Most significant was the appearance of the native False
Staghorn Fern (Gleichenia linearis) a rhizomatos Geophyte that survived the
fire, but whose perennating organs had remained dormant in the ground for
over a year. Spreading bunches of the nonnative Molasses Grass (Melinis
minutiflora) from adjacent unburned areas had poked long fingers (up to k
meters) into the edges of the Broom-Sedge grass community. However, no
seedlings of these two species were found in the revegetated area.
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FIGURES 5 (a, b) .

5a.

This young Sandalwood Tree on the Chain of Craters React was reported to have
been killed by volcanic fumes from the liiiaka eruption.

5b.

7 months later the same tree had developed a denser and more vigorous foliage
than it had before the eruption.

o

5a

5b
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Although this reporting phase does not permit one to develop or expound
on any lengthy conclusions, it does provide some indications that the lifeform-environmental-complex hypothesis can he tested. Furthermore, there is
good evidence that additional information will he gained for providing the
resources management program direction in the control of exotic plants and
the reestahlishment of native species.
Most significant findings so far:
1. The native phanerophytes and woody camaephytes exhibit a
fire-resistant quality. This is especially evident among the hardleaved forms. Apparently, this condition is closely associated with
their origin and evolution in the dynamic volcanic environment, where
fire and similar pyro-conditions have prevailed since the Hawaiian
Islands first began to appear above the sea.
2. The explosive growth and apparent secure position that the
nonnative Broom-Sedge grass holds in serai communities seem to indicate
an open niche in the native communities. Preliniinary investigations
indicate the paucity of related native life form grasses (fire-resistant
or fire propagated Chamephytes (Hemicryptophytes)) to fill this particular
community function. The native Uki, a sedge of similar life form that
co-dominated the original cover, was completely destroyed by the fire.
The few specimens found in the l6-month observation period were those
that were superficially scorched. No seedlings were present.
Also, contrary to some previous suggestions to control Anabropogon by
fire does not seem likely--at least by direct means. The Hiiaka fire has
provided us with sufficient proof that Andropogon is among the most fireadapted grasses known, a fact that has been pointed out by Komarek (1965)
and others.
The evidence of many open niches in the Hawaiian flora Indicates the
vulnerability of this insular flora to exotic invasion. Also, it points
out the futile and sometimes unnecessary control of a few well-established
nonnative plants. Here, the Broom-Sedge Grass (Andropogon virginicus)
has a unique history. This grass was not listed in Fagerlund's (lQw-7)
check list of exotic plants in Hawaii National Park. However, by
inspecting the 1955 aerial photos (Doty and Mueller-Dombois, I966), it
was found to be a dominant or co-dominant in most of the vegetation types
below U50O feet.
The Broom-Sedge grass, A. glomeratus, which was first reported for the
park in 1961, tends to replace the A. virginicus communities. What was
once an A. virginicus grassland in the Hilina Pali area of Hawaii
Volcanoes in 19635 has now been completely replaced with A. glomeratus.
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3. The native Geophytes—mostly ferns--indicate a tolerance of
fires, and some species such as the False Staghorn Fern may depend on
fires for mat regeneration. Decadent mats of this fern, up to 2 meters
thick, originally occupied the burn-site, and, also, dominated the
ground cover. The fire-sweep removed this dead or low vigor material
and did not harm the underground rhizomes. The appearance of new
shoots from the rhizomes indicates the return of this superior life
form, and it seems likely that this native will eventually replace
the Andropogon grass cover--providing there is not another fire or
similar disturbance.
Native life forms, such as the Staghorn Fern, may prove useful as
biotic controls of some undesirable exotic species in certain types
of communities.
h. The flash appearance of normative therophytes (annuals) into
the open, burned area indicates the environmental conditions that favor
these forms, and, also, the paucity of species of this life form in the
native flora. The fact that they were practically eliminated by the
Broom-Sedge grass indicate:, the importance of some normative species in
dynamic native communities. Here is an important phase for additional
research in the restoration or maintenance of some native vegetation
types.
More information is needed on the various disseminule sources and dispersal
agencies. This is one of the most important phases of any type of plant
succession study. Practically all the information recorded in Table 1 was
obtained by inference or indirect observations. However, the following conclusions can be made with a fair degree of reliability.
1. Wind has been the most important agency in disseminule dispersal.
This is especially true for both native and normative Chamaephytes
(Hemicryptophytes). It is probably the most important factor in the
explosive spread of Broom-Sedge grass in some areas (Figure 4-b).
There is evidence that strong winds have been able to carry small fruits,
normally dispersed by birds or pigs, into the margins of the burned area.
Here, the source is plants in the nearby unburned areas.
2. Birds and other animals account for very few new arrivals.
Only some of the larger-fruited species, such as the native Ohelo
(Vaccinium reticulatum) seedlings found toward the center of the burned
area, could have been carried by animals.
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3. The large number of seedlings that appeared 9 months after
the fire, especially Broom-Sedge grass and Ohelo, suggests that some
dormant seeds survived on the ground, and the fire-opened environment
favored their germination and ecesis. Also, those species that were
heavy seeders (especially Andropogon) tended to get established
earlier and spread rapidly.
km Most of the invasion along the fire-scar boundary is by the
creeping-crawling life form types such as the nonnative Molasses grass
and the native False Staghorn Fern. These forms are able to extend
their range and cover by producing runners and similar vegetative
shoots.
PLANS FOR
1970:

The quadrats and belt transects will be analyzed annually;
however, greater attention will be given to the edaphic and
biotic factors. A more intensive and extensive evaluation
will be made of the disseminule sources and dispersal agencies. Major consideration will be given to:
1. Evaluation of the phenological and dispersal characteristics
of available disseminules.
2. Recognition and observation of disseminule sources and dispersal agencies relative to dispersal time and habitat conditions
for germination and ecesis.
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ECOLOGY OF DESERT BIGHORN SHEEP IN
JOSHUA TREE NATIONAL MONUMENT
(JOTR-N-la)

INVESTIGATOR:

James K. Baker

OBJECTIVES:

The desert bighorn (Ovis canadensis nelson!) is an
important wildlife species in the fauna of Joshua Tree
National Monument, California. Once widespread throughout the mountain
ranges of the desert Southwestern United States, the desert bighorn is
found now only in remote locations of California, Nevada, Utah, and
Arizona. In Joshua Tree National Monument bighorn inhabit four isolated
and rugged mountain ranges at elevations from 2,000 to 5,800 feet.

The objectives of an ecological study of the desert bighorn for the
National Park Service at Joshua Tree National Monument are several:
1.

To determine the limiting factors in the habitat.

2.

To determine population trends and to census numbers.

3.

To study population dynamics and composition of individual
herds.

4.

To determine movements of sheep from one area of the
monument to another.

5.

To determine man-caused factors that may be limiting to
bighorn survival.

6.

To prepare and execute management of plans for the maintenance and reestablishment of bighorn ranges.

7.

To coordinate land use management activities, affecting
bighorn and people, sympathetic to the objectives of a
national monument.

8.

To provide the necessary facts on desert bighorn for interpretive media and visitor information and for contributions
to scientific literature.

Objectives 1, 5 and 6 have resulted in further determination that water
is the most serious limiting factor in bighorn habitat; that man has
probably caused the failure of certain important wildlife springs; that
human encroachment around the monument has effectively restricted ancestorial movements of bighorn into former areas where water was more
abundant; and that a management plan was warranted under such
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circumstances to supplement drying springs with artificial guzzler
water.
RESULTS AND
DISCUSSION:

Stubbe Spring was selected as a pilot project to restore water at 13 spring sites since Stubbe was determined to be the most Important of the faltering water
sources. The spring went dry for a brief period in May and June 1968,
during which time emergency funds and efforts were obtained to build
a guzzler to save the wildlife of that area (Baker, 1969). The spring
did not flow at all through 1969 but the guzzler worked efficiently,
although at times marginally, to satisfy wildlife water demands.

Below average rainfall for 1969 supplied insufficient water, with the
present sized apron, to fill the 2,500-gallon storage capacity. At
peak capacity after a July 19-20 rainstorm, the guzzler held 1,748
gallons; approximately 3/4 capacity. Localized summer rainstorms, normal for this region, missed the area of the guzzler and rain was recorded only as traces on two occasions. By November 4, the guzzler
went dry for 2 days but not for a long enough period to do any noticed
damage to the wildlife. On the 6th, after a rain of .12, the guzzler
went back into operation and further rains of .33 and .55 on the 11th
and 17th, and .23 on December 1, carried the guzzler efficiently through
the remainder of the year.
The guzzler was originally designed to be filled to 2,500-gallon capacity with an average year of rainfall. The results of 1969 show that
the guzzler apron heeds to be enlarged to twice its present size to
compensate for any year, as 1969, when rainfall may be only half its
norm.
Peak use of the Stubbe guzzler reached 20.4 gallons a day for a brief
period between October 29 and November 4 when 143 gallons were used.
From time of peak capacity on July 20 until the guzzler went dry on
November 4, with only the two traces in the interim, an average daily
amount of 16.49 gallons was used. Major vertebrates which utilized the
guzzler were bighorn, mule deer, coyotes, and gray foxes. Large numbers
of Gambel and Mountain quail and astronomical numbers of honey bees used
it daily. There are no census figures available on the numbers of bighorn using the spring but it is estimated that only 10 individual sheep
used it regularly throughout the summer.
This is in marked contrast to the findings of Welles and Welles (1965)
when 80 individual sheep, 14 deer, and about 2,000 quail used the spring.
At that time, spring flow was estimated at 72 gallons per day of which
almost 100 percent was utilized to satisfy wildlife demands. Subsequent
decline in spring flow since 1964 to as few as 10 gallons per day in 1967
and 1968 caused an apparent loss of wildlife compared to what it is today. The present estimate of only 10 bighorn compared to 80 in 1964
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shows an 87.5 percent loss in the sheep population alone; a rather
serious loss due to 5 years, of administrative indecision to remedy the
situation.
A potential danger In unmetered guzzler water may be In the "unlimited"
supply available to daily needs. By its present design, the Stubbe
guzzler will feed just as much water as is demanded of it. So long as
water is available in the guzzler it will dispense any amount used.
This could lead to cbnormally large seasonal populations of quail, other
birds, and other small wildlife and long-term population increases of
larger wildlife if water was sufficiently available to supply all needs.
In desert environments, unlike perennial mountain streams, water is
usually limited to relatively small amounts and availability of water,
or lack of it, is often the major limiting factor to increasingly large
numbers of wildlife.
If the spring, which the guzzler supplements or replaces, flowed only
20 gallons per day, for example, then the spring could only support
those numbers of animals that could compete for 20 gallons per day.
Should the spring be replaced by a guzzler which could dispense more
than 20 gpd, if demanded, then larger numbers of animals could exist
dependent upon the additional available water.
Experience is dictating also that the economics of the situation is also
a factor to be considered. Stubbe Spring, for example, at peak flow in
the 1940's reached 200 gpd. To restore the spring flow to normal, to
build a guzzler large enough to supply 200 gpd over a possible 90-day
dry period, would require a storage capacity of almost 20,000 gallons
and an apron approaching the magnitude of a football field.
Obviously, a stage somewhere in between 200 gpd and 0 gpd is needed in
this case as a period in time when spring flow can be equalled comensurate with available funds to build a certain size guzzler. The funds
available for the Stubbe guzzler permitted a storage capacity sufficient
to feed 27 gpd over a 90-day period; a stage in time equal to the amount
of water which flowed in 1966-67.
CONCLUSIONS:

Evidence thus far is showing a continuing decline in
available water to bighorn and other wildlife in Joshua
Tree National Monument. The low numbers of wildlife observed at Stubbe
Spring in 1969, the low numbers of wildlife manifested in the consumption
of only 16 gpd on an average, and the current estimate of only 10 bighorn
at Stubbe Spring versus 80 bighorn in 1964, indicate a serious loss of
wildlife in general from one of the prime habitats in the monument.
The guzzler design has shown need of slight modifications to make it work
more efficiently. The present size of the apron needs to be enlarged and
the float valve mechanism needs to be regulated somehow to dispense only
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a set number of gallons per day; regardless of the amount of water in
storage.
PLANS FOR
1970:

Continued observations will be made at Stubbe Spring
to gather further data on wildlife use of the spring
and to further census wildlife numbers. Increased
numbers of aerial surveys will be made to determine limits of bighorn
within the monument and continued observations will be made on other
bighorn springs to determine total populations.
Efforts will be made to get work started as soon as possible on the
other 12 guzzlers which are felt necessary to preserve the last remnants of bighorn left in Joshua Tree National Monument.
REFERENCES CITED:
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BIOLOGY OF THE OASIS OF MARA
JOSHUA TREE NATIONAL MONUMENT
(JOTR-N-3a)

INVESTIGATOR:

James K. Baker

OBJECTIVES:

The native fan palm oases of the California deserts
constitute one of the rarest vegetational types in
the continental United States. The species, Washingtonia filifera,
ranges from areas of Twentynine Palms and the Turtle Mountains
south through the Colorado Desert into Baja California. The Oasis
of Mara, from which the community of Twentynine Palms derived its
name, is one of the northernmost extensions of the family Palmae
in the western hemisphere. The Oasis is, perhaps, the best known
and most frequently visited of any of the California palm oases.
The objectives of an ecological and biological study of the Oasis
of Mara are several:
1.

To survey the biota and determine importance values of
individual species.

2.

To determine the limiting factors of the habitat.

3.

To determine what the natural conditions of the Oasis
would have been in the absence of European man.

4.

To determine the extent of present day visitor impact and
the human influences of a community which surrounds the
Oasis on all sides.

5.

To prepare a management plan to restore the Oasis to
pristine conditions.

6.

To follow up management practices with successional studies
and analyses of the benefits gained.

Old photographs and written descriptions of the Oasis of Mara make
it clear that the character and vegetational composition of the
Oasis, under the influence of European man, has changed substantially
during the last century. The accumulative changes are now a threat to
the continued existence of these native palms under natural conditions
and a management program will be necessary to maintain them for future
survival.
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DISCUSSION:

The native fan palms of California, Arizona and Baja
California are of a relict species dating back to the
Miocene and Pliocene epochs during which time the palms were distributed
along the Pacific Coast States as far north as Oregon. Ensuing
geological and resultant climatological changes have restricted present
day distribution to the more favorable climate of desert conditions at
sites associated with fault zones where permanent surface or shallow
sub-surface water is available.
Archaeological evidences indicate that Indians inhabited the California
oases for at least 11,000 years and were used continuously through the
1880's. These dates make the oases some of the longest continually
lived-in areas anywhere on the North American continent. The oases
afforded water, food, fuel and shelter. Through these various uses, the
Indian was an important natural influence on the evolution and maintenance
of the oases and were it not for the continued pressures of his use
of the habitat the oases would probably not be as we know them todav.
Important to the Indian, and the palms, was the use of fire; for several
reasons. Superstitious beliefs that "evil spirits" lived beneath the
dead palm fronds demanded that he periodically set fire to the oases.
Evil spirits manifested themselves by the shaking and rattling of the
dead, dry fronds in a wind. Fire was of further benefit in providing
invigorated abundances of new seed and fruit production from both
palms and grasses. Elimination of dense understory opened up the
oases for easier hunting since wildlife was forced into the oases for
water whether coyer was provided or not. Futhermore, elimination of
phreatophytic understory species increased spring flox-; and exposed
open pools which benefited the Indian.
These xyere mutal benefits. Man-caused and naturally occurring fires
are important factors affecting the vegetational composition of a
native palm oasis. Fire releases young palm suppressed by the shade
of arborescent species. The palm, one of the most fire-tolerant
species known, survives a fire that destroys other oasis species and
young palms are left scorched after a fire but surviving in full
sunlight. Elimination of phreatophytic understory species reduces
transpirational loss of soil moisture. Water flow and soil moisture
are increased after a fire which benefits palm reproduction. The fire
also consumes accumulated palm fronds and other litter which exposes
inriched moist mineral soils necessary for the establishment of nexj
palms.
Fire is so controlling over the arborescent understory that a
healthy oasis, in sub-climax conditions due to fire, is primarily
an open stand of palms with only a scattering of shrubs (Fig. 1 ) .
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Figure 1.

Earliest known photograph of the Oasis of Mara,
taken in 1889, showing the characteristic appearance
of a fire controlled fan palm oasis. Low s h r u b b e ^
and an almost complete lack of arborescent understory and an open stand of scattered palms is typical.
Fire is an important factor in the evolution and
natural maintenance of palms in oases habitats.
(Note fire scars on lower trunks)
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There has been no fire in the Oasis of Mara for at least 81 years;
and, perhaps, longer. The oldest known photograph taken in 1889
shows burn scars on all the palm trunks. But one to several years
of new palm thatch hanging on the trees indicates the last fire to
have been several years prior to 1889. Since that time much of the
understory was physically removed for use as fire wood since numerous
homesteaders occupied the oasis up through the early 1900's.
By 1925 several large cottonwood and willow trees were comparable
in height to the tallest palms and mesquite was flourishing. Today,
cottonwoods tower above the palms, bending them with their massive
branches (Fig. 2), and the net effect of the dense tangles of
mesquite, cottonwoods and willows is to shade out potential palm
reproduction which is an ultimate threat of extinction to the palms
(Fig. 3). Under National Park Service "protection" there is no
removal of the understory by burning or other means and the oasis is
being protected out of existence.
Water is as important as fire to the natural maintenance of an oasis
and another serious threat to the Oasis of Mara is a lowering water
table. The community of Twentynine Palms surrounds the Oasis on all
sides and thirty years of an ever increasing demand for domestic water
has lowered the water level to 10 feet beneath the Oasis. From time
of its discovery in the 1850's through 1946, water flowed in the Oasis
creating several small ponds and one large one on the extreme western
end. By the end of 1946 the spring had ceased to flow. By 1960 the
water table had dropped 3.5 feet and by 1970 the water table had dropped
in placed to 10.1 feet below the surface. The shallow rooted palm
cannot tolerate a loss of water much below 10 feet and the present
availability of soil mlisture is a marginal situation (Fig. 4).
The most measured change in the fauna associated with the Oasis has
been the loss of aquatic avifauna since the pools dried up in the 1940's.
Carter (1937) describes such species as herons, egrets, grebes, ducks,
and other aquatic associated birds as marsh wrens and red-wing blackbirds as being commonplace in the pools of the Oasis.
CONCLUSIONS:

Nearly a century of directly and indirectly related
influences by European man has caused the oasis of Mara
to undergo drastic successional changes which would not have occurred had
he not arrived upon the scene. If our interpretations are correct, the
Oasis is headed towards a climax vegetation, in the absence of fire and
loss of ground water, which will favor understory species and ultimate
exclusion of the palm. Although the palm is low in average percentage of
the flora of the Oasis it is the highest in plant dominance and is the
one species ubiquitous to all palm oases and worthy of every study to
preserve it.
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Figure 2.

In absence of fire, arborescent species crowd
up and shade out palm trees which require full
sunlight and open ground for seedling reproduction. These trees are competing with palms
for available soil moisture which is already
in near marginal supply. Dirt paths leading
off from paved nature trails are one indication
of varying degrees of human impact.
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Figure 3.

Dense growths of mesquite understory are result
of lack of fire. The mesquite is a relatively
fire intolerant species which competes with
seedling palms for growing space, light, and
soil moisture. Plant succession without fire would
favor the mesquite and ultimate exclusion of the
palm.
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Figure 4.

Senescent cottonwood, mesquite, and willow trees
indicate marginal soil moisture conditions. The
highly phreatophytic mesquite which are dead and
dying on the outer fringes of the Oasis indicate
probable loss of ground water due to domestic
withdrawal for human needs.
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PLANS FOR
1970:

Preliminary work by McHargue (1969) has been important
ground work for preparation of an acceptable management
plan of the several palm oases of Joshua Tree National
Monument. More specific studies are needed on the Oasis of Mara, in
particular, since it is the most endangered of the several oases and is
the one most important to visitor interpretation. It will be necessary
now to record in more detail the present physical and biological conditions to establish a base line from which to measure successional
stages following the start of management practices. These endeavors
involve further sampling of the biota and a determination of water levels
throughout the Oasis.
For interpretive purposes, and to round out a comprehensive management
plan, it will be necessary to gather further historical data significant
to proper interpretation of the historical aspects concerning features
of a biological nature such as certain select, fig, cottonwood, and
willow trees which may need preservation.
REFERENCES CITED:
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ELK STUDY PROGRAMt MIGRATION
(MORA-N-3a)

INVESTIGATOR:

Max W. Holden

OBJECTIVES:

As the number of elk (Cervus canadensis)
National Park grow larger, we would like
as possible about elk movements, what parts of the park
summer and winter, under what conditions they move, the
out of the park, and what periods they are available to
outside the park.

in Mount Rainier
to learn as much
they use in the
number that move
the public hunter

METHODS:

Two small elk traps were constructed in the southeast
portion of the park to catch and tag elk so that they
could be identified as they were later observed in the field. One trap
was constructed on Backbone Ridge (3,500' elevation) in November 1968.
A second trap was built in November 1969 at Ohanapecosh (2,000' elevation)
that could be used throughout the winter. The traps are approximately
circular in shape and 25 feet to 30 feet in diameter. They are made of
wooden panels 12 feet long and 8 feet high with a swinging gate triggered
by a trip wire. Both traps are in wooded areas.
Elk caught in the traps were immobilized with a dart gun and Sucostrin
(succinylcholine chloride) and then marked with colored neck bands and
numbered ear tags proveded by the State of Washinton Department of Game.
Blue neck collars were used to identify elk from the Cowlitz River
(Muddy Fork) drainage tagged in the Blackbone Ridge trap and red collars
were used to identify elk from the Ohanapecosh River drainage.
One elk was tagged near the Ohanapecosh River without the use of a trap
by stalking and use of the dart gun with the Sucostrin loaded syringe.
RESULTS:

Twenty-five elk were captured in these traps from November
1968 through December 31, 1969. Two deaths occurred resulting
from the Sucostrin. We managed to tag one other elk at Ohanapecosh without the trap in January 1969 which was found dead about three weeks later,
1/4 mile from where it was tagged, probably as a result of an automobile
collision.

Another elk tagged in Ohanapecosh in November was found in poor health
outside of the park in December by the sheriff who destroyed the animal.
Two of the tagged bull elk were taken by hunters outside the park during
the 1969 hunting season. One of these was tagged on Backbone Ridge in
December of 1968 and was killed about 8 miles outside the park. The
other, also tagged on Backbone Ridge, in May 1969 was killed during
hunting season in the high country of another drainage. One other bull
elk tagged on Backbone Ridge in May 1969, was retrapped and released
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from the same trap in November 1969. Eight of these elk were tagged and
released from the Backbone Ridge trap in November and December 1968 and
May and June 1969. Of these eight elk, tagged before the 1959 hunting
season, the two mentioned above were killed outside the park and one
other was retrapped in the same location during hunting season. Hone
of these elk were observed in the park in the summer of 1969.
A bull elk with ear tags but no collar was seen near Packwood through the
summer of 1969. By December 31, 1969 we had successfully tagged 24 elk,
four of which are known dead as described above, which leaves 20 animals
(11 male, 9 female) that might still be located. With a good possibility
of tagging even more elk in 1970 we should be able to get observations of
these animals in the park in the summer of 1970 and have a greater chance
of more hunter returns next season.
DISCUSSION:

The trap on Backbone Ridge was located in an area through
which a good protion of the elk moved in the fall out of
the Cowlitz Park region. This trap was closed after December 11, 1968
when heavy snow prevented us from reaching the trap. At that time, only
a few elk remained at this elevation. The second trap was located at
Ohanapecosh, where some elk remain all through the winter.
The first season of trapping on Backbone Ridge (November and December
1968 and May and June 1969) resulted in capturing 8 mature bulls and one
cow. It appears that as the snows accumulated, mostly mature bulls were
left in the area and were attracted to the bait when natural forage was
more difficult to find. It is logical that the large bulls could stay
at this higher elevation longer and that we were missing the opportunity
to tag cows and calves that made up the larger portion of the herd. Also
we have only been able to catch elk singly or in pairs. On two occasions
one elk was found remaining outside the trap (ona a calf) when another
elk was caught in the trap. It would appear that elk traveling in groups
are not attracted to the trap. They are no doubt moving through more
rapidly when in groups and the single elk are foraging, and therefore
attracted to the bait. Also the traps are too small for many elk to go
in at once.
We feel that we would get better information on the movements of the elk
herds if we could tag more cows and calves. During November and December
1969, we were able to tag a greater portion of cows. Five of the nine
elk tagged on Backbone Ridge in the fall of 1969 were cows, and three of
the five tagged in Ohanapecosh were cows.
We feel the trapping and tagging procedure is quite successful although
very time consuming. We have found a great variety of tolerance in elk
to the Sucostrin. We have been very cautious in the doses of the drua.
The two mortalities we experienced were a mature bull given 33mg- Sucostrin
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and one cow given 24mg. Sucostrin. With lighter doses 16-20 rag. we
have had several elk that were not affected and needed further doses.
Even so, we have had to subdue many of the elk, both bulls and cows that
were down but still retained use of neck muscles. We know of only one
elk that was injured in the trap. A bull elk in the Ohanapecosh trap
broke off part of one antler and also lost the hoof cover on the side of
one forehoof. The elk that was found ill outside the park in December
1969 may have been injured in the trap three weeks before but no injury
was noticed at the time and the animal left the trap in good shape.
Several baits have been used; alfalfa hay, apple pumice, and molasses.
The most useful of these has been the alfalfa but in May and June it
appeared that molasses poured over the hay was quite effective. The
colored collars we used during the first season did not appear to be
very durable as some elk seen later or taken by hunters did not have
their collars. We are now using a brighter colored and more durable
"Saflag" material produced by The Safety Flag Company of Pawtucket, R. I.
TENTATIVE
CONCLUSIONS:

Our preliminary conclusions are that, depending on the
winter conditions, a large number of elk remain in the
park during, and well after, elk hunting season. At
the same time, from the eight elk tagged that could have been available
to the hunter in 1968, two were actually killed outside the park. One
bull, tagged in December 1968 on Backbone Ridge was killed well outside
the park in November of 1969 although the winter conditions were much
more mild. Although this is not a large sample, and does not perhaps,
reflect movement of the general herd in this region, it still points
toward the idea that these animals can be effectively harvested through
public hunting outside the park. Other conclusions from our early
tagging are that the elk return through the same areas they were tagged
in and that, in some cases, may remain in the same area in the park
for several weeks even as snow accumulates in the early winter.
PLANS FOR
1970:

We plan to continue to trap and tag elk in Ohanapecosh
and on the Backbone Ridge this next year as well as to
try to tag some elk in the White River area. Field
observations will be stepped up this summer with the use of an airplane
to look for marked elk. We also hope to use radio collars on a few elk
this next year to be able to better relocate them.
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ELK STUDY PROGRAM: RANGE OOHDHIOH AND FOOD HABITS
MOUHT RAINIER NATIONAL FARK
(MORA~N-6a)
DSVESTIGATOR:

Max W. Holden

OBJECTIVES:

Our immediabe concern is to evaluate the impact of
increasing numbers of ell: (Cervus canadensis) on the
habitat within the park. The objective is to determine the amount of
elk use the vegetation can tolerate and to establish the carrying
capacity of the range and a system to continually measure browse use.

METHODS:

We wish to establish permanent transects throughout the
park to measure vegetation conditions and composition
in areas of present elk use as well as in areas in the park where elk are
not yet known in number. We will also attempt to measure both winter
and summer habitat. Measuring the vegetation along the permanent transects will consist of recording species composition, age and form class
and browse use. Photographic records of these transects will be kept.
After the transects are established and described, measurements will be
taken on three to five year intervals. Observations will be made in the
field of elk feeding with an examination of the site to evaluate species
preference, quantity and plant portions taken,
RESULTS AND
DISCUSSION:

Six permanent transects have been set up in the areas of
Three Lakes, Shriner Burn, Backbone Ridge, Cowlitz River,
Ohanapecosh, and Bench Lake. These transects were set up
in conjunction with pellet count transects in the same area. Vegetation
and browse use has been examined and recorded for these transects but has
not been analyzed as yet. Preliminary observations tend to show elk
preferences for mcuntainash (Sorbus oaseadensis), western red-cedar
(Thuja plicata), red elder (Sambucus callicarpa), and yew (Taxus brevifolia).
Other foods taken in quantity are various grasses and sedges, blueberry
(Vaccinium spp.), salal (GaivLtheria shallop), vine maple (Acer circinatum),
and ceanothus (Ceanothus spp.J. We do not yet have enough data to know in
what percentages these species are taken by elk. We also need to lonow how
much these species are used by other ungulates in the park. In certain
parts of the park, Shriner Lake in particular, mountainash is severely
browsed by elk in the summer. Vine maple seems to be a staple food of
elk in the winter in the river bottom areas, but this species seems to
tolerate a lot of browsing without harm. In the Shriner Burn area, elk
have heavily browsed ceanothus. blueberry and willow in the past. This
is not seen as a direct problem however as the burn (in the 30's.) has
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created much browse. Trampling by elk and resulting erosion may be
a significant factor in keeping this area in brush for a longer period
of time but still, Douglas fir (Pseudotsuga menziesii) are growing
back and will eventually dominate this area if it does not burn again.
A secondary problem may be that the amount of browse in this burn
area attracts large numbers of elk to it and to the higher Shriner
Lake area nearby.
PLANS FOR 1970: We will establish permanent transects in other parts
of the park to record range conditions and browse use.
We will examine feeding sites after observing elk use on them to learn
more about food habits, species preference and quantities used.
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ELK STUDY PROGRAM: INVENTORY AND DISTRIBUTION
MOUNT RAINIER NATIONAL PARK
(MORA-N-7a)
INVESTIGATOR:

Max W. Holden

OBJECTIVES:

To determine the numbers of elk (Cervus canadensis)
presently using the park, their distribution, and
population trends.

METHODS:

Pellet plots have been established along the vegetation
analysis transects at Three Lakes, Shriner Burn, Cowlitz
River, Backbone Ridge, Ohanapeeosh and Bench Lake. Ten circular plots
(.01 acre each) were spaced, ever1,'- 100 feet along each transect. These
plots have been cleared of pellet groups and will be read next summer.
Pellet plots will be established as other permanent transects are set up.
Aerial censusing will be done to the extent that this method is possible.
We will be able to closely observe elk in numbers with the help of fire
tower lookouts during the summer months at Shriner Peak and Fremont Peak.
Other park personnel report elk as they see them in the field. Certain
areas of known elk concentrations such as Cowlitz Park, Shriner Lake, and
Cold Basin, will be visited each summer to count elk.
RESULTS AND
DISCUSSION:

The pellet plot counts will begin to give us information
on comparative trends of elk use as they are read each
year. Pellet counts will also give us a better idea of
the amount of use of an area by other wildlife compared to elk. Aerial
censusing has been done on only a limited basis to date but has been
effective in locating concentrated groups of elk. As many as 60 elk
were counted, in one group this summer from the air at Cowlitz Park.
Elk were seen from the air in groups of three to eight at Shriner Peak,
Backbone Ridge, Indian Bar and all along the Cascade Crest. We will
use the airplane this spring to help determine when elk are able to
cross over the Cascade Crest into the park from the east. Counting
elk in the field in these same areas has shown 131 elk in a single group
in Cowlitz Park, 35 8>t Shriner Lake, and ho at Cold Basin. Ideally,
counts from the ground in specific areas, followed by aerial counts the
following day should complement each other in accuracy for local areas.
Aerial censusing is effective mainly In July, August and September when
the elk are in the higher elevation* with little forest cover and the
elk are laying in snow fields or around small lakes in the heat of the
day. Elk observation* by park personnel in fire towers and the district
areas reflect higher count* in areas these people are stationed but are
still very useful in showing trends and in helping to get cow-calf ratio,
animal condition, and movement information.
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CONCLUSIONS:

We estimate at the present time there are at least
700 elk in the park in the summer. At least 200 of
these elk are in the Cowlitz Basin to Cowlitz Park area. Another 200
elk are in the park along the Cascade Crest from Three Lakes to Tipsoo
Lake. We estimate another 200 elk in the area of White River to
Grand Park. There are at least another 100 elk all through the western
part of the park from Mystic Lake to the west side road. The number
of elk in the winter varies with the weather conditions. In the winter
of '68 - '69 with a heavy snowfall early in the winter, there were few
elk in the park. Only 18 - 20 were in the lower part of the Ohanapecosh
River, and fewer in the White River. There were probably a few more in
the Cowlitz River bottom. There are, no doubt, more elk in these areas
under more mild winter conditions.
PLANS FOR 1970: We plan to use aerial censusing more next year as well
as field observations in local areas in conjunction
with relocating elk we have tagged. We will make winter counts along
the river bottoms as we have done and will continue to compare early
movements of elk in the Cowlitz drainage with past seasons and to tag
to get better data on cow-calf ratios throughout the park.
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SURVEY OF AREAS FOR SIGNIFICANT NATURAL VALUES

(NCR-N-Ss)
INVESTIGATOR:

L. Kay Thomas, Jr., Research Biologist

OBJECTIVES:

The objective of this study was to develop an objective
and scientifically based method or set of criteria for
determining or identifying significant natural phenomena at any given
site. The development of such a method is aimed directly at providing
the resource manager with a technique.
METHOD:

The development of the method was described in general
terms in the 1968 Annual Report: of the Office of Natural
Science Studies (pp. 83-89). In essence, uncommonness (rarity) on a
world scale is the criterion for significance. Things which are rare
are in the most precarious position for disappearance. Preservation of
such things will preserve common things as well. Significant natural
phenomena consist of indigenous objects in natural situations. The
objects considered include individual (or specimen) organisms (Including
fossils), or minerals, populations or mineral deposits, stands or vegetation (communities) or rod: formations, and ecosystems. Natural situations or environments are those that do not. result directly from the
influence of our culture on the environment at the site in question.
Finally, natural phenomena are classified into one (occasionally more)
of five universal classes of phenomena: form of object (morphology),
internal function- of object (physiology), function of object in relation
to external environment, position (geographic and density relationships),
and development or change through time (including origin and extinction
of object). The five classes may overlap in practice; this aids in
assuring coverage.
RESULTS AND
DISCUSSION:

An example will show how this method works. This particular example was selected to Illustrate several points in
the application of the method. The object is a species,
Starry solomon-plume (Smllacina stellata (L.) Desf.) which is a member
of the Lily family. It occurs on Theodore Roosevelt Island in the Potomac
River at Washington D. C. All evidence from floras (Gleason, 1952,
1:426; Fernald, 1950, pp. 439, 440; Hitchcock and Standley, 1919, p. 123)
indicates this is an indigenous species here. There is no evidence that
it is exotic on this island.
This species occurs in the swamp of this
Island. In the case of this particular swamp the direct activities of
man both upstream (orocior.) end on the ether side of the island (causeway)
helped only indirectly to produce the swamp (Thomas, 1963, pp. 43-45).
It therefore qualifies as a natural situation. In other situations we
would not have known about such indirect results. Had this swamp resulted from some diraef. activity of man as by artificial or hydraulic
fill, the object would have been disqualified from further consideration.
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The natural phenomenon (Starry solomon-plume) may now be examined in
one or more of the five classes of phenomena for significance (uncommonness or rarity). The questions to be answered follow. Is Starry
solomon-plume in the swamp on Theodore Roosevelt Island a rare to uncommon species (both morphology and physiology class), does it have an
uncommon physiology (internal function or physiology class), does it
have a rare or uncommon relationship to the swamp (relation to external
environment) (this leads to whether the swamp itself might be unusual,
but the swamp is a different object than the species), is Starry
solomon-plume on the edge of its distribution on Theodore Roosevelt
Island or is it disjunct or does it occur in an unusual concentration
or pattern (position in space class), and finally, is this the location where this species originated (change through time class)? (In
the last class are also included extinctions. The site of the extinction of the Franklinia alatamaha tree in Georgia might fit this class.)
On a world scale Starry solomon-plume occurs only in North America
north of Mexico and south of southern Canada (Gleason, 1952, 1:426;
Fernald, 1950, p. 440). Experience has shown that in most cases these
regional floras are too general to give the details which are needed
for answering all of the above questions. Local floras for States or
even smaller units give the detail and by concslting several of these
local floras answers can be obtained with present knowledge. Statements in the floras generally give information of.the indigenous or
exotic status, abundance, relation to unusual environments like shale
barrens, geographic distribution (often to counties and sometimes even
greater detail), and theoretical or actual hybrid origins, and extinctions. These floras at least touch upon every phenomenon class except
perhaps physiology per se.
This species appears to be rare at least in this part of North America
and hence the world and may have edge of distribution overtones.
Shreve et al. (1910, p. 417) shows this species (Vagneria stellata (L.)
Morong • Smilacina stellata (L.) Dest.) in only one place in Maryland:
at Great Falls. Tatnall (1946) does not report the species for the
Delmarva Peninsula. Massey (1961, p. 69) shows it in only three
counties in Virginia. Hitchcock and Standley (1919, p. 123) also agree
on the infrequence of this species; they say it is rare in the District
of Columbia and vicinity. Strausbaugh and Core (1952, 1:240) sav it
is uncommon in West Virginia; they found it in only two locations in
the entire State. Jennings (1953, 1:126) makes no mention of frequence
for western Pennsylvania and the Upper Ohio Basin; however, he shows
the species in only six counties of western Pennsylvania and these are
mostly in the glaciated area of the northwestern part of the State.
It is possible that the species is more abundant elsewhere in its range,
but the data for hundreds of square miles around the Theodore Roosevelt
Island site do not indicate such an increase. Further examination
seemed unnecessary for the purposes of testing this method, particuiarly
in view of the following.
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A possible superficial reason for the rarity of this species is that it
occurs on or near the edge of its distributional range which in and of
itself is significant. It may even be disjunct in the Washington, D. C.
area. Gleason (1952, 1:426) shows the southern boundary of the species
to be Virginia, Indiana, Missouri, and California, and Fernald (1950,
p. 440) shows it as New Jersey, Pennsylvania, western Virginia, West
Virginia, Ohio, Indiana, Illinois, Missouri, Kansas, New Mexico, Arizona, and southern California. The three counties in Virginia listed
by Massey (1961, p. 69) are Arlington, which is right opposite Theodore
Roosevelt Island; Fairfax, which surrounds Arlington on three sides;
and Smyth, which is in southwest Virginia south of West Virginia.
Hitchcock and Standley (1919, p. 123) indicate by their list of localities that this species is mostly along the Potomac River. The Great
Falls site of Shreve e_t al. (1910, p.417) is also on the Potomac River.
It would appear then that the Potomac River area from Theodore Roosevelt
Island to Great Falls is a distributional area of this species which is
disjunct from an apparent main distribution north and west of the
Theodore Roosevelt Island-Great Falls area.
Similar analyses were made this year (1969) for 49 significant natural
phenomena (including Starry solomon-piume) and over 43 that failed to
show significance. These significant phenomena include plants, animals,
communities, and geologic features. Table 1 summarizes the number and
general kinds of features as found to date.
The tentative list of last year (1968) was distributed to the Superintendents of the (then) Natioaal Capital Region. The 92 phenomena were
distributed on about 157 sites in 24 parks. The work of the past year
has reduced the number of phenomena, aites, and parks. The present
status is summarized in Table 1.
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Table 1.--Defined and undefined parks, significant phenomena, and
legislatively based resource management category.
Number of significant
natural items
animals plants communities geology
Defined Parks
Anacostia Park
Archbold Parkway

'

1
2

Number
of
Sites

Resource Management
Category

1

Recreational
(Natural)

1

Natural

Baltimore-Washington
Parkway (includes
Greenbelt Park)

1

1

Recreational

Catoctin Mountain Park

5

8

Recreational

Chesapeake and Ohio
Canal (including the
National Monument)

1

4

6

Historical

11

7

18

Natural
(Historical)

1

Recreational

George Washington
Memorial Parkway

1

Glover Parkway and
Childrens Playground
Montrose Park

1
1

1

Piscataway Park

1

Prince William Forest
Park

1

Rock Creek and Potomac
Parkway
Rock Creek Park
Theodore Roosevelt Is.
Whitehaven Parkway

1

1

3

5

1

2

1

13

--

1

(Natural
(Historical
(Recreational

2

Recreational

2

2

Number of Research Natural
Areas

2

10

Natural

1

5

Natural

1

Natural

2

Table 1 (Con.)

Number of significant
natural items
animals plants communities geology

Number
of
Sites

Resource Management
Category

Number of Research Natural
Areas

Undefined Parks
Oxon Run Park

1

Potomac Palisades

1

Soapstone Valley Park

1

Totals

9

32

1

4

1

16

2

Natural

3

Natural

1

Natural

64

Defined parks are legislatively named or described; undefined parks are neither named nor described
legislatively.
See text for explanation of table.
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The legislation establishing these parks was examined and analyzed to
determine whether any legal justification existed for preserving the
significant natural phenomena found. In all cases except two, Rock
Creek and Potomac Parkway and Montrose Park, a resource management
goal (resource management category) was easily and clearly derived from
the laws. This information is summarized in Table 1. Please note that
the George Washington Memorial Parkway is in the natural category.
This is definitely not a typographical error. The legislation defines
and describes some historical areas of the parkway and does the same
for the natural scenery and forests which are to be preserved. There
are very few acres which are unaccounted for by the law. This parkway
is an anomaly in that recreation is not by law a resource management
goal as it is for the Blue Ridge Parkway.
In addition to determining some of the significant natural phenomena,
certain areas were discovered which have natural boundaries and within
which no current and direct human disturbances are taking place. These
appear to qualify as Research Natural Areas. The tentative number of
such areas found is shown in the last column of Table 1 for each park.
DISCUSSION:

The identification of significant natural phenomena
(features) at a particular site should not be confused
with the research needed to understand the phenomenon in question.
There will naturally be an overlapping of information. In the example
given with Starry solomon-plume, research is needed to answer the questions as to why it is rare or uncommon and what factors are responsible
for either its disjunction or occurrence at the edge of its range. One
of the first studies to begin answering these questions would involve
delving into the literature, particularly the "local" floras covering
the parts of its range north and west of the areas I checked out. Such
a study would also include both herbarium study and fieldwork to get an
accurate picture of the total distribution of the species and its relative abundance throughout its entire range. Such a study would provide
a solid foundation upon which to make an investigation of limiting and
other factors which influence its ecology and distribution.
One of the confirmations for the validity of the method for determining
significant natural features (phenomena) is that very few areas actually
qualify. Significance, you will recall, is based on rarity or uncommonness. According to the Reservation List of the National Capital Region
there are almost 700 reservations or parks. Only about 100 (1968 Annual
Report, p. 87) had wild lands to be investigated for significant natural
phenomena. The reservations investigated varied in area from less than
an acre to about 12,000 acres. Of these only 17 parks contained significant natural phenomena (see Table 1). This means that only about
17 percent of the forested, swamp, or marsh areas in the National Capital
Region contained significant natural phenomena or only about 2 percent
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of the total number of park reservation* in the Region. The actual
extent of the significant sites themselves, of course, is much less,
for no site covers the entire park.
After significant phenomena have been determined for a site, it is
possible to rate the site in a quantitative manner by totaling up the
number of "significant points." In the example given with Starry
solomon-plume, one point would be given for its rarity and another
for its distribution behavior. The site with the highest number of
points will be proportionately more important. For example, assume
for the moment that the parks listed in Table 1 are all sites (the
parks are small compared to a great many national park areas). Assume
also that each park had received equal and proportionate (to the area)
investigation. (That was not the case in reality for that was not the
purpose of the survey; the purpose was to try out the method on a
variety of material.) Thirdly, assume that each natural item in Table
1 rates only one point. This would place the George Washington Memorial Parkway first with 19 points and Rock Creek Park second with 10
points. To remove one of our assumptions now, for an example, do not
consider the parks in Table 1 as sites. Parks themselves can be compared on the number of significant sites or on the area of significant
sites. A more accurate way would be to determine the percent of significant site area compared to the total park area. Then the percentages of different parks could be compared. In comparing the parks on
mere number of sites, the George Washington Memorial Parkway would
again rank first with 18 points (Table 1 ) .
If studies were more quantitative for determining rarity of phenomena
like species, then our quantitative comparisons would become even more
accurate. It must be remembered, however, in making comparisons that
each significant natural phenomenon is equally as important as any
other significant natural phenomenon. For example, if two sites are
equally studied, and one site has five rare species on it and the other
has five species which occur at the edge of their distribution at that
site or are disjunct at that site, it would not be valid to say that
one site was more or less important than the other for we are dealing
with two different classes of phenomena each important in its own way.
It can be expected that scientists in different disciplines would have
a tendency to want to place more importance on the kinds of phenomena
that interest them. The approach taken here, however, is for a broader
scientific base than this.
CONCLUSIONS:

The method which has been developed is both objective
(repeatable) and scientifically based. It works in a
variety of situations with botanical, zoological, and geological material. It should prove to be a valuable technique for use by resource
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managers and planners who need to know the natural history significance
of various sites within a park. It would also be of use in New Area
Studies, for national significance as
criteria for national park
areas has never been defined (see NTS Criteria for Parklands, 1967).
The sites and phenomena discovered during the testing process should
provide the beginning for a solid basis for natural resource management in these 17 parks.
PLANS FOR
1970:

Analyses will be completed and a complete report or
reports will be written to cover the project.
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ECOLOGY OF NONNATIVE MOUNTAIN GOATS IN
OLYMPIC NATIONAL PARK
(OLYM-N-15)

INVESTIGATOR:

Bruce B. Moorhead

OBJECTIVES:

To describe and quantify the population characteristics
and trend of introduced mountain goats (Oreamnos amerlcanus), and to determine their uses and effect upon native plant communities and endemic plants.

METHODS:
1.

Review literature available about mountain goats, including
introduced populations elsewhere. Assemble and interpret
historical information about the goats released on the
Olympic Peninsula and subsequent population activity.

2.

Extensive foot surveys locating the goat population as it
is distributed presently and related to available habitat.

3.

A detailed investigation of the goats in the vicinity of
Mt. Angeles and their habitat relationships, including:
close observation of group structure, changes, and spatial
uses of the habitat; observation of individually marked
animals; intensive plot sampling of vegetative components,
their seasonal changes and intensity of use by goats, caged
plot comparisons of feeding sites, and timed feeding observations.

4.

The information obtained on Mt. Angeles will be compared
with other sites variously, or potentially, used by goats.
Collectively the results will be analyzed to provide substantial estimates of the goat situation at large in the
park, with special implications for management.

RESULTS AND
DISCUSSION:

This investigation began in July 1969. It will continue
through 1970 and be completed in 1971. Work in 1969 related to the first two methods cited above.

Although mountain goats occur commonly in the Cascade Mountains of central
Washington, they have never naturally migrated into the rather isolated
mountains of the Olympic Peninsula in northwestern Washington. Goats
presently found through the eastern half of the Olympic Mountains trace
back to 12 individuals released by U.S. Forest Service and local county
officials about 10 years before the park was created. The first group
of four was captured near Banff, British Columbia, and liberated in 1925.
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A second group of eight, obtained from apparently two locales in southern
Alaska, was released in 1929. All were introduced along the northern
edge of the peninsular mountains in the vicinity of Mount Storm King.
The intervening 40 years have seen a population establish and disperse
through the interior Olympic Mountains. The present distribution is
characterized by at least four population centers: two are near the
original release sites, another is midway along the eastern boundary of
the park, and the last is in the south-central mountains. Outlier bands
from these population centers occur in three locales just outside the
eastern boundary of the park in Olympic National Forest. Each of the
nuclei groups in the park has approximately 25 to 50 individuals. The
largest group observed (53) is on Mt. Angeles on the north end of the
park. The total population is estimated at 250 to 300 and increasing
slowly.
Scattered, small family groups of two to five, or lone animals, have
been sighted in the most remote sectors of the interior in recent years.
This suggests that most subalpine and alpine sites have either been
visited by transient goats or are being colonized and used in some regular manner. The collective influence of goats on plant communities
that have evolved without them is not known, nor is their particular
effect on the six endemic plant species and two varieties that occur
in the high places of these mountains.
PLANS FOR
1970:

Begin intensive study of the Mt. Angeles goat population
and its interactions with the plant communities. Continue extensive surveys of goat distribution through the
interior mountains. Prepare a paper for presentation at Northwest Section meeting of The Wildlife Society in March 1971.
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MANAGEMENT STUDIES OF HUMAN IMPACT ON BIOTIC COMMUNITIES
OF OLYMPIC NATIONAL PARK
(OLYM-N-16a)

INVESTIGATOR:

Bruce B. Moorhead

OBJECTIVES:

Extensively identify and measure adverse changes in
alpine, subalpine, and river bottom communities and
determine the capacities of these biota to absorb human and packstock
uses.
METHODS:

The investigation began in June 1969 and will continue
in this phase through 1972. The timely need is for an
extensive survey of existing conditions and diagnoses for immediate
management improvements. Manifest problem sites will be the first examined and are scheduled according to season of accessibility, their
recreational popularity, and evident deterioration.

Information is assembled and interpreted on a permanent form devised
with both the researcher and area manager in mind. The ecological
attributes of each site are detailed and mapped. Permanent line intercept and photo plots are established appropriate to the size and topography of the site. The causes of plant and soil disturbance and evident
trends are specified, as are factors limiting recreational use of the
site. A management diagnosis and recommendation is made on the initial
survey.
RESULTS AND
DISCUSSION:

Initial surveys were completed in Seven Lakes Basin, a
large subalpine complex of sites, and on sites scattered
along 17 miles of Elwha River valley trail. Four cage
plots were located on the Elwha where sites are importantly used by
horses in the summer and elk in winter.
Dr. Lawrence Bliss with a student, Katherine Bell, expanded his alpine
ecology studies in the Olympics (OLYM-N-9) to include a close examination of alpine plant responses to simulated trampling treatments, and
submitted a manuscript of progress.
PLANS FOR
1970:

Make new surveys of Quinault River sites and a more detailed examination of Seven Lakes Basin. Horse uses
will be given increased attention.
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DISTRIBUTION AND MIGRATION OP WAPITI IN
ROCKY MOUNTAIN NATIONAL PARK
and
SHADOW MOUNTAIN NATIONAL RECREATION AREA
(ROMO-N-7a)

INVESTIGATORS: Edmund J. Bucknall
David R. Stevens
OBJECTIVES:
1. To determine the normal seasonal movements of herd subunits and general migration routes of the elk herd.
2.

To determine the movements of individual elk between herds
and drainages.

3.

Determine the correlation between meteorological and phenological phenomena with individual and herd movement behavior.

METHODS:
1.

Construct and operate a portable elk live trap on the winter
range of the east slope of the park to neckband and tag as
many elk as possible.

2.

Utilize air and ground observation trips during all seasons
to observe the movements of marked animals. Record pertinent
data on all observations.

RESULTS AND
DISCUSSION:

This study was initiated in 1961 under the Cooperative
Elk Management Agreement between the National Park
Service, Colorado Division of Game, Fish, and Parks,
and the Roosevelt National Forest. The main goal was to find a solution
to the apparent excess elk population. A total of 284 elk were neckbanded and released on the east slope winter ranges from 1962 to 1967.
The elk were marked with different colors to indicate trap site and year
of banding. Although metal tags were also placed in the ears, there was
no easy way to recognize individual elk from a distance. Considerable
information was compiled concerning the movements and herd population
components.
These results were reported by Guse et al_ (1965) and Gill (1966 and
1967). Recommendations were published by Gill (1968) and were considered
the final report for active studies by the State. Although the information obtained is of considerable value for management of this population,
since no elk could be individually recognized, objective number 3 has not
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been met. This information is considered necessary to further perfect
management techniques, primarily the setting of hunting seasons outside
the park or planning removals inside the park to reduce particular population segments. The continuation of this study was therefore believed
necessary.
The traps used for original marking were large permanent structures in
Moraine and Horseshoe Parks. Since they were poorly located and incongruous with the rehabilitation of these areas, they were dismantled in
1967. In 1968 a portable elk trap was constructed and erected on the
edge of Moraine Park in October. It was specially constructed from
light materials to be helicopter transportable. Materials included aluminum angle (2 X 2 X 1/8"), woven wire and burlap. This feature was believed important since future plans called for trapping on the summer
ranges. During the study period (1969) the trap was tested. It was
designed to be used either for driving elk by helicopter or baiting them
in. Although the entire trap, including the drive wings were erected,
it was rigged primarily for baiting in 1969. There was no trouble getting
elk into the main pen by baiting with alfalfa hay. It was found that this
technique, however, was only successful during severe weather conditions
with good snow cover, generally since these ranges are open and natural
foods are easily available to the elk. Upon capture of the first group
of elk it was found that the main pen was not strong enough as constructed
to hold elk. Several attempts were made to strengthen the panels, but
all proved unsuccessful. Finally, when the spring green-up made baiting
no longer effective, it was decided that the main pen would not suffice
for trapping elk. "No elk were satisfactorily handled by the trap during
the period.
PLANS FOR
1970:

2.

1.

Reconstruct the portable elk trap using solid wooden
panels that are available through the Colorado Division of Game, Fish, and Parks.

Continue with plans to mark elk and observe movements.

REFERENCES CITED:
Gill, R. B. 1966. Elk seasonal movements and population components,
Rocky Mountain National Park. Colo. Game Res. Rept. July:219-233.
. 1967. Elk seasonal movements and population components,
Rocky Mountain National Park. Colo. Game Res. Rept. July:189-219.
. 1968. Elk management recommendations, Rocky Mountain Cooperative Elk Study. Colo. Game Res. Rept. Part III, July:357-364.
Guse, N. G., Jr., L. Carr, B. Rice, and R. N. Denny. 1965. Preliminary report - Rocky Mountain Cooperative Elk Studies.
Colo. Game Res. Rept. July:77-120.
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UNGULATE WINTER HABITAT STUDY IN
ROCKY MOUNTAIN NATIONAL PARK
and
SHADOW MOUNTAIN NATIONAL RECREATION AREA
(ROMO-N-8a)

INVESTIGATOR:

David R. Stevens

OBJECTIVES:
1.

Determine the condition and trend of the winter habitats.

2.

Determine departures from natural succession as affected by
ungulate populations and relationships to the activities of
man.

3.

Formulate management objectives and criteria for ungulate
populations.

METHODS:

Thirty-one vegetation transects established in 1968 were
remeasured for the degree of utilization. Nine new
transects were established with four on meadow vegetation types, one on
xeric grassland, and one on bitterbrush on the east slope winter ranges.
Three were placed on willow on the North Fork of the Colorado River.
Pellet group counts were initiated on five l/100th acre plots on each
transect to determine trends in annual use. Canopy coverage and species
frequency was measured on all new transects. Four agronomy cages were
placed on the alpine tundra-type on Trail Ridge to measure utilization.

Grasses are considered the key elk forage on the east slope. Willow and
aspen are heavily used so conditions are also monitored. On the west
slope, willow is considered the key elk forage. On deer ranges, bitterbrush and big sagebrush are considered the key forage species.
RESULTS AND
DISCUSSION:

Use on the wet meadow-type was estimated at 33 percent
on the four study plots in Horseshoe Park, Beaver Meadows,
and Moraine Park. These areas are considered the primary
food source for elk. On the xeric grassland areas utilization remained
high with bunchgrasses, mountain muhly (Muhlengergia montana) and needleand-thread (Stipa comata) receiving 41 percent and 87 percent, respectively.
These plants on the sagebrush (Artemisia tridentata) and ponderosa pine
shrub-types received considerably less use.
The xeric grassland areas continue to remain in a disclimax successional
stage primarily as a result of heavy elk use. Exclosure studies indicate
rapid changes in this type with relief from grazing. These same changes
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do not appear on climax type which have been excluded from grazing.
Studies do not necessarily indicate deterioration outside exclosures but
no improvement is indicated. Probably with the present elk population
densities on these ranges, normal succession will not progress to climax. However, it will take continued monitoring to determine the actual
trend of the type. As long as continued deterioration is not evident no
elk population regulation within the park is recommended.
Willow utilization remained high with 68 percent of the plants heavily
hedged and 78 percent utilization. Succession toward the wet meadow
types is indicated on the lower ranges. Aspen stands also continue to
receive heavy use. Willow on the North Fork of the Colorado River showed
40 percent of the plants to be severely hedged with 60 percent utilization. This area is particularly suited to willow and protection is provided by snow depths in winter; therefore, the use is not considered
excessive.
Measurements on the alpine tundra of Trail Ridge showed light use.
grasses (Poa spp.) was found to be most heavily used.

Blue-

On the deer range of the east slope utilization of bitterbrush (Purshia
tridentata) did not change significantly. Utilization was 61 percent
and 58 percent in 1968 and 1969, respectively. This use is near the
maximum allowable. Mortality of plants is light with only two dying out
of 175 tagged in 1968. Utilization of sagebrush also remained relatively
constant with 26 percent and 28 percent utilization in 1968 and 1969,
respectively. An increase in decadent plants was noted.
The browse species on the key deer ranges appear to be in precarious
balance with the populations at present. The changes taking place are
rather subtle and a longer period of study is needed to establish trends.
PLANS FOR
1970:

1.

Continue to monitor utilization and trend on established transects.

2.

Establish new transects where necessary.

3.

Utilize agronomy cages and exclosures to determine utilization
more precisely by clipping and weighing.
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VEGETATION COMMUNITY STUDIES,
ROCKY MOUNTAIN NATIONAL PARK
and
SHADOW MOUNTAIN NATIONAL RECREATION AREA
(ROMO-N-12)
INVESTIGATOR:

David R. Stevens

OBJECTIVES:
1.

To describe and classify the sub-alpine communities of the
park.

2.

To document natural successional patterns.

3.

To determine departures of the current vegetation from
primeval.

METHODS:

The methods followed those outlined in the 1968 report.
In classification and description of vegetation communities, fieldwork included general reconnaissance, listing the dominant
plants and quantitative sampling. The sampling consisted of noting presence and estimating cover in 2 x 5 dm plots along a 100-foot line
(Daubenmire, 1959). In most cases, 21 samples were taken per site.
Shrub intercept along the line was also recorded (Canfield, 1942). The
quantitative sampling has been completed on 40 sites in several of the
vegetation types of the Upper Montane Region.
RESULTS AND
DISCUSSION:

Efforts during this period are concentrated on determining successional patterns in the Upper Montane Forest
Region.

On the xeric upland sites with generally southern exposures, two vegetation types appear to represent the climax vegetation. A Ponderosa pine
(Pinus ponderosa) shrub-type (9 sites) and a sagebrush (Artemisia tridentata) type (4 sites). Several factors affecting which type will be present on a particular site include substrate, topography, precipitation,
wind, and exposure.
Successional patterns (Fig. 1) suggested by the observations show that
with heavy grazing or fire they will retrogress to a grassland type, the
Muhlenbergia montana/Stipa comata/Artemisia frlgida community (9 sites).
The continuum aspect of such succession must be stressed. With continued
deterioration from climax the mountain muhly is replaced by blue grama
(Bouteloua gracilis) or cheatgrass (Bromus tectorum) and rabbitbruah
(Chrysothamnus viscidiflorus) may invade.

155

PGNDEROSA PINE / SHRUB TYPE
(shallow rocky soils)

BIO SAGEBRUSH TYPE
(deeper soils, no overstory)

Purshia tridentata / Huhieribergia montana
understory community (climax)

Artemisia tridentata / Carex spp.
coiiununity (climax)

Figure 1. Tentative successions!, patterns on the ponderosa pine / shrub
and big sagebrush vegetation types on the Upper montane Region
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The aspen stands of the Upper Montane Region appear to take on two forms.
Young stands which have obviously erupted after fire and which are very
unstable indicating rapid succession to conifer. The other is associated with mesic swales and along water courses. They have older trees
and appear to be more stable, approaching a climax condition on some
sites. This type may also be related to fire but succession has resulted
in stands remaining only on sites particularly favorable to aspen. The
understories are also related to soil and moisture conditions and are
quite lush in some locations. Common grasses are bromes (Bromus spp.),
bluegrasses (Poa spp.) and timothy (Phleum pratense). Ungulate grazing
on root suckers has in many cases increased the rate of succession to
conifers.
In the mesic bottomlands of the four meadow areas on the east slope, the
vegetation is characterized by intermingling of communities which are
related to past disturbance. The most prominent changes by man were
through irrigation and the seeding of exotic species. Abandoned pasture
land is dominated by timothy, smooth brome (Bromus inermis) and Kentucky
bluegrass (Poa pratensis). Noxious weeds such as Canada thistle (Cirsium
arvense) and leafy spurge (Euphorbia esula) are also associated. Recent
eradication programs with herbicides directed at these species have further affected the ecology of these areas. Old irrigation ditches which
are present in several areas may still run water during the high water
period which increases the moisture availability and helps to maintain
the unnatural conditions. Since the exotic plants are so well established and appear to be also well adapted to the sites, the succession
back to the natural vegetation may never take place.
Along many of the stream courses and associated with beaver activity is
the willow type. The most common species are Salix monticola. S. planifolia, S_. bebbiana, and S_. subcoerulea. Associated shrubs are bog birch
(Betula glandulosa) and alder (Alnus tenuifolia). The understory is
generally dominated by a Canadian reed-grass (Calamogrostis canadensis)/
sedge (Carex aquatilis) community. Natural succession which is accelerated by ungulate grazing in many areas is to a wet meadow type dominated
by this community. On drier sites where the water table appears to have
dropped, the succession is to a shrubby cinquefoil (Potentilla fruticosa)/
bluegrass (Poa spp.) community. Many intermediate ecotonal vegetation
communities are also present which are related to moisture availability.
PLANS FOR
1970:

1.

Refinement of descriptions and classifications will
be continued.

2.

Quantitative measurements will be made concentrating on the
sub-alpine areas.

3.

Recent aerial photos will be studied and the vegetation cover
map brought up-to-date.
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UNGULATE ECOLOGY STUDIES IN
ROCKY MOUNTAIN NATIONAL PARK
and
SHADOW MOUNTAIN NATIONAL RECREATION AREA
(ROMO-N-13)
INVESTIGATOR:

David R. Stevens

OBJECTIVES:
1.

To determine the year-round distribution, habitat use, and
food habits of elk, deer and bighorn sheep in Rocky Mountain
National Park.

2.

To obtain quantitative data on population dynamics of the
three species.

3.

To obtain data on other ecological relationships of the
three species.

METHODS:

As prescribed in the 1968 report, routes were traveled
periodically throughout the year to record locations,
activity, vegetation types, exposures, weather conditions, markings,
and other pertinent data for the animals observed. Routes were changed
as necessary to correspond with migration patterns. The park was also
covered four times by helicopter in January, March, June and December
to supplement the ground observations and provide better data on the
overall distribution. Feeding animals were observed and amounts and
species of plants used were recorded on 68 elk and 49 deer feeding sites.
Other data on the ecology of the species was recorded as observed.
RESULTS AND
DISCUSSION:

A total of 106 field trips were made on the ground in
1969 to record the basic data on the ungulates observed.
Observations on the summer ranges were increased over
1968. Data was obtained from 327 observations of 6265 elk, 143 observations of 834 deer and 13 observations of 89 bighorn sheep. Bighorn sheep
studies continued under ROMO-N-lb and a final report is due. Intensive
sheep studies were not made under this RSP during the period.

Elk. Winter distributions of elk in 1969 were similar to 1968.
Thirty percent of the elk were found on the alpine tundra, primarily on
Trail Ridge, Forest Canyon Pass and Mummy Mountain areas. This ia a
slight but not significant increase over 1968. About 5 percent wintered
along the willow bottoms of the North Fork of the Colorado River west of
the Continental Divide. The remainder utilized the lower east slope
areas similar to 1968. Use of vegetation types indicated increased use
of willow with a resulting decrease in the use of wet meadow since the
two types together accounted for 66 and 70 percent of the observed use
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in 1969 and 1968, respectively. Winter foods were again primarily
grass (88 percent), and browse was less important in the 21 feeding
sites than observed in 1968.
Movement off the winter range occurred in May. Considerable calving
apparently takes place during the migration, since small calves were
observed near treeline the first week of June. Vegetation types used
in summer were primarily willow krummholz, spruce/fir krummholz and
herbaceous sub-alpine parks which together accounted for 88 percent of
the observations. Forbs formed 77 percent of the use on 16 feeding
sites with clover (Trifolium spp.) and sages (Artemisia spp.) used most
frequently.
The first sign of breeding was in early September, when distributions
had not changed significantly over summer. Heavy snows early in
October, however, initiated mass moves to lower elevations during the
breeding period. A considerable number apparently moved outside of the
park at this time. With the hunting season in October and mild weather
later, populations increased on the east slope winter ranges in the
park, indicating that a portion of these animals returned. By late
November and December elk distributions appeared to be back to normal.
Winter 1968-69 observations indicated an elk herd composition of 18
percent males, 55 percent females, 6 percent yearling males, and 21
percent calves.
Deer. Winter range use by deer showed no significant changes from
1968. The ponderosa pine/shrub vegetation type received most of the
deer use--66 percent of the observations. The use of shrubs by deer
increased according to feeding site examinations to 87 percent of the
total, while grass use decreased from 1968. This change was related to
the fact that cheatgrass (Bromus tectorum) did not green up as early on
the south slopes. Grass use did increase in the spring as expected.
Deer summer range use concentrations appear to be on the krummholz types
as treeline and the sub-alpine herbaceous parks and surrounding spruce/
fir types. Forbs composed the diet on two feeding sites examined with
Anemone (Anemone narcissiflora) the most frequent.
The deer herd composition was observed to be 14 percent males, 57 percent females and 26 percent fawns during that period.
PLANS FOR
1970:
2.

1.

Ground observation trips will continue to obtain
habitat use and food habit data.

Ground and aerial observation trips will continue to obtain
distribution data concentrating on spring and fall periods.
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CRITICAL FACTORS DURING THE FIRST YEARS OF
LIFE OF THE SAGUARO CACTUS IN SAGUARO NATIONAL MONUMENT
(SAGU-N-23a)
INVESTIGATOR:

Warren F. Steenbergh

OBJECTIVES:
1.

To delineate and describe critical factors regulating germination and establishment of saguaro cactus in the principal
habitats within Saguaro National Monument.

2.

To determine the relative status and trend of saguaro seedling establishment in the principal monument habitats of
this species.

METHODS:

Field observations on wild seedlings, and field germination and survival experiments were initiated at the
eastern (Rincon Mountain) section of the monument in 1965. Experimental
studies were extended to the western (Tucson Mountain) section in 1967.
Relative rates of seed attrition and germination success in various
representative saguaro habitats were tested by broadcasting seed within
preestablished plots and exclosures and observing the resulting germination under natural climatic conditions. After germination, periodic
observation of seedlings was made to determine seedling growth, survival
rates and causes of mortality under these same conditions. Concurrent
observations on relevant climatic, edaphic and biotic factors were also
made. Transplanted seedlings were also used to obtain additional data
on seasonal mortality.

Observations on previously established seedlings were continued in 1969
together with small-scale seeding experiments to obtain further information on the effects of harvester ants, birds and rodents. Further rearing and feeding of seedlings to insects was carried out to establish
their identity and predatory potential. Limited trapping and field
observation of rodents was done to obtain additional information on
relevant habits of feeding and behavior.
Periodic observations on transplanted pots of 4-month-old cultured saguaro seedlings set out on December 31, 1968, were carried out to obtain
information on climatically caused winter mortality. Pots containing
approximately 100 seedlings each were placed in wire mesh exclosures at
each of three ecologically, different sites in the northwestern portion
of the Rincon Mountains (eastern) section of the monument; the "flats,"
a rocky south-facing slope, and the opposing rocky north-facing slope.
Minimum temperatures and seedling deaths were recorded on December 31,
1968, and approximately 1-week intervals thereafter until April 1, 1969
(Table 1 ) .
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Table 1.--Climatically caused winter mortality of first year saguaro
seedlings at Saguaro National Monument (east), December 13, 1968 to
April 1, 1969. Low-minimum temperatures for the year occurred between
December 13-31, 1968. Approximate elevation at the flats site is 2,850
ft.; at the rock site, 3,150 ft.

Location
Flats

Low-minimum
Temperature (°F)

Living seedlings
Dec. 13
April 1

Percent
Survival

17°

92

60

65.22

S. Slope

22°

109

109

100.00

N. Slope

19°

107

36

33.64

Rocks

RESULTS AND
DISCUSSION:

A report on the first phase of this study appears in
Ecology (Steenbergh and Lowe, 1969). Preparation of the
final report on this project is in progress. Field experiments and observations intended mainly to further support or supplement
previous results, because of their minor nature, are not included here,
but will be used in the preparation of the final report.
Differential winter mortality during 1968-69 of transplanted seedlings
is shown in Table 1. Compared with the south slope, minimum temperatures
were consistently lower on the north slope (mean difference -1.86°F,
range +1 to -5°F), and in the flats (mean difference -3.93°F, range
-2 to -5°F). As compared with the "flats" site, the higher mortality on
the north slope is attributed to the effects of slope exposure and to the
longer periods of extreme low temperatures to which the seedlings were
exposed. Lower minimum temperatures in the "flats" are attributed to
accumulated drainage of cold air and temperature inversion.
Winter measurements on naturally growing first year seedlings established
on opposing north-and south-facing slopes by experimental seeding suggest
a further cause of high seedling mortality on north-facing slopes. Stem
measurements taken on February 14, 1969, showed a significant difference
(P <.001) between the stem height of a sample (N"ll) of north slope seedlings (mean 2.18 mm. T .12 range 2 to 3 mm.) and seedlings (N-30) on the
opposing south slope (mean 2.67 mm. * .15 range 1 to 5 mm). The lesser
height of north slope seedlings reflects their inability to take up water
(despite abundant soil moisture) from early winter rains. Thus, despite
the seemingly more favorable moisture relationships on north slopes,
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seedlings growing on north slopes would be subject to critical water
stress during the following arid foresummer.
Differences in the initial growth rate of saguaro seedlings in rocky
and non-rocky habitats are evident in February 1969 stem diameter
measurements graphed in Fig. 1. The differences between the mean diameter of the flats sample (non-rocky habitat) (4.361 + .085 ram.) and the
two samples from the rocks (3.776 + .076 mm. on the south slope, and
3.545 + .157 mm. on the north slope) are significant at the 95 percent
level of confidence (P <.001). The faster growth rate for seedlings
growing in the non-rocky habitat is attributed to the longer periods
of plant-available soil moisture in the finer textured soils of these
habitats.
Identification of insects associated with destruction of saguaro seedlings in incomplete. However, results indicate that a variety of insects belonging to several different orders will feed upon saguaro
seedlings when other food is not available. These appear to be nonspecific in their feeding habitats. These include species of beetles,
grasshoppers, crickets and cutworms. Cutworms are voracious consumers
of saguaro seedings and particularly active during and immediately
following wet periods.
CONCLUSIONS:

Conclusions concerning the earlier results have been
published (Steenbergh and Lowe, 1969). Preparation of
a comprehensive final report to be published by the National Park Service
is in progress. Conclusions offered here are tentative, subject to further evaluation as the final analysis of data from this project progresses.

Within the types of habitats examined, germination and early (pre-winter)
survival appears to be limited not by any gross physical characteristics
of the environment, but by a few species of animals. These animals,
noteably rodents and birds, are naturally associated with the saguaro
community, and are to some degree dependant upon the saguaro for their
survival.
Winter seedling mortality is importantly related to climatic factors,
namely the occurrence of critical minimum temperatures. Climatically
caused differential mortality of saguaro seedlings occurs on north, and
south-facing slopes and flat habitats within Saguaro National Monument.
The lowest winter mortality occurs on south-facing slopes, these having
the highest winter minimum temperatures of any of the three habitat
types. The highest winter mortality occurs on north-facing slopes where
freezing is a primary cause of winter seedling deaths, and may entirely
account for the low density or complete absence of young saguaros from
these habitats. Freeze-caused saguaro seedling mortality in flat habitats is much higher than on south-facing slopes, but is lower than on
north-facing slopes. Winter climatic conditions in this habitat are
marginal for seedling survival.
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figure 1.

Means, 95% confidence interval and range of heights and
diameters of naturally growing saguaro seedlings (germinated
July 1963) measured February 13-14, 1969. Stem diameter is
maximum diameter measured above cotyledons; stem height
measured from cotyledons.
A: Stem height, rock, north slope (N»1]);B: Stem height,
rocks, south slope (N=30); C: Stem diameter, rocks, north
slope (N«ll); U: Stem diameter, rocks, south slope (N=98);
E: Stem diameter, flats (N-119).
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STEM MEASUREMENT
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(mm)

PLANS FOR
1970:

Completion of a jointly authored book-length final
report combining the results of this study with the
results of Dr. Charles H. Lowe's investigations on the
physiological ecology of the saguaro (SAGU-N-2a, 3, 4a, 6) to be published by the national Park Service.

REFERENCES CITED:
Steenbergh, W. F. and C. H. Lowe. 1969. Critical factors during
the first years of life of the saguaro (Cereus giganteus) at
Saguaro National Monument. Ecology 50:5 (in press).
PUBLICATIONS:

As cited above.
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POPULATION DYNAMICS OF THE SAGUARO CACTUS
(SAGU-N-26)

INVESTIGATOR:

Warren F. Steenbergh

OBJECTIVES:
1.

Delineate and describe the existing saguaro populations
of the monument in relation to the principal types of
habitat and ecological situations in which they occur.

2.

Detect and measure long-term trends of these populations.

METHODS:

Samples consisting of saguaros up to one meter tall were
selected from populations in each of the two sections
of the monument, these to be used to establish sire-age relationships,
and to compare growth rates. All plants were measured in February 1969.

An unprogrammed study involving photographic documentation and plot
analysis of lightning damage to saguaro cacti was undertaken (Figs.
1 and 2 ) .
A search for old photographs and historical records was undertaken.
Saguaro study plots established in 1941 were relocated for use in evaluating population trends. Photographs were taken to document the effects
of grazing, fire, -senescence, visitor impact and other factors on saguaros and saguaro habitat (Figs. 3 and 4 ) .
RESULTS AND
DISCUSSION:

The first apical growth measurements on young saguaros
(N-35) (western section) revealed several causes of
deviation from regression of normal growth. Below normal growth occurred in eight plants associated with the following conditions: Rodent tunneling beneath the plant, proximity to erosion channels,
prior injury by freezing or other factors, physical damage by vandals,
intraspecific competition (with other young saguaro), and interspecific
competition (with creosote bush). Above normal growth was observed on
two plants growing in silty soils subject to flash flooding.
All six 5-acre 1941 saguaro study plots were located and partially reestablished. Approximately one-half of the original 1941 photo points
of Paul C. Lightle were relocated, subjects rephotographed, and permanent photo-point markers installed.
A search of the Homer L. Shanta photo collection produced approximately
70 potentially useful photographs dating back to 1931. Tom Carroll,
a monument employee, uncovered what may be the oldest written observation on the "Cactus Forest" from the Journal of Lieutenant Bigelow,

1:7

CAPTIONS FOR FIGURES

Fig. 1 Destruction of a 10.8 m saguaro cactus caused
by lightning on September 4, 1969.
A: Four days after death the dark-brown strikestreak on the stem and south arm (arrows) is evident.
Note severed arms and shattered upper stem sections
strewn about the base of the plant. Decapitated,
rebranced saguaro in the background may be the victim of previous, non-lethal lightning damage.
B: Sections of normal and lightning damaged cortical tissues cut approximately 92 hours after injury,
(1) firm, yellow-green tissues from undamaged
west arm, (2) soft, brown tissues from south arm
(section through strike-strieak), (3) yellow-green
tissues from trunk of healthy saguaro, and (4)
blackish-brown tissues from the trunk of the stricken
plant.
C: Two months after death undamaged west arm (bottom)
is still green and firm despite needle punctures and
flood of black bacterial ooze (arrow) from overlying, decomposed, lightning damaged south arm.
D: Section from west arm (at arrow) shows no significant tissue breakdown 10 weeks after initial injury
Photographed September 8 (A, B ) , November 5 (C) and
November 15 (D), 1969.
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Fig. 2 Distinctive characteristics of lightning
injury to saguaro cacti.
A: The apical strike-point is marked by blackened
and dessicated tissues (plant no. 6, basal arm).
This definitive characteristic may be obscured by
crushing when the tip strikes the ground.
B: The strike-streak is defined by a pair of
dessicated and contracted pleats (arrow) adjoined
by normally turgid pleats. Toppled stem section
of plant no. 2, see D beneath.
C: A chaotic jumble of broken stems and explosively
severed arms surrounds the standing, dead stumps of
a stricken proximate pair of saguaros (nos. 3 and 4).
Exposed whitish tissues at base of up-ended arm in
the center of the photograph indicates a healthy
stem condition at the time of dismemberment.
D: Explosive
appears to be
Three uprignt
18 days after

shattering of stem above arm juncture
a common result of lightning injury.
arms show no sign of damage or decay
injury (retention of arms is unusual).

Photographed September 22 (A, C, D) and September 24
(B), 1969.
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Fig. 3. Grazing impact on the vegetation of nonrocky desert habitat 17 (elev. ca. 2900 ft.) at
the original Saguaro National Monument, east of
Tucson, Arizona.
Upper photo: Ungrazed vegetation. This site,
400 ft. inside the west boundary of the Monument
has been protected from livestock grazing since
1958 when the area was fenced, and all cattle were
removed. Note the vigorous condition of shrubs.
Desert zinnia (Zinnia pumila) and full clumps of
fluffgrass (Tridens pulchellus) in the foreground.
A few seedling saguaros occur here in protected
situations.
Lower photo: Currently grazed vegetation. This
site, 450 ft. west of the above location, has been
subjected to continuous grazing by domestic livestock since the latter part of the 19th century.
Note the close cropping of fluffgrass (Tridens
pulchellus, scattered clumps in the foreground)
and severely hedged desert zinnia (Zinnia pumila,
adjacent to Rapidograph pen). Vigorous shrubs in
background are burroweed (Haplopappus tenuisectus)
which is not only worthless as forage but is poisonous to cattle that are forced to feed on it.
Photographed August 7, 1969.
1/ Lacking bedrock outcrops.
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Fig. 4.

Grazing impact on rocky desert habitat at
Saguaro National Monument (elev. ca. 3200 ft.),
northwestern foot-slope of Tanque Verde Ridge.
Upper photo: Vegetation protected from livestock
grazing since 1958. Vegetation includes foothill
paloverde (Cercidium microphyllum), ocotillo
(Foquieria splendens), sandre-de-drago (Jatropha
cardiophylla) and prickleypear cactus (Opuntia
englemanni). Conspicuous ground-cover of perennial grasses includes bush-muhley (Muhlenbergia
porteri), Arizona cottontop (Trichachne californica)
slender grama (Boutelous filiformis) and sideoats
grama (Bouteloua curtipendula).
Lower photo: Currently grazed vegetation subject
to historic and continuing grazing by domestic
livestock. This site is approximately 25 ft.
south of the above photo-point. Perennial plant
species are the same as in the above photograph.
Grasses, cropped to a height of one inch, are not
identifiable; both density and coverage seem to
be reduced.
Comparison of esthetic qualities as well as biological implications — the effect on soil, plants,
vertebrate and invertebrate animals — of these
grazed and ungrazed landscapes is invited.
Photographed May 22, 1969.
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May 29, 1886 (in Ellis 1889): "---an ardent grove of giant cacti called
by Mexicans Sahuaros. some of them fifty feet high."
A report on lightning caused saguaro mortality has been prepared for submission to Ecology. Plot analysis indicates that lightning caused mortality
in the Tucson Mountain study area is between .51 and 3.18 plants per ha
(.63 to 3.95%); saguaro biomass converted 524 kg to 2840 kg per ha (1.07
to 5.82%). Results of lightning damage to individual saguaros is shown
in Figs. 1 and 2. Evidence of lightning damage to saguaro is distinctive
and may be detected up to 5 weeks or more after the plant is killed. The
best evidence, however, is destroyed or masked by rapid natural decomposition of the plant so that delayed examination can easily lead to the
invalid assumption that death of the stricken saguaro is attributable to
"bacterial necrosis disease." The absence of reported lightning caused
mortality in the much publicized report on specific causes of adult saguaro
mortality by Alcorn and May (1962) is attributed to their failure to recognize and distinguish between lightning and other climatically caused saguaro deaths, and the disease like characteristics of subsequent natural
decomposition; such deaths having been erroneously attributed to the socalled "bacterial necrosis disease."
Photographic evidence indicates substantial recovery from livestock grazing has occurred in both rocky and non-rocky saguaro habitats from which
cattle have been excluded since 1958 (see Figs. 3 and 4 ) .
A report on the rejection of bacterial rot by adult saguaro cacti was
completed and accepted for publication in the Journal of the Arizona Academy of Science (Steenbergh, 1970). Six of seven adult saguaros effectively
innoculated with the rotting organism (Erwinia carnegieana) recovered from
the injury associated rot. The seventh plant, apparently an unhealthy
individual lacking normal vigor, died within 2 months after the first observation. A review of the published literature on the so-called "bacterial necrosis disease" indicates that the susceptability of wild,
healthy adult saguaros to bacterial infection was not tested by those
investigators.
CONCLUSIONS:

Healthy adult saguaros do not die from bacterial rot;
natural response to injury confines bacterial rot to
stressed or mutilated tissues immediately adjoining the site of the injury.
Destruction by bacterial rot occurs in saguaros which are dead, senescent
or otherwise lacking in normal vigor.
Lightning is an important cause of adult saguaro mortality which profoundly affects not only populations of that species, but also must exert important pressures upon associated populations of plants and dependent
animal species. In a mature saguaro stand such as the Cactus Forest of
Saguaro National Monument (east) selective removal by lightning of large,
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old saguaros would significantly altar the balance of the associated
biotic community, and causa reordering intraspecific and interspecific
relationships in that community.
PLANS FOR
1970:

Continue search for historic photos, photo points,
and associated rephotography. Continue current photo
documentation. Continue growth rate measurement studies.
Where applicable, available results will be incorporated in the book
length report noted in the current report on project SAGU-N-23a.
REFERENCES CITED:
Alcorn, S. M. and C. May. 1962. Attrition of a saguaro forest.
Plant Disease Reptr.46:3 (156-158).
Ellis, E. S. 1889. On the trail of Geronimo--or in the Apache
country. American Pub. Co., N.Y. 333 pp.
Steenbergh, W. F. 1970. Rejection of bacterial rot by adult
saguaro cacti (Cereua gjganteus). J. Ariz. Acad. Sci.
(in press).
PUBLICATIONS:

Steenbergh, 1970, as cited above.
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PRESCRIBED FIRE IN RED FIR FOREST RESTORATION IN
SEQUOIA AND KINGS CANYON NATIONAL PARKS
(SKC-N-25a)

INVESTIGATOR:

Bruce M. Kilgore

OBJECTIVES:

Natural fire was an important factor in the creation
and maintenance of certain ecosystems among them the
red fir forest of the Sierra Nevada. Since fire has been suppressed
for many years, particularly in the mixed conifer forest type, we
need to learn all we can about the role fire plays in various forest
types. In that fire hazard is not as great in the red fir forest as
in the mixed conifer zone, red fir was a useful type within which to
begin study of how to restore fire (as nearly as possible) to the role
it played prior to effective fire control techniques.
Our research objectives were to study the ecological impact of
prescribed burning on the red fir forest, particularly on red fir
thickets. This study may provide results which are useful in similar white fir thicket areas in the mixed conifer forest type.
METHODS:

During July and August 1968, fourteen 100' x 100'
study plots were laid out at 8500' to 9000' elevation in the Rattlesnake Creek drainage of the Middle Fork of the
Kings River - seven controls and seven to be burned. In plot selection, primary emphasis was given to red fir thickets beneath red
fir-lodgepole pine stands. Pre-burn vegetation density measurements
were made using the Anthracene-Benzene chemical light meter technique,
photographs were taken at eight points around each plot, and fuel
weight samples were made on selected plots. Water samples were taken
from above and below the burn area for water quality analysis, and
deer pellet groups were sampled in different vegetative types as an
index to deer use.
When these studies were complete, seven plots were burned in September
1968, under measured conditions of temperature, humidity, fuel stick
moisture, and wind speed. Some 800 acres of the surrounding red fir
forest in the Rattlesnake Creek drainage were also burned under various
burning conditions during August 1968, by park personnel. In August
1969, transects, photographs, fuel weights and other pre-burn vegetative
measurements were repeated to determine any changes one year after
burning.
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RESULTS:

Red fir (Abies magnifies) is the dominate species
in canopy height, density, and frequency in this
area. Trees more than 12 inches dbh averaged 35 per acre, while
the next most numerous species, lodgepole pine (Pinus contorts),
averaged 18 per acre. The burning program caused relatively little
change in numb;,;;; of these larger trees, although six trees were
killed out of the total of 80 trees on the six burned plots, and 8
of the 12 snags were largely reduced to ashes. The thin-barked
lodgepole pine was far more susceptible to burning than red fir.
Many lodgepole would catch fire at the base, burn completely
through, and fall without the upper canopy being burned. The
only sizeable red fir killed on burn plots were found on plot 13
where an intense fire burned through very heavy down fuel and dense
thickets of reproduction.
Thickets of young red fir which covered nearly 607., of the plots
were reduced to about 307o coverage after the fire. Numbers of
small trees (less than 30 ft. high) making up these thickets averaged 12,000 or more per acre after burning, the bulk of these being
red fir. After the fire, numbers dropped to 5500 per acre on burn
plots, while no change in numbers occurred on control plots. Seedling red fir numbers were high in 1968, averaging between 17,000
and 21,000 per acre. By 1969, however, numbers had decreased to
about 1200 on control plots and 500 on burn plots, the difference
being related to conditions created by burning. No seedling
lodgepole pine were found in 1968. In 1969, however, 5 were found
on six of the control plots and 33 on the burn plots. The location
of the 33 burn plot seedlings made it clear that burning created
conditions favorable for seedling establishment of this species.
While none were found on the plots, seedling Jeffrey pine were also
favored by burning in adjacent areas.
There were few brush patches on the study plots, and no change was
recorded as a result of burning. The frequency of several species
of Ribes, however, increased substantially on burn plots, although
the coverage values were still low in the first year. In one heavily
burned chaparral area adjacent to plot 7, Gordon Ashcraft of the
California Department of Fish and Game found more than 11,000 seedlings per acre of Ceanothus cordulatus and lesser numbers of Astragalus
sp, Ribes sp, Arctostaphylos patula, and Prunus emarginata following
burning.
There are 50 species of herbaceous plants, 6 grasses -and 6 shrubs
found on one or more of the study plots during the two years. Herbaceous plant cover averaged 16 to 17% on control plots during both
years. The burn plots had 6.57, herbaceous ground cover in 1968
which decreased to 3.87» in the first year after burning. Individual

189

species coverage values were too low to be meaningful. Frequency
values, however, seemed to show an increase in Phacelia hydrophylloldes after burning, and a decrease in frequency of Pedicularis
semibarbata, Thalictrum Fendlerl, and Viola purpurea. The remaining
52 species of herbaceous plants and grasses found on the plots did
not seem to show an appreciable first-year response to the burning
program. Species in areas adjacent to the plots which were favored
by conditions after burning included Descuriana Richardonii, Gayophytum diffusum, Mentzelia dispersa, Epilobium sp, and Cryptantha
affinis.
On control plots density of all vegetation, as measured simultaneously at various stations by a chemical light meter over a 24-hour
period, remained constant; 26 to 27% of full sunlight was recorded
in both years. Burn plots, however, showed an increase from 18 to
28%, in amount of sunlight received at the forest floor - presumably
a direct function of a decrease in overall vegetative density above
the measurement stations.
The total flash fuel and duff was approximately 30 tons per acre.
Following burning, this was reduced by more than 507o. Fire also
reduced volume of down log by 30 to 50% on most plots. The estimated log fuel weights decreased from 7 to 4 tons per acre.
A survey of deer use of the several vegetative types in the Rattlesnake Creek basin was made in 1968 and 1969 by biologists from the
California Department of Fish and Game. Their unpublished results
indicate no substantial change in numbers of deer during this brief
period. However, numbers of shrubs sprouting and numbers of seedling shrubs established following burning should contribute to range
improvement in the next few years and may eventually have an impact
on deer numbers.
While careful study of bird populations in the area before and after
burning was not possible, previous work in the mixed conifer type
(Kilgore, 1968) makes it appear that little change would be expected
in bird numbers as a result of the burning program unless substantial
upper canopy changes accompanied the burning program. No such changes
took place at Rattlesnake Creek.
In order to monitor any impact which burning might have on the quality of water in Rattlesnake Creek, measurements of pH and dissolved
oxygen were made upstream and downstream from the burning both before
and after the fire. Water samples were also collected at these same
sites and submitted to the California Department of Water Resources
laboratory for chemical analysis. Analysis of turbidity, settleable
solids, hardness, alkalinity, sodium, chloride, magnesium, conductivity,
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and specific conductance did not indicate a measurable change
in quality following burning.
CONCLUSIONS:

The experimental burning in Rattlesnake Creek killed
relatively few trees over 12 inches dbh. Mature
lodgepole pine were far more susceptible than red fir to fire. A
considerable number of snags were reduced to ashes. Total flash
fuel and duff per acre was reduced by 507,, while down logs decreased
in volume by 30 to 50%. Some thickets of red fir were opened up in
a way which allowed more sunlight to reach the forest floor. Seedling Lodgepole pine and Jeffrey pine were favored by the conditions
created by burning, as were a number of species of shrubs and several
herbaceous species including Ribes sp, Ceanothus cordulatus, Phacelia
hydrophylloides, Descuriana Richardsonil, Gayophyturn diffusum, Mentzelia
dispersa, Epilobium sp, and Cryptantha affinis. Small red fir decreased
in numbers in burned areas and the frequency of Pedicularis semibarbata,
Thalictrum Fendleri, and Viola purpurea was less.
No changes were noted in deer or bird numbers and water quality of
Rattlesnake Creek was apparently not altered by the burning program.
While fire plays an important role in a red fir forest at this
elevation, man has probably not substantially altered the natural
occurrence of fire here. Burning at this elevation and in this
forest type was considerably different from fire at lower elevations
in the drier, heavier fuel conditions of the mixed conifer type. We
had little problem with fire crowning; some individual trees did
flare up, but with one possible exception, the fire did not move
from one tree to another at such times. A lightning fire which hit
a similar forest type on the opposite side of the canyon in early
July was allowed to burn. Throughout August and September, it continued to burn, primarily through down logs and debris, but occasionally burning hot enough to kill standing trees.
Based on this evidence, fire suppression does not seem necessary
in this near-climax vegetation type. Lightning fires are a natural
part of the inter-related processes at work in this ecosystem and
allowing them to burn without control would seem to be desirable
from both an ecological and economic standpoint.
PLANS FOR 1970: On the basis of results to date, the project should
proceed as planned with some additional study in
1970 or 1971 of changes in frequency and coverage of shrubs, herbaceous plants and grasses, and tree seedlings in burned areas.
Additional time should be spent determining ages of both large and
small trees on the plots in order to use present age-class structure
to describe specific successional patterns in this red fir forest
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and to note the role fire plays in these patterns.
The ultimate impact of the experimental burning may not be evident
for 5 to 10 years or more. Occasional checking of the area will
enable the researcher to assess when further studies can best be
carried out.
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RESTORATION OF NATURAL ENVIRONMENT IN THE MIXED CONIFER FOREST IN
SEQUOIA AND KINGS CANYON NATIONAL PARKS
(SKC-N-26)
INVESTIGATOR:

Bruce M. Kilgore

OBJECTIVES:

A way must be found to restore fire to its natural role
or to simulate the effects of fire in the mixed conifer
forest type—particularly in the giant sequoia groves.

The first step in the management program was establishing a 300-foot wide
reduced fuel zone from Redwood Saddle to a point 1 mile south along the
ridge; eventually this zone will extend along the entire west park boundary from Grant Grove to the Ash Mountain headquarters area (Fig. 1). The
second step in the management program will involve periodic light burning
of sizeable acreages within the Redwood Mountain grove of giant sequoias
(Fig. 2 ) .
This study aims to monitor the ecological effects of this management program on ground litter, fir thickets, herbaceous plants and brush and tree
seedlings, vertebrate populations, and fire hazard generally.
METHODS:

Permanent plots and transects will be established on which
vegetation density and quantities of fuel will be measured, photographs will be taken, and other measurements will be made as
required to monitor the effects of fire in the sequoia-mixed conifer type.

When pre-burn studies are complete, 12 plots will be burned under several
measured conditions of temperature, humidity, fuel stick moisture, and
wind speed. Four plots will be held as controls.
Studies of the impact of vegetative manipulation on vertebrates at
Whitaker's Forest will be continued, supplemented by less intensive work
on Redwood Mountain plots.
RESULTS:

Pre-burn numbers of young white fir (Abies concolor) on
the study plots average slightly more than 1700 per acre.
This was considerably less dense than the red fir thickets found in the
near climax conditions at Rattlesnake Creek (SKC-N-25a) in the Middle
Fork of the Kings River drainage. Even with associated saplings of
incense-cedar (Libocedrus decurrens) and sugar pine (Pinus lambertiana),
the density is about 2000 per acre. Nearly 80 percent of the plots,
however, are covered by these more open white fir thickets mixed with
incense-cedar and sugar pine. Light intensity measurements on these
plots before burning indicate that an average of only 10.8 percent of
full sunlight reaches the forest floor with means per plot varying from
5.2 to 17.4 percent. These low light values result from the shading of
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Figure 1.

Forestry and fire control crews carry out the first
step in the management program at Redwood Mountain
Grove of giant sequoias--the establishment of a reduced fuel zone along the park's west boundary
through judicious use of prescribed fire. For added
safety in these early efforts, fire hoses were used
to provide a ready source of water around each sector
burned. Photo by Bruce M. Kilgore.
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Figure 2. Peter H. Schuft, Chief Ranger at Sequoia and Kings Canyon, ignites
some of the ground fuels and the understory layer of white fir
beneath giant sequoias in the Redwood Mountain Grove of Kings Canyon
National Park, September 25, 1969. The research biologist has established 16 plots on which to study the ecological impact of this management program on ground litter, fir thickets, tree seedlings,
shrubs, herbaceous plants, vertebrate populations, and overall fire
hazard. Photo by Bruce M. Kilgore.

H

the heavy upper canopy despite the fact that numbers of small trees in
the white fir thickets are substantially less than those found in the
red fir forest. Herbaceous plants and shrubs are scarce on the 16
study plots: only 3 out of a total of 28 species are found on more
than 5 plots.
The ecological impact of fire in this vegetation type will not be determined until post-burn studies are made in late 1970, 1971 and 1972.
PLANS FOR
1970:

As an index to fire hazard in the giant sequoia groves,
additional measurements will be made of flash fuel,
duff, and down logs present on the plots. Increment
coring of young" and old trees will be undertaken in an effort to establish successional trends in these areas. Strip censuses of bird populations in the areas surrounding the plots will be carried out as well
as deer pellet counts and browse studies where feasible. Marked stakes
or spikes will be installed to check on possible soil erosion following
fire.

A number of fuel moisture sticks will be set out at several points in
the areas planned for burning. These results will be correlated with
climatic factors in deciding upon prescriptions for burns in various
plots. Just prior to ignition, water-can analogs will be installed on
the plots to evaluate energy released at given points during burning
(Beaufait, 1966). Wind direction and speed will be noted carefully
and special aerial observations will be made of smoke distribution during
burning to determine ways of minimizing any contribution of smoke to
adjacent valley areas.
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HISTORICAL FIRE RESEARCH IN THE MIXED CONIFER FOREST IN
SEQUOIA AND KINGS CANYON NATIONAL PARKS
(SKC-N-27)
INVESTIGATOR:

Bruce M. Kilgore

OBJECTIVES:

Fire has been an important environmental factor in
the mixed conifer forests of the Sierra Nevada for
centuries. But little organized information is available about
the role fire has played in Sequoia and Kings Canyon National Parks.
This study seeks to determine:
1. The frequency of fires in a given area;
2. The ignition factors (lightning or aboriginal) most frequent
in various areas;
3. Which sections of the Parks have greatest incidence of lightning
fires;
4. The intensity of fires as indicated by impact on stumps or scars
on living trees;
5. The aerial extent of each fire as determined by intensive studies
of small areas within the Parks;
6. The role man has played in setting and suppressing fires:
a. before 1858
b. after 1858
7. The successional stages of vegetation which follow fire in the
mixed conifer forest.
To provide the facts required for planning an intelligent management
program in the mixed conifer forest at Sequoia and Kings Canyon, we
must seek information bearing on these seven points in two ways:
1) careful analysis of agency fire records; and 2) field studies of
the remaining evidence of fire history in the Parks.
METHODS:

Information bearing on these seven points will be
gathered by 1) careful analysis of agency fire
records; and 2) field studies of the remaining evidence of fire
history in the Parks. Agency fire records will be studied at six
locations in the field and the San Francisco Bay area; these will
be supplemented by newspaper and magazine accounts where these can
be found. Field studies will encompass 1) studies of scars on
stumps and living trees; 2) current studies of the development of
scars; 3) careful analysis of the "natural history" of lightning
fires which may burn in the next several years; 4) studies of
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vegetative changes resulting from known-age burn areas, particularly
those involving giant sequoias; 5) special small plot studies of
successional trends as determined by aging all trees on the plots;
and 6) studies of deer impact on successional processes and vice
versa.
RESULTS:

Early fire records of these Parks were obtained
from the Federal Records Center in San Francisco.
A trip to southern California yielded a number of valuable photographic comparisons of present vegetative conditions with the appearance of vegetation in giant sequoia groves in the 1859 to 1910 period-primarily in the Mariposa Grove of Yosemite. The historical photographic record in Yosemite is far more complete than that for Sequoia
and Kings Canyon and has had the advantage of a number of years of
serious work on re-photographing old sites by Mary and Bill Hood,
Park Service collaborators.
A detailed photographic reconnaissance was made of two lightning
fire burns, the 1968 Kennedy Ridge Fire and the 1969 Homer's Nose
Fire. These burns are being compared with the results of the Parks'
prescribed burning programs. The Kennedy Ridge fire burned about
8 acres in a red fir--western white pine--lodgepole pine forest at
9,000 feet elevation. Following the management plan for this drainage and elevation, this fire was not suppressed; it continued to
burn sporadically from July through September, 1968, while the
Rattlesnake Creek prescribed burn was underway across the canyon
of the Middle Fork of the Kings River. The Homer's Nose fire, by
contrast, burned 13 acres in late September, 1969, in a mixed
conifer forest at 6,600 feet elevation; full suppression efforts,
including air tankers were used on this fire.
PLANS FOR 1970: Analysis of fire records will continue, and field
studies will begin with selection of fire history
study plots along the Generals Highway between Giant Forest and
Grant Grove. Preliminary contacts with personnel of adjacent landholding agencies will be followed up so that studies of fire scars
on recent stumps can move ahead this spring and fall. If field
assistance is available during the June to October period, much
can be accomplished on this study during 1970. This should become
the Research Biologist's first priority project by 1971.
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BISON ECOLOGY
(YELL-N-8*)

INVESTIGATOR:

Mary Meagher

OBJECTIVES:
To provide basic data on the life history, habits, and ecology
of Yellowstone bison for:
1.
2.
3.

management
interpretation
a Ph.D. dissertation.

RESULTS AND
CONCLUSIONS:

The original population of bison in historic times was
mountain bison, Bison bison athabascae. In spite of
poaching to near extermination by about 1901, a remnant
of the subspecies survived and increased. Interbreeding with a population of plains bison, B. b. bison, introduced in 1902, began by the
1920's. The present bison population consists of hybrid descendants of
the two subspecies.

The study area is shown in Fig. 1. The present wintering distribution
within the park approximates that of the historic population, distributed
in three subunits of Lamar, Pelican, and Mary Mountain, none of which are
geographically isolated from the others (Fig. 2 ) . The present summering
population approximates the historic distribution only in the Upper LamarMirror Plateau and Hayden Valley areas. A large west side and a large
northern summering population are lacking. Present numbers are half or
less than those of probable historic numbers.
Examinations of 71 females killed for population reduction purposes indicated sexual maturity was not reached by most until 4 years of age,
later than recorded some years ago. The observed pregnancy rate of
52 percent for females 2%-years-and-older was also less than formerly
recorded in Yellowstone. Brucellosis was not a factor which affected
reproduction. Records and observations suggested that both calving season, in May on the winter ranges, and the breeding season, in late Julyearly August on the summer ranges, were shorter than formerly. The
observed changes may reflect the shift from a semi-ranched population
to a wild one.
Records from livetrapping operations, 1964-66, provided sex and age
structure information. The records suggested that female survival was
favored the next 3 years of life, after which differential survival
could not be distinguished from the records. Adult bulls outnumbered
adult cows, but this could be attributed to earlier reductions.
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Figure 1.

Map of Yellowstone National Park showing study area.
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Figure 2. Map of general distribution and movements of bison
mixed herd groups 1n historic times.
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Age classes of the wintering population in the Mary Mountain area in
1964-65 were: calves, 16 percent; yearlings, 11 percent; 2^-year-olds,
6 percent; 3%-year-olds, 5 percent; and adults, 62 percent. These may
change somewhat after a period of time with no reductions.
Observed spring calf percentages of herd size for 3 of 5 years were
19-20 percent. Percentages of total population were approximately
11 percent.
Significant mortality of calves at birth or just before or after was
suggested by limited data. Thereafter, little mortality occurred during
the first year. Nearly half the calves which survived into their first
winter died before 2% years of age. Recruitment into the population
occurred with survival to 3 years of age.
Population treoc"'- suggested that increases in. the population ware often
very slow. Reductions by man apparently were not the sole factor which
caused population decreases, nor retarded increases. Parasites, diseases,
predation, and emigration were not important. Environmental factors
culminating in usual and more than usual winter mortality appeared important.
Herd groups followed definite patterns of seasonal movement. Spring
migrations to summer range, occurring by the second week of June, appeared influenced by weather patterns and temperatures rather than snow
melt or vegetation changes. Temporary fall movements occurred in conjunction with fall storms at higher elevations; final movements to
winter ranges occurred by mid-November. Bull movements were somewhat
more irregular.
Movements and distribution on summer range areas appeared more influenced
by the presence of biting flies than by possible factors of breeding
activity and vegetation changes. A species of Symphoromyia of the
Rhagionidae was implicated.
Mixing and interchange between population subunits resulted in designation of three herds according to their use of winter range areas. These
three subunits formed two breeding populations in summer. Little contact occurred between members of these two populations at any time.
The limited neckband information on marked adult cows suggested that they
have an affinity for a given winter range, regardless of summer movements.
Temporary shifts of population segments from one winter range to another
have occurred. Thus, although no population segment is isolated from
another, the three exist as fairly separate entities in terms of winter
range. This may explain the lack of population emigration to and reestablishment on unoccupied ranges either within or outside the park
since historic times.
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Analysis of 22 rumen samples showed that sedge was the most important
forage item. Sedge, rush, and grasses together provided 96 percent of
the diet throughout the year. Forage availability did not appear to be
a population limiting factor under most conditions.
Population numbers in Pelican over a span of many years suggested that
the levels were regulated by environmental influences, which resulted
in low reproduction and low increment rates. Larger increases in numbers during favorable periods have been offset by heavy mortality during
periodically more severe winters. The minimum population level in this
area may be governed by the presence of scattered thermal areas used
in winter stress periods, combined with favorable range conditions such
as extensive sedge bottoms, sagebrush-grassland uplands, and open streams.
Considerable information has resulted from this study, but further work
is necessary to understand the natural mechanisms of population regulation and the extent to which these mechanisms will regulate the various
population segments.
PLANS FOR
1970:

This project is nearly complete. The dissertation
will be filed during winter quarter, by March 1970.
Publication will follow.

PUBLICATIONS:
Meagher, Mary. 1970. The bison of Yellowstone National Park:
Past and Present. Ph.D. thesis. Univ. of California,
Berkeley. 172 p.
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ECOLOGY OF BISON
(YELL-N-8b)
INVESTIGATOR:

Mary Meagher

OBJECTIVES:
1. To provide more information on bison population dynamics
and environmental relationships.
2.

To determine the extent to which natural means will
regulate population numbers.

METHODS:
1. Continued extensive field observations will be made by
all possible means. Aerial observations are essential
for parkwide population counts, classification, and
distribution information. Ground observation work will
provide more detailed age and sex data, and mortality
information.
2. Additional forage composition information and food habits
data will also be obtained during field work. Evaluation
of vegetation trends will be attempted through use of
additional historical data, particularly photographs.
3. Relationships with predators and other faunal species
will be investigated through further use of the available
historical source material, particularly the park archives.
RESULTS:

Results from the time spent on this project this year
served to emphasize findings contained in YELL-N-8a concerning distributions, movements, food habits, and the existence of
a complex of natural regulation factors which control population
numbers, at least in the Pelican wintering valley.
Punch cards were received for tabulation of historical ecological
data.
PLANS FOR 1970:
1. Tabulation of historical ecological data will proceed as
field work needs permit. This is a long term undertaking;
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the most profitable sources will be used first. The
tabulation will include topics not apparently related
to bison, to minimize duplication of this search by
other workers.
2.

Extensive field work will continue at all seasons.
Efforts on some topics will concentrate on the Pelican
population, to clarify the natural population regulation
mechanisms already apparent there.

REFERENCES:
Meagher, Mary. 1970. The bison of Yellowstone National Park:
Past and Present. Ph.D. thesis. Univ. of California,
Berkeley. 172 p.
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PLANT ECOLOGY STUDIES IN YELLOWSTONE NATIONAL PARI!
(YELL-N-39, including references to
YELL-N-40, YELL-N-41, YELL-N-43 and YELL-N-51)

INVESTIGATOR:

William H. Hendrickson

OBJECTIVES:

The vegetation of Yellowstone has a specific pattern
derived from the interaction of ecological forces which
have played through time. In order that the resource can be understood'
and appropriate management thus facilitated, a body of knowledge 'must
be acquired. An understanding is sought of the vegetational patterns
that are present and how they were derived. This will allow prognosis
of how future patterns might develop. We want to understand how man's
presence in the park area has influenced natural events. Recommendations
that will minimize this presence will follow.
RESULTS AND
DISCUSSION:
1.

Our model for development of Yellowstone vegetation now
gives importance to the following factors:

Recency of glaciation: The last Pinedale glacier maximum was
as recent as 25,000 years ago and left a record indicating that
ice covered most of the park area. Some of the Yellowstone
Lake icecap was present until perhaps 10,000 to 12,000 years
before the present (Richmond, 1969). During the glacial maximum,
nunatacks that could have served as refugia were probably
missing and thus vegetation necessarily had to establish by
migration onto soil as it emerged from under the ice and snow.
The principal window for immigration was from the Snake River
Plain. Vegetation establishment as determined from Baker's
(1969) palynological study near the southern end of the
southeast arm of the Yellowstone Lake was as early as 13,000
years ago.

2. T_he altithermal. Although an exact definition of the occurrence
of this warm period appears to be lacking, the date was probably
6,000 to 4,000 years b.p. This was a time when the immigration
of northern desert floristic elements could occur and extend to
high 6/8600 feet) elevations.
3. Restricted immigration. Excluding aspen and cottonwood, which
now have largely been displaced, the Immigration of tree species
has been limited to five conifers. That so few kinds of trees
are here has significance. Many species that are present elsewhere are not found in Yellowstone, thus limitations that
restrict success in those other places are not important here.
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From Daubenmire's (1966) presentation, for example, we can
draw the conclusion that a prominent void exists Into which
the advancement of lodgepole pine could have been expected
(Fig. 1 ) .
4.

Periodic fire, derived from lightning, has been a principal
climatic element which has shaped community development.
Equally important, fire frequency on a given area is of centennial rather than decile or annual magnitude. Since any
species found in an area which has repeatedly been fired must
have some adaptation that accommodates it to surviving with
fire, we should be interested in citing the various adaptations.
Alternately, certain species, not having a suitable fire adaptation, may thus be confined to endemic distributions.

5.

Equilibrium is still being established. As inferred from the
record of the recency of glacial retreat and the arrival and
retreat of the altithermal, various park floristic elements
have alternately expanded and diminished. Presumably, this is
still occurring and thus certain plants, not matched to their
present environment, may appear especially susceptible to
various agents.

6.

Fauna1 populations.

These are significant current examples:

Plant
Douglas-fir
Engelmann spruce
subalpine fir
whitebark pine
limber pine
lodgepole pine
aspen and willow
big sagebrush
Dalmatian toaxdlax

Significant Faunal Agents
spruce budworm, Douglas-fir beetle
spruce bark beetle
balsam bark beetle, fir engraver
mountain pine beetle
mountain pine beetle
mountain pine beetle
elk
browsing animals; burrowing animals
man, elk (?)—dispersal

Lodgepole pine, however, has only been recorded as generally
vulnerable to its beetle parasite in the region below the
plateau in the southwestern corner of the park. We can hypothesize a resistance mechanism; it could be that the park
lodgepole population has phloem too thin. Amann (1969) has
shown that phloem thickness of the order of 0.012 inches and
greater favors the perpetuation of large beetle populations.
Thus, we are beginning to make phloem measurements. One other
hypothesis is that the park lodgepole population has a variance in oleoresin constituents that limits beetle success.

209

WARM + DRY
COLD+ WET
Daubennire's presentation (1966, Science 151:291-298) showing climax tree species
for various altitudes having different climatic regimes. "Coniferous trees in the
area centered on eastern Washington and northern Idaho, arranged vertically to
snow the usual order in which the species are encountered with increasing altitude.
The horizontal bars designate upper and lower limits of the species relative to
climatic gradient. That portion of a species' altitudinal range in which it can
•aintain a self-reproducing population in the face of intense competition is
indicated by the heavy lines."

WARM + DRY

COLD + WET

Here the diagram is altered to coincide with the Yellowstone situation where
several of the tree species are not present. A competition void can be argued
to exist between the range occupied by Pseudotsuga and Picea. Such could be true
in the Yellowstone plateau country where Pmus contorta~has achieved its dominance.
It is tenable that Pinus has the opportunity to achieve climax status there.
Figure 1.
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We are currently making chromatographic analyses to test
this (RSP 51). Any study which could explain the success
of lodgepole pine, the park's most significant floristic
element, seems warranted. If lodgepole, for instance, is
relatively immune to insect attack as compared to the other
tree species, it enjoys a competitive advantage. Faunal
action may directly affect the continuation of a plant species.
By establishing, through burrowing activity, a locally disturbed
site, a place is provided for the germination and establishment
of a species like big sagebrush that could be regarded as
relict or serai (Figs. 2 and 3 ) .
7.

Exposure. As is generally the case, exposure is significant
in that north slopes have a more highly advanced floristic
composition than southern ones. Further, as topography
increases, harshness of relief leads to soil instability
and immature plant communities.

8.

Climate. There is great climatic dissimilarity through the
extent of the park. It appears critical, however, to consider
the similarity which does exist as being the more important
(Fig. 4 ) .

9.

Geological derivation of soil. There apparently is some vegetational relationship to the soil as it has been influenced by
geological origin. The Hayden and Pelican Valleys contain
sagebrush/grassland and distribution of this vegetation coincides with much of the extent of lacaustrine deposits which
derived from the melting icecap as Richmond (1969) has described
occupying the Yellowstone Lake basin. Further, sagebrushgrassland is coincident with the valley sculpted by the Lamar
Glacier. However, coniferous forest has tended to much invasion
of both the lacaustrine and valley locations. It suggests
itself as capable of completely overriding the regions having
soil of different glacial history, even as it overrides the
different soils that identify most with their respective
volcanic history (Fig. 5 ) .
Most park soils are still developing. Thus geologists are
currently utilizing soil patterns as they are seen near terminal
moraines to postulate on relative dates of deposition.
The uplifted sedimentary formations appear causal to specific
vegetational associations more from their sharp relief than
from their derived soil.
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An enclosure gives insight to patterns of vegetational development. Here, big sagebrush,
Artemisia tridentata, is perpetuating in the fenced plot which is above the ecotone of
its Ypresent range.
_.
.
s
Figure 2

Pocket gophers, protected from predation, give sagebrush its advantage inside the
enclosure. We can conclude (1) in a drier climate the sagebrush would advance into
the area in the picture foreground; in a more mesic climate the sagebrush would
retreat further to locations in the background. (2) Even as they give extraordinary
advantage to the sagebrush inside the enclosure, burrowing and digging animals play
a part in continuing sagebrush in the park's non-forested areas.
Figure 3
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Base sap from History of the Grand Canyon
of the TelIowatone (D. H. Howard, 1937,
Vaverly Press, Baltimore).
Diverse park locations show similarity In growth season
precipitation; annual values have much more variance.
Precipitation (inches)
June-Sept.
May-Sept.
Annual

Ho.
1
2
3
4
ft
6
7
•
•
10

Yellowstone Park
Lamar
Old Faithful
West Yellowstone
Tower Hanger Sta.
Lake
Gallatin
Snake River
Bechler Ranger Sta.
Northeast Xntrance

5.78 |
ft.79 | .
f
«- 02 \u
6.05 I* !
6.17 3
6.2ft "J
6.32
7.03
8.10
9.31
i

Figure 4
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7.55
7.30
7.92
8.19
7.96
7.89
8.28
9.47
11.24
12.03

1
i

u
e

m
m

15.38
13.43
19.98
21.12
16.21
18.74
18.19
31.53
38.07
25.23

•
g
£
;

• Soil identifies most with glacial and lacaustrine history.
V Soil identifies most with volcanic history.
Section of soil texture triangle recording sand-silt-clay fractions for 'tO
scattered Yellowstone sites. Coniferous forest (CJ) has occupied a range of sites.
Figure 5
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Soil moisture at three depths at four forested and four sagebrush-grassland sites was followed through the summer of 1969.
In the sample studied, soil at the forested sites tended to
better remain above the wilting point.
Associated studies include eveluations of White Pine Blister Rust,
an exotic disease (RSP 40), and Dalmatian toadflax, an exotic herb
(RSP 43). Preliminary data indicate that Yellowstone is marginal for
blister rust at low elevations and becomes more limiting with increased
elevation. From available knowledge of rust requirements, humidity
appears too low. Current Forest Service laboratory studies assessing
the influence of cooler temperatures on the disease and specifically
as it infects whitebark pine also relate to the park situation.
Dalmatian toadflax covers and continues to spread over a large area in
the Mammoth Hot Springs region. We are attempting to determine if a
herbicide can be used with minimum side-effect to control it. Additionally, we have introduced an exotic moth, Calophasia lunula, which as a
caterpillar feeds selectively on the toadflax. Accounting for the
insect, especially as it ranged freely as an adult, was difficult.
Individual larvae were seen to survive to pupae at the point of release,
however, and one group of insects caged in an outdoor location was
observed to have produced a second generation of caterpillars (Figs. 6
and 7) .
One other interest attaches to the acquisition of aerial photography
for Yellowstone (RSP 41). Expectedly it will be useful in identifying
park vegetational patterns. Through a contract originally let in 1968
which was modified to provide for color negative work in 1969, we will
acquire 1:15,840 scale imagery of the entire park. The contractor
completed approximately three-fourths of his flying this summer. An
index map to the photography is currently being prepared and prints of
the negatives that are now on hand may be delivered to the park as early
as March.
PLANS FOR
1970:

Study a wide transect running from Norris to Canyon
Junction; delineate past fire history and stand composition
and how these appear to relate to time since fire; incorporate the recently completed color aerial photography into this
study. Continue the evaulation of the effect of forest insects on
development of the Yellowstone vegetation. Measure lodgepole cone
serotiny and phloem thickness in scattered park locations and relate this
to the climax status of the species in Yellowstone. Make a study of
the leaning Douglas-fir trees as they are found in several park
locations and test if these relate to the migrating forest/sagebrushgrassland ecotone. Make a more complete assembly of the available
Yellowstone climatic data. Evaluate the "western white pine" near
Big Timber, Montana.
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Caterpillar of Calophasia lunula introduced into Yellowstone where it is being evaluated
as a possible biological control of the exotic forb, Dalmatian toadflax.
Figure 6

The insects were placed individually on plant stems in a study area shortly after receipt.
Figure 7
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THE ECOLOGY OF ELK, ASSOCIATED UNGULATES, AND THEIR HABITAT
IN THE NORTHERN PART OF YELLOWSTONE NATIONAL PARK
(YELL-N-29a, I and II)

INVESTIGATOR:

William J. Barmore

OBJECTIVES:
1.

To determine the habits, population dynamics, ecology, and
interspecies relationships of elk, antelope, mule deer,
bighorn sheep, moose and bison.

2.

To document the history of the Northern Yellowstone elk
herd, associated ungulates, and their management.

3.

To describe the ecology of ungulate habitats including
(1) classification of the vegetation, (2) vegetation successional processes and productivity, and (3) the biotic effect
of ungulates and associated animals on the vegetation.

4.

To determine as accurately as possible for both the ungulates
and their habitat any departures of current conditions and
ecological processes from primeval conditions that might be
attributable to the influence of modern man.

5.

To develop criteria and guidelines for maintaining and/or
restoring relationships between ungulates and other components of the ecosystem that will best approximate primeval
conditions while providing visitors an opportunity to view
and understand a natural ecosystem as free as possible from
the unnatural influence of modern man.

METHODS:

Ungulate habitat use data were obtained from ground
observations along standard vehicle routes. Each
route was covered two or more times a month from October 1968 through
May 1969. Supplemental sex and age data were obtained on additional trips.
Periodic intensive aerial surveys from a Piper Supercub were made to
determine: (1) numbers, distribution, group size, and movements of elk
and bison; (2) the percent bulls and yearling male elk; (3) the bison
calf crop; (4) ungulate habitat use over wide areas of winter range;
and (5) bighorn sheep numbers on major terrain features and an estimate
of the minimum number on the Northern Yellowstone winter range. A total
of 9 to 12 hrs. of actual observation time spread over two days was
involved on each survey.
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Winter range being used by elk was mapped on 1:126,720 scale topographic maps during aerial surveys from January through May 1, 1969.
Acreage and elk density for the entire winter range and for subunits
was estimated using a dot grid.
Pronghorns were censused by Piper Supercub surveys in December 1968
and March 1969.
Standard methods (Roach, 1950; Cole, 1958; and U. S. Forest Service, 1969)
supplemented by general reconnaissance were used to determine levels
and patterns of winter and spring forage utilization.
Historical interpretation of the Northern Yellowstone elk herd, associated ungulates, their habitat relationships, and management was based
on a continuing search of park records and published and unpublished
material from other sources.
RESULTS AND
DISCUSSION:

Results are largely based on observations of 5,127 elk,
347 bison, 675 pronghorn, 1,826 mule deer, 505 bighorn
sheep, and 135 moose during 76 trips by vehicle between
October 1968 and May 1969. Additional data were obtained from 10 intensive aerial surveys between November 1968 and June 1969. Some comparisons
are made with previously unreported data gathered between October 1967
and June 1968. Forage utilization data for 1968-69 are summarized
elsewhere (Barmore, 1970).
Elk
The Northern Yellowstone elk herd contained an estimated 6,000 animals
by early winter 1968. Early winter 1968 to spring 1969 mortality was
an estimated 210 animals. The 1969 calf crop was 22%. Calf percentages
reflect winter to fall herd increase of 23, 30, and 28 percent for
1967-68, 1969-70 respectively.
As was the case in 1967-68, few elk migrated beyond the north park
boundary. However, greater numbers (700-1,250) and proportions (18-13%
of the herd) were within 2 miles of the boundary in 1968-69 than in
1967-68.
Aerial counts and estimated proportions of the herd on "interior" winter
range (east of Little Buffalo Creek and the Yellowstone River plus
Gardner's Hole and Quadrant Mountain) from January through March ranged
from 1,511-1,964 (44-48% of the elk observed) in 1969, compared to
1,059-1,504 (43-52%) in 1968. Lows were 1,176 (30%) and 900 (28%) in
mid-April of both 1969 and 1968 respectively. Thus, greater numbers
in 1968-69 but similar proportions of the herd in both 1968-69 and
1967-68 wintered on "interior" park ranges.
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Elk density from January through early May ranged between 16 and 19
acres per elk on 68,000 to 81,000 acres of occupied winter range.
Maximum densities of about 4-6 acres per elk occurred during April in
the Little Cottonwood-Little Buffalo Creeks area.
From October through January 65-80% of all elk feeding was on high
producing vegetation types such as mesic grassland, sedge-grass meadow,
marsh, and sagebrush-grass. From February through April most use
(57-61%) shifted to xeric grasslands on southerly exposures and ridgetops. Coniferous forest types may have received about 15-30% of the
elk use in January and February, but less than 10% at other times
during the fall through spring period.
Monthly percentages of elk observed feeding in snow greater than 12 in.
deep were 36, 59, 27, and 2 percent for December, January, February,
and March respectively. Only 1% fed in snow deeper than 24 in. and
then only in January and February.
Moose
Coniferous forest vegetation types are probably most used by moose
throughout the winter, with essentially all use in these types from
December through March. Willow was the most important of the more
open vegetation types and accounted for 63, 60, and 38 percent of
observed feeding use in fall, winter, and spring respectively. Few
feeding moose used aspen at any time. In April and May coniferous
forest was less used with most feeding activity spread over more open
vegetation types such as mesic grassland, sedge-grass meadow, and marsh,
probably in response to the availability of new spring forage.
Mule Deer
The number of mule deer on the Northern Yellowstone winter range is
not known, but maximum trend counts ranging between 319-421 since 1962
do not indicate any gross changes in the size of the wintering herd.
The population was composed of about 23, 44, and 33 percent bucks, does,
and fawns respectively in early winter 1968 with 53 bucks and 74 fawns
per 100 does. Overwinter fawn survival was much greater in 1968-69
(36 per 100 adults) than during the severe winter of 1967-68 (7 per 100
adults). Fawn production was higher in 1969 than the previous two years
(79, 74, and 63 fawns per 100 does in 1969, 1968, and 1967 respectively).
Buck/doe ratios were similar all three years (53-57 per 100 does).
The xeric grassland and sagebrush-grass vegetation types were the
most used by feeding mule deer throughout the winter of 1968-69.
However, relative use of coniferous forest types, particularly Douglas
fir, is probably considerably greater than indicated.
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No mule deer were observed feeding in snow greater than 12 in. deep
except in December and January when 1 and 3 percent were feeding in
snow 12-18 in. deep. During the moderate winter of 1968-69 only 7, 8,
and 20 percent were in snow greater than 6 in. deep and then only in
December, January, and February. This compares with 68, 89, and 23
percent during the severe winter of 1967-68.
Bighorn Sheep
The number of bighorn sheep on the Northern Yellowstone winter range
has been steadily increasing the past few years with a minimum population of 295-323 in 1968-69.
The estimated wintering population of 87 on Mount Everts was composed
of about 19, 56, and 25 percent rams, ewes, and lambs respectively in
fall 1968, with 40, 44, and 57 lambs per 100 ewes in fall 1967, 1968,
and 1969 respectively. October through March lamb mortality may have
been about 15% in 1967-68 and 9% in 1968-69 (or 1-2 lambs) on Mount
Everts.
The xeric grassland vegetation type on ridgetops and slopes with a
southerly or west exposure was most used by feeding bighorn sheep
from fall through spring.
From 90-100% of bighorn sheep feeding activity was in snow less than
7 in. deep throughout the winter. No sheep were observed feeding in
snow greater than 12 in. deep except for 1% in snow 12-18 in. deep in
March.
Bison
A maximum of 88 bison counted on the Northern Yellowstone winter range
in 1968-69 compares with 65 and 76 in 1966-67 and 1967-68 respectively.
Calves composed 11-12% of the wintering population and 24-27% of the
cow-calf herd in 1968-69.
Most bison feeding activity was on high producing vegetation types
on level sites in snow greater than 12 in. deep from December through
February. From 54-77% of the feeding activity was on xeric grassland
on ridgetops and southerly exposures in March and April.
From 80-100% of bison feeding activity was in snow greater than 12 in.
deep from December 1968 through February 1969. In January, February,
and March 62, 14, and 14 percent respectively was in snow greater than
18 in. deep. Even in March when many slopes were bare, 40% was in snow
12 in., or more deep. Bison obviously feed in much deeper snow for a
longer period than elk.
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In 1968-69 bison contributed little compared to elk to the observed
levels of forage utilization on south slopes and ridgetops, even in
the areas most regularly used by bison throughout the winter. This is
largely due to the preferences of bison for more high producing vegetation types and their ability to feed in deeper snow than elk.
Pronghorn
A maximum of 149 pronghorn were counted in December 1968 and 158 in
January 1970. Fall 1968 composition was about 23, 59, and 18 percent
bucks, does, and fawns respectively, with 39 bucks and 31 fawns per
100 does. An estimated fall 1968 to fall 1969 increase in herd size
of about 6% and overwinter losses of 42% in 1967-68 and 11% in 1968-69
were indicated. Snow accumulation on pronghorn winter range was light
in 1968-69 and few if any moved out of the park.
The combined influences of man and severe winter weather have apparently
caused major changes in herd size and sex and age composition in recent
years. Artificial removal of about 90 animals (including 70 does) in
1965-66 from a population of about 182 increased the proportion of
bucks from about 25 to 50 percent. The high percentage persisted from
summer 1966 through fall 1967. During the severe winter of 1967-68
most of the estimated 210 pronghorn left the park. Indicated overwinter losses of 42% reduced the herd to about 120 by spring 1968, the
lowest level ever recorded. Bucks apparently accounted for most of
the losses (perhaps 75% of the fall 1967 buck population). The proportion of bucks was reduced from about 50% in fall 1967 to 20% by fall
1968, and then increased to 28% by early winter 1969—close to what
it was prior to the heavy removal of does in 1965-66.
It is not known whether the 1967-68 overwinter herd losses were from
actual mortality, the failure of proportionately more bucks than does
to return to the park in spring 1968, or, more probably, these two
factors combined. If mortality accounted for most of the loss, it
must have occurred after pronghorn left the park in January 1968.
All but 40 pronghorn left the park during the severe winter of 1967-68.
This exodus plus associated reduction in herd size emphasizes the
current importance of lands outside the park to the herd's maintenance
and well-being.
The xeric grassland vegetation type on level sites was most used by
feeding pronghorn from October through April. All pronghorn feeding
activity was in snow 6 in. or less deep throughout the winter.
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Interspecies Relationships
Elk and bighorn sheep.

Data relating to the location and extent of
overlapping range use by elk and bighorn sheep
as determined from aerial surveys has been compiled. In 1968-69
chances of forage competition between elk and bighorn sheep were
probably minimized through January either because elk were not on
bighorn winter range or because of different habitat use patterns.
Chances for competition were greatest in February and March on Mount
Everts, Specimen Ridge, Mount Norris, Druid Peak, and along the lower
Yellowstone River when significant numbers of elk were present and
both elk and bighorn sheep were largely restricted to xeric grasslands
on south slopes and ridgetops.
On the basis of available data some tentative conclusions can be
made regarding mechanisms regulating bighorn sheep numbers in the
morthern part of the park.
Numbers over most of their winter range are probably regulated by the
amount and availability (as influenced by weather) of forage produced
by the xeric grassland vegetation type on southerly slopes and ridgetops with minimum snow depth and close proximity to escape terrain.
Regulation may result directly from periodic starvation, reduced
productivity, and/or other physiological responses (such as disease)
to reduced or inadequate winter forage.
Forage supplies on most bighorn winter ranges are probably fully
utilized most winters (with the possible exception of low elevation
ranges on Mount Everts and along the lower Yellowstone River) either
by bighorn sheep alone, or by bighorns and other ungulates (primarily
elk) combined. If other ungulates did not use this forage, bighorns
would tend to increase until intraspecies forage competition limited
their numbers. The number of sheep that can be supported may be
strongly affected by the amount of forage removed by elk, particularly
since full forage utilization probably occurs most winters whether by
bighorn sheep alone or in combination with elk. Reduction of elk use.
probably results in an increase of bighorn sheep up to the point where
new levels of inter or intraspecies competition become limiting.
The increase in bighorn numbers over much of the winter range in
recent years is probably in response to reduction of the elk population and reduced forage consumption by elk on bighorn winter range.
Presently, it cannot be said with certainty that the bighorn population increase represents a trend away from or toward conditions that
prevailed in primeval times. However, there is some evidence that
since the early 1900's bighorn sheep have been less numerous than in
primeval times, largely because of severe forage competition with unnaturally large numbers of elk (Mills, 1937; Murie, 1940; Gammill, 1941).
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If the interpretation presented here is true, then bighorn sheep
numbers can be expected to decline again as elk numbers increase.
Elk and Pronghorn. Numbers of elk counted on or adjacent to pronghorn winter range during aerial surveys in
1968-69 were 244 in November, 317 in December, 542 in January, 828
in February, 658 in March, 435 in April, and 612 in May.
Low levels of grass utilization suggest overall light use of pronghorn
winter range by elk in 1968-69. The high levels of browse utilization
in most cases were probably by pronghorn and mule deer rather than elk.
Pronghorn and mule deer. Of the feeding mule deer observed in 1968-69,
35% in November, 59% in December, 77% in
January, 66% in February, 78% in March, and 62% in April were on what
was considered to be key pronghorn winter range sites.
Grass utilization was low and browse utilization was high on combined
mule deer-pronghorn winter range, and these two species rather than
elk probably account for most of the browse use. Mule deer and pronghorn food habits and forage preferences on winter range have been
shown to be quite similar (Barmore, 1969). Numbers of mule deer may
exceed numbers of pronghorn, thus mule deer may be contributing proportionately more than pronghorn to high levels of browse utilization.
Such continuing high levels of use may be more disadvantageous to
pronghorn than mule deer since the latter species uses a wider variety
of habitats and tolerates deeper snow than pronghorn.
PLANS FOR 1970:
1.

Preparation of a comprehensive report covering field research on
ungulate population trends, sex and age structure, habitat use,
and interspecies relationships from fall 1967 through spring 1970.

2.

Reduce the amount of research effort devoted to describing
ungulate habitat use unless the winter of 1970-71 is unusually
severe.

3.

Continue monitoring elk, bison, bighorn, and pronghorn numbers,
distribution, and movements by means of periodic aerial surveys.

4.

Census the Northern Yellowstone elk herd.

5.

Put primary research effort on documenting the history of ungulates,
their habitat, and management in the northern part of the park
with the objective of better interpreting the nature and magnitude
(if any) that current conditions may depart from "natural."
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ASPEN ECOLOGY IN YELLOWSTONE NATIONAL PARK
(YELL-N-29a, III)

INVESTIGATOR:

William J. Barmore

OBJECTIVES:
1.

To describe the plant composition and extent of the aspen
community in the northern part of Yellowstone National Park.

2.

To define successional patterns and trends and the historical
ecology of the aspen communities in the park.

3.

To describe environmental factors (including biotic factors)
associated with the aspen community and the role they play
in maintenance and/or replacement of aspen stands.

RESULTS AND
DISCUSSION:

Ungulate browsing of aspen sprouts from 1964 through
spring 1969 (Table 1) has remained generally the same
and has averaged between 50-60 percent for the five
year period. A small but consistent upward trend in sprout height
since 1964 is suggested (Table 1 ) . The average, maximum sprout height
on 20 permanent plots has increased from 2.8 feet (range 1.2-6.2) in
1965 to 3.5 feet (range 1.6-7.5) in 1969. Since the level of ungulate
browsing has remained nearly the same since 1964, the increase in sprout
height, if real, may be due to factors other than browsing. Just what
these factors might be is not known. Any gain in sprout height is far
below the potential of healthy, unbrowsed aspen. Since 1963 when measurements of aspen sprout height and ungulate utilization began, no sprouts
on any of the 20 sites studied have grown tall enough to escape elk browsing or to replace decadent and dying overstory trees.
Some idea of the abundance and successional status of aspen on the Northern
Yellowstone winter range was obtained from forest type maps made in 193135. The approximate area of the winter range (about 170,570 acres) was
delineated on the maps (scale of 2 inches to the mile) and the acreage of
all vegetation types containing aspen was estimated with a dot grid.
Acreages and percentage of the winter range are summarized in Table 2.
Areas mapped as a pure aspen forest type made up about 2,590 acres or 1.5
percent of the winter range. Pure aspen plus mixed forest types where
aspen was the dominant component made up 4,800 acres or 2.8 percent of
the winter range. Aspen was present but of secondary importance on an
additional 6,286 acres or 3.7 percent. Aspen was mapped as a component
of the forest vegetation either in pure or mixed stands on a total of
11,086 acres or 6.5 percent of the winter range. Aspen was not a major
part of the vegetation on the Northern Yellowstone winter range in the
early 1930's and is probably less important now.
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Table !•—Ungulate utilization and response of
aspen root sprouts through spring 1967,
Northern Yellowstone winter range.

12 transects for 5 years
196U 1965 1966 1967 1969

20 transects for
k years
196$ 1966 1967 196*9

Average percent
twig use

70

$5

U6

61

57

57

51

62

56

Average height
(inches)

21

20

21

21

23

19

20

21

23

Percent sprouts
over 2' tall

28

21

26

26

33

22

23

27

3u
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Table 2.—Abundance of a3pen on the Northern Yellowstone
winter range i n the early 1930's as determined
from a forest type map.
__

Forest Type

Acres

Percent of the
winter range8

Aspen
Aspen-Douglas fir
Aspen-lodgepole pine
Aspen-Douglas fir reproduction

2,590
1,997
183
30

1.5
1.1
0.1
T

Totals where aspen was dominant

1*,800

2.8

Douglas fir-aspen
Lodgepole pine-a3pen
Lodgepole pine reproduction-aspen
Lodgepole pine-aspen-Douglas f i r
Spruce-aspen
Douglas fir-Lodgepole pine-aspen
Lodgepole pine-Douglas fir-spruce-aspen

3f81*1
1*15
1,355
11*9
100
258
168

2.2
0.2
0.8
0.1
0.1
0.2
0.1

Totals where aspen was present but not dominant

6,286

3.7

11,086

6,5

Totals where aspen was present

a
Includes approximately 170,570 acres.
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The data indicate that Douglas fir was the main coniferous invader of
aspen stands and lodgepole pine was of secondary importance. AspenDouglas fir mixtures were present on about 5,868 acres compared to
about 1,953 acres of aspen-lodgepole pine mixtures. It seems apparent
that invasion and replacement of aspen stands by conifers was taking
place in the 1930's. This process has been hastened since the late
1920's through suppression of aspen reproduction by heavy elk browsing,
increased mortality of overstory trees induced by elk eating aspen bark,
and in some areas, through elimination of overstory aspen by beaver
combined with heavy browsing of aspen reproduction by elk (Barmore, 1967).
Suppression of natural wildfires may also have worked to the disadvantage
of aspen (Barmore, 1969).
1966 Bunsen Peak Experimental Aspen Burn
Overwinter ungulate utilization of aspen sprouts was determined in
June 1969 by examining 50 sprouts on both the burn and the control.
Percent leader use was 18 percent and 12 percent on the burn and control respectively. Forty-eight percent of the sprouts on the burn were
one year old compared to 4 percent on the control. The tallest sprout
was 2.4 feet two growing seasons after the burn. This growth rate is
far below the potential of aspen. Since ungulate browsing has been
light, the low growth rate must be due primarily to other factors.
PLANS FOR 1970:
1.

Continue to monitor ungulate utilization of aspen sprouts on
20 sites.

2.

Prepare a final report on the 1966 Bunsen Peak experimental
aspen burn.

3. Determine the location and extent of the aspen community and
recognizable serai stages on the Northern Yellowstone winter
range using aerial photos if they are available. Compare the
present status of aspen with its status in the early 1930's.
REFERENCES CITED:
Barmore, William J. 1967. Conflicts in
aspen in Yellowstone National Park.
20th Annual Meeting of the American
ment, Seattle, Washington, February

recreation--elk versus
Paper presented at the
Society of Range Manage13-17. 17 p. (mimeo).

. 1969. Aspen ecology in Yellowstone National Park.
National Park Service, Annual Research Progress Report, 10 p.
(typewritten).
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VEGETATION CHANGES AND FORAGE UTILIZATION PATTERNS ON THE
UPPER GALLATIN AND NORTHERN YELLOWSTONE WINTER RANGES
(YELL-N-29a, IV)

INVESTIGATOR:

William J. Barmore

OBJECTIVES:
1.

To compile, analyze and interpret qualitative and quantitative data on vegetation and ground cover obtained from
permanent study plots established and measured periodically from 1949 through 1967 on both the Upper Gallatin
and Northern Yellowstone ungulate winter ranges. Included
are plots on open range and matched plots inside and
outside ungulate exclosures.

2.

To determine any vegetation changes that may have occurred
with and without ungulate use between 1949 and 1967.

3.

To analyze and interpret vegetation changes with and
without ungulate use in relation to: (a) weather and
climate; (b) ungulate population levels and distribution;
(c) estimates and measurements of annual and long-term
ungulate utilization of important forage species.

RESULTS AND
DISCUS 8IC4f:
Upper Gallatin Elk Winter Range
Results of long-term studies were reported in the 1968 annual
progress report. A paper summarizing vegetation studies (Peek
al., 1969) is still unpublished.

et

Work during 1969 consisted of obtaining data on winter and spring
forage utilization from 10 sites and elk pellet group counts on
3 sites.
Utilization of old growth bluebuiich wheatgrass (Agropyron spicatum)
and Idaho fescue (Festuca idahoensis) was heavy to very heavy on
most sites with a south or west exposure, on ridgetops, and on
other areas where snow depth would be minimal. Utilization of old
growth grass was in excess of 70 percent on 80 percent of the plots.
The average use of 76 percent during 1968-69 compares with a 7-year
average of 68 percent.
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Percent leader use of Douglas rabbitbrush (Chrysothamnus viscidiflorus) and rubber rabbitbrush (C. nauseosus) averaged 90 and 96
percent respectively on four sites, compared to the 7-year average
of 83 percent for both species. Utilization of Rosa sp. and chokecherry (Prunus virginiana) in 1968-69 was considerably less than in
1967-68.
Use of new spring growth of bluebunch wheatgrass and Idaho fescue
was considerably less in 1968-69 than for the previous two winters.
This probably reflects early, rapid melting of the snow cover,
earlier greenup, and earlier dispersal of elk off the winter range.
As usual, spring use of Idaho fescue was greater than bluebunch
wheatgrass.
Elk use expressed as days use per acre in the Crown Butte-Lava Butte
area was heavy and about the same as the previous two winters.
Drafts of two sections (administrative and management history and
research findings) of a problem analysis for the Upper Gallatin elk
herd and its management were prepared.
Northern Yellowstone Winter Range
No progress
accumulated
study plots
of ungulate

was made in 1969 toward analyzing and interpreting the
quantitative data on vegetation changes from permanent
inside and outside exclosures and under various levels
use. Some of these data go back to the late 1940's.

Work accomplished consisted of quantitatively evaluating fall 1968
through spring 1969 forage utilization on a total of 105 plots that
included all but one of the permanent plots for which plant composition and ground cover data have been gathered in the past.
Percent leader use of willow on five sites averaged 73 percent (range
64-80 percent). An average of 59 percent (range 44-68 percent) of
the plants were severely hedged. The level of use in 1968-69 was
at the higher end of use levels since 1963.
Leader use of big sagebrush (Artemesia tridentata) averaged 44 percent (range 0-94 percent) on 17 sites in 1968-69 compared to a
5-year average of 48 percent. However, use on winter range used by
pronghorn, mule deer, and elk combined averaged 82 percent on eight
sites compared to 15 percent on nine sites used primarily by elk
alone. Five-year average use was 85 percent and 15 percent respectively for sites used by pronghorn, mule deer, and elk in combination
and for sites used by elk only.
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Ungulate browsing of aspen sprouts on from 12 to 20 permanent plots
has remained essentially the same since 1964 (50-60 percent leader
use). A small but consistent increase in average sprout height is
suggested over this period, but any gain is far below the potential
of healthy aspen. This, plus the fact that aspen sprouts fail to
gain much height in some groves where ungulate browsing is consistently
low, indicates that factors other than browsing are suppressing aspen
reproduction, at least in some groves.
Utilization of Douglas rabbitbrush was quite variable over the winter
range. Leader use averaged 39 percent (range 0-100 percent) on 24
plots in 1968-69 compared to 32 percent in 1967-68 and 45 percent on
18 plots in 1966-67, Use levels seemed generally correlated with
levels of old growth grass utilization. Levels of use were consistently high on bighorn sheep winter range. Use of rubber rabbitbrush
was generally less than Douglas rabbitbrush. Where the two species
occurred on the same sites, Douglas rabbitbrush was consistently
used more heavily. Where rubber rabbitbrush and big sagebrush
occurred together on pronghorn winter range, big sagebrush was
consistently used more heavily.
Utilization of winterfat (Eurotia lanata) was generally heavy on
lower elevation winter range where it is fairly abundant. Use was
particularly heavy on important pronghorn and bighorn sheep winter
range. Leader use averaged 64 percent (range 0-100 percent) on 14
•ites in 1968-69 compared to 46 percent in 1967-68 and 62 percent
on seven sites in 1966-67.
Utilization of key bunchgrass old growth (usually bluebunch wheatgrass and/or Idaho fescue) was in excess of 50 percent by weight on
24 percent of 83 sites in 1968-69, 21 percent of 66 sites in 1967-68,
61 percent of 64 sites in 1966-67, and 23 percent of 63 sites in
1965-66. Use was in excess of 70 percent on 11, 3, 31, and 6 percent of the sites in 1968-69, 1967-68, 1966-67, and 1965-66 respectively. For the sites sampled old growth grass utilization since
1965-66 was heaviest during the winter of 1966-67 and nearly the
same at a lower level for the other three winters. An explanation of
the levels and patterns of use or an interpretation of their meaning
in terms of "natural" or "unnatural" relationships between ungulates
and their habitat is not possible at this time and must await more
critical analysis of vegetation changes under various use levels,
winter weather conditions, and ungulate population levels and distribution during the various winters. However, since most of the plots
are on sites most likely to receive heavy use, the low proportion
receiving such use suggests that forage utilization has not been
excessive since 1965-66.
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Utilization of key bunchgrass old growth in 1968-69 was in excess
of 70 percent by weight on 50 percent of 12 plots on key bighorn
sheep winter range used to varying degrees by elk. The heavy use in
1968-69 was similar to the previous three winters.
An average of 15 percent (range 0-56 percent) of the bunchgrass
plants of all species had new spring growth grazed on 50 sites in
1969. An average of 19 percent (range 0-82 percent) of key bunchgrass plants—usually bluebunch wheatgrass or Idaho fescue, but
also a few sites with Junegrass (Koeleria cristata), needle-andthread grass (Stipa comata) and bluegrass (Poa up.)—were springgrazed in 1969, 24 percent of 43 sites in 1968, and 32 percent of
29 sites in 1967.
The apparent lower level of spring grazing in 1969 was probably
due to rapid spring snowmelt, early greenup, and early dispersal of
ungulates off the winter range.
Spring grazing of bunchgrasses was heaviest on bighorn
range on Specimen Ridge and Druid Peak. An average of
of all bunchgrasses and 64 percent of the Idaho fescue
spring grazed in 1969. Use of Idaho fescue was nearly
1967 and 1968.

sheep winter
43 percent
plants were
the same in

Spring use of Idaho fescue was heavier than bluebunch wheatgrass on
15 of 16 sites where the two species occurred together. Spring
use of Junegrass was heavier than bluebunch wheatgrass on five sites
(primarily bighorn sheep winter range on Mount Everts) where both
species occurred together.
PLANS FOR 1970:
1.

Publication in one form or another of the results of long-term
studies of vegetation changes and elk forage utilization patterns
on the Upper Gallatin elk winter range inside and outside the park.

2.

Completion of a comprehensive analysis of vegetation changes in
relation to ungulate influences on the Northern Yellowstone winter
range originally scheduled for 1969 should be accomplished in 1970.

3.

Ungulate forate utilization on the Upper Gallatin and Northern
Yellowstone winter ranges will be evaluated in 1970.

REFERENCES CITED:
Peek, James, A. Lovaas, and W. Barmore. 1969. Past and present
use of the Upper Gallatin elk winter range, Montana,
(unpublished manuscript).
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ANIMAL ECOLOGY IN YELLOWSTONE NATIONAL PARK
(YELL-N-38)

INVESTIGATOR:

Glen F. Cole

OBJECTIVES:
Project I A — To obtain basic reference information on the habits,
population dynamics, and ecological relationships of
managed and naturally regulated elk populations.
Project IIB—Establish systems for routinely measuring the population
status and trends of representative fauna! species.
RESULTS AND
DISCUSSION:

Project L A — A faunal series bulletin on "The Elk of
Grand Teton and Southern Yellowstone Parks" is in
final manuscript. An article titled "Elk and the
Yellowstone Ecosystem" has been accepted for publication by the
National Parks Magazine.
Research on the environmentally regulated elk (Cervis canadensis)
population and other associated fauna in the Gibbon, Firehole, and
Madison river regions has proceeded since June of 1967. In addition
to documenting the habits, population dynamics, and ecological relationships of these elk for comparisons with artificially regulated
herds, several hypotheses are being tested. One of these is that
the studied elk population occurs in some dynamic equilibrium (ecological homeostasis) with environmental influences from weather, plant
successional processes, and other associated fauna without departures
from natural relationships. Another is that the relationships
between the elk population and associated predator-scavenger fauna
are mutualistic.
Some of the general attributes of the studied elk population over
the past 3 years were as follows: It was comprised of about 50 percent
females, 25 percent calves, 6 percent yearling males, and 19 percent
adult males at the beginning of the winter periods; about 66 percent,
14 percent, 6 percent, and 14 percent, respectively, at the end of
periods. The mortality rate for calf elk was at least 54 percent
over their first winter. Calculated recruitment from the yearling
class was 14 percent, but this may not be fully realized because of
additional adult mortality. The recruitment of young into the elk
population (i. e,, survival) was probably in a replacement relationship
to relatively low adult mortality rates.
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The elk and associated bison (Bison bison) populations sustain a
predator and/or scavenger fauna which includes the grizzly bear
(Ursus horribilis), grey wolf (Canis lupus), and bald eagle (Haliaectus leucocephalus). Accumulated records suggest the grizzly is
presently the most important predator on elk. During spring, predation by the grizzly appears sufficiently effective to remove
predisposed elk that might otherwise survive. The "culling" of
female elk with marginal energy reserves could conceivably be the
reason for the "high" calf production in the studied population
(52 to 62 calves per 100 females in July and August samples).
Interspersed mesic meadows, forest parklands, and forest vegetation
between 6,700 and 7,500 feet serve as winter habitat for elk. Geothermal areas are present. Vegetation on sites kept snowfree from
geothermal heat and limited slope areas (river terraces, glacial
moraines) have received heavy (SO to 60 percent) utilization over the
3-year period. These and highlined coniferous trees along the edges
of mesic meadov; or parkland wintering areas occur as biotic. disclimaxes.
Hayden Expedition and other early photos from 1871 to 1904 suggest
such disclimaxes may represent natural conditions (i. e., without
human influence). These photos also show both trees and herbaceous
vegetation have increased on wintering areas used by elk over the
past 65 to 99 years.
Forage sources within sampled meadow, forest parkland, and forest
wintering areas have either been lightly (less than 30 percent) or
moderately (30 to 50 percent) utilized during the study period. The
one exception was that the herbaceous vegetation along the edge of
some stream bank areas was heavily used. Further study is required
to determine the relationships of elk to the plant food sources on
these different habitat units.
Project IIB--Experimental monitoring of data to document the population status and trends of grizzly bear, grey wolf, bald and golden
eagles (Aquila chrysoetos), mountain lion (Felis concolor), and
wolverine (Gulo luscus) Is progressing routinely. Data on the grizzly
and grey wolf were presented as "Research Notes" for the use of park
administrators, cooperating researchers, and other agency personnel.
A paper on "The Preservation and Management of the Grizzly in
Yellowstone National Park" has been submitted to Bioscience.
PLANS FOR
1970:

Continue scheduled research on the Gibbon, Firehole,
and Madison study area and experimental monitoring of
faunal species population status and trends. The latter
will attempt to document predator-scavenger population responses that
will probably result from allowing a portion of the Northern Yellowstone
elk herd to be environmentally regulated.
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ECOLOGICAL ffXLDLIFE STUDY (MULE DEEP)
(YOSE-N-1)

INVESTIGATOR:

Neal G. Guse, Jr.

OBJECTIVES:

To delineate deer damaged summer and intermediate range
areas clarify seasonal animal distribution and migration patterns, and gain preliminary knowledge of deer herd numbers and
dynamics, life history information and other specific ecological requirements.

METHODS:

Visual observations, animal trapping and marking, forage
and range trend and composition surveys, herd composition count transects, biological analysis through herd sampling, hunter
harvest data, and related techniques are currently being employed.
RESULTS AND
DISCUSSION:

Studies since 1964 have adequately delineated areas of
concentrated deer use, determined physical condition and
food habits of animals from comparatively dissimilarconditioned ranges, and delineated major migration routes and movement
periods. Major attention was given to uncovering information which would
directly benefit deer management actions primarily aimed at reducing and
stabilizing population numbers. Since the initial urgency of solving the
problem of too many deer on deteriorated ranges has been lessened, recent
study emphasis is now being directed towards gaining more specific information about the deer's ecological requirements.
1. Location of Study: During the period of July 10 through September 20, 1969, a major effort was given to observing deer on their summer
range. The focus of study was in the Tuolumne Meadows-Tioga Pass region
of Yosemite National Park. This area is dominated by lodgepole pine
forest, interspersed with large and small stringer meadows bordering
numerous permanent streams, and bars, glaciated granite domes and outcroppings. Elevations within the study area are from 82500 feet along the
western portion to 10,500 feet on the east side. Treeline occurs at
about 10,000 to 10,800 feet elevation. Approximately 13 square miles were
included within the primary observation area which was generally centered
one-half mile on both sides of the Tioga Road between the western end of
Tuolumne Meadows to Tioga Pass.
2. Summer Range Use: In 1969 deer began moving into the park from
wintering areas to the west approximately the third week of May. Arrival
on the summer range proper above 8,000 feet elevation was delayed due to
the heavy snow pack until about the last week of June. The deer remained
on the general summer range until the third week of September and then
gradually began their downslope, westward movement. Total time on the

236

summer range was about 85 days, some 20 days less than in 1968 but similar
to the 1966 and 1967 seasons. The animals completely left the park during
the first week of November.
In previous years the arrival of severe storms was viewed as the prime
factor in encouraging the deer to migrate to lower elevations. However,
in 1969, storm patterns did not materialize during the times that deer
were observed leaving the high elevation summering areas and again when
they left the park. Periods of heavy morning frost did occur during these
movements suggesting that temperature may be as important as the usual
occurrence of snowstorms,
3. Population Density: Preliminary data from observations in the
Tuolumne Meadows-Tioga Pass region suggests summer deer population densities of the following order: elevations above 8,000 feet, 10-12 deer per
square mile; elevations below 8,000 feet, 4-6 deer per square mile. Projection of these densities over the entire park area of nearly 1,200
square miles indicates a summer deer population of approximately 6,500 to
10,000 animals. This information was derived from almost daily observations of deer in the primary study area and compared with periodic observations of deer in the White Wolf area, some 15 airline miles to the west.
The differences in population densities between areas points to the possibility that somewhere around the 8,000 feet elevation a significant
change in deer summer habitat may be indicated.
4. Herd Composition: Early morning and evening observations in
the Tuolumne Meadows-Tioga Pass region with 7X50 binoculars and 40X
spotting scope provided an almost continuous accounting of some 140 deer
residing in this area. By mid-August, after the fawns would accompany
the does during the feeding periods and other deer had developed more
routine, daily habits, the population within this area had the following
composition: 40 adult bucks, 41 adult does, 19 yearling bucks, 16 yearling does, and 23 fawns. The buck:doe:fawn ratio is 104:100:40, indicating a disproportionate number of bucks and a very low birth and summer
survival rate of fawns0
During the observation period, an adult doe, yearling buck and fawn were
known to have been hit and killed by cars in separate incidents along
the Tioga Road, Another fawn was lost when it tried to cross the swollen
Tuolumne River at the extreme western end of Tuolumne Meadows. Two other
unconfirmed road kills were also reported.
Three major sites were noted in the primary study area where deer were
observed with regularity and in sizeable groups. The first location was
at the western end of Tuolumne Meadows. This area contained the largest
herd, composed of groups of bucks and does and fawns. The group of 24
bucks contained the following individuals characterized by antler configurations (L-R): two 4-4, two 4-3, four 3-3, three 3-2, five 2-2, six 1-1,
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one multi-branched, and one stag. Among the group of 27 does and fawns,
there were 18 adults, nine yearlings, atvl nine fawns. Both the bucks
and does remained apart from each other must of the time but occasionally intermingled while feeding. While the bucks generally remained
together as a group, there was no consistency in the grouping of does
when feeding in the meadows. They appeared singly, in twos and threes,
and only occasionally more than six individuals, with and without fawns.
The second location was in the northeastern section of Dana Meadows
about one-half mile southeast of Tioga Pass. Here early in the summer
a group of 18 bucks (two 4-4, two 3-4, three 3-3, one 2-3, six 2-2,
one 2-1, two 1-1 and one stag) were repeatedly seen. As the summer progressed they dispersed over the treeline slopes of Mt. Dana and Mt.
Gibbs. At no time were more than three-four does seen together at this
site.
The remaining conspicuous group of deer were located in the vicinity of
the Dana Fork Parking Area opposite the base of Mammoth Peak. Here seven
bucks (one 3-3, one with broken left antler-3, one 2-3, one 2-2 and three
1-1), five adult does, two yearling does and one fawn were residents.
The does usually remained as a group whereas the bucks appeared irregularily.
All other animals comprising the some 140 deer present in the study area
were seen as singles or small groups of two and three individuals.
5. Fawning: The peak of fawning occurred during the first 10 days
in July. After July 20th efforts were unsuccessful at catching fawns for
tagging. Three fawns were captured by hand and tagged on July 15th and
another on the 16th, all at the western end of Tuolumne Meadows. Here
the does usually hid the fawns at the bases of both dead and living
willow clumps during the day. By early evening nursing was completed
and the fawns were moved to new locations, sometimes out into the open
meadows while the does were alternately feeding, resting and ruminating.
Fawning activities and conditions were not observed at other locations.
A total of eight sets of twin fawns were observed in the study area; the
remaining seven fawns were probably single births. At the time the deer
were ready to leave the high country at least two sets of twins were no
longer intact.
6. Home Ranges: Repeated observations throughout the study area
revealed that the deer generally confined themselves to an ovate-shaped
area slightly less than 5 acres in size. The daytime bedding grounds
were located at the smaller end and the outermost limits of feeding occurred at the opposite, larger end. The area occupied by the does and
fawns appeared slightly smaller than that used by the bucks. The only
exception noted in the size of an area used repeatedly by deer was at
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the alkali lake approximately three-fourths of a mile west of the Dana
Fork Parking Area at the base of Mammoth Peak. At this site an occasional animal that was not part of the regular group of deer occupying
this area was observed injesting mud or dirt. By examining the trails
which converged at the alkali lake, it appeared to attract deer from
not much more than one-half to three-quarter miles away through most
of the summer. Later, as the deer began their westward migration, the
alkali lake attracted many more animals for a short period.
The group of bucks utilizing the western end of Tuolumne Meadows would
spend the day and night resting among the trees about midway along the
east-facing slope of Erratic Dome. Between 6 a.m. and 7 a.m. each
morning, the bucks would leave their bedding grounds to feed. Leaving
the forest in bunches of three and four, they would cautiously enter
the open meadow. Upon arriving in the open, approximately 10-15 minutes
would be spent in a game of "tag" between mainly the yearling animals
before any serious feeding began. After this play period then they
would feed in an easterly direction, sometimes crossing the Tuolumne
River to feed on the other side. Usually they would feed about 30 to
40 minutes before lying down or gradually working their way back to the
forest, generally vacating the meadows by 8:30 a.m. or 8:45 a.m. Again
about 2 p.m., the resting-feeding sequence would be repeated, continuing
well into the hours of darkness.
The does and fawns followed a similar ritual except that their bedding
grounds were mostly in an area south of the Tioga Road and just west of
the Cathedral Lakes Trail. Another small group of does and fawns used
an area on the north side of the Tuolumne River opposite the Cathedral
Lakes Trail Parking Area. The morning feeding period occurred about
the same time as with the bucks but usually without the play, with the
main group of does feeding in a northerly direction ending near the
river. Afternoon feeding usually began later for the does than the
bucks and was sometimes not until about 6 p.m.
In the Tioga Pass area does spent more time feeding in the larger avalanche runs on the western slope above Dana Meadows than in the meadows
themselves. The converse was more the case for the bucks of this area.
Does appeared to have a slightly different feeding-resting schedule
than those in Tuolumne Meadows, but was not observed as closely as in
the latter. At the Dana Fork Parking Area, both the does and bucks
utilized the small meadows bordering the river but like those in the
Tioga Pass area were not as habitual as those in Tuolumne Meadows.
7. Relations with Humans: The deer occupying the western end of
Tuolumne Meadows were generally more tolerant of people than were deer
in other locations. At other sites the deer would normally run from
humans whereas those in the western end of Tuolumne Meadows would try
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only to remain at a protective distance of some 30 to 60 yards. Undoubtedly the daily concentration of many people either fishing, hiking or
swimming in this area accounted for these different reactions.
CONCLUSIONS:

One of the most promising areas where future research
can add important knowledge to total deer herd management concerns animal population dynamics on the summer ranges. Of particular interest is fawn birth and subsequent survival through the summer
period. This past summer's observations indicated this input into the
population to be quite low, at least in the Tuolumne Meadows-Tioga Pass
region. Additional studies are needed to substantiate this as a parkwide factor of a strictly local phenomena.
Also in the area of fawning, studies need to be made on the specific requirements does may have in selecting potential fawning sites. The almost
exclusive use of willow bases as concealment in the western portion of
Tuolumne Meadows may point to the importance of these requirements. Comparison of sites where the majority of fawns were observed with other
sites of fewer or no fawns, suggests a high specificity for an established
relationship between food, cover, water, space, etc. At the Tuolumne
Meadows sites, the steady decline of willows through heavy deer utilization may be detrimental to future fawn production. This deterioration of
willows can be traced from the photo records.
There is need to develop a census method which will give a more accurate
picture of deer numbers on summer range. Continuous observation is not
economical in the long run. Pellet group counts alone do not give an
optimum index of animal distribution over the summer range. The deer
tend to arrive on the summer range in small bands, utilize one area for
a short period, then disperse to individual home ranges for the majority
of the summer, and later regroup prior to migration which causes a very
uneven distribution. Also, all parts of the range are not being used
equally. As with the fawning, the relationship between food, cover, water,
space, etc., may be highly specific, accounting for the selectivity of
areas used.
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ECOLOGICAL WILDLIFE STUDY (BLACK BEAR)
(YOSE-N-2)

INVESTIGATORS:

Neal G. Guse, Jr.
Mike Ritchey

OBJECTIVES:

To gain information about black bears, particularly
habits and movements, to aid management of these animals in high visitor use areas of Yosemite National Park.

METHODS:

Live-trapping and marking, and visual observations
were used. Culvert-type bear traps were similar in
design to those used in other parks. One trap was equipped with a
swing-away door incorporating a modification of the guillotine-type,
neck restraining door, originally described by Hiehle and Slosson
(1961). All traps were mounted on trailers for portability.

Traps were set in locations where nuisance bear incidents were reported
or in refuse dumps which supported several animals. Animals captured
in these traps were held and injected with succinylcholine chloride
(100 mg./cc strength) via Palmer Chemical Co. Cap-Chur equipment or
hand syringe to facilitate handling and marking. Size and age of the
animal determined the amount of drug administered. When "manageable,"
a 1%-inch diameter cattle tag, yellow with black numerals, was placed
in each ear with special pliers. A *&-inch wide by 3-inch long, colored
vinyl streamer was affixed to one tag, which identified the site of
marking. Information on animal movements was obtained from reports of
the colored streamer and later related to the numbered tag. With the
exception of those animals trapped in Yosemite Valley, nearly all were
released where originally trapped. Those of Yosemite Valley were transported to sites along Tioga Road after the normal visitor season had
ended in the high country.
In general, amounts of the drug used were in the following dosages:
cubs, 0.14-0.16 cc; yearlings, 0.25-0.35 cc; adult females, 0.50-0.65 cc;
and adult males, 0.75-1.00 cc. A long barrel, Tuberculin syringe was
used to measure the drug doses.
Fieldglasses and spotting scope were used in making both day and night
observations of marked and unmarked bears at the White Wolf dump and
campground. Identification of specific animals was based on size, color
phase, distinguishing scars or chest blazes, and tag numbers.
RESULTS AND
DISCUSSION:

This study was initiated on a limited basis during the
summer of 1969. Two separate phases were undertaken:
(1) trapping and marking as many animals as possible to
facilitate future observations; and (2) detailed observations to determine
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the resident bear population and its relationship, if any, between use
of the White Wolf refuse dump and the nearby White Wolf Campground.
The results of bear trapping and tagging are shown in Table 1. A total
of 30 animals were handled, of which 28 were tagged and released; two
animals died from exhaustion during the recovery period.
Table 1.--Results of Black Bear Trapping and Marking,
Yosemite National Park, California, 1969.

Trap Location
White Wolf Dump

Area
Number of Animals Trappe*i and/or Marked
Method Used to Tag Streamer
Age gL188
Sex
Adult Yrlg. Cub) Total Sucostrin Drop Door Color
4
White
Male
1
4
hi
1
iFemale
1

Mather Ranger
Station

Male
Female

..
-

1
-

_
-

1
-

-

1
-

Crane Flat Dump

Male
Female

_
1

2
-

1

2
2

i
i

1
1

2/
Green^'
Green

1
1

1
-

-

2
1

2.,

_
-

Orange
-

Yosemite Valley Male
1
Female , 5
UnknownV -

1
2

2
4
2

3
10
4

2
10
-

1
4

Yellow
Yellow
Yellow

4
1
2
7

2
5
2
9

12
14
4
30

8
13
21

4
1
4
9

Tuolumne Meadows Male
Ranger Stationi Female

Totals

Male
Female
Unknown

6
8
14

ll/

-

1/ Died from exhaustion and heart failure after repeat doses of drug.
2_/ One male yearling has white streamer; released at SF Tuolumne Bridge.
3/ Sex not determined due to inexperience of trap operator.
The time between drug injection until these animals became tractable
varied between two and seven minutes with the doses used. Upon immobilization, they could be safely handled for about 15 to 20 minutes
during which time ear tagging was completed. Complete recovery to
near normal coordination ranged from 35 to 70 minutes. Three adults
were given supplemental doses of about 0.15 cc to effect immediate
safer handling. Three cubs were given additional doses of 0.05 cc
to permit a longer manageability while attempting to bring all family
members together in the same trap. Artificial respiration by hand
was used in a few instances where breathing difficulties became
apparent.
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It was found that if drugged animals were returned to the confines of
the trap they recovered in better condition than those left to recover
in the open. While the animals are aware of happenings around them
while drugged, they are unable to react; they feel perhaps less harassed
and more protected from humans while inside the traps. The two animals
that succumbed during handling died largely from sheer exhaustion when
attempting to crawl away from humans while still under the influence of
the drug. Efforts to escape seemed much more pronounced than selfprotection interests. After this unnecessary stress factor was suspected
all other animals were returned to the traps and held until complete recovery was apparent and then released. No adverse effects were noted
thereafter.
Nearly one-third of the animals trapped were tagged using the special
guillotine, drop door. These animals were handled in this manner because the Cap-Chur equipment and drug were unavailable at the time or
the trap operators were inexperienced with its use. This method proved
to be a little slower due to the reluctance of animals to be caught a
second time by the drop door if the first attempt failed.
Mike Ritchey spent as much time as possible recording observations on
bears in the White Wolf area. Scheduled observations were not possible
since he also worked irregular shifts at the Big Oak Flat Entrance Station. All of his efforts were donated in this study and were used to
meet requirements of a college course project. Some of the tentative
findings are listed below:
1. Not unexpectedly the bear population at the White Wolf dump and
campground increased as public visitation to the area increased. This
can be related to an increased volume of available food (garbage).
2. Bear activity at the dump was heaviest between the hours of
11 a.m. and 4 p.m. This corresponds to the same period that garbage is
dumped after being collected from nearby campgrounds. Activity at the
campground occurred mostly between dusk and two hours following. This
relates to the time when most campers had finished their evening meal
and the residue was deposited in trash cans.
3. There appeared to be a periodic turnover in the bear population
at both the dump and campground. Some animals were observed at a specific location all summer while others were seen only once or twice. It
was not confirmed whether there was apparent dual use of both areas by
certain bears although it appeared that each population was relatively
separate.
4. Infrequent observations did not permit a detailed analysis of
the hierarchical structure of animals at the dump. It was determined
that five to six adult bears displayed varying degrees of dominance between themselves and other animals at different occasions throughout
the summer.
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5. A total of 54 males were observed during the study period; 30
were seen at the dumps. Only four females and two cubs were noted at
these sites. The ratios between sexes were; dumps, 15 males to no
females and no cubs; campgrounds, 12 males to one female and two cubs.
Aside from repeated observations of marked animals at the dumps and
campgrounds there was only one confirmed report of identified animals
migrating outside their normal range. An adult male, #32/33 was tagged
near the Tuolumne Meadows Ranger Station during the end of August and
appeared in Yosemite Valley the third week of October. This is more
than 15 miles airline distance and an elevational difference of nearly
5000 feet. Yet this tendency to migrate seasonally from high to lower
elevations might also be inferred in another type of movement. Nearly
all of the animals originally tagged in Yosemite Valley and released
along the Tioga Road returned to the Valley within two to seven days.
TENTATIVE
CONCLUSIONS:

It was shown that immobilizing drugs can be used successfully to handle live bears; that the interrelationship
between bears at the refuse dumps and between nearby
high visitor use areas is exceedingly complex; and, that there is some
evidence to support the theory that upon closure of high country visitor
use areas some animals migrate to Yosemite Valley and continue their
campground depredations.
PLANS FOR
1970:

It is recommended that this study be continued on a
more full-time basis next season and expanded to include collection of basic physiological data (such as
live-weights, blood samples, fecal analysis, parasites, rectal temperatures, etc.). Additional trapping and tagging of animals from other
locations in the park should also be undertaken.

REFERENCES CITED:
Hiehle, J. L. and J. R. Slosson. 1961. A method of immobilizing
bear for ear tagging. Calif. Fish & Game, 47(3):302-303.
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PLANT PATHOLOGY LABORATORY PROGRAM
INVESTIGATORS:

Horace V. Wester, Plant Pathologist
James C. Patterson, Agronomist

On November 3, 1968, the Plant Pathology Laboratory unit of the National
Capital Parks was transferred to the Office of Natural Science Studies
to expand the amount of biological and ecological services available for
solving urban environmental problems, including the shade tree programs.
At the time of this transfer the staff consisted of a Plant Pathologist
and Horticulturist. In June 1969, the staff was increased by an
Agronomist who will be concerned mainly with improving the quality of
soil environments of shade trees and other ornamentals under urban
conditions. The following summary indicates the more important investigations and services rendered by the Plant Pathology Laboratory in 1969.
Dutch elm disease diagnosis. The National Capital Parks and District
Government (Trees and Landscaping Division) continued to combat the
Dutch elm disease in Washington, D. C. on a citywide basis in accordance
with their 1951 agreement. The Laboratory has continued its culture
diagnosis for the above disease as part of the control program.
Table 1 presents a summary on Dutch elm disease culture confirmations for the Washington, D. C. area for 1969. In a total of 130 cases
in the National Capital Parks, 31, 1 and 99 cases were found respectively in the District, Maryland and Virginia. The 31 cases found in the
National Capital Parks in the District was a marked reduction in the
disease for this area as compared to the previous year, when 67 cases
were reported. The District's Trees and Landscaping Division also
had a marked reduction of this disease for the streets of Washington,
D. C. for 1969 when 124 cases were reported as compared to 261 cases for
the previous year.

245

Table 1.

Summary of Dutch elm disease cases confirmed by
culture diagnosis for Washington, D, C, area during

1969

Owner

District

Area
Mar;/land

Virginia

""otal

1

99

130

T

10

National Capital Parks

30

Federal Miscellaneous

3

Trees end Landscaping

121

121

Private Property

20

20

Total

I T It

1

106

281

Investigation of selected clones of American elm for Dutch elm
disease resistance. In August 1964, 2-year-old American elm seedlings
were budded from. American elm selections showing various differences in
earliness of spring growth. On June 3, 1968, the crowns of these trees
in respective groups of 10 were singly inoculated, in 2-year shoots with
a spore suspension of the Dutch elm disease fungus, Ceratocystis nlri.
The object of this investigation was to ascertain if earliness of growth
could reflect strong sap uptake, * recognized possible factor for crown
resistance of the Dutch elm disease. Two year results from these
inoculations are summarized in Table 2. These results are encouraging
in that they indicate that selections of American elms on the above
basis may have significant crown resistance for the Dutch elm disease.
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^able 2.

Two-year development of Dutch elm disease from crown inoculations of American elm
clones selected for earliness (crown vigor) op growth in soring.

Do. t r e e s a f f e c t e d by T->rogressive s t a g e s of d i s e a s e
frcr. branch i n f e c t i o n .
1069
1968
Branch i n f e c t i o n
-ranch i n f e c t i o n
Clone
no.

•~l

Earliness of
growth

6/3/68

"Jo. t r e e s
inoculated
(a)

Distal

Distal
an c

proximo!

Distal
Blly
fatal

Distal
and
proximal

Systemically
fata]

10

6

2

1

0

3

3

H

10

2

1

1

0

1

1

1 week e a r l y

It

10

3

2

1

0

1

1

2 weeks early

II

10

8

0

0

0

0

0

3-157

normal

3-llfc

1 week early

2-153
3-178

'a)

Date
inoc.

Inoculated trees, budded in August 1964, truck diameter 2" and height 14'.

Elm selections were planted in National Capital Parks for field
performance tests on architectural form and resistance for Dutch elm
disease and elm leaf beetle under urban conditions such as Washington,
D. C. Table 3 provides data pertaining to these selections.

Table 3.

Elm selections planted in National Capital Parks
in 1969 for demonstration tests.

Res. and
tree no.

Date
planted

Clone

332-142

U. amer. 2-153

332-143

ii

ii

II

II

II

M

H

332-160

II

II

II

II

II

332-164

It

II

II

II

II

332-166

II

II

II

II

II

332-102

ti

II

3-178

4/21/60

ii

4/18/69

II

2-1A

U. noil, superba

2-2A

II

332-1A

ii

Budded on
U. amer.
T965

Inoculation
tests indicate
some tolerance

Budded on
Buis. elm
1964

Field observations indicate
some tolerance.

4/25/69

332-159

332-97

Dutch elm
disease

II

ii

3-114

332-158

4/29/69

Propagation

5/5/69

II

H

U. japonica X
Wilsoniana

4/18/69
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it

Cuttings
from Arnold
Arboretum
August. 1961

H

Inoculation
test indicate
high resistance

Peach Yellows on Kwanzan cherry. On September 23, 1969, Dr. L. 0.
Weaver, State Plant Pathologist of Maryland brought to our attention
striking symptons of the peach yellows virus on about 18 large Kwanzan
cherry trees in the Holiday Park Subdivision of Wheaton, Maryland. This
seems to be the first time that this important virus disease has been
observed on any of the Oriental flowering cherry trees. The symptons
are readily recognized by severe dwarfing and yellowing of the foliage,
attended with suckering and witches brooms. These symptoms are followed
by a severe tree decline condition. The affected trees showed mild to
rather severe symptoms, indicating that the milder infections have been
relatively recent, and therefore have occurred naturally since
establishment of the planting in 1954, rather than from infected propogating stock. If further observations confirm that the disease can
spread naturally in the Washington, D. C. area, then it can be assumed
to be insect transmitted. Under these circumstances the disease may pose
a serious threat to all plantings of Oriental flowering cherry trees
in this area. Proper roguing can be expected to control the disease.
Mr. Greydon Tolson, Supervisor of Shade Trees for Montgomery County, is
following this program for control of the disease, in Wheaton, Maryland.
Susceptibility of various bedding plants to moisture. (Survey study
by Jim Patterson). In June and July extensive bed plantings of petunias
and geraniums were very commonly observed — 50% or more destroyed. This
made the buds very unsightly for landscaping purposes. The extensive
damage was almost always associated with beds on level ground and rarely
where drainage appeared favorable. Beating rains occurred on these beds
on June 2, July 20 and 22 when .44, 1.04 and 3.29 inches of rain fell
within a I-hour period. These conditions greatly injured the plants through
suffocation and in this manner predisposed them to root rot. Species such
as salvia, marigolds, zinnias and cannas subjected to very similar
conditions were observed to show very little or no damage from the above
environmental conditions. It seems inadvisable to continue to grow
petunias and geraniums under the above ground conditions because of the
resulting mortality. These species, however, can be grown successfully
on well drained slopes, which therefore should be the type of sites
s e 1 e c t: e d f o r 1.11 e m .

During the same period that petunia and geranium beds were failing
in Washington a bed of the beautiful fountain grass Pennisetum ruppeli i
under similar level ground conditions in front of the Administration
Building at the Plant and Industry Station (Beltsville, Md.) was observed in thriving condition. Since precipitation at Beltsville usually is
similar to that in Washington it is assumed the fountain grass at
Beltsville was subjected to very similar precipitation that was disastrous
to petunias and geraniums in the Nation's Capital. Therefore, it appears
to be a likely species to succeed in beds that may become too saturated
for petunias and geraniums. Consequently it is recommended for limited
trial in several beds of level ground in Washington for 1970.
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Following concurrence from Mr. Thomas DeHaven, this Laboratory is
raising fountain grass seedlings for 1 or 2 appropriate planting beds in
the National Capital Region for 1970.
Toxic soil condition in northeast area of Polo Pleld - Diagnosis
and remedial treatment (By Jim Patterson and Robert Cook (NCR, Central)).
"Top-soil" applied to about 70,000 sq. ft. in the northeast section
of the Polo Field about February 25, 1966 has been found completely
unsatisfactory for growing turf. Repeated sowings of turf seed have resulted in practically no germination. Common weeds also have not had
any success in growing in this soil. The inability of grass or weeds to
grow in this soil has left the area almost bare of vegetation for the past
3 years.
The soil had come from the vicinity of an incinerator plant in
Maryland. The proximity of the soil source to the incinerator plant
suggested toxic residues from the latter may have polluted the soil.
Soil samples tested at the Plant Pathology Laboratory and University of
Maryland were found to have a pH range of 2.6-3.3 and total salts of
3300-6100 parts per million. The exceptionally low pH and high salt content of this soil is extremely toxic to vegetation which explains why
grass seed has not even been able to germinate in it.
Correction of this extremely toxic pH and salt concentration in
the aforementioned soil can be achieved by heavy applications of finely
ground limestone. About 70 tons of limestone /acre is initially
anticipated for the worst polluted soil which involves about half
the affected area. Repeated surface applications over a period of
several years may be necessary depending on the potential acidity of the
soil. It is believed these corrective measures will be adequate for
growing satisfactory turf on this problem area during the spring of 1970.
Disease Tolerant Elms, Zelkovas, Hackberries and Sycamore, Recommended for the Washington Area. Paper presented November 20, 1969 by Horace
V. Wester at the Metropolitan Shade Tree Conference. The recommendations
should be important in improving the quality of shade trees in Washington,
D. C. area, in addition to lowering their maintenance costs. The paper
has been submitted to Afborist News for publication.
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SOCIOLOGICAL STUDIES PROGRAM
by
Neil H. Cheek, Jr.

During 1968, the Office of Natural Science Studies began the development
of a program of sociological studies. These studies are intended to
complement the efforts in the biological studies program. The particular
contribution of the sociological research program to the National Park
Service mission is a heightened awareness and appreciation by Service
personnel of how social interaction occurs among persons in the parks
and some of the consequences of such social behavior for the various
ecological systems within the parks.
Initially the identification of areas for investigation under the sociological program required considerable attention. Several general categories
of studies were identified and preliminary work begun towards developing
them into fully operational efforts. The first step was to obtain selected
baseline data about persons in the national parks and how they compared
with persons not currently in the parks. A national probability sample
study of adults 18 years and older in the United States was conducted
to obtain the necessary information. Since the study was conducted late
in 1968, only preliminary interpretations of the results are presently
available. These are considered in the attached report for WASO-S-100.
The preliminary interpretation of the results of WASO-S-100 suggest the
desirability of several additional types of studies. First, it is clear
that going to a park is a relatively widespread phenomenon in this society.
It is also clear that different social strata in the society go to parks
at different rates and intensities. Why such patterns exist requires
further study. In particular, a study of how parks fit into the day-today lives of persons in the society will be important.
Second, the data of WASO-S-100 show that some 80 percent of the adults
in the national parks go there with some relative. A mere 2 percent go
alone. Clearly, going to a national park is a social phenomenon of
importance to those participating in it. The natural unit of going to
national parks among persons in the society is not alone as an individual,
but as a member of a social group composed of persons related by family
ties. The implications of this finding for the National Park Service
are potentially quite large. From a scientific standpoint, the finding
begs the questions of why this occurs, under what conditions, and how
general this characteristic is with regard to other kinds of parks in
the society. Answers to these and similar questions will help form the
basis for future studies.
Finally, the data from WASO-S-100 show a large proportion of persons in
the parks consider sightseeing as the single activity in which they
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participated most frequently. The statistical disparity between this
and the next most frequent activity i6 about 40 percent. A great deal
more needs to be known about this and other activities. For example,
what, if any, relationship exists between the frequency with which
persons participate in a particular activity and the fact that persons
come to parks in social groupings? What are the sociological and psychological components of sightseeing, camping, hiking, swimming, etc. These
and other questions will be investigated in future studies.
During 1969, the sociological research section will attempt to begin
studies to answer the questions discussed above and to identify additional areas for future studies relevant not only to the National Park
Service mission but additionally contributing to a broadened understanding of human behavior.
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NATIONAL SURVEY OF PARK USERS
(WASO-S-100)

INVESTIGATOR:

Neil H. Cheek, Jr.

OBJECTIVES:

The data obtained will provide basic information concerning the distribution of park users among persons
18 years and older in the United States who visited a national park
within the 12 months preceding the date of the survey. These data will
be the basis for population estimates which will be used in later studies
as parameters.
METHODS:

Personal interviews; national study of adults 18 years
and older; area probability sample of 3,169 respondents (unweighted).

RESULTS:

Sixty-seven percent of the respondents went to some kind
of park within the year preceding the study; 28 percent
went once or more per month; 19 percent went to a national park in the
year before the study; 50 percent have been to a national park at some
time in their lives; 6 percent went to more than a single national park
during the year; 3 percent went more than once to the same national park
during the year. Among respondents who went to a national park in the
preceding year, 80 percent went with a relative; 31 percent remained
overnight in a park; 49 percent considered sightseeing as their major
activity while in the park with the next most important activity being
camping (8 percent) and in descending rank order: picnicking, walking,
photography and fishing (tied), and hiking and nature study (tied).
PLANS FOR 1970:
Continuing analysis in conjunction with WASO-S-101 (see below).
PUBLICATION:
"People and Parks: Sociological Formulations" (a chapter in
The Sociology of Natural Resources, edited by William R.
Burch, Jr., et al).
(forthcoming)
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PEOPLE, PARKS AND ZOOS: A SOCIOLOGICAL INQUIRY
(WASO-S-101)

INVESTIGATOR:

Neil H. Cheek, Jr.

OBJECTIVES:

This study builds upon the previous findings of WASO-S-100
and trill attempt to identify the sociological and cultural
factors which account for the differences found among social strata in
the society with reference to going to parks. In addition the study x-;ill
provide data on a related urban social institution, the zoological and
botanical park. These data will enable the identification and analysis
of similarities and differences between human behavior In these two
social settings.
METHODS:

A two-phase design: phase one, developmental; phase two,
quantification data gathering techniques employed appropriate to the hypothesis being tested.
RESULTS:

Study in progress -- completion of data acquisition by
end of CY 1970.

PLANS FOR
1970:

Analysis and write up of data for administrative and
scientific purposes.

PUBLICATIONS:

(See above).
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CONTRACT STUDIES PROGRAM

The following reports are of selected projects, funded
entirely or in part by the Service, which are conducted
by non-Service personnel.
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BLACK-FOOTED FERRET RESTORATION
(BADL-N-2)

INVESTIGATORS:

Raymond L. Linder and Robert G. Sheets (Cooperative
Wildlife Research Unit, South Dakota State University)

OBJECTIVES:

To determine the life history, ecology, population
dynamics, movements and other behavior of the black-

footed ferret.
PROGRESS:

Twelve prairie dog burrows were excavated in 1969
to recover additional ferret scats for analysis.
Twenty-five scats were recovered from burrovjs occupied by a mother
and young. Eighteen burrows excavated in 1968 and 1969 varied from
13 to 109 feet in length and 3 to 14 feet deep. A gradually descending
passagevjay leading from a dome shaped entrance and vertically ascending
to a crater shaped entrance was found in 15 of the 18 systems. Six
of the 18 systems contained nest chambers.
Of the 14.11 grams of ferret scat analyzed in 1969, 6.98 grams were
animal matter. Of the animal matter 3.9 percent was mouse compared
to 18.3 percent in 1968. Prairie dog and mouse remains were the
only animal remains found. One ferret road killed earlier and analyzed
in 1969 contained rabbit hair. A 1200 trap-night survey revealed 13
lined ground squirrels (Citellus tridecimlineatus), deer mice (Peromyscus
sp.), grasshopper mice (Onychomys sp.), house mice (Mug musculus) and
voles (Microtus SJJ. ) , occurred on the town.
Two ferrets from different prairie dog towns were marked in 1969. One,
a young male, was captured using a tubular live trap. Metal strip tags
were placed in each ear and the animal was released. The other animal
captured was an adult female which exhibited a dark mid-ventral streak
between her rows of nipples. Both were later seen active with at
least one tag in place. By August 1969 the young male, a single litter
member, appeared relatively larger than the adult female.
Sixty-two prairie dogs were color marked with Picric acid (yellow) and
Rliodamine B (red) in 1969. Picric acid proved most enduring and was
used to mark 35 prairie dogs on four selected plots on each of two
prairie dog towns. Activity trends were obtained by counting each of the
four plots 10 minutes every hour for six days on each town. Highest
percent activity above ground was at 8:00 a.m. and 8:00 p.m.
Counts of random plots were made on the ferret-inhabited town and three
others during 1968 and 1969. Although peak activity was found in morning
and evening at 80°F temperatures, lowest variation between counts was
found to occur on a still, overcast afternoon with a temperature range
of 71 to 76°F.
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The prairie dog town hosting a ferret litter of four in 1968 and a
litter of one in 1969 declined in population 16 percent according to
random total counts and projected plot counts from June 1968 through
August 1969. Three other towns on which no ferrets were found increased
19, 42, and 28 percent during the same period.
Plans for the next phase of the study to begin about June 1, 1970, are:
(1) develop radios for telemetry study of ferrets, (2) continue and
expand movement studies, (3) evaluate techniques for control of prairie
dog populations on private lands, and (4) attempt to locate additional
ferrets.
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ECOLOGICAL WILDLIFE STUDY (MOOSE)
(ISRO-N-1)

INVESTIGATORS:

Durward L. Allen, Michael L. Wolfe, Wendel J. Johnson
(Purdue University)

OBJECTIVES:

To analyze the population dynamics and environmental
reactions of moose in the wolf-dominated community.

PROGRESS:

The winter of 1969 was characterized by deep snow
(44 inches). Moose made unusually high use of lake
edges. Calves were unusually vulnerable and they were also unusually
plentiful (56 calves/100 females in fall count). The wolf population
was approximately 17 — a marked reduction from the usual number of
about 24. This resulted from the loss of a pack of 6, that evidently
returned to Canada in winter 1968. Another deep snow influence was
the highest rate of moose kill witnessed in 10 winters. Many carcasses
were left partially eaten because they were frozen deeply Into consolidated (melted and frozen under the kill) snow. Thus, conditions
appear to be favorable for an increase in the wolf population in the
year 1969-70, and this will be closely checked in the winter work
of 1970.
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GEOLOGICAL SURVEY AND GEOLOGICAL MAPPING
of ISLE ROYALE
(ISRO-N-3)

INVESTIGATOR:

N. King Huber (U. S. Geological Survey)

OBJECTIVES:
1.

To develop an up-to-date, accurate geological map of Isle Royale.

2.

Conduct a field survey of the Pre-Cambrian formation of the
Lake Superior Region.

PROGRESS:

During the summer 1969 field season approximately 25%
of the park was mapped geologically, completing coverage
of the map area. Field data is being compiled on a base map at a scale
of 1:48,000, and mineralogic and stratigraphic studies are underway.
A series of representative rock specimens was collected and deposited,
along with brief descriptive information, in the Park Service museum
for reference and display purposes. Additional specimens being prepared
in U.S.G.S. laboratories will be sent to the museum later.

Additional field data was collected and transmitted to the Topographic
Division, U.S.G.S., for use in the scheduled revision of the topographic
map of Isle Royale National Park.
A section on Geologic history for a Natural History Handbook of Isle
Royale National Park was reviewed and revised.
A paper on pink copper-bearing prehnite from Isle Royale was completed
and is scheduled for publication in December 1969. This paper points
out that pink prehnite from Isle Royale has commonly been misidentified
as thomsonite.
In 1968 a breakthrough was made in the recognition of several additional
lava flows with distinctive enough physical characteristics to permit
their being mapped as individual units within the thick sequence of flows
that makes up the bulk of Isle Royale. This past season, several others
were identified and mapped, providing additional datum horizons to aid
in correlating the geologic section on Isle Royale with that on the
Keweenaw Peninsula.
This past summer, for the first time, glacial end moraines were recognized
on the western quarter of the island. This lends additional support to
an earlier suggestion of a major pause in the last glacial retreat,
resulting in a relatively stable ice front in this area for some time.

259

This, together with the change in direction of glacial movement over the
western third of the island (reported last year) is a major cause for the
great abundance of glacial debris on the western part of the island.
Observations by the writer and by Roger Wolff of the University of
Wisconsin have provided extensive documentation on the direction of
transport for the sedimentary materials contained in the sandstones
and conglomerates of the Upper Keweenawan sequence on the southwestern part of the island. This data indicates that the sedimentary
materials were derived from west of what is now Isle Royale and
transported easterly to their present location.
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DEER ANTI-FERTILITY STUDY
(MACA-N-21)

INVESTIGATOR:

Robert D. Roughton (Bureau of Sport Fisheries and Wildlife)

OBJECTIVES:
1.

Investigate the effects of known reproductive inhibitors on
captive white-tailed deer.

2.

Develop means of administering such chemicals to wild deer
in the park.

PROGRESS:

Of four studies proposed for the 1968-69 deer breeding season,
two were precluded by delays in completion of the deer
pens. Final inspection of the pen facility was made on March 6, 1969
by which time the breeding season had ended, and diminishing deer trapping
success had led to termination of the annual reduction program. Thus,
the Kentucky Department of Fish and Wildlife Resources was able to
provide only 6 of the 25 deer anticipated. A third study (salt preference and utilization by captive deer) was postponed until more deer
were obtained.
In lieu of pen studies at Mammoth Cave, 12 female black-tailed deer at
the Denver Wildlife Research Center's field station at Olympia, Washington
were committed to this project and orally treated with Mestranol (an
estrogenic agent) in an effort to induce abortions during the second
trimester of pregnancy. Results were negative. This drug, highly active
orally in humans and canines, is probably metabolized by the ruminant
digestive system in such a way that its abortifacient properties are
destroyed.
The fourth study (qualitative and quantitative determinations of
gametogenesis in the white-tailed deer) has been in progress since
February (43 weeks) and we have nearly doubled the sampling goal of
one deer per week by processing, to date 83 pairs of gonads. This
was accomplished by opportunistically utilizing every fresh deer
carcass obtained, including road kills, trap and pen mortalities,
poaching recoveries, routine collections, and hunter kills from
areas adjacent to the Park. Gonadal tissues, collected as soon
after death as possible, have been preserved and embedded, and histological analyses will be performed at the Denver Wildlife Research Center
by Dr. George Matschke.
Considerable attention was given to obtaining live deer for experimental use. Through live-trapping, use of Immobilizing drugs, and
contributions from individuals and from the Pennsylvania Wildlife
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Research Unit, the captive group was increased to the present total
of 54 deer. Of these, 14 are hand-reared fawns. Because some captive
deer will be used in experiments each season and then killed for examination, continuing replacement of the deer is required. Wild adults
not useful for test purposes can be maintained and allowed to breed in
captivity to provide fawns. If breeding among the wild captives is
reasonably successful, the penned group will become self-maintaining
and provide an annual source of relatively tractable deer. To accomplish
this, the number of captive animals must be increased considerably before
the 1970 fawning season.
As a preliminary to salt utilization studies, block salt-type preference
among penned deer was tested and results indicated a slight preference
for plain salt over sulphurized or mineralized salt, but very little
use of any block salt was recorded. In other trials, neither mineral
supplement blocks nor granular mineral supplement were utilized in
significant amounts by penned deer. A sustained test of granular salt
consumption is in progress. If consumption is sufficient to justify
further consideration of salt as a drug carrier, a bioassay using white
rats will be conducted at the Denver Center for each promising compound
to determine its stability in salt formulations. A preliminary study
plan is on file.
A literature reference file of 7,500 technical reports pertaining
to white-tailed deer and reproductive inhibitors has been assembled
at the Mammoth Cave Station. The file is regarded as fairly complete
through 1968 and more recent references are also included. Extensive
past and current work on both subjects demands a continuing literature
control effort.
Due to uncertainty about professional assistance in the future, no longrange plans for field studies have been delineated; however, a great
deal of morphological, physiological, and reproductive data on freeranging deer in the Park have been accumulated incidentally to the
gametogenesis study. Each carcass obtained by this Station is
utilized as fully as its condition permits. The complete necropsy
process involves several hundred measurements and observations on each
deer, and more than 50 samples of organs, whole glands, other soft
tissues, bones, blood and gonad smears, etc. are preserved for future
analyses. To date, 103 deer have been processed. Information gathered
in this manner will influence the design of field tests of reproductive
inhibitors as well as providing a biological background for determining
primary and possible side effects of such drugs.
Study plans for pen studies during the current breeding season are
attached. Melengestrol acetate, a progestational steroid of high
anti-ovulatory potency when administered orally to domestic ruminants,
is being tested on a breeding group of 3 adult does, 3 yearling does,
and 2 bucks, with a similar group serving as an experimental control.
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In a second MGA study, chronic effects on the male will be determined
by maintaining three bucks on an MGA regime for about 10 months, after
which they will be empirically tested for fertility by penning them
individually with untreated does.
On the assumption that daily and seasonal movements of deer are
restricted in such relatively homogeneous habitat as the Park provides,
I hypothesize that (1) the Park herd may be subdivided for analytical
purposes into "interior" and "peripheral" populations, and that (2)
because of surrounding agricultural practices, the latter population is
favored both by the variety and abundance of forage and cover types.
Furthermore, the peripheral population may be less dense due to public
hunting along the Park boundary. Thus, I expect them to be healthier
and more productive than the "interior" population as a result of
closer harmony with the available habitat. If this proves true, we
will have a basis for comparison of physiological, morphological, and
habitat data from the Park interior that may not only reveal densityrelated abnormalities, but provide a more "normal" set of parameters
with which to predict and later compare the effects of regulatory
treatments. To this end, we obtained data and tissues from 20 killed
during the first two days of the deer season. If subsequent analysis
suggests significant differences between these and deer from the interior,
the study will be formalized and expanded for next season, provided
sufficient trained help is available.
hxcept for suggestive results referred to above, no significant
findings have emerged from this project because of the short period
(9 months) since completion of the research facility. The k-1/2
years required for most deer to reach reproductive maturity, their
seasonally monoestrus breeding cycle, the 7-month gestation period,
and the small number of offspring per female are biological realities
burdens which must be borne in breeding studies such as this.
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AN ECOLOGICAL STUDY OF THE PLANT COMMUNITIES OF
MAMMOTH CAVE NATIONAL PARK
(MACA-N-23)

INVESTIGATOR:

Marion T. Jackson (Indiana State University)

OBJECTIVES:
1.

To make a phytosociological description of the major plant
community types present in the park.

2.

Determine the successional relationships on areas exhibiting
varying land use patterns prior to NPS acquisition.

PROGRESS:

Two microclimatic reference study areas were established.
Plant collections totaled about 100 species from several
locations and preliminary phytosociological studies were made of three
floodplain forests at three locations along the Green River. A preliminary survey of the climatology of the park has been completed. A
vegetation unit map on 1:24XJ00 topographic maps (as derived from 1:24,000
aerial photographs) has been partially assembled. Eleven vegetation
units have been mapped to date. Intensive, field work began in February
and will continue unabated throughout the following 15 months. Data
will be analyzed as collected and the last several months of the study
will be spent in interpreting results and writing a dissertation.
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THE EFFECTS OF HUMAN IMPACT ON SEQUOIA GIGANTEA
(SKC-N-1)

INVESTIGATORS:

Richard J. Hartesveldt, H. T. Harvey, H. S. Shellhammer
and Ronald E. Stecker (San Jose State College)

OBJECTIVES:
1.

To measure the effect of root pruning, pavement and ground
compaction on a selected groupof specimen trees.

2.

Determine soil moisture relationships beneath pavement,
compacted soil and unmodified areas.

3.

Determine growth rate measurements of mature sequoias in a
selected area approaching successional climax.

4.

Establish soil bulk density-root penetration study plots and
nursery plots.

PROGRESS:

During the summer of 1969, the four investigators spent
two months each, mostly in the Redwood Mountain Grove,
carrying on various studies on sequoian ecology.

VEGETATION
A considerable portion of the four study areas. This represented the
fourth such sampling for North Area since 1964, and the third for Trail,
South and Ridge Areas since 1965. Sequoia seedling survival was also
monitored again.
Perhaps because of the abundant snowfall during the previous winter,
many new young sequoia seedlings sprouted in Ridge, Trail and South
Areas, with a few in North Area. By September, a very high percentage
of these seedlings had succumbed to desiccation, despite the seeming
abundance of soil moisture.
Mortality figures continued to mount for older seedlings, although because of their deeper root systems, they were better able to withstand
surface drying of the soil and their losses were but a small fraction
of this year's crop. Unfortunately the heavy snow and subsequent runoff were responsible for the loss of a good many of the identification
stakes, and, therefore, the identity of the specimens.
The pattern of other species of plants is showing a definite change depending upon their places in plant succession. White firs, which appear
to be climax at these elevations, have declined in general, indicating
a strong climatic or other influence for this species, although the
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percentage of loss in the burned area is far greater than in the controls.
There has been a similar reduction in other species of the climax stage
in the burned areas. Adenocaulon bicolor, Pyrola picta and Goodyeara
oblongifolia all have declined in the manipulated areas, whereas their
numbers have remained relatively constant in the controls.
The most striking changes have been within the realm of certain early
stage shrubs and annual and biennial herbs. Phacelia mutabilis, which
was not recorded in our study areas prior to the manipulations, is now
abundant in all but Ridge Area. Cryptantha affinis is abundant, although
very spotty, while Lupinus latifolius, already locally abundant prior
to manipulation, has spread considerably in the burned areas but not in
the controls. The greatest increase in total numbers was that of Ribes
roezlii which soared from 5 specimens in South Area's plots, to 1,933
between 1966 and 1969. Ribes nevadensis appeared for the first time
in any of the plots, as did a large thistle.
CONE STUDIES
By means of binocular studies and especially by means of access into the
Castro Tree, a series of cone studies were made both by Dr. Shellhammer
and by Mr. Stecker. It appears that earlier estimates of cone load and
annual seed fall were much higher than is now substantiated by these
studies. The average mature sequoia holds about 11,000 cones of which
some 7,000 are closed, green and photosynthetic, and the remaining
4,000 are open, dried, brown and seedless. Extremely large specimens
growing on good sites may have as many as 40,000 cones at one time, but
they are definitely in the minority.
The number of new cones added per year, and seed viability, appears to be
related to the amount of available soil moisture. The average number
of new cones per year seems to be between 600 and 700 per mature sequoia.
Using 650 as an average, and 238 seeds per cone as an average, the tree
would then produce about 155,000 seeds per year. It seems reasonable to
assume, then, that not more than this number are dispersed to the ground
In the average year. Several earlier accounts, perhaps all based upon
someone's original estimate, gave one million seeds per year dropped
to the ground!
Other than wind-fall and those dropped by the weight of snow, there are
two main animal interactions resulting in seed dispersal. Chickarees,
or Douglas squirrels, cut cones of many trees and utilize the seeds as
a source of energy. Sequoia seeds, which are small (90,000 per pound),
are too small to serve as a source, of energy which would exceed that
expended to obtain them. Hence, the chickaree utilizes primarily the
flesh of the cone scales for food and the seeds they may consume are
probably incidental to this eating process. Ground middens of sequoia
cones indicate a very high percentage of spilled seeds that have sustained
little if any damage by chickaree feeding.
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For years, a prime question has been, "What causes sequoia cones on the
tree to turn brown and release its seeds?" It has been known for at
least 30 years that sequoia cones may remain green and photosynthetic
on the tree for as long as 22 years before browning out.
A significant discovery was made this past summer by Ron Stecker in his
crown studies in the Castro Tree when approximately 3,000 cones were
dissected and studied for insect damage. A small cerambycid beetle
larva (Phymatodes nitidus) was found mining the cones in the axial
and scale portions of green and semi-green cones. The feeding of these
beetles seems to cut off vascular flow of fluids with the result that the
cone scales begin to dry, shrink and eventually disperse their seeds
over a long period of time to the ground. The beetles generally work
on cones of five or more years. The chickarees, on the other hand,
tend to show a preference for cones of less than five years of age
with softer, more palatable cone scale flesh. Initial studies indicate
that seed viability is greatest up to about five years, then it drops
off, perhaps of Phymatodes' boring habits. This places a greater
significance upon the chickaree as a sequoia seed dispersal agent than
previously believed, and raises the question of whether the present day
cone size may be the result of a co-adaptive sequence in which evolutionary
forces strongly favored those trees having fleshier cones upon which
the squirrels fed. Neither chickarees nor chewed sequoia cones are
knox-m to the authors from the fossil record.
Several other community interrelationships were studied and will be
covered in the final report in June.
OTHER INSECT STUDIES
Approximately 15% of the living cones of the Castro Tree were mapped
during the summer, color-coded and tagged from the lowest branches
at 110 feet to the top of the crown at 290 feet. This study will
permit the determination over the years of the number of cones per
year attacked by Phymatodes, how many are lost per branch and perhaps
how many new ones are added.
Monitoring was continued on the unusual pea aphid population which resides
in the foliated portion of the Castro Tree. Once again, by fall, the
population had built Itself up to an estimated 100,000 individuals.
Agricultural entomologists are baffled by this insect using the sequoia
as a host plant.
Insect damage to seedlings grown in small concentrated plots was limited
to loss by defoliators early in the season. Very little damage was
noticed after July 15th. Damage was often fatal because it took place
during cotyledon growth or before major branching of the seedling had
taken place. Ten seed beds were located in the new fuel reduction burn
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along the ridge of Redwood Mountain. It is hoped that this will help
to determine whether seedling losses are greater in the burn areas than
in the controls during the first year of growth following burning.
Approximately 3,000 insects were secured from Redwood Mountain, the
Castro Tree, and by means of black light at Whitaker Forest. Most
of these specimens have been curated for study. This survey aids in
determining species composition, abundance and emergence and actual
periodicity of insects in the sequoia-mixed conifer forest.
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LIST OF NATURAL SCIENCE STUDIES PROJECTS
UNDERWAY IN THE NATIONAL PARK SYSTEM
DURING 1969
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III.

List of Projects by Park
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Assateague Island NS
Badlands NM
Big Bend NP
Bighorn Canyon NBA
Black Canyon of the Gunnison NM
Blue Ridge Parkway
Bryce Canyon NP
Canyonlands NP, Arches & Natural Bridges NM
Cape Cod NS
Cape Hatteras NS
Cape Lookout NS
Capulin Mountain NM
Carlsbad Caverns NP
Channel Islands NM
Colorado NM
Crater Lake NP
Craters of the Moon NM
Death Valley NM
Dinosaur NM
Everglades NP
Fort Jefferson NM
Glacier NP
Glacier Bay NM
Grand Canyon NP
Grand Teton NP
Great Smoky Mountains NP
Guadalupe Mountains NP . .
. Haleakala NP
Hawaii Volcanoes NP .
Isle Boyale NP
Jewel Cave NM
Joshua Tree NM
Katmai NM
Lassen Volcanic NP
Lava Beds NM
Lehman Caves NM
Mammoth Cave NP .
Mesa Verde NP
Mount McKinley NP
Mount Rainier NP
Mount Rushmore NM
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Muir Woods NM
National Capital Parks
North Cascades NP
Olympic NP
Organ Pipe Cactus NM
Ozark NSR
Padre Island NS
Petrified Forest NP
Pinnacles NM
Piatt NP
Point Reyes NS
Rocky Mountain NP
Saguaro NM
Sanford NRA
Scotts Bluff NM
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Shenandoah NP
Virgin Islands NP
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Wind Cave NP
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IV.
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EXPLANATION OF COLUMNS
Column 1: Projects are consecutively numbered for reference purposes
in this list only.
Column 2: The RSP number. (All Service sponsored projects should have
one.)
Column 3: Title of Project.
Column k: Names Of Investigators.
Column 5: Organizational Affiliation of Investigators.
Codes for Columns A, B, C, D & E
Funding Source (Column A)
1.
2.
3.
k.
5.
6.
7.

NPS Office of Natural Science Studies
Other NPS M&P
NPS Construction
Other Federal Agency
State Agency (not university)
University, College, Institution
Personal

Personnel (Column B)
1.
2.
3.
k.
5.
6.

NPS
Other Federal
State Agency
University, College, Institution
Individual—no affiliation
Other

Status of Project (Column C)
0.
1.
2.
. 3.
h.
5.
6.
7.
8.
9.
10.

Proposed, hut not started because of lack of funds.
Proposed, funds available, but not allotted for some reason.
Proposed, funds allotted, but actual work not started.
Progressing, will continue for indefinite number of FY's.
Progressing, will continue for 3 more FY's beginning next July 1.
Progressing, will continue for 2 more FY's beginning next July 1.
Progressing, will continue for one more FY beginning next July 1.
Progressing, expected to be completed prior to next July 1.
Field work complete, final report not submitted.
Field work complete, final report in, awaiting approval.
Project completed, including approval of final report.

Column D: FY that project began.
Column E: Approximate percent of completion.
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ABBREVIATIONS
Inst: Institute or Institution
Lab: Laboratory
Mar: Marine
NPS: National Park Service—usually
Mus: Museum
followed by one of the following Nat: National, natural
Collab: Collaborator
NSF: National Science Foundation
NSS: National Speleological Society
CPN: Chief Park Naturalist
Obs: Observatory
RB: Research Biologist
Pit: Plant
MB: Management Biologist
Poly: Polytechnic
Reg: Region
Organizational Affiliations
Res: Research
ADF&G: Alaska Dept. Fish & Game
Rg: Range
Agri: Agriculture
Sch: School
Aud: Audubon Society
Sci: Science
Bd: Board
SCS: Soil Conservation Service
Bio, Biol: Biology or Biological
Ser: Service
BLM: Bureau of Land Management
Smith: Smithsonian Institution
BSF&W: Bureau of Sport Fisheries &
Wildlife
Soc: Society
C: College
St: State
CRF: Cave Research Foundation
Sta: Station
Dept: Department
Tech: Technology
Div: Division
USDA: U. S. Department of Agriculture
Exp: Experiment
USGS: U. S. Geological Survey
F&G: Fish & Game
USNH: U. S. Naval Hospital
For: Forest
USPHS: U. S. Public Health Service
Geol: Geologic, Geology, Geological
Wildl: Wildlife
*: Miss
**: Mrs.
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k

5

67 75

66

Southern Highland Rock Outcrops

J.D.Pittlllo

Western Car. 6
Univ.

h

3

69 10

67

Floristic Survey of Six Central
Virginia Blue Ridge Counties

G.W.Ramsey

Lynchburg C. 6

k

3

27 70

68

Morphological and Karyotypic
Analysis of Trillium

**c.A.Serota

Mars Hill C. 6

h

5

62 90

69

Aphididae of No. Carolina

C.F.Smith

N.C. St. U.

k

2

3

67

70

Life Cycle of Spikemoss
Selaginella rupestris (L.)

•S.Stephenson

U. Michigan

6

k

6

68 75

71

Ecology of Populations of Desmognathus ochrophaeus

S.G.Tilley

U. Michigan

6

k

?

69 10

72

Accumulation & Flux of Organic
Matter in Conifers and Hardwoods

G.T.Weaver

U. Term.

6

h

6

68

73

Taxonomy and Morphology of
Lecanodiaspididae

M.L.Williams

V.P.I.

6

k

k

67 30

56

Development of Blight Resistant
Chestnut

A.Dietz

57

Flora of the Central Virginia Blue
Ridge

58

• ,

278

50

50

50

•1

k

3

_ 2

5

v. '•

A

B

c

D

1+

2

6

63 50

BRCA - Bryce Canyon National Park, Utah
Basic Processes of Erosion - Rate
of Cliff Recession and Denudation
of Land

71+

H.F.Hadley

U.S.G.S.

CANY - ARCH - HABR - Canyonlands National Park, Ai ches and Natural Bridges
National Monuments, Utah

75

Astragelus spp

A.Shrift

St.U. of N.Y.

6

5

8

69 100

76

Native Fishes

P.B.Holden

Utah St.

6

5

8

69 ioo'

77

Lygodesmia & Stephanomeria

A.S.Tomb

U. Texas

6

5

8

69 50

Aquatic Invertebrates, Insects &
Flora (Rock Hole Ecology)

L.T.Nielsen
S.V.Romney

U. Utah
U. Utah

2,6

Natural History, Historical &
Archeological Survey of the
Green and Colorado Rivers in CANY

NFS Staff

78

N-3

79

2,6 is*

8 69 75

CACO - Cape Cod National Seashore, Massachusetts

80

Mortality of Tern Colonies on
Nauset Beaches

W.H.Drury

Mass. Aud.

1

k

5 67 50

81

Bird Migration Studies on CACO

W.Bailey
W.H.Drury

Mas8. Aud.
Mass. Aud.

6

k

8

N.C. St. U.

3

k

3 6k 65

3

5

6 66 75

3

1+

8 66 100

3

5

7 66 80
6 69

- 100

CAHA - Cape Hatteras National Seashore, North Care lina

82

N-2a

Ecology of Sand Dunes

W.W.Woodhouse

83

N-10

Comparison of Stable Beach with
Eroding Beach

R. Dolan

84

N-ll

Insect Damage American Beach Grass W.V.Campbell

85

N-12

Soundside Shoreline & Related
Processes

R.DoIan

86

Vascular Plants

L.J.Musselman

U. Wisconsin

6

1*

87

Marine Invertebrates

H.N.Cones,Jr.

C. Wm.& Mary

6

It 10 69 100

88

Marine Algae, Invertebrates, &
Coastal Plants

D.W.Waller

Kent St. U.

6

It 10 69 100

279

N.C. St. U.

2

1

2

4

3

5

A

B

C

D _E _

OALO - Cape Lc>okout National Seashore, North Carolina

89

N-l

A History of the Natural History
of the Outer Banks

P.J.Godfrey

NPS.RB

1

1

7 69

75

90

N-2

Ecological Survey of CALO

P.J.Godfrey

NPS.RB

1

1

7 69

K\

91

N-3

Shoreline Changes and Related
Processes

R.Dolan

U. Virginia

1

4

6 70

751

Vegetative Recovery on Four Craters F.M.Brown,et al. NSF, Colo.C. 1,6 4
(Ecology of a Cinder Cone)
& Associatei

6 63

75

CAMO - Capuliri Mountain National Monument, New Maxico

92

N-l

93

N-2 . Checklists of Flora & Fauna

Park Staff

NPS

2

1

3 65

95

F.Koopman

USGS

1

2

6 68

80

3 23

-

CACA - Carlsbtid Caverns National Park, New Mexico

94

N-la

Cave Climate

T PI Mr»T . a n

95

N-5

Cave Mapping

NSS Personnel

NSS

7

5

96

N-3a

Deer-Range Relationships

W.H.Kittams

NPS.RB

1

1

5 67

60!

97

N-ll

Natural Ecologic Surface Conditions W.H.Kittams

NPSjRB

1

1

5 69

20

98

N-2

Cave Invertebrates

T.Rosson

Texas Tech.

6

It-

6 67

70

99

N-4

Dry Season Food Habits of Deer

D.C.Cooke

Texas Tech.

7

5

7 68

92

100

N-7

Subsurface Seismological Studies

F.Koopman
R.Zbur

USGS
AF Weapons
T «V
Lab.

4

2

3 68

—

|

N.Mex. St. U

6

4

7 69

75

N.Mex. St. U, 6

4

7 69

50

NPS.RB

1

3 68

5

7 68

50

101

Evaluation of Climatological
Fluctuations

102

Ecological Survey of Browse Species G.Cunningham

G.Cunningham

1

CHIS - Channe]L Islands National Monument, Californ ia
Study of Channel Islands Fox

103

N-5

J.K.Baker

104

N-100 Natural Sciences Research Plan
J.K.Baker
Basic Data Natural Resources Survey R.N.Fhilbrick

1

NPS,RB
1,2 1,4
S.B. Botanic
Garden
U.C.,Santa
D.W.Weaver
Barbara
G .A.Bartholomew U.C., L.A.
U.C., L.A.
J .Brown
U.C., L.A.
J.M.Diamond
L.A.CO.MU8.
C.F.Rozaire
U.C.,Santa
M.Newshul
Barbara

280

1

cms -

2

1+

3

5

B

C

D

6,7 1+

3

68 60

A

JL

Channijl Islands National Monument, Califor iia (Con.)

105

Survey of Land Birds of Anacapa Is.

106

Studies of Elephant and Fur Seals
of San Miguel Island

B.J.LeBoeuf

U.C.,Santa
Cruz

6

h

3

68 80

107

Spiders of Anacapa Island

M.Thompson D.Marqua

L.A.Co.Nature
Centers

6

h

3

68 60

108

Sexual Behavior, Elephant Seal

D.Odell

U.C., L.A.

6

h

3

68 90

109

Channel Island Salamanders

A.H.Brame

L.A. Dept.
Pks. & Rec.

5,7 k

3

68 95

110

Propagation Tests on Coreopsis

R.Utterback
C.Fisher
R.Johnson

L.A.Co.Div.
Forestry

6

k

3

68 80

111

Flora of Channel Islands

R.N.Philbrick

Santa Barbara
Bot. Garden

6

k

3

68 60

J.M.Diamond

UCLA

COLM - Colonido National Monument, Colorado
112

N-1+

Range Study

A.Eliason

NPS

1

1

3 67

?

113

N-3a

Porcupine'Study

M.Andersen

NPS

1

1

3 61+

?

111+

Social Behavior & Displays of the
Collard Lizard and Discrimination
of Uta stansburiana

G.Ferguson

Kan.St.Univ.

6

1+

7 65 100

115

Population Ecology of Lizards

D.Tinkle

U.Michigan

6

1+

6 69

75

CRLA - Crate:• Lake National Park, Oregon
116

N-2

Ecology of Bears of Park

S.Herrero

U. Calgary

i+,6 1+

3 70

117

N-l+A

Ecology of Wizard Island

M.T.Jackson
A.Feller III

Ind.St.Univ.

6

1+

7 67

118

N-6

Hydrologic Bench Mark

F.J.Frank
A.B.Harris

USGS

1+

2

3 61

119

K-7A

Vertical Migration of Zooplankton
in Crater Lake

J.R.Donaldson
F.O.Hoffman

Ore.St.Univ.

6

1+

9 67 100

120

N-7B

Fallout of Nuclear Debris in
Crater Lake

H.L.Volchok, et el.

121

N-7C

Hydrology of Crater Lake & Vicinity W.F.Libby
J.S.Leventhal

122

N-8

Small Mammal Disease Survey

R.A.Oresbrink

281

7

i+,6 2,h

8 68

7

U.C., L.A.

6

k

8 68

99

Ore.St.Bd.
Health

5

3

3

AEC

?

X

4

3

. .J'.. _

5

A

B

c

D

E

CRLA - Crater Lake National Park, Oregon (con.)

123

N-9

Flow Structures of Domes

G.T.Benson
L.R.Kittleman

U. Oregon

6

4

9

64 100;

124

N-11

Balsam Woolly Aphid Study

R.G.Mitchell

U.S.For.Ser.

4

2

3

65 35 I

125

N-16

Earth Movements at Crater Lake

T.Matumoto

U. Oregon

6

4

7

70 30

126

Insects of the Park

J.Schuh

7

5

3

—

127

Myxomycetes and Fungi of the Park

D.H.Curtis
D.T.Kowalski

Chico St.C.

6

4

3

66

128

Petrologic Development of Mt.

J.W.Lidstrom

Ore.St.Univ.

6

4

3

67

1

1

Hum
129

Plant Communities of Southern Ore.

L.A.Volland

U.S.For.Ser.

4

2

3

69

130

Diptera of the Park

R.V.Peterson

4

2

8

69

131

Physiological Adaptation of Man
to Cold

A.R.Hargens

Canada Dept.
Agri.
U.C.,SanDiegc

6

4

9

69 100

132

Chemical Composition of Mt. Mazama D.C.Noble
Rocks

Harvard U.

6

4

?

70

?

133

Study of Dacite from Domes and
Flows

E.I.Smith

U. New Mex.&
USGS

4,6 2,4

?

70

?

134

Biosystematics of Hulsea

D.H.Wilken

6

4

?

70

1

135

Biosystematics of Ranunculus
eschscholtzii

A.Hawryzki

U.C.,Santa
Barbara
Simon Fraser
Univ.

6

4

?

70

?

SCS, USDA

4

2

8

58 90

4,5 4

3

56

?

66

?

!

CRMO - Craters of the Moon National Monument, Idaho

136

N-3

Vegetative-Soil Analysis of the
Carey Kipuka

V.K.Hugie
E.W.Williams

137

N-4

Ecology of Sagebrush-Grass Range

E.W.Tisdale et al.

138

N-8

Plant Ecology

K.A .Urban

Blue Mtn. Jr,
C.

7

1

3

139

N-9

Ecological Survey of Mammals of
CRMO

T.D.Fuller

Idaho St.U.

7

4

10 68 100

l4o

N-10

Birds of Craters of the Moon

D.L.Carter

NTS

141

N-11

A Study of the Great Rift in CRMO
& Southeastward

F.M.Bullard

U. Texas at
Austin

142

N-12

Density Regulation in a Bobcat
Population

T.N.Bailey

U. Idaho

143

N-13

Survey of the Bats of CRMO

R.P.Carron

Idaho St. U.

282

U. Idaho

2,7 1

7

67 60

4

3

69 75

4,6 4

1

69

?

7 2,4 1

69

?

7

).

p

4

3

5

A _B_

c _p_ _K

DEVA - Death Valley National Monument, California
11+4

N-10

Bighorn Ecology

C.G.Hansen

NPS,RB

1

1

4

69 20

145

N-ll

Burro Activity Evaluation

C.G.Hansen

NPS.RB

1

1

3

69 20

146

N-12

Basic Ecological Reconnaissance

C.G.Hansen

NPS.RB

1

1

5

69 30

11+7

N-14

Restoration of the Natural Aquatic
& Semi-aquatic Habitat at Springs
and Seeps

J.E.Deacon

U.Nevada/Las
Vegas

6

4

3

66

11+8

N-13

Investigations of Water Sources

G. Miller

uses

1

2

-

67

—

11+9

Ecology of Desert Annuals

F.Went

U.Nevada/Rene 4

4

-

66

—

150

Physiology of Man in Extreme Heat

D.B.DiU

U.Nevada/Las 4,6
Vegas

4

3

66

50

151

History of Salt Marshes of Amargosa P.Mehringer
Drainage

U.Utah

4

4

6

69 25

152

Recent Tectonic History, DEVA

U.Minnesota

4-

4

6

67

153

Moving Stones on the Racetrack Play a R.P.Sharp

Cal.Inst.Tech 6,7 4

3

68 20

154

Ants of California

R.Snelllng

L.A.Co.Mus.

6

4

3

64 25

155

Rainwater Analysis

—

USGS

4

2

8

68 100

156

Aquatic Insects

G.L.Challet

San Gabriel,
Cal.

157

Floristic Studies of Eriogonum

J.L.Reveal

U. M d .

158

Biosystematics of Genus Maurandya

D.Gordon

Mankato St.C. \

R.L.Hook

•

80

».5 0

69

10

4

3

68

-

4

5

69

30

DINO - pinos aur National Monument, Utah - Colored 0
Deer of the Lodore Area

R.B.Lowry

Utah St. U.

1

4

8

68 80

160

Systematic and Ecologic Studies of
the Native Fishes of the Upper
Colorado River Basin

P.B.Holden

Utah St. U.

6

4

5

68

161

Native Fishes

R.R.Miller

U.Michigan

6

4

10 69

100

162

Cercocarpus intricatus and
Cercocarpus ledifolius

•B.L.Baker

Colo. St. U.

6

4

10 69

100

163

Rocks and Invertebrate Fossils

W.F.Scott

Geol.Soc.Am.

6

4

10 69

100

159

N-3t>

283

50

1

2

4

3

5

A

B

c

4

10 69

i) _E _

EVER - Everglades National Park, Florida

164

N-2

Dynamics of Fish Stocks

165

N-3

Controlled Burning in Pine Woods

C.P.Idyll
Inst.Mar.Sci. 1
J.B.Higman
U.Miami
W.B.Robertson, Jr. NPS,RB
1,2

166

N-4

Hurricane Studies

F.C.Craighead

NPS,Collab.

1

1,4

7 61 95

167

N-7

Sea Turtle Nesting Success

R.W.Klukas

NPS,MB

2

1

10 66 100

168

N-8

South Florida Birds

W.B.Robertson
J.C.Ogden

NPS,RB
NPS,KB

1

1

169

N-9

Raptorial Bird Population Studies

Same as above

Same as above

170

N-9A

Bald Eagle Nesting

Same as above

Same as above 1

1

171

N-9B

Bald Eagle Roosts

Same as above

Same as above 1

172

N-9C

Short Tail Hawk Ecology

J.C.Ogden

NPS,RB

173

N-9D

North American Kites

W.B.Robertson
J.C.Ogden

174

N-9E

Osprey Populations

175

N-12

Wading Bird Population Studies

176

N-12A

177

1

6

100

59 95

3 60

?

3

58

7

1

3

60

?

1

l

7

66 90

NPS,RB
NPS,RB

1

1

7

66 90

J.C.Ogden

NPS,RB

1

1

3

68 25

Ardea Studies

W.B.Robertson
J.C.Ogden

NPSjRB
NTS,KB

1

1

3

59

?

N-12B

History of Wading Bird Population
in South Florida

W.B.Robertson

NPS,RB

1

1

8

63

75

178

N-12C

Wood Stork Population Studies

W.B.Robertson
J.C.Ogden

NPS,RB
NPS,RB

1

1

3

66

—

179

N-12D

Roseate Spoonbills

Same as above

Same as above 1

1

3

66

—

180

N-12E

Reddish Egrets

Same as above

Same as above 1

1

3

67

~

181

N-17

Pesticides in Aquatic Communities

M.C.Kolipinski

USGS,Mi ami

1

2

3

68

~

182

N-18

Control of Exotic Plants

R.W.Klukas

NPS,MB

2

1

5

68 30

183

N-22

Estuarine Ecology:
Detritus Studies

W.E.Odum
E.G.Heald

Inst.Mar.Sci. 1,4

4

10 68 100

184

NW-3

Hydrology Ecology Studies

J.Hartwell
M.Kolipinski

USGS, Miami

4

2

3

185

N-15

Topographic Mapping

D.C.Tabb

Inst.Max.Sci. 1

4

10 67 99

186

N-26

Distribution, Reproductive Success
and Management of Crocodiles

J.C.Ogden
R.W.Klukas

NPS,RB
NPS,MB

L,2 1

3

69

•187

N-10.

Liguus Tree Snails

E.Winte
A.Jones

NPS
NPS

1,7 1

3

58 65

Organic

284

59

?

10

1

2

3

k

5

A

»

C

D

E i

EVER - Everg.Lades National Park (con.)

188

N-lh

Zoogeography of Islands

O.E.Wilson

Harvard U.

k

k

10 67 100

189

N-16

Population Studies of Pineland
Birds

J.T.Emlen

U. Wisconsin

6

6

9

190

N-19

Bioenergetics and Food Ecology of
the Cattle Egret

F.G.Shanholtzei U. Georgia

6

k

10 68 100

191

N-20

Ecological Study Shark River
Estuary

B.F.McPherson

USGS, Miami

1+

2

6

69 95

192

N-21

Growth & Distribution of Juvenile
Pink Shrimp

C.P.Idyll
B.J.Yokel

Inst.Mar.Sci, k
U. Miami

k

6

69

193

NW-13 Estuarine Ecology

D.C.Tabb
C.P.Idyll

Inst.Mar.Sci. k
U.Miami

k

8

63 95

19U.

N-lh

Water and Fish Species in Marshes

Same as above

Same as above k

k

8

65 95

195

N-23

White-crowned Pigeons

A.Sprunt IV

Nat'l. Aud.

6

k

59 65

196

N-2U

Waterfowl Banding in EVER

M.J.Fogarty

Fla. G&Freshwtr.Fish Com .5

3

3

69

6

68 75

197

N-25

Foraging Habits and Behavior of
Migrant Shore Birds

M.C.Baker

Peabody Mus.
Yale U.

6

k

198

N-27

The Ecology of the Gopher Tortoise

T.McKinney

U. Miami

6

k

199

N-28

Cape Sable Sparrow

H.Werner

U. So. Fla.

200

N-29

Effect of Fire on Pineland Fauna
in EVER

J.A.Kushlan

U. Miami

201

Alligator Management Feasibility

Fla.St. Game Commission

202

Periphyton Communities in EVER

203

Ecological Studies - Counts of
Algae and Soil

k

68 90

50

7

69 100

k

69

1

6

k

5

3

3

66

F.Wood

Inst.Mar.Sci. k

k

8

66 98

T.R.Alexander

U. Miami

6

k

3

6k

6

5

65 75

69 100

1

?

20k

Morphology and Anatomy of Plants
with Special Reference to Growth

P.B.Tomlinson

Fairchild
Tropical
Gardens

205

Marine Algal Mats

C.Gebelin

U. Miami

6

k

6

68 75

206

Small Mammals

Lord
Newhouse

U.S.. Public
Health Ser.

k

2

3

68

?

207

Reconstruction of Coastal Sedimentation History

P.H.Given
W.Spackman

Penn.St.U.

6

k

10 66

100
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2

1+

3

5

_A_ B

c
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FOJE - Fort Jefferson National Monument, Florida

208

N-2

Tern Colony Studies

W.B.Robertson
J.C.Ogden

NPS,RB
NPS,RB

209

N-5

Terrestrial Arthropods

H.V.Weems

Fla.St.Plt.Bd

1

1

3

59

? 1

.5 3

?

61

75+i

—

GLAC - Glacier National Park, Montana

210

N-8

Classification of Park Waters

C.R.Wasem

NPS,RB

1

1

3

69

211

N-9

Water Quality and Fish Growth

C.R.Wasem

NPS,RB

1

1

5

69 25

212

N-13

Alpine Impact by Visitors

E.Hartley

Duke U.

213

N-15

Ecology of Wildfire

C.J.Martinka

NPS,RB

1

1

3

68

—

211+

N-16

Ecology of Grizzly

Same as above

Same as above 1

1

k

67

35

215

N-17

Ecology of Elk and Mule Deer

Same as above

Same as above 1

1

5

67

50

216

N-18

Classification of Park Vegetation

Same as above

Same as above 1

1

5

67 25

217

N-lb

Glacier Studies

A.Johnson
W.Blenkarn

USGS

1+

2

3

kk —

218

N-12

Deer Mouse Studies

R.Moore

Mont. St. U.

1+

1+

8

68 95

219

Genus Euastrum

N.Andresen

U.Mont.

7

1+

3

69

220

Rocky Mountain Goat Studies

C.Rideout

U.Mont.

1+

k

5

69 25

221

Genus Leucosticte

R.Johnson

6

67

80

222

Small Watershed Model

G.Steed

U.Cal./Berke- l+,6 k
ley
1
Colo. St. U.
k

5

68

70

223

North Fork Plecoptera

M.Tkac

Kent St. U.

6

6

3

69 10

221+

Flora of Wet Areas of NW Montana

S.Preece

U. Montana

6

1+

3

65 50

225

Metamorphic Minerals

E.Eslinger

CaseWestRes.U .6

1+

6

69

226

Paleontological Exploration

C.Black
M.Dawson

Carnegie Mus.

6

1+

k

67 50

227

Aquatic Plants and Algae

G.Prescott

U. Montana

7

1+

1+

65 25

228

Fungi Studies

0.Miller

U.S.For.Ser.

1+

2

1+

66 50

229

Genus Sagina

G.Crow

Mich.St.U.

6

6

5

69 10

230

Algae of Belt Supergroup

B.White

Smith C.

6

1+

k

69 20
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1

1

1

2_

1+

3

5

A

13

C

D

NPS

_E

GLBA - Glacie r Bay National Monument, Alaska

231

N-2

Natural History Handbook

Monument Staff &
Western Region

2

1

3

61

--

232

H-3

Fisheries Investigation

Monument Field Personnel, NPS 2

1

3

61

—

233

N-1+

Distribution of Vascular Plants

Mon. Fid, Personnel, NPS
U. of B.C.
I.A.Worley

2

M

3

61

—

23^

N-5

Distribution of Mammals

Monument Field Personnel

2

1

3

61

—

235

N-8

Distribution of Birds

Same as above

2

1

3

69 —

236

N-6A

Variations in Glacier Termini

Same as above +
1,2
6
W.O.Field
Am.Geo.Sdc.
D.V.Harris
Colo. St. U.

237

N-6B

Stagnant Glacier Features

R.P.Goldthwait
D.Mickleson

238

N-9

Post-glacial Plant Succession

Monument Field Personnel
U. Minnesota, D artmouth, U.
of B.C.

Inst.Polar
Studies,
Ohio St. U.

i,k

I.* 3

69

k

69 50

6

k,2 L,U 3

67

k

69

6

Lamont-Dough- 1+
erty Geo. Ob s

239

N-10

Studies of Fairweather Fault

R.Page

2l+0

N-ll

Phytogeography of Bryophytes

Monument Field Personnel
I.A.Worley
U. of B.C.

+,2, l , » t 8
6

Ecological Transects in Muir Inlet

Juneau High Sch ool

2,7

7

6

69

1

1

h

70 10

2l+l

3

—

69 100
—

GRCA - Grand Canyon National Park, Arizona
2l+2

N-10

Visitor Impact on Biota of GRCA

P.Bennett

NPS,RB

2U3

N-l

Kaibab Squirrel Research

J.G.Hall

SanFran St.C. 6,7 1+

2kk

H-3

Colorado River Aquatic Biology

R.Koehn

U. Kansas

21+5

N-1+

Investigation of Carbonate Aquifers G.L.Beck

246

N-5

Reproductive Isolation of Tiger
Salamanders

F.Gehlbach

21+7

N-7

rrynamics of Pond Succession on the
Kaibab Plateau

21+8

N-8

2l+9

N-9

3

?

?

7

5

3

66 35

Baylor U.

6

1+

6

67 90

F.Gehlbach

Baylor U.

6

1+

7

68 90

Stratigraphy & Sedimentation of
Chuar Group, Grand Canyon

W.J.Breed

Mus.No.Ariz.

6

1+

Formation of Rapids & Erosion of
Beaches, Grand Canyon

A.Gallenson

U. Utah

6,7 k

7

69 75
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2
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1*

5

A

B

C

D

V.A.Taylor

Prescott C.

6

k

5

68 60

NPS, Seasonal

6

h

7

69

--

IOC

_E _

GRCA - Grand Canyon National Park, Arizona (con. )
2'jO

Geology of Travertine Deposits
in Grand Canyon

251

Ecology Survey to Support ArcheoG.A.Thornton
logical Excavation, Cape Royal Area

GRTE - Grand Teton National Park, Wyoming

252

N-l

Elk Ecology

D.Houston
R.Wood

NPS,RB

1

1

3

62

253

N-5

Cutthroat Trout Ecology

D.Houston
P.Hayden

NPS,RB
NPS.RB

1

1

5

67 1+0

25U

N-6

Limnology of Jackson Lake

P.Hayden

NPS.RB

1

1

3

68 30

255

N-7

Bighorn Ecology

D.Houston

NPS.RB

1

1

3

69 10

256

N-10

Geology of Sedimentary and Volcani : J.D.Love
Rocks

USGS

k

2

5

58 80

?57

N-11+

Pollen Stratigraphy

E.Leopold
H.Pakiser

USGS

k

2

3

62

258

N-27

Ecology of the Uinta Ground
Squirrel

B.Costain

U. Wyoming

6

k

6

69 50

259

N-30

Ecology of Coyotes of Jackson Hole

F.J.Camenzind

U. Wyoming

6

h

5

69 20

+3. Colorado

6

k

3

67

?

260

Behavior of Ungulates

261

Fungi Study

J.W.Baxter

U. Wisconsin

6

k

8

69 IOC

262

Helminth Parasites of Elk

R.Bergstrom

U. Wyoming

6

k

5

68 50

263

Physiology of Utah Chub

W.A.Calder
E.Lonsdale

6

k

?

69 ?

261+

Ecology of Jumping Mouse

T.W.Clark

U. Wyoming

6

k

8

69 10c

265

Ecology of Spiders of the Genus
Pardosa

D.Lowrie

UCLA

6

k

8

69 10c

266

Cytology and Ecology, Chrysopidae

E.MacLeod

U. Illinois

1+

h

8

69 10c

267

Population Dynamics of Microtine
Rodents

N.C.Negus
A.J.Pinter

Tulane U.

6

k

3

1+9

?

268

Limnology of Jackson Hole Area

M.Parker

U. Wyoming

6

k

3

69

?

269

Ecology of Glacial Outwash Plains
of GRTE

D.Sabinske

U. Wyoming

6

k

6

69 50

Competition among Microtus

R.E.Stoecker

U. Colorado

6

1+

3

69

• 270

*M.Altmann
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1
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l»
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A

5
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1

GRSM - Great !Smoky Mountains National Park, North Carolina - Tenn essee
271

N-la

Grassy Balds

E.E.C.Clebsch

U. Tennessee

1

1+

7 66

2 72

N-7

Systematics of Plethodon Genus

R.Highton

U. Maryland

1+

2

8

273

Periglacial Features

G.Clark
D.Bogucki

U. Tennessee

7

k

1+ 67

27^

Debris Slides

Same as Above

Same as Above

U

k

k 68 30

275

Monographic Study - Hypericum
punctatum

D.E.Culwell

U. Tennessee

7

5

8 67 90

276

Ecological Distribution of Shrews

L.N.Brown

U. So. Fla.

7

l+

l+ 68

50

277

Blood Comparison of Plethodon
Species

B.L.Pickard

DePauw U.

1+

2

5 68

50

278

Physiological Study of Desmognathus J.H.Bickert

U. Tennessee

7

5

6

279

Enzyme Study - Desmognathus

B. Hinderstein

City U., N.Y.

6

l+

7 68 25

280

Incubation Behavior, Plethodon
Genus

J.L.Vial

U. Missouri

6

2

5 68 30

281

Reproductive Ecology, Desmognathus
ochrophaeus

S.G.Tilley

U. Michigan

7

2

3 68 10

282

Electrophoretic Patterns Plethodon jordani

R.Well

Duke U.

h

1+ 10 69

283

Sod Webworm Moths

E.L.Matheny
E.A.Heinrichs

U. Tennessee

k

1+

6 69

M.Bar an ski

N.C. St. Univ . 6

1+

6 69 1+0

L.D.Potter
J.Robinson

U. New Mex.

28U

Quercus alba Analysis

11

56 99

5

68 95

100

70

it

GUMO - Guadaliipe Mountains National Park, Texas
285

N-la

Relict Forest and Woodland

11

it

1

1+ 10 67 100

11

286

N-5

Limnology of McKittrick Canyon
Stream

O.T.Lind

Baylor U.

2

k

287

N-99

Basic Ecosystem Survey

B.H.Warnock

SulRoss St.U.

6

h 10 69 100

288

N-1+

Small Vertebrates of the Bowl
Ecosystem

G.Newman
F.R.Gehlbach

Hardin-Simmon i 7
Baylor

k

6

69

50

289

N-6

Occurrence, Ecological Distribution R.K.LaVal
and Relative Abundance of Bats

Texas A&M

6

h

6 68

50

Texas A&M

6

k

6

290

Comparative Habits and Ecology of
Skunks

289

R.F.Patton

3 67 25

68 67

1

2

3

5

It
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B
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D
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E

GUMO - Guadalupe Mountains National Park, Texas (con.)

291

Competitive Relationships of
Flycatchers

H.M.Ohlendorf

Texas A&M

6

6

69 50

292

Lepidoptera of GUMO

A.Blanchard

Am.Mus.Nat.
Hist.,Cornel L
U.S.Nat.Mus.

7 5,k k

67 50

HALE - Haleakala National Park, Hawaii

1/6

1/lt

3 69 10

U. Hawaii

6

It

6 64 20

NPS Personnel

NPS

2

1

3 65 25

Evolution and Genetics of
Hawaiian Insects

D.E.Hardy

U.Hawaii

Chalcidoidea of Hawaii

H.Kurahashi

Bishop Mus.

6

»t

7 65 75

1

1

3

293

N-2a

Vegetation Cover Type Map

G.Smathers
NTS, RB
D.Mueller-Dombois U. Hawaii

29h

N-3a

Autecology of the Haleakala
Silversword

H.Kobayashi

295

N-6

Preservation of the Dsrk-rumped
Petrel

296
297

k/6 It

3

?

?

HAVO - Hawaii Volcanoes National Park, Hawaii

66 ?

298

N-3a

Plant Succession and Recovery in
1959 Kilauea Iki Devastation Area

G.Smathers

NPS,RB

299

N-l+a

Ecology of Feral Pig and Goat

D.K.Morris

NPS,CPN

2/5 1/3

3 65

300

N-9

Evaluation of Five Herbicides for
Control of Nonnative Gingers

G.Smathers

NPS,RB

2/5 1/3

6 68 1+0

301

N-10

Reworking and Revision of HAVO
Herbarium

C.H.Lamoureux

U.Hawaii

302

N-2a

Ecology of Vegetation on Recent
Volcanic Matter

D.Mueller-Dombois

303

Hawaiian Drosophilidae

D.E.Hardy

30h

Parasitology and Genetics of
Hawaii Fruit Flies

305

6

It

?

6 68 1+0

h

k

6 66 85

6

It

3 63

?

R. T . Ckuiningham USDA, Hilo

1+

2

3 68

?

Cerambycid Beetles of Hawaii

J.L.Gressitt

Bishop Mus.

k

It

1

306

Biological Control of Pests

E.Yoshioka

St. of Hawaii
Dept.Agri.

5

3

3 65

307

Causes of Anomalous Carbon-Ik
Dates

R.M.Chatters,et .al.
Wash.St.U.

6

It 10

308

Hawaiian Volcanic Gases

J.Naughton

309

Magnetic Surveys Over the Hawaiian
Ridge

R.G.Zachariadis

290

U.Hawaii

U.Hawaii

U.Hawaii
U.Hawaii

68 20
?

16 100

U/6 It

3 63

?

It

3 61+

?

lt/6

1

2

A

B

c

D

E

6

4

3

37

?

4

2

3

11

?

U.Missouri

6

4 10

68 100

4

3

5

llAVO - Hawaii Volcanoes National Park, Hawaii (con.)

310

Sulphur Banks Analysis

G.H.Dority

311

Cooling of Lava Lakes

HAVO Personnel & USGS

312

Role of Bacteria in Converting Lava M.L.Fields
to Soil

313

Dead Ohia Tree Stands in Hawaii

F.R.Fosberg

Smith.

4

2

3

63

7

314

Thermophilic Organisms

T.D.Brock

U.Indiana

6

4

3

7

?

315

Petrology and Paleomagnetism of
Hawaiian Volcanic Rocks

J.C.Belshe

Kentron Hawai i 6

6

3

65 75

316

Solfatara Alteration

W.J.Rash

Kennecott
Exploration

6

6

3

69

?

317

Neutron Activation Techniques for
Labeling Drosophila population

R.H.Richardson

U.Texas

6

4

3

69

7

318

Arachnids of Hawaii Volcanoes

L.E.Sabath

USNH(Guam)

7

5 10

U.Hawaii

69 100

ISRO - Isle Royale National Park, Michigan

4

79

N-l

Ecological Wildlife Study

D.L.Allen
M.Wolfe
W.Johnson

Purdue

320

N-2

Investigation of Plant Succession
Following Fire

NPS Personnel

ISRO NP

321

N-3

Geological Survey of Isle Royale

N.K.Huber

USGS

L/4 2

8 66 100

322

N-19

Isle Royale-Lake Superior as a
Forest Wildlife Ecosystem

L.W.Krefting
H.L.Hansen

USBSF&W
U.Minnesota

+/6 2/4

4 64 85

323

Climate, Succession, & Tundra
Plants of Lake Superior Shores

E.R.Rosenwinkel Portland St.
C , Portland

324

Ecology of Spruce-Fir Forests

R.Janke

Devilsclub Distribution

325

R.Janke

L/6

4

319

2

Mich.Tech.U.
It

ft

11

6

1

58

3 63 20

4

6 67 70

4/6 4

5 69 18

4/6 4

6 67 90

JECA - Jewel Cave National Monument, S, Dakota

326

Cave Exploration

H.Conn
J.Conn

ni

5

3

57 —

JOTR - Joshua Tree National Monument, California

327
328

N-la

Ecology of Bighorn

J.K.Baker

NPSjRB

I

1

3

67 25

Insects of Pleasant Valley

E.L.Sleeper

Cal.St.,Long
Beach

6/7 4

5

65
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JOTR - Joshua Tree National Monument, California (con.)

329

Temperatures in Two Species of
Eleodes

R.Kramm

Cal.St.,Long
Beach

7

4

9

68 100

330

Ants of JOTR

R.J.Hamton

Same as above

7

4

9

66 100

331

Orthoptera of JOTR

P.Kuld

Same as above

7

4

9

69 100

332

Distribution and Abundance of
Desert Ants

*R.Bernstein

UCLA

7

4

5

68 --

333

Distribution of Animals on Hornblend Hill JOTR

R.M.Chew

UCLA

6

4

3

66 —

334

Plant Distribution in Indian Cove

Same as above

Same as above

6

4

3

66 25

335

Scorpions of JOTR

T.Hibner

Cal.St.jLong
Beach

6/7 4

9

? 70

336

Disseminules of Cholla Cacti

M.L.Evans

Cal.St.Poly.C

.6/7 4

10

69 100

KATM — Katmai National Monument, Alaska

337

N-l

Ichthyology, Limnology Research

NPS

1

1

6

68 25

338

N-n

Brown Bear-Human Interrelationships F.Dean
R.G.Prasil

U. Alaska
NPS,MB

1

1/4

5

67 25

339

N-12

Survey of Marine Mammals

NPS

1

1

6

68 50

4/5 3 42 —

LAVO - Lassen Volcanic National Park, California

3^0

N-4

Lower Plants & Mistletoe

W.B.Cooke

Miami U.,
Oxford, Ohio

7

31*1

N-18

Successional Change in Devestated
Area and Chaos Jumbles

J.P.Heath

San Jose St.

6/7 4/5 5 68 70

342

N-17

Volcanic Hazards

D.Crandell
D.R.Mullineaux

USGS

4

2

6

68 75

343

Petrogenesis ef the Lassen Peak
Volcanic Suite

S.D.McDowell

Case Western
Reserve U.

4

4

7

68

7

344

Petrographic & Petrologic Study

E.I.Smith

U. New Mex.

6/7 5

7

70

7

345

Rare Elements in Volcanic Rocks

D.Gottfried

USGS

4

2

7

70

7

346

Gypsy Moth Defoliation of Conifers

J.Weber

Shasta Co.
Dept. Agri.

5

3

7

70

7

347

Chemistry of Volcanism

D.M.Flynn

Diablo Valley
Coll.

6

4/5 7 70

7
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LABE - Lava Beds National Monument, California

2

1

3

62

1

1

3

69

4

2

7

69 80

Ecological Research of Lehman Caves F.W.Went,et al. U. Nevada

3

4

10 69

Algae Studies in Lehman Caves

348

K-9

Ecological Wildlife Range Study

NPS Personnel

349

N-12

Reintroduction of Bighorn

C.G.Hansen

Geology of Lava Tubes

USGS

350

NPS.RB

50

LECA - Lehman Caves National Monument, Nevada

351

N-l

352

100

R.Soulages

U. Nevada

6

4

7

70 60

MACA - Mammoth Cave National Park, Kentucky

353

N-l

Hydrology of Mammoth Cave

R.V.Cushman

USGS

1

2

3

62

354

N-21

Deer Reproductive Regulation Study

R.Roughton

BSF&W

1,4 2

3

68 10

355

N-22

Analysis of Cavern Development Near T.C.Barr,Jr.
Proposed Construction Site

U.Kentucky

1

4

10 68 100

356

N-23

Ecological Study of Plant Communities of MACA

M.T.Jackson

Ind. St. U.

1

4

3

68

357

N-2

Deer Population Study

J.Burna

Ky.Dept.Fish
& Wildl.

5

3

3

59

358

N-6

Micro & Meso Fauna of Caves

T.C.Barr,Jr.

U.Kentucky

6

4

6

67 50

359

N-4

Ecology & Life Histories of Cave
Beetles

Same as above

Same as above 6

4

5

67 35

360

N-8

Hydrology & Geomorphic History of
Cedar Sink

R.J.Hosley,Jr.

7

5

4

68 30

361

N-10

Measurement of Cave Environment

M.F.Ehman

CRF

6,7 4,5 3

65

362

N-9

Cartographic Description of Caves
in MACA

D.P.Burns

CRF

6,7 *.5 3

54

363

N-ll

Paleohydrology of MACA & Flint
Ridge Cave System

W.B .White

CRF

6,7 *,5 8

68 100

364

N-12

Hydrology Of Central Kentucky Karst Same as above

Same as above 6,7 *,5 3

68

365

N-14

Comparison of Terrestrial Cave
Communities

T.L.Poulson
R. Norton

CRF

6,7 4,5 3

68

366

N-15

Comparison of Cave Stream
Communities

Same as above

CRF

6,7

M

3

68

367

N-16

Taxonomy and Physiology of Cavernicolous Protozoa

S.Gittleson

U.Kentucky

6

4

5

68
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MACA - Mammoth Cave National Park, Kentucky (con )
368

N-17

Ueochemical Investigations in MACA

J.Thrailkill

U.Kentucky

6

k

369

N-20

Base Level Sedimentation in Flint
Ridge

R.Carwile,
E.Hawkinson

CRF

6,7

k

370

Population and Biology of Cave
Bats, especially Myotis sodalis

S.Keefer

So. 111. U.

7

k

371

Cave Ecology

W.R.Suter

Carthage C.

6

k

69

372

Petrology & Paleontology of Mississippian Rocks

A.S.Horowitz

Ind. U.

6

k

69

373

Aquatic Vascular Plants & Algae

G.E.Dillard

Western Ky.U. 6

k

70

H.W.Steinhoff

Colo.St.U.

8

68 100

,5 10 69 100

MEVE - Mesa Verde National Park, Colorado

37k

N-lk

Mesa Verde Deer Study

1,2
5,6v
s

375

N-15

Food Habits of Coyotes in MEVE

C.L.Douglas

1,U 7 67 85
50

1

Prescott C. & 5,7 »t
NPS, Collab.

6 6k 85

MOMC - Mount McKinley National Park, Alaska

6k 95

376

N-3

Flower Book

A.Murie
**L.Murie

377

N-10

Survey of Wolf-Caribou Winter
Range

Personnel of NPS, BLM & ADF&G 1,* 1,2 3
5
3

67

378

N-13

Sheep Census

R.G.Prasil
Personnel of

NPS,MB
ADF&G

1+8

379

N-lk

Moose Census and Range Study

R.G.Prasil
J.Blaisdell

NPS,MB
NPS.Reg.Biol. 1

380

Wolf Density, Distribution and
Competition

381

7

6

8

2,5 1,3 3

1

3

67

1,6 1.* 6

66 60

Caribou Migration and Marking Study R.G.Prasil
NPS,MB
Personnel of ADF&G

1

1

3

67

382

Fox Investigation

L.Allison

U. Toronto

6,7 k

8

69

383

Relation Between Earthquakes and
Tectonic Displacement

R.A.Page

Lamont Geo.Ob
Columbia U.

k

6

67
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NPS - NRC Sigma XI
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MORA - Mount Rainier National Park, Washington

38k

N-l

Deer Browse Study-

M.Holden

NPS,RB

1

1

k

68

385

N-3a

Elk Migration

M.Holden

NPS,RB

1

1

k

68 20

386

N-6a

Elk Browse

M.Holden

NPS, RB

1

1

6

68

15

387

N-7a

Elk Inventory

M.Holden

NPS,RB

1

1

5

68

10

388

N-23

Emmons Glacier Hydrology

Wtr.Res.Div.

USGS, Tacoma

4

2

389

N-2l*

Alpine Small Mammals

D.Meredith

Central Wn.C. 7

k

6

69 20

390

Bed Rock

D.R.Mullineaux

USGS,Denver

k

2

9

63

391

Surficial Geology

D.R.Mullineaux

USGS,Denver

k

2

10

57 100

392

Advance-Retreat of Major Glaciers

M.Meier

USGS,Tacoma

k

2

3

59

393

Terminus Positions - Emmons,
Nisqually, Carbon Glaciers

M.Meier

USGS,Tacoma

k

2

3

32

391+

Kinematic Waves on Nisqually
Glacier

M.Meier

USGS,Tacoma

h

2

3

61

395

Mapping of Nisqually Glacier

Topographic Div .,USGS,MenloPk

M

2

3

32

396

Nisqually Glacier Movement and
Nisqually Glacier Ecology

A.E.Harrison

U.Washington

6

k

3

51

397

Glacier Moraines and Recent Glacial R.S.Sigafoos
History
E.L.Hendricks

USGS,Wash.D.C

M

2

3

59

398

Snow Pillow Survey

D.Richardson

USGS,Tacoma

k

2

3

68

399

Snow Surveys

L.B.Laird

USGS,Tacoma

k

2

3

k3

too

Seismic Studies

N.Rassmussen

U.Washington

2,6 1,2 3
k

52

1*01

Ecology and Soil Development
Kautz Mudflow Area

S.P.Gessel

U.Washington

6

k

3

k9

USGS

1

2

7

67 95

6k

100

MORU - Mount Rushmore National Memorial, South Dakota
1*02

N-l

Investigation of Water Resources
of Mount Rushmore NM

295

J.E.Powell
D.G.Adolphson
J.J.Norton

1

2

1+

3

A

5

c D

B

E

Ml WO - Muir Woods National Monument, California

U03

N-l

Ecologic Study of Muir Woods Redwood Community

C.Cornelius

1

h

8

66 98

1(:)1+

N-2

The Decline of Silver Salmon &
Steelhead Trout in Redwood Creek

L.Stafford et al. Sonoma St.C 1

h

8

66 90

1+05

Inhibitory Volatiles of Sequoia
sempervirens

D.M.Wong

SanFran St.C.

7

k

10 68 100

1+06

Moisture and Reproduction of the
Coast Redwood

**J.Vannata

SanFranSt.C.

6

k

6

68 50

1+

0

—

1

k

10 69 100

1

1+

0

5,7 h

8

69 80

7

5

5

69 20

Sonoma St.C.

NOCA - North Cascades National Park, Washington
1+07

N-l

Human Impact / Alpine Ecosystem

D.A.Thornburgh

Humboldt St.C 1

1+08

N-5

Botanical Inventory (Plant List)

G.Douglas

U.Washington

1*09

N-8

Bio-Geo-Coenetic Survey

1+10

N-8A

11

11

»

11

R.Kenady

1+11

N-8B

11

11

11

11

J.W.Miller
M.M.Miller

1+12

N-9

U.Washington

—

Synecology of Subalpine

G.Douglas

U.Washington

1

1+

0

68 —

U13

Mt. Larch Distribution

S.F.Arno

U.Montana

7

5

8

69 80

l+lU

Cascade Birds, West Side (List)

**E.Gerriets

Aud.

7

5

6

69 70

»H5

Cascade Pass Revegetation Study

G.Douglas

U.Washington

.7

1,5 5

69 50

1+16

Effect of Fire/Subalpine Vegetation G.Douglas

U.Washington

7

5

8

69 90

1+17

Preliminary Biological Survey Rept. G. Douglas

U.Washington

2

1+

10 68 100

OLYM - Olymp LC National Park, Washington
1+18

N-13

Aerial Photography of Olympic
Glaciers

NPS Personnel

OLYM

2

1

3

59

1+19

N-5

Ecology of Olympic Marmot

D.Barash

U.Wisconsin

6

1+

8

67 100

1+20

N-7

Blue Glacier Studies

E.R.LaChapelle

U.Washington

1+

h

3

57 —

1+21

N-8

Lower Blue Glacier Studies

B.Kamb, et al.

Cal.Inst.Tech

h

k

5

67 50

1+22

N-9

Ecology Alpine Tundra in Olympic

L.C.Bliss
*S.Peterson
*K.Bell

U.Alberta

h

k

6

65 85

1+23

N-9A

Ecology of Montane & Subalpine
Forests in OLYM

R.W.Fonda
L.C.Bliss

W.Wash.St.C.
U.Alberta

k

k

9

61+ 100

296

1

2

4

3

5

A

B

C

D

E

OLYM - Olymp LC National Park, Washington (con.)

424

N-9B

Ecology of Subalpine Meadows in
OLYM

R.T.Kuramoto
L.C.Bliss

U.Rhode Is.
U.Alberta

4

4

6

66 95

425

U-10

Geologic Mapping

W.M.Cady
R.W.Tabor

USGS

4

4

3

61 70

2

ORPI - Organ Pipe Cactus National Monument, Arizona

4?6

H-6

Forage Resources Inventory

R.K.Shultz

BLM

2

9

66

100

1+27

N-4

A Desert Bighorn Study

N.Simmons

4/7 2/4 8

62

5

428

N-5

An Ecological Reconnaissance of
Quitobaquito Spring

G.Cole
M.Whiteside

BSF&W & U.
Arizona
Ariz.St.U.

4

4

10

63

100

429

N-7

Ecology of Desert Pupfish

T.J.Cox

U.Arizona

6

4

9

64

100

1+30

N-8

Ornithology of Organ Pipe Cactus NM R.L.Cunningham

NPS

7

1

6

67 75

1+31

N-9

Habitat Selection in the Whitethroated woodrat

R.W.Olsen

U.Wisconsin

6

4

8

67 95

1+32

N-10

Linear Annual Growth of Saguaro
and Organ Pipes

J. Cable

NPS

7

1

3

68 15

OZAR - Ozark

National Scenic Riverways, Missouri

i+33

Survey of the Riverways1 Vegetation P.L.Redfearn,Jr . SW Mo.St.C. 1

4

7

69

—

PAIS - Padre Island National Seashore, Texas
I+3I+

Sand Stabilization Study-

J.Moore

Texas A&M

7

4

8

68 100

435

Sand Stabilization Study

W.Dahl
D.Woodard

Texas Tech.
4
Welder Wildl.
Refuge
Texas Tech

4

6

68

4

2

3

68 40

D.Ferray

50

436

Proposed Geological Investigations, H.L.Berryhill,Jr.
PAIS

437

The Macro-invertebrate Fauna of
7i Fathom Reef

J.W.Tunnell,Jr. Texas A&I

7

4

10 68 100

438

A Study of Fish Fauna of l \ Fathom
Reef

B.D.Causey

Texas A&I

7

4

10 68 100

439

Kangaroo Rat (Dipodomys ordii)
Studies

W.E.Johnson

U.Texas

6

4

—

68

440

The Ghost Crab on Padre Island;
Distribution, Habits & Possible
Response to Man

*J.Teerling

Texas A&I

7

4

7

69 60

297

USGS

•

—

1

h

3

2_

5

A

B

C

.J!..

!

i

PAIS - Padre Island National Seashore, Texas (con .)

kkl

Levels of Organochlorides in
Peregrine Falcons

6

Texas Tech.

7

1+

T.E. Smiley, et al. U.Arizona

6

It 3

63 30

R.R.Rogers

69

30 !

PEFO - Petri lied Forest National Park, Arizona
1+1+2

N-3a

Microenvironment of the Chinle
Formation

PINK - Pinna :les National Monument, California
Ul+3

Rocks and Minerals

S.A.Skapinsky

SanJose St.C.

6

k

8

67 100

1+1+1+

Reptiles, Amphibians, Small Mammals, Insects & Geology-

K.A.Ahearn &
Party

Cal .Academy
of Sci.

6

1+

8

66 100

1+1+5

Amphibians & Reptiles

D.J.Morafka

Same as above

6

1+

8

66 100

1+1+6

Amphibians & Reptiles (Gerrohonotus)M.Rourke

Same as above

6

l+

2

69 —

1+1+7

Lichens

F.P.McWhorter

Same as above

6

k

2

69 —

Hydrology of Piatt National Park
Area

D.L.Hart,Jr.

USGS.Okla.Ctji 1

2

1+

68 1+0

Arbuckle Reservoir Monitoring
Project

W.R.Duffer
R.S.Kerr

Wtr.Res.Cen.,
FWPCA

k

2

7

66 85

i+,6

PLAT - Piatt National Park, Oklahoma
l+i+8

N-l

1+1+9

PORE - Point Reyes National Seashore, California

\

1+50

N-2A

Avifaunal Survey of Limantour

Personnel of Pt. Reyes Bird
Observatory

1

9

67 100

1+51

N-5A

Clam Population Study

Dahlstrom
Orcutt

Calif.F&G

5 3,h 6

68 70

1+52

N-6

Geology of Point Reyes

A.Galloway

5

3

8

62 100

1+53

N-6A

Geologic Mapping, Lake Area

J.Clague

Cal.Academy
Sciences
U.Cal.

7

5

10 68 100

1+51+

N-10

Habitat Improvement - Dew Pond

W.Garland

Calif.F&G

5

3

3

68 90

U55

Olema Linemeter Range

Towill Engr.

SanFran

7

6

3

66 95

1+56

Historical Botany, Pt. Reyes

E.Evans

U.Calif.

7

5

3

67 10

1+57

Ecology of Baccharis

R.L.Doutt

U.Calif.

7

1+

3

68 —

1+58

Embryology of Echiuroid Worm

W.W.Silva

U.Calif.

7

1+

3

68 1

298

1

2

4
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5

A
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C

D
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P O R K - Point Reyes National Seashore, California (con.)
ii',q

Land Bird Survey, Pt.Reyes

R.M.Stewart

PORE Bird Obs

6

4

3

65

460

Aerial Survey of Water Birds

J.Smail

PORE Bird Obs

6

4

3

68

I461

Substrate & Bird Food Habits

J.Smail

PORE Bird Obs

6

4

3

67

1*62

Operation Seawatch

Personnel of PORE Bird Obs.

6

4

3

67

'163

Plants of Pt. Reyes (southern
portion)

G.True
R.Stewart

PORE Bird Obs

6

4

3

69

404

Vegetation Study

R.Stewart
J.Winter

PORE Bird Obs

6

4

3

69

465

Range Transect Study

NPS Personnel

PORE

2

1

3

67

466

Range Exclosure Study

NPS Personnel

PORE

2

1

3

67

467

Population Ecology of Granivorous
Birds

L.R.Mewaldt

PORE Bird Obs

6

4

3

63

468

Migratory Restlessness of the
Hermit Thrush

L.Cowley

PORE Bird Obs
San Jose St.C

6

4

3

69

460

Population Ecology of the Rufoussided Townee

D.Shrout

Same as above

6

4

3

69

470

Winter Ecology of the Goldencrowned Sparrow

D.J.Vargas

Same as above

6

4

3

69

ROMO - Rocky Mountain National Park, Colorado

471

N-lb

Bighorn Distribution and Status

F.A.Harrington Jr. Colo.St.U.

7

4

8

65 .95

472

N-6

Exclosure Observations on Visitor
Impact

B.E.Willard

Thorne Ecolog
Inst., CD

4

4

3

58 50+

473

R-8a

Ungulate Winter Habitat Studies

D.R.Stevens

NPS.RB

1

1

3

68 —

474

N-ll

Limnological Observations in
Glacier Gorge

E.B.Reed

Colo.St.U.

7 5,4 3

67 --

475

N-12

Vegetation Studies

D.R.Stevens

NPS.RB

1

1

5

68 50

476

N-13

Ungulate Ecology Studies

D.R.Stevens

NPS.RB

1

1

4

68 40

. 477

N-14

Erosion, Cut Road Slopes, Trail
Ridge Road

J.M.O'Shea,Jr.

NPS

1

1

5

69 60

478

N-15

J.T.Andrews

Inst.Arctic &
Alpine Res.

6

4

3

68 --

C.E.Braun

Colo.Div.Game
Fish & Parks

5

4

5

66 75

479

.laciology of the Corrie Glaciers

Ecology and Population Dynamics of
White-tailed Ptarmigan

299

1

2

1+

3

5

A

B

2

C

D

E

1,2

3 36

—

7

6

3 67

HOMO - Rocky Mountain National Park, Colorado (con.)
1*80

Compilation of Snowfall Precipitation Data

D.R.Butts

1.81

Rird Banding

**A.Collister

1+82

Serum Protein Polymorphisms in
some Salmonid Fishes

R.A.DeLong

Graceland C , 7
Lamoni, Iowa;
CSU

6

6

68

1+83

A Biogeographical Study of the
Garter Snake (Thamnophis elegans
vagraus) in R0M0

S.E.Franklin

Cal.St.C.,Lonj 7
Beach

l+

l+

68 25

1+81+

Pollen from Alpine Plants (compar- S.A.Hall
ison of plants to determine climatic
environments during Pleistocene)

U. Iowa

5,6

1+

6

68 1+0

1+85

Survey of Vectors of Public Health
Importance

F.C.Harmston

U.S.PHS

1+

2

3

67

—

1+86

Rocks

S.D.Ludington

7

5

69

10

1+87

Vascular Plants in R0M0

**R .A.Nelson

7

6

3

25

—

1+88

Studies on Lake Sediments in R0M0

E.B.Reed

Colo. St. U.

6

l+

8

67 90

1+89

Passerine Birds, Particularly
Horned Larks, in Alpine Tundra
Areas

R.A.Ryder

Colo. St. U.

1+

1*

l+

68 25

1+90

Cryptogamic Plants (Lichens,
Algae, Fungi)

S.Shushan

U. Colo.

7

1+

3

- 30

1+91

Pika - Some Factors Influencing
the Surface Activity of

B.C.Sigler

Colo. St. U.

7

k

6

69

50

1+92

Rock Creep Research

A.J.Tamburi

Colo. St. U.

6

k

6

69

30

1*93

Fresh Water Algae

L.A.Whitford

No.Car. St.U.

7

k

6

69

50

1+91+

Summary Report on Basic Field
Studies - past 5 years

•B.E.Willard

T h o m e Ecolog. 7
Inst., CU

h

3

63

95

1+95

Alpine Plant Succession on Old
Fall River Road

•B.E.Wlllard

Same as above

6

l+

3

52

—

1+96

Ecology of Alpine Tundra (Alpine
Willow Marshes)

R.T.Ward

Colo. St. U.

1+

l+

3

65 65

1*97

Ecological Studies of Alpine

W.E.Younkin,Jr. Colo. St. U.

6

1+

10 69

I+98

Successional Studies in Lodgepole
Flreburn in Glacier Basin

R.G.Beidleman

Colo. C.

7

1+

3

53 —

K.F.Bierly

Colo. St. U.

7

l+

6

68 75

1*99

. Phytosociology of Rocky Mountain
Beaver Meadows

300

NPS

1+0

100

1

2

k

3

5

A

B

C

D

E

90

SAGU - Saguaro national Monument, Arizona
C.H.Lowe

li.Ariz.

1

•i

8

6k

N-'l
N-6

Saguaro Ecology I
III
" I I
IV

01

,.-. a

Saguaro Establishment

W.F.Steenbergh

NPS.RB

1

1

8

65 8o

50?

N-: 6

Saguaro Population Dynamics

W.F.Steenbergh

NPS.RB

1

1

3

6o 15

503

N-5a

Rodent-Vegetation Relationships

R.M.Turner

USGS

-

2/k -

61

50l+

N-Qa

Saguaro Mortality Studies

S.M.Alcorn

U.Ariz.

6

k

3

1+2 ?

505

N-lOa

Javalina Survival - Weather
Relationships

G.I.Day

Ariz.Dept.F&G

5

3

l+

6o

506

N-ll

Wren - Thrasher Population Study

A.H.Anderson

M

5

10 59 100

507

N-12

Geologic Mapping - Rincon Mtns.

R.L.Dubois
A.Leger

U.Okla.

-

k

3

66

—

508

N-13a

Saguaro Establishment Trends

R.M.Turner
J.R.Hastings

USGS
U.Ariz.

2,k

-

59

—

500

TH-lk

Rio Chemistry of Saguaro Callus
Tissue

C.Steelink

U.Ariz.

-

k

510

N-15

Saguaro Diseases and Soil Bacteria

S.M.Alcorn
D.J.Takacs

U.Ariz.

6

k

511

N-17

Native Plant Diseases Survey

S.M.Alcorn
R.Gilbert son
M.R.Nelson

U.Ariz.

6

512

N-19a

Cactus Virus Ecology

M.R.Nelson
R.Wheeler

U.Ariz.

513

N-20a

Taxonomy of Erwinia Carnegieana

S.M.Alcorn

51A

N-21

Javalina Age Study

515

N-2U

516

'.GO

i -Pa

-

9

- 6k

75

-

6k

8o

k

3

57

-

6

k

3

65

20

U.Ariz.

6

k

5

62

90

L.K.Sowls

USBSF&W

- 2,k

- 56

—

Bird Population Factors

S.M.Russell

U.Ariz.

6,7 k

N-25

Collared Peccary Beahvior

L.K.Sowls

USBSF&W

- 2,U -

517

N-27

Bird Nesting Success - Environment
Relationship

R.Wadleigh

NP8

7

1

-

68 70

518

N-28

Saguaro Height-Age Relationship

S.M.Alcorn
J.R.Hastings

U.Ariz.

6

k

3

57 —

519

N-29

Epidemiology of Prickley-Pear
Soft Rot

S.M.Alcorn

U.Ariz.

6

k

301

3

~

66 ko
56

68

—

50

:i.

2

1+

3

5

_A_ B _c_ _p_ K

SAGU - Saguarc National Monument, Arizona (con.)

520

N-31

521

6,7 k

6

69 50

6

h

7

70 50

Tex. Pks. &
Wildl. Dept.

5

3

1+

65 50

Curve-bill Thrasher Reproduction

E.L.Smith

Leaves of Limberbush (Jatropha
cardiophy11a)

R.B.White

U.Ariz.

J.Crabtree

SANE - SanforcI National Recreation Area, Texas

522

N-l

Research on Walleye Perch

523

W-2

Water Quality and Limnology of Lake W.A.Cooper,Jr.
Meredith

W.Tex.St.U.

6

k

3

65 ?

521+

N-3

Herpetology of Hutchinson Co.
and Lake Meredith

R.McKinney

F.Phillips Jr
C.,Borger

7

k

6

66 75

P.L.Meserve

U.Nebraska

7

k

10

69 100

3

66 10

10

67 100

SCBL •• Scotts Bluff National Monument, Nebraska

525

Some Aspects of the Ecology of the
Prairie Vole in Western Nebraska

THRO •• Theodoie Roosevelt National Memorial Park, North Dakota

5?6

N-l

Small Mammal Status

Park Staff

527

N-6

Behavior of the Lone American
Bison Bull

A.G.Hagen
W.Fischer

Iowa St. U.

U

k

528

Rainwash and Soil Creep on Slopes
in Western No. Dak.

J.Tinker

U. No. Dak.

6

k

8 67 95

529

Study of Skunk Bush

R.Sanford

No.Dak. St.U.

6

h

6 68 50

530

Ecological Factors of a Sagebrush
Lizard Population, Western N.Dak.

R.Timken
G.Estlund

Wayne St. U.

6

k

531

Cenozoic Aquifers & Paleo Waters
of the No.Dak. Badlands

T.Hamilton

U. No. Dak.

6

k

6 67 75

532

Botanical Survey of Southwest No.
Dak.

W.Barker
N.Zazkowski

No.Dak.St.U.

6

k

5

2 1.*-

10

69 100

69 1+0

SEQU •• Sequois1 and Kings Canyon National Parks, Ciilifornia

533

N-l

Ecology of the Giant Sequoia

R.J.Hartesveldt San Jose St.C. 1
H.T.Harvey
H.Shellhammer
R.Stecker

h

3 6U 50

531+

N-2

Sequoia Inventory

Western Timber Services

2

6

6 67 75

535

N-3a

Sierra Bighorn Investigation

R.Riegelhuth

1

1

k 63 60

302

NPS.MB

.'!

3

2

1*

-5

_A _ _B_

c

SEQU - Sequoia and Kings Canyon National Parks, California (con. )

936

N-5a

Geologic Mapping

J.G.Moore

537

N-lii

Type Map - Kings Canyon

Hammon, Jensen & Wallen

538

N-13

Past & Present Vegetative Conditions of Sequoia

J.L.Vankat

USGS

h

"1

2

5 65

75

2,U 6

6 68

30

U.Cal.,Davis

1*

8 68 80

6

539

N-17a

Factors Important to Management
of Mountain Meadows

Pac. SW For. & Rg. Exp. Sta.
thru U. Cal., Berkeley

1

l*

9

5U0

N-18

Deer Ecology

R.Riegelhuth

NPS,MB

2

1

3 60

2

5M

N-20

Aerial Photography-Scolytus Beetle
Dynamics

R.N.Colwell

U.C.,Berkeley

2

k

7 65

90

5^2

N-21

Tax. Status, Dist. & Mgmt. of Kern
River Rainbow Trout

C.B.Schreck
R.Behnke

1
Colo. St. U.
Colo.Coop.Fis 1
Unit

M*3

N-25a

Prescribed Fire in Red Fir Forest
Restoration

B.M.Kilgore

NPS,RB

1,2

l

6 68 60

<M

N-26

Restoration of Natural Environment
in Mixed Conifer Forest

Same as above

Same as above 1,2

1

U 69 25

5U5

N-7

Fireburn Plant Reproduction Study

S.K.Stocking

NPS,Seasonal

7

1,6

6 61 80

51*6

N-8

Mapping - Crystal Cave

T.Rohrer

NSS

7

6

1* 62

70

5U7

N-22

Glacial Geology of Positions in
Sequoia-Kings Canyon

J.H.Birman

Occidental C.

u

U

3 66

35

SUB

N-23

Recreational Use of Wilderness

M.Loughman

U.C.,Berkeley

7

k

8 67 85

51*9

N-2U

Aplodontia rufa in the Southern
Sierra

J.W.Wright

Fresno St.C.

2,6

M

550

N-29

Quantitative Ecological Study of
Vegetation in Grass-Oak Woodland
in SEQU

W.H.Brooks

Pima C.,Tucso 12,6 1,6

65 85

h 10 67 LOO

3 68

75

7 67 80

7
U

551

N-30

Carpenter Ants in Sequoia

J.Hickey

NPS, Seasonal 2,7 1,6

552

N-31

Black Bear Ecology'

H.E.Basey

NPS,Seasonal

553

N-32

Distribution of Sequoiadendron
giganteum in Relation to History
and Ecological Factors

P.Rundel

Duke U.

U

l* 10 67 100

55U

N-33

Lilburn Cave and the Karst of
Redwood Canyon

S.Ulfeldt

NSS

6

1*

3 66

555

Geographic Variation in Foxtail
Pine

R.J.Mastrogiuseppe Gonzaga U.

7

l*

8 66 85

556

Black Oak Succession in Cedar Grove J.Sellers
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2,7 1,6

Fresno St. C. 2,7 1,6

68 15

3 68

5 69

10

15

50

1

2

k

3

5

A

B

E

C

D

3

61 88

SHEN - Shenan ioah National Park, Virginia

557

N-6

Ground Water Resources Study

J.L.Calver

558

N-l

Occurrence and Distribution of
Reptiles and Amphibians

W.L.Witt

559

M-3

Geologic Mapping

C.F.Fuechsel

560

N-7

Chemistry of Greenstone of the
Catoctin Formation

Va.Div.Minera: 2, If 3
Resources
5

7

5

9

55 100

USGS

k

2

3

58 50

J.C.Reed

USGS

k

2

9

66

95

50

VIIS - Virgin Islands National Park, V.I.

561

Wrasse Behavior

R.Reinboth

Mainz U.

6

k

8

70

562

Termite Distribution

L.F.Martorell

U.Puerto Rico

6

h

8

70 100

563

Bat Karyotypic Work

B.J.Hayward

Western NM U.

7

h

8

69 100

561+

Wasps of Virgin Islands

H.E.Evans

Harvard U.

6

k

7

—

80

565

Anolis Lizards

R.Philibosian

U.Cal.,Riverside

6

h

7

68

90

WHSA - White !Jands National Monument, New Mexico

566

N-l

Origin and Development of Gypsum Dunes

2,4 1,2

10 63

100

Same as above

Same as above 2,U 1,2

9 63

90

Analysis of Wind Direction and
Velocity

Same as above

Same as above 2,k

9 63

90

Role of the Hydrological Cycle

W.K.Summers

2,8i,U

5 68

25

NPS Personnel

N.Mex.Bu. of
Mines
WHSA

Dissection and Analysis of Dune
Structure

E.McKee
USGS
NPS Personnel
WHSA
Personnel of Holloman AFB

Studies of Dune Movement

1,2

567

Doctorial Research on Abronia
Species

L.A.Galloway

Tex.Tech.C.

6

It

568

Study Defensive Secretions of
Tenebrionid Beetles

W.R.Tachikel

Cornell U.

6

k

569

Study of PerOgnathus Species and
Dipodomys Species

T.L.Best

U.Okla.

6

k

570

Study of Small Vertebrate Mammals
and Reptiles

R.B.Wimmer

SoWestern St.
C.,Kansas

6

k
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WTCA - Wind Cave National Park, South Dakota

71

Wildlife Range Conditions and
Carrying Capacity

Personnel of NPS and SCS

572

Breeding Biology and Behavior of
American Bison

S.Petersburg
A.O.Haugen
M.J.Shult

Iowa Coop.
Wild.Res.
Unit

573

Cave Exploration

K.Carpenter

NSS

2,4 1,2

4

7

2

5

3 62

95

6 68

6o

3

69

—

YELL - Yellowstone National Park, Wyoming, Montana, Idaho

574

N-2a

Elk Response to Herd Reduction Northern YELL Herd

K.R.Greer

Montana F&G,
Mont.St.U. &
NPS

1,2 1,3
5

8 62 LOO

575

N-3a

Ecology of Gallatin Elk and Range
Relationships

E.O.Allen

Montana F&G

1,4,l, k ,
5
5

3

59 --

576

N-6

Behavior of Hydrothermal Features;
Firehole Geyser Basin

G.Marler

NPS

1

3

57 —

577

N-8a

Ecology of Bison

•"M. Meagher

NPS,KB & U.C., 1,6
Berkeley
7

1

7 64 98

578

N-8b

Bison Ecology

M.Meagher

NPS,RB

1

1

4 69

579

N-17

Pronghorn-Mule Deer Relationships
on Northern Yell. Winter Range

K.R.Greer

Montana F&G

5

1

580

N-29aA Ecology of Elk, Associated Ungulates, W.J.Barmore
and Their Habitat in Northern Part
of Yellowstone NP

NPS,RB

1

1

66 30

581

N-29aB Aspen Ecology of YELL

Same as above

1

1

66 40

582

N-29aC Vegetation Changes and Forage
Utilization Patterns on Upper
Gallatin & Northern YELL Winter
Range

Same as above

1

1

66 75

583

N-38A

Habits, Population Dynamics &
Ecology of Elk

G.F.Cole

1

1

3

67 20

584

N-38B

Population Status and Trends of
Representative Fauna

Same as above

1

1

3

67 25

585

N-39

Plant Ecology Studies YELL

W.H.Hendrickson NPS,RB

1

1

6

68 45

586

N-40

Temperature and Humidity in White
Pine Blister Rust Areas

Same as above

1

1

8

68 40

587

N-41

Aerial Photography to Define
Vegetation

Same as above

1

1

6

68 30

588

N-43

Control of a Limited Stand of an
Exotic Forb, Linaria dalmatica

Same as above

1

1

6

68 65
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1

7
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589

N-51

Turpentine Factor in Lodgepole
Pine in Yellowstone

W.H.Hendricksisn NPS,RB
L.Jackson
Montana St.U.

590

N-7

Ecology of Grizzly Bear

J.Craighead
F.Craighead

U.Montana Wild.Coop.
Res.Unit

591

N-l6a

Biotic Succession in Lodgepole
Pine of Fire Origin

D.L.Taylor

U.Wyoming

592

N-l8a

Basic Stream & Lake Inventory All Waters of YELL

J.L.Dean

BSF&W

593

N-22

59l

59 90

2, L
5

6,7 5

8

65

100
--

1

2,1

3

61

Study of Vegetational Environmental D.T.Patten,et al.
Relationships - NW YELL

k

1

8

61 95

N-30

Analysis of Homing in Cutthroat
Trout (Salmo clarki) in YELL Lake

C.J.D.Brown
J.D.McCleave
G.W.LaBar

k 2,1 10 61

595

N-31

Geological, Geophysical and Geochemical Investigation - YELL

USGS, NASA and NPS

596

N-33

Role of Earth Heat in Determining
Vegetative Cover

L.D.Miller

597

N-3l

Biochemical Ecology of Yellowstone
Hot Springs

T.D.Brock

598

N-35

599

Mont.St.U.
U.Maine
Mont.St.U.

1

1,2

3

66

U.Mich.

7

1

8

61 100

Indiana U.

1

1

3

66

Contribution of Chemosynthetic
K.L.Temple,et al. Mont.St.U.
Autotrophs and Related Microorganisms to Ecology of YELL Waters

1

1

3

61

N-37

Radiotracking and Biotelemetry of
Western Big Game Animals in YELL

6

6

600

N-12

Change of Plant Cover in CampA.E.Carleton
grounds - Selection and Evaluation R.Wagner
of Durable Plants

Mont.St.U.

M

1

1

68 20

601

N-ll

Impact of Uncontrolled Mountain
Pine Bettle in Lodgepole Pine

D.L.Parker
W.H.Klein

USFS

k

2

1

68

solo

602

N-15

Pollen and Plant Microfossils
from Late Pleistocene Sediments
in YELL

R.G.Baker

U.Wisconsin

7

1

10 68

loo

603

N-16

Interpretive Proposal for Lamar
Valley & Vicinity

G.T.Morrison

U.Montana

7

5

6

69 10

60I

N-17

Effect of Steaming Ground on
Patterns of Vegetation at YELL

J.S.Sheppard

Colo. St. U.

6,7 "•,5 7

69 60

605

R-18

Biology of Mimulus guttatus var.
thermalis

306

J.Craighead

*B.Rice

U.Montana
• Wild.Coop.
Res.Unit

Utah St. U.

7 6,7

66

6

69

75

10

1

2

k

3

5

A

B

c

D

7

6

8

69 80
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YELL - Yellowstone National Park (con.)

606

N-I49

Microbial Ecology of Thermal

T.D.Brock &
associates

Indiana U.

607

N-50

Successional Patterns of Conifers
in Fire-Disturbed Stands of
Similar Age

C.M.Williams

U.Okla. &
NPS Seasonal

608

Plants

J.D.Ambrose

Cornell U.

609

Minerals and Rocks

C.E.Buchwals

Carleton C.

610

Rhagionidae Flies & Elk Fecal
Specimens

R.C.Bergstrom

U.Wyoming

611

Lepidoptera

•S.Condie

61?

Geochemical Research - Basalt
Specimens

K.C.Condie

Wash.U.,St.
Louis

613

Plants - Mimulus guttatus

K.W.Crook

U.Utah

6lU

Water Mites

D.R.Cook

Wayne St. U.

615

Rocks

E.Dorf

Princeton U.

616

Plants

R.D.Dorn

Montana St. U

617

Bryophytes

J.Erickson

Harvard U.

618

Soil nematodes-nematode hosts

J.M.Ferris

619

Sub-Alpine Vascular Plants

R.Freckmann

Wisconsin St.

620

Aquatic Insects

M.D.Jha

U. Nebraska

621

Mealybugs and Scale Insects

M.Kosztarab

Va.Poly.

622

Obsidian and Volcanic Ash

N.Kock

USGS

623

Fungi (Myxomycetes)

D.T.Kowalski

Chico St.C.

624

Water, Aquatic Plants, Stream
Sediments and Minerals

D.A.Klarich

Montana St. U

625

Jawbones and Kidneys of Dead Elk

R.D.Koezler

U.Montana

626

Algae

R.I.Lynn

Utah St. U.

627

Rocks

J.Mann

U. Illinois

628

Plants - Rocks

T.Major

Teton Science
School

629

Small Mammals by Snap Traps

C.McLaughlin

U.Wyoming

630

Genus Thelypodium

I.A.Al-Shehbaz

Harvard U.
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YELL - Yellowstone National Park (con.)

631

Seeds

G.J.Williams III

632

Algae

J.W.Wallace

Western Carolina U.

633

Plants (Ferns & Mosses)

W.B.Wells

W.Valley Jr.
C , Calif.

636

Ecology of Thermal Springs and
Streams

R.G.Wiegert

U.Georgia

636

Insects-brine flies

W.Wirth

Smith,

636

Plants

E.W.Wescott

So.Missionary C.

637

Fresh Water Snails

H.Zimmerman

Zurich

638

Atmospheric Weather Studies

V.J.Schaefer,
& Associates

St.U. N.Y.

639

Hydrobiology Madison River

J.C.Wright,
& Associates

Montana St.U.

660

Study of Water Resources YELL

USGS

Cheyenne

U.Denver

6

YOSE - Yosemite National Park, California

661

N-la

Mule Deer Ecology

N.Guse,Jr.

NPS,RB

1 1,3

3

66 65

662

N-2a

Black Bear Ecology

N.Guse,Jr.

NPS,RB

1

1

6

69

663

N-9

Needleminer Ecology & Control

T.Koerber

Pac.SWF&R Exp,
Station

6

2

3

52

1

666

N-12

Vegetative Changes on Boundary Hill J.P.Heath
Research Reserve

SanJose St.

6

6

3

30's

?

665

N-ll

Geologic Mapping of Yosemite 15'
Quadrangle

D.Peck

USGS

6

2

3

?

1

666

Geochemlcal Studies of Sierra
Nevada Batholith

F.C.Dodge

USGS

6

2

3

?

1

667

Origin of Porphyritic Textures in
the Sierra Nevada

M.J.Hibbard

U. Nevada

6

6

3

66

9

668

Propagation of Native Plants for
Highway Planting

F.Chan

U.Cal,Davis

6

6

6

68 50

669

Geophysical Investigations of
Sierra Nevada Batholith

N.Harthill

Colo.Sch.Mine:

6

6

6

68

650

Genetics of Drosophila species

S.Prakash

U.Chicago

6

6

3

69 ?

651

Study of Johnson Quartz Porphyry

J.Hartford

Case Western
6
Res.,Clevelai d

6

3

69 •>
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YOSE - Yosemite National Park, California

652

Character Patterns of Beetles in
Relation to River Systems

R.Cottam

San Jose S.

6

k

3

6Q

653

Meadow Formation Deposits

Hobbs & Kemper

NPS,Seasonals

7

1

3

69 1

ii'.U

Stress Measurements on Granite

Cadman &
de la Cruz

USGS, Menlo
Park

k

2

3

69 •>

655

Origin of K-feldspar Crystals in
Cathedral Peak :;ranite

W.R.Smith

U.Cal.,Berkeley

6

k

3

69

k

8 66 90

?

ZION - Zion lational Park, Utah

696

N-l

Status of the Zion NP Deer Herd

B.B.Moorhead

Utah Wild.
Coop. Unit,
Utah St. U.

1,6

657

N-2

Bighorn Sheep Restoration Project

R.D.Metherell
C.Hansen

NPS
NPS,RB

"+,1 1,2

658

N-5

Iliche Relationships among 3 Small
Carnivores in ZION

G.R.Trapp

U.Wisconsin

6

k

7

67 754

6b9

H-15

A Study of the Fishes of the
Virgin River

J.E.Deacon

Nev.So.U.

6

k

6

65 75-t

660

N-17

Range Site - Soils Corelation

LaMar Mason

SCS

k

2

3

66 ko

661

N-19

The Parunuweap Formation in the
Vicinity of ZION

W.M.Dalness

U.Utah

7

5 10

68 100

662

Spadefoot Toads

P.T.Northern

U.Wisconsin

6

k

-

69 -

663

Herpetological Research

G.W.Ferguson

U.Michigan

6

h

-

69 -

66k

Coleoptera Defensive Secretions

W.Tschinkel

Cornell U.

6

k

-

69 -

665

Lizard Ecology and Reproductive
Cycles

D.W.Tinkle

U.Michigan

6

k

-

69 -

666

Oriented Rock Specimens

A.H.Johnson

U.Okla.

6

k -

69 -

667

Evolutionary Study of Haplopappus
ravenii Jackson

R.C.Jackson

U.Kansas

6

k

-

69 -

668

Thelypodium Wrightii (Mustard)

I.Al-Shehbaz

Harvard U.

6

k

-

69 -

669

Lava Rock Samples

G.G.Lowder

U.Cal.,Berkeley

6

h
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k 69 50

69

1

2

k

5

A

B
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D

Survey of Areas for Significance

L.K.Thomas,Jr. NPS, BB

1

1

8

68 90

671

Vegetation & Hydrology, George
Washington Memorial Parkway

R.S.Sigafoos

USGS

14

2

1+

57 50

67?-

Physiological Study of Gulls

D.S.Douglas

Geo. Wash. U.

6

k

1+

68

673

~ "Studies on Structure and Cyto-

B.K.Wetzel

Nat*1.Inst.
Health

k

2

G.E.Divine

BSF&W

h

2

3

E

NCP - Hationa 1 Capital Parks

670

N-5a

chemistry of Planaria

67U

Pesticide Monitoring Program for
Residual Level
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