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ABSTRACT

Perhaps because of its size, or perhaps because of the traumatic
experiences of the dust bowl days, the shortgrass aﬁd mixed-grass prairie
ecosystems have been the subject of many studies. In order to gather this
information together, the attached bibliography has been prepared. Although
the emphasis has been on shortgrass and mixed-grass prairies, other ref-
erences have been included where they have shed particular understanding
on basic processes.

The original beginning of this bibliography was derlved from the
literature files of the listed consultant. Additional listings were
included from the l1iterature citations of the original lists, and recent
journals were searched for later literature.

Abstracts were takén from the article themselves or from abstract
journals such as Biological Abstracts wherever possible. Where published
abstracts were not available, abstracts were prepared from summaries and

consultant's abstract files.




ABSTRALCTS

Abstract No. 1.

Aase, J. K., and J. R, Wight. 1970. Energy balance
relative to percent plant cover in a native com-
munity. J. Range Manage. 23(4) :252-256.

Net radiation (R_} and evapotranspiration (ET)
were poorly correlated during both a "wet'" and a "dry"
period on native range near Sidney, Montana within each
of five levels of vegetational cover. The ratio ET:R
fluctuated greatly in all cases and was generally
higher during the period of higher rainfall. During
dry periods, substantial amounts of energy were dissi-
pated as heat flux to the atmosphere. Maximum
evaporation and/or transpiration from 0%, 25%, 50%,
75%, and 100% cover occurred for 12 days after rain-
fall and was, respectively, 0.7, 0.8, 1.1, 0.3, and
1.9 times the evaporation from a Class A evaporation
pan. Total evapotranspiration for the season was 21%
lower and dry matter production was 143 higher with
50% cover than with complete cover. Water use from
75% and 25% cover was similar to that from 50% cover,
but forage yields were 5% and 14% less, respectively,
than from complete cover.

Abstract No. 2.

Ahring, R, M,
conditions
and smocth
Sta., Agr.
11 p.

1962. Storageability under laboratory
of seed of blue grama, side-cats grama
bromegrass. Oklahoma State Univ. Exp.
Res. Service, USDA, Tech, Bull., T-97.

This study was initiated to measure the ncrmat
pattern of seed longevity of one introduced and two
native grasses. The objective was to measure both
the length of seed longevity in the laboratory and
the effect of container and insecticide treatment on
the pattern of deterioration.

Abstract No, 3.

Albee, L. R., E. W, Kosterman, W, H, Burkitt, and H,
R. Olson. 1948. South Dakota grasslands: Their
condition and management. South Dakota Agr. Exp.
Sta. Circ. No. 70. 39 p.

Statewide surveys of South Dakota grasslands have
been made in 1940, 1942, and 1946,

The stocking rates presented on the map were
determined from the 1946 survey, based upon the past
ten years' actual use-grazing records from represen-
tative farms and ranches. The range and pasture
condition method of study was introduced into the 1946
resurvey of South Dakota grassland. The condition
approach is much more usable by stockmen and agricul-
tural workers alike than former methods of making
grassland inventories.

The 1946 inventory of range and pasture condition
shows South Dakota grasslands are near the peak of
productivity. Above-average rainfall is largely re-
sponsible for this condition. When the precipitation
cycle becomes less favorable and dry years come--and

they surely will--then only good management of our
grasslands can maintain their productivity and prevent
the unfavorable conditions of the mid-thirties.

Further studies and follow-up surveys will be made

periodically to keep abreast of changes in condition
and stocking rates for South Dakota grasslands.

Abstract No. 4.

Albertson, F, W. 1937.
in west-central Kansas.

Ecology of the mixed prairie
Ecol. Monogr. 74:481-G47,

The structure and distribution of three types of
mixed prairie in west-central Kansas have been deter-~
mined and the factors controlling the distribution
ascertained,

Abstract No., 5,

Albertson, F, W, 1938. Prairie studies in west-
central Kansas., Kansas Acad. Sci., Trans., 41:
77-83.

The prairies of west-central Kansas are usually
composed of three general types of vegetation. The
shortgrass {Buchloe-Bouteloua) type constitutes about
30% of the area and is found capping the nearly level
uplands. The 11ttle bluestem (dndropogon ecoparius)
type is well distributed over the hillsides and makes
up 60% of the prairie. The remaining 10% is composed
primarily of big bluestem (4. furcatus) and is found
in the lowlands. The average annual rainfall at Hays,
Kansas {1868-1937) was 22.67 inches. For the 5-year
dry period (1933-1937) it was only 16.2 inches.

During the drought, soil water was seldom available

to plant use below 2 feet in the shortgrass type and
only occasionally in the upper 24 inches, resulting in
enormous losses of vegetation, Meter quadrats staked
out and charted in the shortgrass before the drought
and every year since indicate no great difference in
ground cover existed before the drought on ungrazed
and grazed prairies, but in the fall of 1937 they
ranked 23% and 4%, respectively. Weedy forbs were
also greatly Increased as a consequence of overgrazing.
Little bluestem and wire grass (4drietida purpurea) are
found widely scattered throughout the shortgrasses
during wet cycles, but upon the advent of drought

they retreat to the hillsides. Ewven in the ungrazed
little bluestem type along the hillsides, tall grama
(Bouteloua curtipendula) and big bluestem have gained
at the expense of the little bluestem. Grazing only
makes the situation worse. Here there is a great
increase in the number of species of unpalatable forbs.
Dust blown from cultivated fields probably causes
greater damage than overgrazing.

Abstract No. 6.

Albertson, F, W, 1938, Studies of a 189-year-old
American elm tree in west-central Kansas. Kans.
Acad. Sci., Trans. 41:85,
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One of the largest American elm (Vlmus americana)
trees observed in this section of the state was removed
from the edge of Big Creek, near the college buildings
on the campus of the Fort Hays Kansas State College,
during the fall of 1933. The removal of this tree,
along with many other trees and shrubs, was a part of
a program in attempting to re)ieve the fiood hazard
for the Fort Hays Kansas State College and the city of
Hays.

A section of the trunk, taken about 5 ft above
the water in the creek, was polished and preserved for
study. Pins were set at intervals of 10 annual rings
radiating in various directions from the center of the
section. As nearly as could be determined, the tree
was 189 years old when removed,

The section measured approximately 4 ft in diam-
eter in an east-to-west direction and about 6 Tnches
less from north to south,

Three rifle bullets of the type used during the
days of the Fort Hays Military Reservation {1865-1889)
were found imbedded in the trunk, and alsoc a shallow
scar 7 inches in diameter filled with shot from a
shotgun. 1t was difficult to determine, due to scar
tissue, just when the bullets and shot entered the
tree, but all were found near the same annual ring,
although in different positions on the circumference
of the section, The outside edge of the scars indi-
cated that the builets and shot entered the tree
somet ime between 1870 and 1880 and penetrated to a
depth somewhat deeper than the ring formed in 1865,
A large scar, which appears to have been caused by
fire, is located in one side of the section. The
inner edge of this scar extends into the rings laid
down early in the 19th century.

There are two periods in the life of this tree when
increased ring width was evident. The first period
began about 1754 and the second period began about
1844, This conforms fairly well with the observations
“made by Dr. E, L, Moseley in Ohio. Whether or not
the climatic cycles observed in Ohioc extended to this
section of Kansas; and further, if they did, just how
much effect they might have had on the growth of a
tree living on the edge of a stream, would seem
somewhat problematical.

Abstract No, 7.

Albertson, F, W, 1939. Prairie studies in west-
central Kansas. Kansas Acad., S5ci., Trans. 42:
97-107.

The results of gquadrat data taken before and during
the recent great drouth from eight stations along a
radius from the periphery of the dustbowl near Hays,
Kansas, to Holcomb and Tribune, Kansas, concerned with
basal ground cover of buffalograss (Buchloe
dactylotdes) and blue grama grass (Bouteloua gracilis),
the important shortgrasses, and littie bluestem
{Andropogon ecoparius), big bluestem (4. furcatus)
and sidecats grama (B. curtipendula), and the impor-
tant tallgrasses, under various conditions of grazing,
make it safe to assume that the dustbowl is gradually
becoming smaller., This is due to the gradual improve-
ment of climatic conditions along the periphery as
evidenced by the increased basal ground cover of the
native grasses. Little or no improvement, however,
was found nearer the center, as yet.

Abstract No. 8.

Albertson, F. W, 1939.
Plains. Aerend 10.

The tragedy of the Great

General paper on the impact of drought on short-
grass prairies in the 1930's. When the drought began
in 1933, some BO to 100% of the native prairie land
was covered with grass and their associates; while
today (1939), this cover has been reduced to 0 to

Abstract No. 9.

Albertson, F. W.
Aerend 11,

1940.

Science, plants, and mankind.

A short treatise on the importance of plants in
the development of civilization.

" Abstract No. 10.

Albertson, F, W, 1940. Studies of native red cedars
in west-central Kansas. Kansas Acad. 5ci., Trans.

43:85-95.

Tree counts made in red cedar (Juniperus
virginiana) groves in Trego, Ellis, and Russell
counties in western Kansas in 1935-1939 (after the
great drouth) disclosed losses from 80% in the most
western county to 10% in the most eastern of these
counties,

Abstract No. 11,

Albertson, F, W. 1941, Prairie studies in west-
central Kansas: 1940. Kansas Acad. Sci., Trans,
bl 49-57,

Numerous questions have arisen concerning the
effect of the drought, particularly that orie of 1939,
upon the native vegetation. It is a fairly common
belief that there was considerable improvement in the
native vegetation during the growing season of 1940
over that of 1939. The principal purpose of this
paper is to present some evidence which might be used
in determining the accuracy of this assumption.

Abstract No. 12.

Albertson, F. W. 1942, Prairie studies in west-
central Kansas: 1941, Kansas Acad. Sci., Trans.
45:47-5h,

The prolonged drought extending from 1933 to 1939
left the native vegetation of the Great Plains region
at low ebb. Details of the response of vegetation to
this drought period have been reported and reference
to these details in this paper will be only inciden-
tal to presenting data relative to recovery that
occurred during the growing season of 1941. Notes
were carefully taken on observations made on plant
response throughout the season; and the work of
charting many meter quadrats, as was done during _
previous years, was continued in the fall of 1941,



Plants weakened by years of adversity seemed to
spring farth with renewed vigor when environmental
conditions became more conducive to growth. The pur-
pose of this paper, then, is to present data relative
to the improved climatic and sofil conditions that
prevailed during 1941 and the response of the vegeta-
tion to this improvement.

Abstract No. 13.

Albertson, F. W, 1943. Prairie studies in west-
central Kansas: 1942. Kansas Acad. Sci., Trans.
46:81-85.

For many years the pasture land of west-central
Kansas has been observed to fluctuate greatly in the
amount and kind of vegetation covering the soil.

With this great variation in basal cover and composi-
tion it was obvious that great differences in yield
must alsc have occurred. Specifically, what do pas-
tures actually yield under different types of plant
cover? It is the purpose of this paper to report on
the yield of prairie grasses on the various grazing
types common to this section of the state of Kansas.

Three types of native vegetation occur widely in
the loam soils of west-central Kansas. These are
the disclimax shortgrass communiity of the more level
and gently rolling lands; the little bluestem
{Andropogon sooparius) type of steep hillsides where
rock outcrops occur or where rock is covered only by
a shallow soil; and the big bluestem (Andropogon
fureatus) type of deep ravines and lowlands which
are supplied with run-in water and thus receive more
moisture than is afforded by the local precipitation.

Stockmen and others are much interested as to the
productivity of each type in terms of increase in
weight of grazing animals per unit area grazed.

Since the amount of forage produced is an important
factor in determining the answer to this question,
the following study was made at Hays in 1940, 19541,
and 1942,

Barbed wire exclosures were placed on representa-
tive areas of each type and 20-meter quadrats were
staked out in each exclosure. These were all in the
same 750-acre pasture and consequently had been sub-
jected to the same moderate degree of grazing in past
years. The vegetation was charted and clippings were
made at a height of one-half inch. The forage was
divided into shortgrass, midgrass, forbs, and weeds.
It was air=dried and the yields expressed In pounds
per acre.

Abstract No. 14,

Albertson, F. W. 1945. Prairie studies in west-
central Kansas: 1943. Kansas Acad. Sci., Trans.
47:405-413.

Great changes in environment produce striking
reactions throughout the plant and animal world.
During the past decade or more, the native vegetation
of west-central Kansas has undergone significant
changes in response to wide variations in its environ-
ment. In order to measure these vegetative changes
in considerable detail at Hays, Kansas, numerous
meter-quadrat areas were staked out and charted for
annual readings in 1932. The quadrats whose vegeta-
tive changes are included in this report were located

in an exclosure so as to include vegetation represen-
tative of the area where the shortgrasses of the
table land met and in places intermixed with the mid-
grasses of the slopes and ravines.

Abstract No, 15.

Albertson, F. W. 1949. Man's discrder of nature's
design In the Great Plains. Kansas Acad. Sci.,
Trans. 52:117-131.

An ecological survey of what man has done on the

High Plains and some suggestions as to what can be
done about it.

Abstract No. 16.

Albertson, F. W.
Plains.

1950. Wild flowers in the Great
Kansas Gardner 2,

General discussion of the prairie as a seasonal
flower garden.

Abstract No, 17.

Albertson, F. W., and J. E. Weaver. 1942,
History of the native vegetation of western
Kansas during seven years of continuous drought.
Ecol. Monogr. 312(1) :23-51.

The prairie vegetation of western Kansas was
studied through seven years of continuous drought,
1933 to 1939, inclusive. Water content of soll was
determined weekly during the growing season, and a
record of aerial environmental factors was obtained.
Reactions of the mixed prairie and short grass vegeta-
tion were recorded year by year in scores of permanent,
widely-distributed quadrats, and by extensive field
notes. Moderately-grazed and ungrazed prairies were
in excellent condition in 1933 because of a very
favorable slx-year peried just preceding when the
average annual precipitation {27.8 inches) was
approximately five inches above normal. Annual pre-
cipitation during each of the drought years was below
normal and during four of the seven years, nearly seven
inches below. Most of this deficit occurred during
the growing season. Periods of 5 to 7 weeks in
summer with practically no rainfall occurred. An
accumulated deficit of 6.7 inches in 1933 increased
to 21.6 in 1936 and to 34.5 inches in 1939. Temper-
atures were abnormally high during the drought and
duration of periods with high temperatures unusually
long. Wind movement was also wnusually high. That
of 1934 was greatest, being 41,782 miles from April
to September, inclusive. The lowest (1936) was 33,838
miles. High wind velocity resulted in dust storms
which reached a climax in March and April 1935. Vast
areas of vegetation were smothered by thin blankets
of silt or by great drifts of loose earth. After the
vegetation dled, the dust was again moved by the wind
and thus supplied the silt for later black blizzards.
Water content of soil was determined at weekly inter-
vals throughout the growing season to a depth of 5 ft.
Available water was the limiting factor to plant pro-
duction. Water was nonavailable throughout most of
the drought period except for short intervals in the
upper 6 inches. Three types of vegetation, with vary-
ing degrees of intermixtures are common in the mixed
prairie of west-central Kansas. They are the little
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bluestem (Andropogon scoparius) type, common on hill-
sides and in shallow ravines; the shortgrass {Buchloe-
Bouteloua) type, widely distributed over nearly level
uplands ; and the big bluestem (4ndropogon furcatus)
type of larger ravines and Jower moist slopes. During
the 7 years of drought, vegetation remained wilted or
dried over periods of several weeks' duration.

Periods of dormancy alternated with those of growth
several times during a single summer., Many mesic
plants disappeared completely, and even the most xeric
species were reduced greatly in numbers. Animal life
was also greatly depleted, The original basal cover
of about 60% in the little bluestem type was composed
of approximately one-sixth big bluestem and neariy all
of the remainder was little bluestem. Little bluestem
decreased 50 rapidly that only 1 to 43 remained in
1939. Big bluestem was reduced to 2% or less. Inva-
sion of more xeric species, especially side-cats grama
{(Bouteloua curtipendula) and blue grama (B, gracilis),
resulted in the minimum basal cover of 16% (1936) be-
ing increased from 22 to 30% in 1939. Studies in the
Buchloe-Bouteloua type were begun in 1932 and extended
in 1935 to include several grazing treatments. In
1937, gquadrats were established in pastures in 10
counties of western Kansas; some pastures had undergone
various degrees of covering by dust. Moderately-
grazed pastures with an equal mixture of buffale

grass (Buchloe dactyloides) and blue grama grass in
almost pure stands had a basal cover of BO to 90% when
protected from grazing, This decreased slowly until
1936 when it was only 5B%, and in 1939 only 22%,
Overgrazed shortgrass ranges were reduced to a cover
of 2.6% in 1936, but gradually increased to 19% in
1939. !ntensive studies of ranges were made in 10
additional counties in western Kansas beginning in
1937. Atll were in the shortgrass type. On lightly
dusted and moderately-grazed ranges, basal cover varied
from 10 to 33%. Percentage of buffalo grass usually
averaged higher than that of blue grama. Variations
in cover were-usually closely correlated with the
amount of rainfall, MNo permanent gains occurred by
1939. Drought, overgrazing, and hordes of grass-
hoppers have caused great reduction in carrying
capacity of the range. Yield of palatable forage in
overgrazed pastures is <10% of that produced in well-
managed ones., Where 10 to 12 acres were formerly
required to sustain one animal unit, 30 to 50 acres
are now nheeded,

Abstract No. 1B.

Albertson, F, W., and J. E. Weaver. 1944. Effects of
drought, dust, and intensity of grazing on cover
and yield of shortgrass pastures. Ecol. Monogr,
14{1):1-29.

At Hays, Ness City, Dighton, and Quinter in
western Kansas, pastures in rangelands were selected
for study of the recent severe drought. Investiga-
tions were made on four classes of pastures at each
station: lightly-grazed and lightliy-dusted, heavily-
grazed and lightly-dusted, lightly-grazed and heavily-
dusted, and heavily-grazed and heavily-dusted.

Records of annual and monthly precipitation were
obtained for each station, available soil water
measured to a depth of & ft each month during the
growing season, and additional ecological factors

were studied in the years 1933, 1340, and 194, To
measure the recovery, studies were made on the increase
in basal area of perennial grasses, the amount of var-
ious species concerned, and the dry weight of forage
produced. Certain exclosures were made against stock.
Precipitation was low in 1939, moderate (normal) in

1940, and above normal in 1941, Blue grama (Buchloe
gracilis), buffale grass (Buchloe dactyloides), and
shortgrasses, constituted the bulky perepnial vegeta-
tion. Sand dropseed (Sporobolus cryptandrus) was
practically the only midgrass. Annual weeds were
abundant, but native forbs were few.

Abstract No. 19,

Albertson, F, W., and J. E, Weaver. 1344, Nature and
degree of recovery of grassland from the great
drought of 1933 to 1940, Ecol. Monagr. 14(h):
393-479.

Recovery of midwestern grasslands from the great
drought {1933-1940) has been studied during three
years of sufficiently increased precipitation (1941-
1943) to promote the development of a good cover,

The true prairie was studied in southwest lowa, south-
ern Nebraska, and northern Kansas; and mixed prairie
in southwest Nebraska, western Kansas, and eastern
Colorado. Precipitation increased, evaporation de-

- ¢creased, wind movement decreased, dust storms were

less frequent, and summer temperatures were lower
after the drought. The following perennial grasses
decreased during the drought. All native grasses
suffered loss, but death was greatest among those

with shorter roots: Andropogon scoparius, Koeleria
eristata, Stipa spartea, Sporobolus heterclepis, and
Sorghastrum nutans. Andropogon furcatus, with deeper
roots, was injured less, Among the understory grasses
and forbs, destruction was rather complete for Poa
pratensig, Panieum scribneriamen, Eragroatis
gpectabilie, Agrostie hiemalis, Antenmnaria campestris,
Viola papilionacea, V. pedatifida, Gentiana puberula,
Senecio plattensis, and Hieracium longipilum. While
the above were thinning the prairie cover, certain
forbs spread rapidly and widely: Aster multiflorus,
Solidago glaberrima, Artemisia gnaphalodes, and
Erigeron ramosus., Ruderals invaded, profiting by the
situatijon: Lepidium densiflorum, Leptilon canadense,
Bromus secalinus, Salsola pestifer, Chenopodium album,
and Amaranthus retroflexus. Among the native grasses
making progress at this time were: Festuca cotoflora,
Buchloe daetyloides, Bouteloua gracilis, and Agropyron
smithii. |In 1935 six-weeks fescue (Festuea octoflora),
blue grama (Bouteloug gracilis), and especially west-
ern wheatgrass {dgropyron smithii) increased greatly,
Severe drought in 1936-1937 resulted in great advan-
tage to these grasses and buffalo grass (Buchloe
daetyloides), since they thrived while their competi~
tors waned, Approximately normal precipitation in
1938 resulted in an excellent development of vegetation
and the production of much seed, Wheatgrass, blue
grama, and buffalo grass continued their spread. Big
bluestem (Andropogon furcatus), needle grass {(5tipa
apartea), and prairie dropseed (Sporobolus
hetercolepie) thickened their relict stands and
increased greatly. Blue grama often survived where
all other grasses died. It spread almost without
interruption from 1335 to 1942 and promptly thickened
its stands. Buffalo grass, less abundant and more
greatly harmed by drought than blue grama, increased
greatly. The present mosaic of grassland patterns is
merely one phase of a long developmental process. In
order of size of area occupied, the types of 1943 were
mixed prairie, western wheatgrass, big bluestem,
needlegrass, blue grama, prairie dropseed, relict big
bluestem-little bluestem, and mixed grasses. Recovery
was repeatedly delayed by losses on driest years off-
setting gains made by the less dry ones. Methods of
recovery of grasses were increase in size of relicts
by tillering, production of rhizomes and stolons,



breaking of dormancy in old rootcrowns and underground
parts, and production of abundant seedlings. Recovery
was expressed by increase in numbers, vigor, and sta-
ture of plants; and by the resultant thickening of the
stand, and the exclusion of ruderals. |t was also
shown by reappearance of societies of forbs, recon-
struction of a layered vegetation, accumulation of
debris, and increased yield. Recovery in mixed
prairie, where most of the area is rangeland, was
delayed by overgrazing in some places and by under-
stocking in others, but usually it was prompt.

Buffalo grass entirely disappeared from some ranges,
and in many remained alive only in the best-watered
places. Rate of recovery varied widely depending

upon kind of pre-drought cover, degree of depletion,
and kind of grass relicts at the end of the drought,
Other factors were amount of damage from burial by
dust, intensity of grazing and trampling during
recovery, and amount and distribution of local
precipitation.

Abstract No. 20.

Albertson, F. W., and J. E. Weaver. 1945, Injury
and death or recovery of trees in prairie climate.
Ecol. Monogr, 15{(4):393-433,

This study describes the effects of the greatest
drought since the beginning of recorded weather his-
tory on forests and trees growing in a prairie
climate. The area considered extends from central
lowa westward into Colorado and includes the territory
from southern Oklahoma to Canada.

Data are from a wide range of sources; they
inciude pre-drought surveys of trees and conditions
for their growth in grassland which give a necessary
background for an understanding of their injury and
death or recovery in different sites. The most inten-
sive studies were made in the western half of Kansas.

Abstract No. 21.

Albertson, F, W., and J. E. Weaver. 1946. Reduction
of ungrazed mixed prairie to shortgrass as a
result of drought and dust. Ecol. Monogr. 16(4):
hk9-463.

This Is the history of a typical area of mixed
prairie near Phillipsburg in north-central Kansas from
1920 to the time it was plowed in 1945, The mid-
grasses, little bluestem {Andropogon scoparius),
side-oats grama (Houteloua eurtipendula), and western
wheatgrass (Agropyron smithii); together with taller
ones--big bluestem (Amndropogon furcatus), indian grass
(Sorghastrum nutans), and nodding wild rye (Elymus
sanadensis)--alternated with blue grama (Bouteloua
gracilis) and buffalo grass (Buchloe dactyloides) or
formed an open layer above them. About 50 species of
forbs, many of which formed extensive societies, were
found. Great damage was done by a single year (1933)
of intense drought and burial by dust. Although blue
grama and buffalo grass lost heavily, they alone
recovered rapidly with spring rains. Only about 15
species of the perennial forbs remained, but annual
weeds became plentiful. Five years of continuous
or intermittent drought was followed by a period of
extreme drought. Despite the deep loess soil, in the
spring of 1940 only a little vegetation was left
alive, Chief perennials were buffalo grass and blue
grama, Nearly all other perennial grasses had died;
native forbs were reduced to remnants of 11 species,

Heavy rainfall, beginning in 1941, permitted the
rapid spread of buffalo grass and blue grama and, by
1942, the consolidation of the formerly open cover.
The average basal area in 11-m guadrats containing
these grasses was (1940 to 1944, inclusive) 13, 36,
LB, 61, and 72%. Similar gains were recorded In
other quadrats, After 1942, buffalo grass greatly
exceeded blue grama in amount. Usually these grasses
became so tall {6 to 8 Inches) and dense that the
soil was completely concealed.

Abstract No. 22.

Albertson, F. W., A, Riegel, and J. L. Launchbaugh,
Jr. 1953, Effects of different intensities of
clipping on shortgrasses in west-central Kansas.
Ecology 34(1):1-20.

This study was conducted from 1942 to 1947 to
determine the effect of various intensities of clip-
ping on growth of blue grama and buffalo grass.

The experimental plot consisted of two square
areas, each of which contained 36 1-m quadrats. The
quadrats in each area were arranged in six series,
each of which consisted of six quadrats.

Each series was clipped at different intensities
and different frequencies through the growing seasons.,
Amount of grasses not removed by cliipping was deter-
mined by a utilization gauge or by clipping similar
locations outside the areas of study.

Percent basal cover of vegetation was determined
each spring and fall by a pantograph and planimeter,

Soil water to a depth of 5 ft was determined each
week from soil samples taken with a geotome. Amount

. of moisture above hygroscopic coefficient was consi-

dered available for plant growth.

Abstract No. 23.

Albertson, F. W., G. W. Tomanek, and A, Riegel. 1357.
Ecology of drought cycles and grazing intensity
on grasstands of Central Great Plains. Ecol.
Monogr. 27(1):27-44.

Effects of two periods of drought {1933-1939 and
1952-1955) on the native vegetation of the Central
Great Plains were compared, Effects of the former
were more severe in the panhandle of Oklahoma and
southwestern Kansas than the most recent dry spell,
The reverse was true in east central Colorado and
northwestern Kansas. For example, in eastern Colorado
density of grass cover was reduced to as low as 1.4%
in 1955, but was only 6% in 1939. Recovery of grasses
between drought péricds was very rapid. Cover was
restored after only two or three years of good rain-
fatl, but original composition was not completely
restored when the second drought came. Intensity of
grazing on native grasslands greatly affected the
amount of loss due to drought., Prairies overused in
the past suffered much more heavily from drought than
those areas which had been properly utilized, The
most recent dry period is still in progress.



Abstract No. 24.

Albertson, F. W., and G. W. Tomanek. 1965. Vegetation
changes during a 30-year period in grassland com-
munities near Hays, Kansas. Ecology 46(5):714-720,

Three plant communities near Hays, Kansas, showed
considerable change in the composition of their domi-
nant vegetation over the 30-year period from 1932 to
1961. The shortgrass community was dominated by
Zuohioe dactyloides and Bouteloua gracilis In 1332
and dominated only by Bouteloua gracilis in 1961.

The little bluestem community was dominated by
Andropogen scoparius during favorable years, but by
Zouteloua curtipendula and Pouteloua gracilis during
drought years. The dominants of the little bluestem
big bluestem community were Andropogon gcoparius and
Andropogon gerardi in 1932, but by 1361 Andropogon
gergrdi was the only dominant. Two drought periods,
1933-39 and 1952-56, were important in affecting these
vegetation changes.

Abstract No. 25,

Albertson, F, W., D. A. Riege}, and G. W. Tomanek,

1966. Ecological studies of blue grama grass
{Bouteloua gracilis). Fort Hays Stud. Sci. Ser,
No. 5. 37 p.

Blue grama grass (Bouteloua gracilis) was selected
for detailed description here because of its wide
distribution and importance throughout the Great
Plains Region in the United States.

The wide distribution of this grass, its value in
restoring and preserving productivity of sofl, its ’
ability to endure drought and other climatic adver-
sity, and its excellence as herbage for livestock;
all attest to its importance to profitable living in
the Great Plains. The value of this grass is further
indicated by the fact that ''grama grass' is a house-
hold term to atmost everyone who resides in this vast
grassland area, or writes or reads of life on the
Great Plains during pioneers days, even to this day.

Abstract No. 26.

Alcorn, J. R. 1941,
kangaroo rats (Dipodomys).

tounts of embryos in Nevadan
J. Mammal. 22:88-89.

During the first part of each of the two years
1938 and 1939 in the Soda Lake district, Churchill
County, Nevada, | examined 183 Dipodomys ordit
columbianus and 311 D. merriami merriami as to sex
and condition of the reproductive tracts of females.
0f D. ordii columbianus, 90 females (49.2%} and 93
males were taken. Of D. merriomi merriami, 141 females
(45.32) and 170 males were taken. All animals ob-
tained in February (8 D. merrigmi, 61 D. ordii}, August
(59 D, merriami), and September {11 D. meriomi) were
trapped. Those taken in the other months were poi-
soned.

n 50 pregnant females of D. ordii columbianus
the largest number of embryos in any one female was 5;
the smallest number was 2; and the average was 3.6.
In 32 pregnant females of D. merriami merriami the
largest number of embryos found was k; the smallest
number was 2; and the average was 3.1.

Some females have more than one litter of young
a year. This indication fesults from the fact that

in D, merrigni merriagni more than one-third of all
the females taken in each of the months of March,
April, and May were pregnant. The indication that
there is more than one annual litter is stronger in
D. ordii columbianus because three-fourths of all
females taken in February were pregnant, as were
nearly half of those taken in March and April.

Abstract No. 27.

Aldon, E, F, 1964, Ground-cover changes in relation
to runoff and erosion in west-central New Mexico.
U.S. Forest Service Res. Note AM=34. 4 p.

in 1952 a cooperative study on three San Luis
Experimental watersheds in New Mexico was begun to
determine the feasibility of restoring the more
deteriorated portions of this region. Grazing manage-
ment was started, but full control of the livestock
through overwinter use only was not achieved until
1958. The periods 1952-58 and 1959-62 have been ex-
amined to determine the effect this different grazing
use had on sediment yield, surface runoff, and ground
cover.

Before the uniferm grazing treatment, average
ground cover, measured by three key grass species,
ranged from 3 to 5% on the watersheds. Three years
later the percentages had doubled: they ranged
between 6 and 12%; bare ground decreased. Runoff
during periods was similar, although the precision
of the measurements was such that small changes could
not be detected. Sediment production decreased
between 0.2 and 0.7 acre~-ft/year on the watersheds.
The changes may be attributable to the change in
grazing use between periods. Ground cover improved
under summer-deferred grazing and fencing. Precipita-
tion averages during the two periods was similar.

Abstract No. 28.

Aldous, A. E. 1930. €£ffect of different clipping
treatments on the yield and the vigor of prairie
grass vegetation. Ecology 11:752-759.

The experiments were conducted on two prairie
grass pastures in the vicinity of Manhattan, Kansas.

The yield of vegetation varied inversely with the
frequency of the cutting, being least on the plats
clipped at 2-week intervals throughout the season,
and highest where clipped once at the maturity of the
vegetation,

The density of the vegetation decreased about 60%
on plats clipped at 2-week intervals for 3 seasons,
while the plats clipped at 3-week intervals decreased
in density by about 13%,

The composition of the vegetation on the plats
clipped at 2-week .intervals deteriorated in the period
of the experiments to the point where these plats con-
tained about 50% annuals practically worthless for
feed. Where the plats were clipped at less frequent
intervals there was very little change in their
original composition.

The protein content of the vegetation was highest
on the plats clipped most frequently. This amount
would not be sufficient to compensate for the de-
creased yield and the injury to the vegetation.
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Abstract No. 29.
Aldous, A, E, 193h.
bluestem pastures.

38. 65 p.

Effects of burning on Kansas
Kansas Agr. Exp. Sta, Bull.

The experiments were conducted on two areas of
bluestem pastures near Manhattan, Kansas, where the
mean annual precipitation is 31.49 inches. Big blue-
stem {dndropogon furcatus) and little bluestem
{Andropogon scopariug) are the dominant grasses on
both areas. These two grasses are about equally
divided in the Casement pasture area, and little
bluestem comprises about 50% of the vegetative
cover in the College pasture. Other important grasses
in the two areas include Indian grass (Sorghastrum
nutans), side-oats grama (Bouteloua eurtipendula),
prairie June grass (Koeleria eristata), prairie drop-
seed (Sporcholus heterolepis), Kentucky bluegrass
(Poa pratensis), and switch grass (Panicum virgatum).

The major portion of the experiments were started
in 1927 to obtain information on the effect of burning
on (i) yield of vegetation, (ii)} control of weeds and
brush, (iii) quality of the vegetation, (iv} soil
water and soil temperature, (v) compesition and suc-
cession of the vegetation, {vi) starting growth in the
spring, and (vii) effect on the fertility of the soil.

Abstract No. 30.

Aldous, A, E,
pastures.

1935.
Kansas Agr. Exp. Sta. Bull. 272.

Management of Kansas permanent
LT

More than one-third of the total acreage of Kansas
s in permanent pasture. At least 90% of this land is
nontillable because of steep slopes, excessive amounts
of sand, or the thin or rocky nature of the soil.
This makes it valuable only for 1ts natural vegetative
growth which provides pasturage for livestock. The
present productivity of these lands varies greatly,
depending upon the precipitation, type of scil, the
natural vegetative covering, and the grazing
management.

it has generally been considered that if a pasture
was depleted of its original vegetative covering, no
practical method could be used to restore its produc-
tivity. Recent investigations have shown that many
run-down pastures can be improved at little expense
by using methods of management that will give the
desirable forage species an opportunity to make more
top growth. It is the purpose of this publication to
out]ine methods that can be used to increase the pro-
ductivity of these areas, representing one-third of
the land area of Kansas, and to suggest systems of
grazing management that can be used effectively to
maintain a high grazing capacity.

Abstract No. 31.

Aldous, A. E.
pastures.

1938, Management of Kansas bluestem
J. Amer. Soc. Agron. 30:244-253.

Brief description of native vegetation and effect
of grazing on density and succession in Riley county.

Abstract No. 32.

Aldous, A, E., and H, L. Shantz. 1924. Types of
vegetation in the semiarid portion of the United
States and their economic significance. J. Agr.
Res. 28:99-127.

In the following paper the principal types of
vegetation occurring on the unreserved public lands
and the patented homestead lands west of the one-
hundredth meridian are briefly discussed with special
reference to their economic significance to crop
production and grazing, and some of the more impor-
tant ones are illustrated. These types have been
recognized and used in connection with data on topog-
raphy, soil, climatic conditions, accessibility, and
past agricultural history to determine the value of
the lands for the production of cultivated crops and
for grazing. At the time the land classification work
was started there were numerous areas that had not
been settled or where settlement had been so recent
that no agricultural history was available. In most
of these areas definite climatic data were also lack-
ing, The vegetation therefore served as the principal
means of determining the relative value of these lands
for farming.

To aid in the use of the vegetation types,
especially to show their range, a map was prepared
dividing the western part of the United States into
15 regions, each having in a general way a similarity
in vegetation. A copy of this map, together with a
list of the types giving their distribution in the
various regions, follows the text.

Abstract No. 33.

Alexander, M, 1969, Soil decomposers, p. 403-409.
In R, L. Dix and R, G, Beidleman [ed.]. The
grassiand ecosystem: A preliminary synthesis.
Range Sci. Dep. Sci. Ser. No. 2. Colorado State
Univ., Fort Collins.

Despite the extensive literature on soil decompo-
sers, there exists a dearth of significant findings
relative to the participation of these organisms in
grassland function, Consideration is given to the
necessity and importance of research dealing with
further description of decomposer species in grass-
land soils, studies of interactions within the
decomposer community, and investigations of the
interplay between the decomposers and their surround-
ings. Some problems in investigations of decomposer
ecology and function are raised and possible avenues
of approach are suggested, The characterization of
the dominant species, the nature of the microbiologi=
cal climax, biogeographic problems, dispersal of
microbial propagules, the course and causes of
succession, the phyllosphere, and root-decomposer
associations are briefly reviewed. The interspecific
interactions and causes of these relationships are
examined, and attention is given to the biochemical
influence of the decomposer community on its subter-
ranean ecosystem.

Abstr

Abstract No, 34.
Alizai, H., and L, C. Hulbert., 1370. Effects of soil

texture on evaporative loss and available water
in semi-arid climates. Soil Sci. 110:328-332.



Greenhouse experiments were conducted on three
soils to test effect of soil texture on evaporation.
Evaporation was often three times as great from the
loams as from the gravelly sand after adding equal
amounts of water. When water added per unit time was
constant, evaporation increased in all soils with a
decrease in interval between waterings. Sorghum
plants remained turgid in gravelly sand but wilted
and died in loam supplied with equal amounts of water.

These experiments confirm that more water evapo-
rates from fine-textured than from coarse-textured
soils and support the hypothesis that differences in
evaporation help explain the more mesophytic vegeta-
tion on coarse than on fine-textured soils in
semiarid and arid areas.

Abstract No. 35.

Allan, P. F.
richardsoni.

1946, MNotes on Dipodomys ordii
J. Mammal. 27(3):271-273.

Late in the summer of 1938, 1 captured and kept
as pets several individuals of Dipodomys ordii
richardsoni. All of the animals were taken about
seven miles north of Amarillo, Potter County, Texas,
in a sandy drainageway with a raw sand wash down the
channel. The burrows at which the rats were trapped
were located in the edges of the wash. The dominant
vegetation here was Sporobolus aercides, and there
was an abundance of forbs--notably, Amaranthus
blitoides, Helianthus anmuus, Buphorbia albomarginata,
Ambrosia sp., and Desmanthus illinoensis. Cenchrus
sp. was common. The habitat was also occupied by a
Peromyscus, a Sigmodon, a Reithrodontomys, none of
which | have yet identified, and the black-tailed
prairie dog, Cynomys ludovicianus. Some of the other
important animals occurring in the dralnageway or
nearby were prairie rattler, Crotalus confluentus
{seen); coyote, Canis latrans ssp. (tracks); house
cat, Felis catus (seen); and Swainson's Hawk, Buteo
swainsoni (seen),

Abstract No., 36.

Allan, P. F., and P, R, Sime.
census, shortgrass plains.
41:18, 42:477.

1940. Breeding bird
Bird-lore (Suppl.}

Shortgrass Plains., Typical blue grama-buffalo
grass range, having a light scattering of mesquite,
yucca, and cactus; 13 additional species of grass
occur as well as numerous forbs. Size: About 25
acres. Location: 14 miles north of Amarillo, Potter
County, Texas. Topography: Rather even with a gentle
northward slope; bisected by a shallow drainageway and
containing a .66-acre stock tank. Edge: No appreci-
able "edge effect' adjacent to the area. Weather:
Excellent rains early in the year gave the grass a
good start, the average depth of which was & to 5
inches, or about an inch or two taller than in 1938,
Around the mesquites, the grass ran close to 12 inches
in depth. However, extremely dry weather during the
late spring "burned" the grass, and it was not until
late June that there was an appreciable recovery.

Mean average temperatures for March to June inclusive
were 51,4, 58.2, 67.6, and 76.6°F; against 52.0, 58.3,
65.2, and 74.2 for last year: total precipitation for
these months in 1939 was ,25, 2.30, 1.71, and 7.589
inches; against 1.20, B0, 3.90, and 2.50 inches in
1938, Heavy rains following the last census cruise
accounted for most of the-7.59 inches this June.

Surveys: Studied in 1938,
June 11, 18, 25. Hours varied from 6:30 AM to 6 PM,
totaled 24, Census: W. Mourning Dove, 6P (6N, 3Y);
Killdeer, 1P; Howell's Nighthawk, 2P; Desert Horned
Lark, 3P (3Y); W. Mockingbird, 1Y; W. Meadowlark, 2P
{1N, b4Y); W. Lark Sparvow, 7P (3N, 1Y}; Cassin's
Sparrow, 6P (6N), Total: 26 pairs. Density: 104
pairs/100 acres. Regular Visitors: Swainson's Hawk,
1; Arizona Scaled Quail, 1P; W. Mourning Dove, 1P;
Killdeer, 1P; Arkansas Kingbird, 1P; W. Mockingbird,
2P; W. Meadowlark, 2P; C1iff Swallow, 1; Cassin's
Sparrow, 2P; Lark Bunting, 1P, Total: 23 birds.
Density of regular visitors: 92 birds/100 acres.
Because of nest destruction in 1938, presumably by
pack rats, nests found this year were not revisited,

Coverage: May 14, 21;

Abstract No, 37.

Allden, W. G., and |, A, McD, Whittaker. 1970. The
determinants of herbage intake by grazing sheep:
The interrelationship of factors influencing
herbage intake and availability. Australian J,
Agr. Res., 21{5):755-766.

The interrelationship of characters of the pasture
(herbage yield, height of sward) and of the animal
(size of animat, rate of intake, rate of biting, size
of bite, and time spent grazing) which influence the
consumption of herbage by the grazing sheep was exam-
ined in three short-term experiments.

tn one study the high correlation usually observed
between herbage yield per unit of tand area and plant
height was disturbed by manipulating the spatial
relations of the sward; it was observed that the rate
of intake of pasture by grazing animals was closely
associated with plant height (estimated from tiller
length) there being little relation between herbage
yield and intake.

Size of bite increased almost linearly with chang-
ing tiller length, whereas after a small initial
increase the rate of biting decreased. These differ-
ences produced a seven-fold change in the rate of
herbage consumption between sheep grazing pastures of
3.7 cm tiller length (1.0 g dry matter/min) and 7.7
em (7.1 g/min}. At greater tiller lengths the size
of bite and rate of biting varied inversely to main-
tain a constant rate of intake,

When accessibility of herbage imposed limitations
on the rate at which the animal was able to prehend
its feed, 1t was shown that the sheep was able par-
tially to compensate for the reduced amount of herbage
present by an increase in grazing time (from 6 to 13
hr/day). However, as the animal extended its period
of grazing the compensation became progressively more
incomplete.

Under sparse pasture conditions lambs were able
to consume feed at a significantly greater rate than
yearlings, but as pasture availability increased the
situation was reversed.

The role of short-term grazing studies in relation
to problems of grazing management is discussed.



Abstract No. 38.

Alldredge, A, W., and F, W, Whicker. 1971. A method
for measuring soil erosion and deposition with
beta particle attenuation. U.S, IBP Grassland
Biome Preprint No. 2%. Colorado State Univ,,
fort Collins. 23 p. [Submitted to J. Range
Manage].

A method utilizing beta particle attenuation was
developed for measuring scil erosion and deposition
in a shortgrass plains ecosystem., Initial results
indicate that quantitative measurement of soil depth
fluctuations in amounts considerably less than one
millimeter and over a period of a few weeks are
possible. Preliminary data are presented from
application of this method in six soil series under
heavy, moderate, and light summer grazing treatments,

Abstract No. 39.

Alldredge, A. W., and F. W, Whicker. 1971. Soil
movement in a grassland ecosystem as measured by
beta particle attenuation. U.5, IBP Grassland
Biome Tech. Rep. No. 65. Colorado State Univ.,
Fort Collins. 21 p.

This report covers progress made on a sofl move-
ment study being conducted at the Pawnee Site. A
method involving beta attenuation was developed and
employed. From initial investigation, this method
gives sensitive measurements of both ercsion and
deposition of soil and litter over a period of a few
weeks. Data recorded on 265 field plots are summa-
rized in tables, Future plans include continuing
observation on field plots and laboratory studies to
solve minor problems with the beta attenuation method
as well as those associated with a proposed cesium
tag concept.

Abstract No. 40,

Allred, B. W. 1940,
for the Great Plains.
No. 410. 19 p.

Range conservation practices
U.5. Dep. Agr. Misc. Pub,

The improvement and maintenance of the grazing
resources of the Great Plains are dependent on the
employment of sound range conservation practices that
will foster the growth of desirable forage plants and
maintain the productivity of the soil. It Is the
purpose of this bulletin to present the more important
of these essential range conservation practices. For
the Great Plains these differ but little from those
needed in other range areas; the main difference lies
in the degree and the timing of the practices that
are used rather than in the kind.

Abstract No. 41.

Allred, B, W. 1945, Some conditions and influences
pertaining to the native forage crops of the
northern mixed prairie. J. Amer. Soc, Agron,

37:876-887.

1. Individual native grazing plants, whether
grasses, shrubs, or nongrassy herbs, have distinctive
growth habits and feeding values. The native forage
crop 1s composed of many species, thus making its
management more difficult than a single farm crop
like corn or alfalfa,

2, The mixed prairie is composed of climax mid-
grasses, shortgrasses, and dryland sedges, plus a
variety of subdominant nongrassy herbs,

3. Grasses and other vegetation have been modi-
fied throughout the ages as environment has been
changed by shifting ¢limates,

4, The mixed prairie supports nearly one-fourth
of the livestock in the United States west of the 98th
meridian.

5. The cool season midgrasses, and palatable non-
grassy herbs, are the first plants to go out under
heavy grazing and drought.

6. The drought-resistant summer-growing short-
grasses, dryland sedges, Sandberg bluegrass, and
unpalatable nongrassy herbs increase during the first
stages in the depletion of excellent mixed prairie
grasslands.

7. The following annual grasses and weeds
increase on depleted mixed prairie ranges: Lambs
quarter, Russian thistle, Woolly Indian wheat, sun-
flower, peppergrass, six weeks' fescue, witches'
brocm, Japanese chess, cheatgrass brome, little
barley, and false buffalo.

Abstract No, 42.

Allred, B, W, 1948, How to inventory grazing re-
sources and develop a ranch conservation plan.
Sheep Goat Raiser 29(3):28-32.

The probability of securing effective conservation
of range resources depends entirely upon how well the
fundamental principles and benefits of conservation
are understood, Keeping livestock and forage
resources in balance requires continucus close
observance yearlong. Sound conservation only comes
about when forage is correctly grazed. {t has been
said that "the eve of the master fattens the steer''
in the feedlot. Likewise, the observing eye of the
ranchman fattens his livestock on the range and keeps
his grasslands in maximum production. Forage produc-
tivity fluctuates with rainfall. Therefore, grazing
plans must be flexible so that vegetation can thrive
continually.

Abstract No, 43,

Allred, B, W, 1956, Mixed prairie In Texas, p. 267-
283. In Grasslands of the Great Plains. Johnsen
Publ. Co., Lincoln, Nebr. 395 p.

This great grassland is still (1955) in a serious
drought that has been prolonged in places 4 to 7
years. The drought has added further damage to a
weakened plant cover. Recent examination revealed
that all range land, whether grazed or not, suffered
some losses, Droughty ranges provided too little
moisture to permit all of the plants to live and re-
produce. Ranges that had many climax grasses before
the drought are recovering with enocugh living grass
to restock them with desirable species. Considerable
grass and forbs of good forage value survived in
localities covered with brush where animals have been
unable to graze. Areas without brush lost proportion-
ately more grass than brush-covered ranges, except
where light grazing was practiced. An exception oc-
curred on sandy, shinnery-oak ranges near Cheyenne
(Roger Mills County), Oklahoma. Ranges that have had
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moderate grazing are recovering more rapidly than
those on which heavy grazing had been practiced. Mod-
erately grazed ranges are recovering almost as rapidly
as those in similar condition which had not been
grazed for several years.

Vegetation on rocky ranges survived better than
that on hard tand, The hetter and more deeply rooted
grasses endured drought longer on rocky ranges because
moisture conditions were more favorable.

All plants survived better on well-managed ranges
than on fair or poor ones. Generally the taller and
more deeply rooted grasses, the first to go out under
heavy use, survived the best,

Grasses in the group of increasers suffered more
from drought than the decreasers. Drought losses in
this group ranged from 25 to 90%.

Examination of seedlings in areas where drought
was broken indicated that those of taller grasses
were still scarce. Generally there were fewer of the
taller grasses left to produce seed.

Drought experiences of southwestern ranchers show
clearly that ranches on which sound conservation had
been practiced suffered less hardship than those with-
out conservation. On the former, loss of grass was
comparatively much less, livestock lived better, and
the income was considerably greater.

Before the drought it was estimated that 10 to 12
million acres of range land needed seeding in order
to restore their productivity. The present drought
probably has added another 3 to 4 million acres to
that unfortunate condition.

Abstract No. 4h.

Allred, B, W,, and W. M. Nixon., 1955.
servation in the southern Great Plains.
Agr. Farmers' Bull. No. 2093. 30 p.

Grass for con-
U.S. Dep.

Grass is the most economical feed for livestock
in the southern Great Plains. |t also is the best
means of protecting soil from wind and rain.

You can use grass in rotation on cropland to pro-
duce feed and to protect and improve your soil. You
can seed land which is not suited to cultivation to
permanent grasses. This bulletin tells what kinds of
grass to use and how to seed them successfully.

Rangeland yields most when the grass is in top
condition. You can improve most ranges by proper
stocking, good grazing management, and special conser-
vation practices to fit each range site and condition.
Or you can restore natlve pastures ruined by drought
and overuse by reseeding or by natural revegetation.
Ranges brought to high condition will return you
greater profits. They will also help prevent erosion
and reduce floods.

The suggestions in this bultetin apply to the sub-
humid and semiarid plains of the western parts of
Texas and Oklahoma, southwestern Kansas, southeasterp
Colorado, and eastern New Mexico.

Apstract No, 45.

Anderson, XK, L.
pastures.

1940, Deferred grazing of bluestem
Kansas Agr. Exp. Sta. Bull, 291, 27 p.

1. Experiments were started in 1916 to compare
deferred and rotation grazing of the bluestem grasses
with season-long grazing.

2. When grazing was deferred unti] September 1
the carrying capacity was not increased because it
was not possible to obtain maximum or uniform utiliza-
tion. However, when the beginning of the deferred
grazing period was changed to June 15, there was a
decided increase in carrying capacity.

3. The original set of experiments was discontin-
ved in 19223 but, since 1927, grazing deferred until
July 1 has been compared to seascn-long grazing,

4, The deferred pasture has had a higher carry-
ing capacity than those grazed seascn-long either in
terms of time actually grazed or when converted to a
six-months grazing season.

5. Gains of livestock have been greater on the
deferred pasture than on the pastures grazed season-
loeng. The deferred pasture has yielded an average of
65.1 pounds of beef per acre per grazing season com-
pared to 37.4% pounds and 42,5 pounds for the two
season-lang pastures.

6. Gains per animal unit per grazing day have
also been higher on the deferred pasture. Cattle on
this pasture have gained an average of 1.32 pounds
per animal unit per grazing day as compared to 1.17
pounds and 1.09 for the pastures grazed season-long.

7. Seasonal gains per animal unit have been some-
what smaller on the deferred pasture. However, it has
required about twice the acreage on pastures grazed
season-long to produce about one-third more gain per
animal unit per grazing season. Furthermore, it has
taken from 40 to 50 days longer each year to do this.

8. As a result of spring protection, stands of
grass on the deferred pasture have been maintained
in better condition in spite of the fact that it has
been subjected to much harder use., At the end of
each grazing season it has had a better cover of grass
to afford protection against runoff and erosion during
winter and spring.

9. Severe climatic conditions during the last
several vears of this experiment caused severe deple-
tion of the grass population. Later when the depleted
grasses were replaced, a great deal of sand dropseed
and buffalo grass appeared on the pastures grazed
season-long, whereas in the deferred pasture, side
oats grama was largely responsible for this
replacement.

10, To permit deferred grazing, it is thought
advisable to provide other forms of pasture during
May and early June, For pastures where the stand
and vigor of the vegetation are good, a plan of a
deferred system of grazing is suggested in which
supplemental pastures are not needed,

Abstract No, 46.

Anderson, K. L. 1951, The effects of grazing manage-
ment and site conditions on Flint Hills bluestem
pastures in Kansas. Ph.D, Thesis. Univ.
Nebraska, Lincoin. 87 p.

Bluestem pasture vegetation of the Flint Hills
has been maintained in relatively good condition
through light stocking and early removal of livestock.
Early grazing and annual spring burning have caused a
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certain degree of depletion as expressed in departure
of vegetative population from climax.

Trials have been initiated in six pastures to
compare relatively heavy-grazing use in a deferred-
rotation system with different intensities of season-
long grazing. Results are given in terms of livestock
gains and vegetational responses.

Abstract No. 47.

Anderson, K. L., and C. L. Fly. 1955. Vegetation-
soil relationships in Flint Hills bluestem
pastures. . Range Manage. 8:163-169.

To facilitate studies of vegetation in experimen-
tal bluestem pastures and to aid in the evaluation of
species populations and trends that result from
management treatments, soils of the experimental blue-
stem pastures of the Kansas Agricultural Experiment
Station were mapped, delineating 13 upland soil map-
ping units on the basis of slope, degree of erosion
and soil conditions. This pumber was reduced to 10
by combining certain similar ones.

Sampling of the plant populations by means of
randomized line-transect samples revealed that the
number of distinctive vegetational units was smaller
than the number of soil units mapped. Statistical
analyses of the populations of major forage species,
together with major site differences, have been the
basis for recognizing six range sites, one of which
was not sampled in these studies.

Future sampling and population trend studies will
be based on deviations from the populations originally
found on these range sites. Thus, the groundwork has
been laid for accurate and reliable evaluation of
popuiation responses to management treatments.

Comparison of the study area with the Flint Hills
grasslands as a whole reveals that it is representa-
tive of the region and conclusions drawn from the
study should have widespread application, A ground-
work has been laid for classification of Flint Hills
rangelands for purposes of conservation and land use
and for research.

Abstract No, 48.

1964, Addi-
Kansas Acad. Sci.,

Anderson, K. W., and E, D, Fleharty.
tional fox records for Kansas.
Trans. 67{1):193-194,

The paucity of fox records for western Kansas
indicates that their geographical distribution in the
state is poorly known. Three records have recently
been added to the vertebrate collection of the Museum
of the High Plains, Division of Biological Sciences,
Fort Hays Kansas State College., These are a Red Fox,
Vulpes fulva fulva (Desmarest), skull, No. 827; a male
Swift Fox, Vulpes velox veloxr (Say), skin and skull,
No. 1262; and a male Gray Fox, Uroecyon cinereocargenteus
ocythous (Bangs), skin and skull, No. 1817,

Abstract No. 49.

Anderson, K, W,, and E, D, Fleharty. 1968. Mammalian
distribution within biotic comunities of north-
eastern Jewell County, Kansas. Fort Hays Stud.
Sci. Ser. No. 6.. L6 p.

The purpose of this investigation was threefold,
First, to obtain as complete a list as possible of
mammals occurring in the area through collecting and
observational procedures, Second, to determine their
specific distribution within the study area; and
third, to correlate and elucidate the relationships
between their distribution and the major vegetational
regions within the study area.

Abstract No. 50.

Anderson, N. L. 1961, Seasonal losses in rangeland
vegetation due to grasshoppers. J. Econ. Entomol.

54:369-378,

Livestock-free grazing areas were used for studies
of grasshopper damage on Montana rangelands. Half of
each study area was sprayed with an insecticide at the
beginning of the season to eliminate nearly all grass-
hoppers. The grasshopper population remaining on the
unsprayed portion of the area was assessed by the use
of cages that were placed over representative areas
at night. Within both the sprayed and unsprayed por-
tions of an area, sites were selected which appeared
comparable from the standpoint of both the composition
and abundance of the vegetation. Quadrats were estab-
lished at these sites in which production was measured
by clipping the vegetation at ground level. then air-
drying and weighing. A comparison of the yield from
an area without grasshoppers was thus made with that
from an area on which grasshoppers fed.

Little correlation was found between numbers of
grasshoppers per unit area and the loss of vegetation.
This may be accounted for by the differences in feed-
ing habits of the varicus species comprising any
particular grasshopper population.

Further evaluation of the data from the various
studies has proved more difficult, Problems have
arisen primarily because of the nonrandom distribution
of both grasshoppers and vegetation even where so-
called uniform types of vegetation were considered.
Difficulties in interpretation have also been encoun-
tered by the lack of knowledge concerning the
phenomena of plant growth as shown by a study of two
comparable areas during 1950-1959. These areas were
subjected to grazing by livestock during the winter
months only, and the numbers of grasshoppers remained
much below one per square yard during the period,
Differences in yield of vegetation from the two areas
were measured, and it was found that considerable loss
in forage may take place during a season without
grasshoppers being present,

Abstract No, 51.

Anderson, N. L. 1964. Some relationships between
grasshoppers and vegetation. Ann. Entomol. Scc.
Amer. 57:736-742.

A report is made of detailed studies carried out
on 105 native grassland and abandoned field sites.
Measurements of vegetational changes over a 10-year
periocd on one area and field experiments on grass-
hopper movement involving marked individuals are atlso
reported. The results of the investigations are
discussed and evaluated in terms of field observations
on grasshopper behavior. Both the taxonomic composi-
tion and physical structure ofthe vegetation are found
to play an Important role in the selection of areas of
occupancy by grasshoppers. There is no evidence to
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suggest that changes in vegetation are directly re-
sponsible for initial fluctuations in population
density.

Abstract No. 52.

Anderson, N. L., and J. C. Wright. 1952. Grasshopper
investigations on Montana rangelands. Montana
Exp. Sta. Bull. No. 486. 46 p.

The results of grasshopper investigations on
Montana rangelands in 1949, 1950, and 1351 are given,

Daily field observations of 36 grasshopper species
show that each species must be considered separately
and that in Montana:

1. Grasshopper species distribution on rangeland
is not random, but is dependent on vegetation.

2. Most rangeland grasshoppers are not omnivor-
ous, but are selective and have food-plant
preferences.

3, Rangeland grasshopper species may differ
widely in feeding habits.

4. Feeding habits may change as the grasshoppers
develop or may vary with changes in environ-
mental conditions.

A list of the types of food and the instar of each
of 44 species observed eating the food is found in the
appendix.

A description and an analysis of the cage method
of determining grasshopper abundance are given.

Data show that the amount of damage to vegetation
by grasshoppers cannot be predicted solely by grass-
hopper abundance, but evaluation must be on the basis
of the grasshopper species present and the composition
and condition of the vegetation upon which they are
feeding.

Abstract No. 53.

Arnold, J. F. 1942, Forage consumption and prefer-
ences of experimentally fed Arizona and antelope
jackrabbits. Arizona Agr. Exp. Sta. Bull. 98:
50-86.

Arizona and antelope jackrabbits, common to south-
ern Arizona, were fed in captivity aver a period of 3
years to determine consumption of and preferences for
a large number of range plants in the vicinity.

To facilitate handling and feeding, rabbits were
hand-reared from Caesarian births.

Forage consumption and preferences were determined
by means of hand-feeding trials in specially designed
enclosures and by measurements of grazing on artifi-
cially established forage plots.

Palatability tests were made with 32 species of
grasses, 47 weed species, and 21 kinds of browse.
When each kind of forage is offered in excess, jack-
rabbits appear to prefer plants in the order of weeds,
grasses, and browse with the first two making up the
major and about equal parts of the diet.

The equal proportion of weeds and grass in the
diet offers an explanation as to why rabbits are more
abundant on overgrazed than on normal rnages. It is
also suggested that once deterioration is well under
way, rabbits may be a partial cause of overgrazing,
and in the final stages of deterioration they may be
the primary cause of depletion.

On the basis of available data, jackrabbit grazing
pressure can be visualized in terms of cows as fal-
lows: When competition is considered to be direct,

62 + 7 Arizona rabbits consume the equivalent of a
1,000-1b range cow, while 48 + 2 antelope rabbits
consume the same equivalent. When the two classes

of animals are considered to compete only for peren-
nial grasses, the equivalents become 260 t 20 for the
Arizona rabbits and 164 t 7 for the antelope jacks.

Abstract No. 54.

Arnold, J. F. 1955. flant life-form classiflcation
and its use in evaluating range conditions and
trend. J. Range Manage. B:176-181.

Plant 1ife form provides a convenient basis for
visually evaluating (i) ecological dominance and
subordination in natural communities, (ii) the suscep-
tibilities of different plants to grazing injury aad
to injury from other land-use disturbances, and (i7i)
stages of secondary succession and recovery that
result when disturbances are reduced or removed.

Plant 1ife form provides a visual means of
evaluating ecological range condition because the
life forms that prevail on a given range unit indicate
conditions with respect to herbage yields, organic
malch, range vigor, and soil erosion.

Trends in leaf development and in annual yields
fluctuate erratically in the short run with seasonal
and annual variations in climate. Trends in plant
life forms and range productivity change slowly in
the long run in response to changes in management
practices.

The recognition of plant life forms helps: (i)
to evaluate range productivity, (ii) to establish the
goals for proper stocking, (iii) to distinguish differ-
ences in grazing preferences, {iv) to establish the
needs for seasonal use and other systems of grazing,
and (v} to estimate the economic justification for
restoring depleted ranges by artificial reseeding.

Abstract No. 55.

Arnold, J. F., and H. G. Reynolds. 1943, Droppings
of Arizona and antelope jackrabbits and the
pellet census. J. Wildlife Manage. 7:322-327.

1. Arizona and antelope jack rabbits fed in
captivity on different types of food show certain
characteristic depositions of fecal material.

2. The age and weight of mature animals do not
affect the number or weight of pellets voided by
either species of jackrabbit.

3. Pellet count remains constant, on the average,
irrespective of age, sex, size, or species of rabbit.
A jackrabbit of either species voids an average of
531 1 27 pellets per day when eating green, native
forage material.

-12=



. Pellet weight and weight of food consumed
show a direct Vinear relationship. When eating green
native forage the animals of elther species void
about 55% of the weight of ration ingested.

5. Character of forage consumed has a greater
effect upon pellet weights than upon pellet counts.

6. Some uses of pellet weights and counts are
outlined, The use of pellet weights to determine
forage removal Is suggested.

Abstract No. 56.

Arrington, 0. N., and A. E. Edwards. 1951, Predator
control as a factor in antelope management.
North Amer. Wildlife Conf., Trans. 16:179-191.

Annually, since 1940, antelope surveys have been
conducted over northern Arizona antelope range with
special attention given to Management Units 1, 4, 5,
6, and 7. Since 1944, standardized midsummer surveys
have been made by airplane, directed toward fawn
percentages, buck-doe ratio, and population trend
information.

For the past six years, predator-antelope relation=-
ships have been studied, comparing areas where
predator control work of various types has been done
with those unaffected in comparable antelope range.

In six years of correlation, covering five ante-
lope management units, thus providing 30 separate
checks, antelope fawn crops have corresponded closely
with the amount and type of predator-control work
done in each.

Antelope populations have shown a steady upward
trend In carefully correlated surveys, with the excep-
tion of last year when dispersal from the survey areas
to adjacent range may have been the reason for the
slightly lower survey figures.

To be effective, predator-control operations must
cover large blocks of range, preferably 100 townships
or more. Otherwise an Inflltration of predators from
adJacent untreated range scon repopulates the treated
area.

Increased fawn crops result after predator-control
operations using steel traps, strychnine drop baits,
cyanide guns, thallium sulphate, or compound 1080,
but the response is greater following the use of the
latter two chemical control methods, and the cost of
treating is much less. The cost of effectively using
traps or cyanide guns over large areas is prohibitive,
and strychnine drop baits are not selective because
of their wide dispersal. Compound 1080 provides the
cheapest effective control.

An open season on antelope, the first in Arizona
in six years and fourth in 33 vears, was declared in
1949 and again in 1950, Without the effective preda-
tor-control operations, resulting primarily from the
use of compound 1080 beginning in 1947, there is lit-
tle reason to believe these hunts would have been
possible.

Abstract No. 57.

Atwood, W. W. 1940, The physiographic provinces of
North America. Ginn & Co., Boston. 536 p.

During the last fifty years a widespread interest
in the study of regional physiography has been devel-
oping. That study has involved the application of
the principtes of geomorphology, evolved during the
preceding century, to the study of well-defined unlits
of the land surface in each of which the relief fea-
tures do not differ greatly.

Regional physiography has become an important
branch of learning for all those who are interested
in geology or geography. Those who try to work out
the physical history of any portion of the land sur-
face must rely on a knowledge of physiography In the
interpretation of many events recorded in the history
of the earth, and especially in working out the last
chapter of that history. A physiographic province is
usually a logical and convenient unit area for geo-
logic investigation, and certainly no geologic study
should be reported without placing the area under
study in its appropriate physiographic setting.

Abstract No. 58.

Austin, 0. L. 1968. Life histories of North American
cardinals, grosbecks, buntings, towhees, finches,
sparrows, and allies. U.S5. Nat. Mus. Bull. 237.

3 parts. 1890 p.

This is the twenty-first and last in a series of
bulletins on the life histories of North American
birds. This work is in three parts and is a continu-
ation of Arthur Cleveland Bent's work started on this
serles in 1910. The coverage and format developed
for the first volume {1919) have remained essentially
unchanged. At the time of his death, Mr. Bent com-
pleted a respectable number of fringillid histories,
14 main species accounts plus 34 lesser ones of accom-
panying subspecies included in this contribution,
Twenty-twe genera are covered. Part 1: Order Passer-
iformes; Family Fringillidae; 1. Genera Richmondena
through Pipilo. Part 2: Order Passeriformes; Family
Fringillidae; 2. Genera Pipilo through Spizella.

Part 3: Order Passeriformes; Family Fringillidae; 3.
Genera Zonotrichia through Emberiza.

Abstract No. 59.

Ayyad, M. A. G., and R, L. Dit, 1964. An analysis of
a vegetation-microenvironmental complex on prairie

slopes in Saskatchewan. Ecol. Monogr. 34(h):k21-
h42,

Four sites, all within & miles of each other, were
divided into 72 stands which displayed various aspects
and positions. All slopes were between 13 and 18°.
The vegetation was quantitatively sampled and various
measurements were made of the microenvironment. Col-
lective information from the correlations between
phytosociological gradients and environmental factors
suggested that the distribution of species on these
prairie slopes is controlled by moisture and heat
regimes of the soil layers in contact with the vegeta-
tion. Further, each species had its own characteristic
behavioral pattern in relation to both environmental
and phytosociological gradients, suggesting that any
vegetational units established would be highly
arbitrary.
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Abstract No. 60.

Bach, R. N. 1952, Those precfous three inches!
North Dakota Outdoors 14(9):18-19, 21.

Everything that lives in North Dakota is depen-
dent, to some degree, upon the state's annual supply
of moisture. The statewide, long-term average shows
that this supply averages over 17 inches of water per
year. Fourteen inches comes as rain, but the other
3 inches results from snowfall., Those 3 inches of
water are precious to our state.

Snow serves many important functions in the plant
life of our state. In the winter time it serves as
an important insulator against the cold. Because of
this insulating property, many plants, and especially
grasses, that would die because of severe freezing
are kept at a high enough temperature to survive and
grow again the next summer,

Because they instinctively know of the insulating
properties of snow, our native upland game birds, the
grouse, burrow down into the snow during severe
storms. All our previous strategems of snow manage-
ment were concerned with keeping the snow off a
certain place., We are beginning to realize that our
concept must be changed to one of putting snow on the
spots where Tt will do the most good. We do know
that the movement of the snow is directly influenced
by the movement of the wind. When some obstacle sets
up a turbulence in the river of wind, the smooth flow
is interrupted; and momentarily the wind loses some
of its velocity. With the resultant loss of speed
comes a resultant loss in snow-carrying capacity of
the wind. Some of the snow load is dropped, and a
snow drift begins to build up. Since the days of the
settlers in North Dakota, man has worked to plant
trees in such a manner that the barrier of the trees
would stop the wind, or at least slow it down. His
efforts, after 80 years of shelter belt planting,
appear as if his main alm was to dump as much snow
as possible in the immediate vicinity of the house.
We are now learning to plant a snow-trap of shrubs
and low trees at some distance upwind from the belt.
It may be that we need an entirely new concept of
shelterbelt layout. It may be that circular forms of
planting offer better chances of bringing a large por-
tion of the planting area through the winter without
undue snow deposits.

Abstract No. 61.
Bailey, V. 1905, Biological survey of Texas. North
Amer. Fauna 25:1-222.

For a number of years the Biological Survey has
been collecting information and specimens bearing on
the natural history of Texas. Some of the results
are here brought together In a discussion of the life
zones and their subdivisions and a report on the mam-
mals and reptiles of the state.

Much of the fieldwork has been carried on in
connection with that in adjacent regions, and on
several occasions it has been possible to continue
parties in the field until late in the season or
throughout the winter by moving them southward intoe
Texas in the fall, or to begin work there early in
the spring before the season had opened sufficiently
for operations farther north. Part of the fieldwork
has been carried on in connection with special studies

of urgent economic problems, as the prairie dog, coy-
ote, and boll weevil pests, and throughout all of it
the economic status of birds and mammals has received
special attention. The distribution of mammals,
birds, reptiles, and plants, so far as they have an
important bearing on the extent and boundaries of
faunal areas, has been studied in detail in the field;
and in the case of most species a sufficient number of
specimens has been collected to show the variation due
to climatic differences. Of many of the larger game
mammals, and especially of the deer, bear, and pan-
ther, it has not been possible to secure enough
material to satisfactorily establish the present
geographic limits of the species and subspecies.

Abstract No, 62.

Bailey, V., and C. C. Sperry. 1929, Life history and
habits of the grasshopper mice, Genus Onychomye.
U.5. Dep. Agr. Tech. Bull, 145, 19 p.

So many of our native rodents have habits conflic-
ting with human interest, making it necessary to
control their abundance and distribution, or to wage
a ceaseless warfare of destruction against them, that
a species or a group of species of rodents that is
mainly useful to man and beneficial to agriculture
becomes of special interest and importance. The
grasshopper mice are of this class. These sturdy
little rodents are so largely insectivorous and
carnivorous in food habits as to be of considerable
value over their wide range in the western United
States and adjoining parts of Canada and Mexico in
helping to hold in check the natural increase of
numerous injurious Insects and to keep a wholesome
balance among many groups of small animal life.

Their possible injury to crops or other property is
so slight as to be negligible.

Generally the grasshopper mice are regarded as
rather scarce or rare, partly because they are hun-
ters and wanderers, are not colonial, and do not
follow definite runways. They thus leave little
trace of their presence and are not easily located
except as they accidentally get into traps set for
other animals, The collector rarely sets a trap with
any assurance that he will capture one of these mice,
whereas with most other rodents he gets what he is
trapping for. In favorable localities, however, con-
siderable numbers are taken in traps, and the
individuals are generally found to be more numerous
than they appear to be. In many places they are
present in sufficient numbers to have a decided
influence on the abundance of the animal life that
furnishes their food.

Abstract No. 63.

Baldwin, P. H. 1970. Feeding dynamics of the Lark
Bunting. Joint Annu. Meeting Cooper Ornithol.
Soc. and Wilson Ornithol. Soc., June 19, Fort
Coliins, Colorado.

The foods ingested by Lark Buntings (Calameospiza
melanocorys) have been determined by stomach analysis
metheds. |In addition, preliminary calculations have
been made to show requirements for the dafly intake
of biomass and calories. This work is part of a
study of feeding dynamics of small ground-feeding
birds of the shortgrass prairle.
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Abstract No. 64.

Baldwin, P. H. 1970. The feeding regime of granivor-
ous birds in shortgrass prairie of Colorado.
General Meeting Working Group Granivorous Birds,
IBP, Section on the Productivity of Terrestrial
Communities, September 6=8, Arnhem/The Hague.

Baldwin, P. H. 1970. The feeding regime of granivor-
ous birds in shortgrass prairie of Colorado.
international Biological Program, Working Group
on Granivorous Birds--PT Section (Warszawa).
4(1):26-30, (Abstr.)

The feeding dynamics of ground-dwelling passerine
birds inhabiting the shortgrass prairie of the high
plains in Colorado were investigated. The Lark Bun-
ting {Calamospiza melanocorys Stej.) and McCown's
Longspur (Rhynchophanes mecownii Lawr.) are two promi-
nent members of this group. The kinds and amounts of
foods eaten during the nesting season are interpreted
in terms of trophic levels and energy flow. Food in
the stomachs was partly of animal origin (62% arthro-
pods for Lark Bunting and 78% for McCown's Longspur)
and partly of plant nature {38% seeds for lark bunting
and 22% for the longspur}. The same arthropods
(Acrididae, Curculionidae, Formicidae, Scarabaeidae)
were eaten as major food items by both species;
however, the mean length of insect was greater for
buntings than for longspurs (grasshoppers 17.5 vs.
13,0 mm, and weevils 7.1 vs. 6.5 mm). The use of
seeds was similar for the two birds. Both birds took
most of their food from the primary consumer level,
although their diet included organisms from other
levels, especially producer and secondary consumer.
Comparison of amounts of foods eaten with amounts
avallable where the birds fed at ground level indi-
cated that some foods were selected positively.

Abstract No. &5,

Baldwin, P. H. 1971. Diet of the Killdeer at the
Pawnee National Grassland and a comparison with
the Mountain Plover, 1970-1971. U.S. IBP Tech.
Rep. No. 135, Colorado State Univ., Fort Collins.
22 p.

The diet of the Killdeer (Charadrius voeiferus)
in shortgrass prairie of Weld County, Colorado, was
studied for the summer period, June 16 to July 28.
A similar bird, the Mountain Plover (Eupoda montana),
also feeds in the same shortgrass prairie during this
period, so the two diets were compared to determine
the amount of overlap. The food of the Killdeer was
99,.7% animal in nature and 0.3% plant on the basis of
biomass consumed. Types of food eaten in greatest
quantities were ground-dwelling beetles (77.0%), agua-
tic arthropods (13.6%), and crickets (5.0%). The most
important family was the Carabidae (33.0%), and the
second was the Tenebrionidae {26.3%). The mean length
of food items eaten by the Killdeer was 8.0 mm, and
the mean dry weight was 0.01 g.

The diets of Killdeer and Mountain Plover showed
much overlap. Each bird obtained 77.3% of its food
biomass from taxa eaten also by the other bird. Most
of the overlap was from consumption of ground-dwelling
beetles by both birds. The use of aquatic beetles by
the Killdeer accounted for much much of the non-
overlapping foods. The similarities in diet resulted
mainly from both birds feeding in the dry, uptand
shortgrass vegetation; the differences resulted from

the Killdeer feeding frequently at water and on damp
ground, .

Abstract No, 66.

Baldwin, P, H. 1971. Dliet of the Mountain Plover at
the Pawnee National Grassland, 1970-1971. U.S.
18P Grassland Biome Tech. Rep. No. 134. Colorado
State Univ., Fort Collins. 34 p.

The diet of the Mountain Plover (Eupoda montana)
in Weld County, Colorado, was studied for the spring
and summer period between the dates May 4 and August
11. Thirteen birds, eight adult and five juveniles,
were available for analysis of stomach contents.
identifications of 90 food taxa and estimates of dry
weight parameters for each type of food showed the
diet to consist of 99.7% arthropods and 0.3% seeds.
The most important food types were ground-dwelling
beetles {60.0%), grasshoppers and crickets {2h.5%),
and ants (6.6%). The most important genus eaten was
Eleodes (a darkling beetle) comprising 22% of the
diet. Comparisons of diets of juvenile and adult
Mountain Plover revealed that juveniles ate smaller
insects such as ants, bees, wasps, and parasites,
teaf and flower beetles, and leafhoppers in slightly
greater proportions than did adults. Adults, however,
ate larger insects such as caterpilliars, billbugs,
and darkling beetles in somewhat greater proportions
than did Jjuveniles. The mean length of food items
eaten by all adults was 10.0 mm and by juveniles B.5
mm. Overlap in size, i.e., length of food items eaten
by the two age groups, was 60.3%.

Abstract MNo. 67,

Baldwin, P, H., J. D. Butterfield, and P. D.
Creighton. 1969. Summer ecology of the Lark
Bunting, Pawnee Site. U.S5. IBP Grassland Biome
Tech. Rep. No. 29. Colorado State Univ., Fort
Collins., 37 p.

Nest site selection of the Lark Bunting
(Calamoapida melanocorys Stejneger) is examined in
this paper. The problem is to determine what factors
the bird is responding to when it selects a site for
its nest. The procedure is to examine each situation
where a nest is found. Vegetation has been sampled
to determing if a correlation exists between site
selection and height of associated plant species or
a type of plant. Location of the nest in relation to
its immediate cover is scrutinized in an attempt to
find any effect of weather {wind} on nest placement.
Nest success in the different stand classes will be
examined to determine trends that may exist between
nest success and type of stand.

The Lark Bunting is one of the principal avian
consumers during the summer on the plains of north-
central Colorado. Because this species feeds on both
seeds and inseets, it has a major role as both a
primary and secondary consumer in the food chain of
the grassland community. The Lark Bunting was chosen
for study because of this influence in the food chain
of the grasslands, and adequate data could be obtained
on its principal foods. Therefore, a second purpose
of this study is to gather data concerning the feed-
ing ecology of the Lark Bunting and the role 1t plays
as a consumer in the grassland ecosystem.
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Abstract No. 68.

Baldwin, P. H., P. D. Creighton, and D. S. Kisiel.
1971. Diet of the Mourning Dove at the Pawnee
National Grassland, 1970-1971. U.S. IBP Grassland
Biome Tech. Rep. No. 136. Colorado State Univ.,
Fort Collins. 25 p.

The diet of the Mourning Dove (Zenaidura
macroura) was studied for the spring and summer
months of 1970 and 1971. Thirty-one birds, 28 adults
and 3 juveniles, were collected for analysis of the
stomach contents. ldentification of 45 food taxa and
estimates of dry weight parameters showed the diet to
consist of over 99,9% seeds and less than one-tenth
of one percent arthropeds and molluses. The most
important food types were bee plant (Cleome serrulata)
(28.1%), grasses (24.3%), and composites (19.6%).
Almost 76% of the Mourning Dove diet was composed of
seeds from plants characteristic of disturbed habi-
tats, i.e., roadsides, cultivated and abandoned
fields. Comparisons of adult and juvenile diets
during midsummer revealed that juveniles ate mainly
composites and grasses {96%), while adults consumed
seeds of bee plant and spiderwort (Tradescantia
ocoidentalie) (68%). Selection of seed size {length)
by the two age classes also varied, with juveniles
taking about B0% of their seeds in the 4.1 to 3.5 mm
size class. Of the adult diet, B4% was composed of
seeds tess than 3.5 mm in length. This difference in
seed size for juveniles and adults apparently resulted
from the heavy use by juveniles and light use by
adults of a single seed type, sunflower (Helianthus
arnuus) , which was approximately 5.2 mm in length.
Although sunflower seeds were equally available to
both age classes, they were not the preferred food
of adults.

Abstract No. 69.

Barger, G. L., and H. C. S. Thom. 1949, Evaluation
of drought hazard. Agron. J. #1:519-526.

The incomplete T-curve has been fitted to fre-
quency distributions of n-week rainfall totals. The
parameters in this equation were estimated by the
method of maximum likelihood. This curve, when
checked against the frequency histograms by the
chi-square test, showed a good fit in most cases.
Only when the frequencies exhibited a definite bi-
modal tendency were the chi-square values greater
than would be expected from random fluctuation. More
years of record would probably erase much of this
tendency.

From the probability integrals of the fitted
curves, the likelihood of occurrence of a certain
class interval of n-week rainfall totals can be
estimated for each station. The probabilities of
like amounts, X_, or less for given durations at each
station have been computed; and, likewise, the proba-
bilities of the proper base amounts, X, or less
{different for each station) have been estimated,
These probabilities afford a basis for comparison of
different areas with regard to rainfall distribution
alone and also with regard to the likelihood of
receiving the minimum ameunt of precipitation needed
to produce a normal corn crop, Simitarly, the proba-
bility of occurrence of any class of rainfall totals
could be determined; e.g., the probability of receiv-
ing between B.0 and 10,0 inches of precipitation at
Ames during the 3-week period beginning July 5 could

be estimated. The use of the ditribution function is
by no means limited to the drought problem.

The probabilities determined point to distinct
differences in the drought hazards experienced at
various stations. Southern lowa, while enjoying a
rainfall contingency comparing favorably with other
areas in the state, has rainfall requirements so high
that drought is much more likely in the southern
counties than in the central and northern sections.
wWhile less pronounced, western lowa presents more of
a drought problem than does the eastern part of the
state. 1t is supposed that soil characteristics and
evaporation conditions are responsible for the
greater needs of the southern and western counties.

Abstract No. 70.

Barger, G. L., and H. C. S. Thom. 1949. A method
for characterizing drought intensity in lowa.
Agron. J. 41:13-19.

Rainfall records and corn yield figures for six
lowa counties, each representative of a specific
association of soil areas, have been analyzed to
determine a method for characterizing drought in
each county.

The criterion of drought intensity developed is
based on the association of certain minimum required
total rainfall amounts with time intervais of varying
duration, i.e., the amount of rainfall which will
just permit normal corn development during a period
of n consecutive weeks i5s the minimum required total
rainfall for that duration. These minimum amounts
increase parabolically with duration and differ
considerably among stations.

The maximum rainfall deficiency with respect to
these base amounts recorded for any period of weeks
during a corn-growing season constitutes a measure
of drought effect on the final yield of the crop.

Correlations between maximum rainfall deficits
and deviations of county corn yields from rormal
show that, for years in which drought conditions
occurred, from 25 to 60% of the total variation in
yvield was explained by this criterion.

Abstract Mo. 71.

Barmington, R. D. 1957. Problems involved in the
reseeding of grasses on abandoned cropland.
Colorado Agr. Exp. Sta. Gen. Ser. No. 658, 15 p.

Nearly any expert can tell us what should not
have been done Tn connection with much of our wind-
blown Great Plains tand. Some of it should never
have been plowed. The fact remains that it has been
plowed, and it is up to us to try to correct the
mistake and return this land to a stable condition
with useful plants.

To begin & systematic procedure of reestablishing
grasses in this area it is necessary to recognize
certain forces of nature: namely, very high wind
velocities and long periods of drought. A survey of
these conditions and consultation with authorities
in this field of work seemed to indicate that perhaps
a machine could be built that would aid young grass
seedlings in getting started.
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Abstract No. 72.

Barnes, 0. K., D. Anderson, and A. Heerwagen. 1958.
Pitting for range improvement in the Great Plains
and the southwest desert regions. U.5. Dep. Agr.
Production Res. Rep. 23, 17 p.

Pitting for range improvement and water conserva-
tion is effective over a wide range of soil and
climatic conditions. Some variations in type of
pitting are required in different areas of the west
to meet different cover, soil, and climatic condi-
tions. Research and field experience have been
summarized for northern and southern Great Plains
conditions and for the southwest desert area.

Range pitting with disks that gouge out small,
closely spaced basins has increased grazing capaci-
ties and per-acre animal gains considerably and at
the same time provided a greater carryover of grass
from one grazing seasan to the next,

Range pitting has significantly increased water
absorption rates into the soil during rainstorms that
exceed the water-intake capacity of the normal soil
condition. The pits provide a holding capacity of
1/3 to 1/2 inch of water, as well as creating a
condition that favors higher water-intake rates.

Seeding grass with the pitting operation has
generally been unsuccessful in the northern Plains.
In some parts of the southern Plains and under south-
west desert conditions, seeding and reestablishment
of perennial grass cover have been successful and are
the major objectives of the mechanical treatment pro-
gram. Treatments are not recommended for very light
soils or for steep slopes. In the northern Plains,
wheatgrass bottomland has shown little benefit from
pitting. Pitting will have other local limitations,
and range users are urged to consult local advisers
who have had experience with this type of range
improvement practice.

Abstract No. 73.

Barret, G. W. 1968. The effects of an acute insec-
ticide stress on a semi-enclosed grassland
ecosystem. Ecology 49{6}:1019-1035.

The effects of a carbamate insecticide, Sevin, on
plant, arthropod, and mammal components within a
grain crop grassland ecosystem were investigated. A
single application of 2 Ib. of the insecticide was
applied in July to one of two comparable and adjacent
one-acre fenced enclosures, each planted in a crop of
millet (Panicum ramoswum) and stocked with three
species of small mammals, the cotton rat (Sigmodon
hispidus), the house mouse (Mus musculue) and the old-
field mouse (Peromyscus poliomctus). Intensive and
frequent sampling of plants, arthropeds, and mammals
on both control and treated enclosures provided the
data for evaluating the effects of the insecticide
stress on productivity, density, diversity, and equi-
tabitity of the three components.

Sevin residues on plants decreased rapidly from
35 ppm on the first day following spraying to 0.37
ppm on the 16th day. No effect of the insecticide
could be detected on producer standing crop or net
community primary production which averaged for the
two areas 567 g dry wt/m? for the season or 3.9 g/day.

A highly significant decrease in litter decomposi-
tion in the treated area was measured 3 weeks after
spraying, presumed to be the result of a reduction
in microarthropeds and other decomposers.

The total biomass and numbers of arthropods were
reduced more than 95% in the treated area and remained
well below the control area for 5 weeks; after 7 weeks
total biomass, but not total numbers, returned to the
control level. Phytophagous insects (Homoptera and
phytophagous Hemiptera were dominant at the time of
spraying) were more severely affected than predaceous
insects and spiders; density of the latter returned
to control levels in 3 weeks.

S_
1nN
was markedly reduced in all orders of insects immedi-
ately after treatment, but with the exception of the
Hemiptera and Hymenoptera, returned to control levels
within 1 to 2 weeks. Diversity in spiders was not
affected by the treatment, even though numbers were
reduced. In terms of trophic groupings, species
diversity of phytophagous insects, although more
severely reduced, ''recovered'' more guickly than did
diversity in predaceous insects.

Species-numbers diversity in terms of ! also

The equitability index of Lloyd and Ghelardi
{1964}, in contrast to species-numbers diversity,
tended to rise 1 to 3 weeks after treatment, espe-
cially in the phytophagous insect group. In terms
of the seasonal succession, equitability index values
for the predator populations increased to about 1.0
while that of herbivores remained at lower levels of
0.5 to 0.6 throughout the study on the control area,
suggesting that predators tended to be food limited
and to eccupy non-overlapping niches.

Cotton rat reproduction was delayed with ultimate
density reduced in the treated grid; laboratory tests
indicated this was a probable direct effect of the
insecticide. However, the total mammal population,
which grew in sigmoid fashion to an asymptotic level
of about 180/acre in both grids, was not affected by
the treatment because there was a compensatory in-
crease in the house mouse population in the treated
grid.

In summary, although the insecticide remained
toxic in the environment for only a few days, long-
term side effects on litter decomposition, arthropod
density and diversity, and mammalian reproduction
were demonstrated. It is hoped that this study will
provide a model for an ecosystem approach to the
testing of pesticides.

Abstract No. 74.

Barrs, H, D. 1962. Plant water stresses as summa-
tions of plant-environment water relations and
their importance in evaluating plant production.
CSIRD Paper No. 4#B. Presented at 3rd Australian
Conf. in Soi! Science, Canberra, February. 12 p.

The present contribution has been written with
the object of emphasizing the need for making physio-
logical observations together ‘with measurements of
the potential gradient for water movement that exists
between the soil and the air, in order to enlarge our
understanding of the role of water in plant growth.
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Abstract Ne. 75.

Bartos, D, L. 1968. Root-rhizome production in a
mixed prairie grassland in western Kansas. M.S.
Thesis. Fort Hays Kansas State College, Hays.
25 p.

Root system production in a mixed prairie grass-
land in western Kansas was found to vary from 3,129
g/m? prior to resumption of growth to a low of 2,23}
g/m2 during the winter. Root-rhizomes were most
abundant (582) in the top 3 inches of the profile,

In the A; horizon {top 6 inches}, 77% of the root sys-
tems occurred. Annual increment for the A; horizon
was 686 g/m? and the AC horizon was 304 g/m?, These
annual increments were approximately 25% of the total
dry matter, thus, suggesting a turnover rate of
approximately 4 years. Total aerial biomass ranged
from a high of 1,714 g/m? in December to a low of
1,351 g/m* in March with the fresh mulch contributing
a significant amount more than green herbage standing
cured, and humic mulch. Decay constants increased
with depth from a tow of 2.7% in the top 3 inches and
155.9% in the 9 to 12 inch layer. The time required
to reach 99% equilibrium was found to be 191 years
for the Ay horizon and 21 years for the AC horizon.

Abstract No. 76.

Bartos, D., and J. Hughes. 1969. Preliminary method-
ology and results for root biomass sampling on
the Pawnee Site. U.S. IBP Grassland Biome Tech.
Rep. No. 2. Colorado State Univ,, Fort Collins.
20 p.

Biweekly sampling of root biomass, organic matter,
and crown material was conducted at the Pawnee Site
during the summer of 1969. The biomass data collected
are presented here with means and standard deviations.
These data will be utilized to determine future
methods of sampling.

Abstract No. 77.

Bartos, D. L., and D, A, Jameson. 1972. A dynamic
roct model, U.S5. IBP Grassland Biome Preprint
No, 38. Colorado State Univ., Fort Collins.
13 p. [Submitted to Ecology].

Most authors who have worked with root mass
fluctuations have explained changes on the basis of
carbohydrate storage and utilization, Changes re-
ported here, however, were far too great to be
accounted for by such carbohydrate fluctuations. An
hypothesis of root decomposition and growth was
developed as an alternative which overcomes some of
the disadvantages of the storage-utilization view,

In an analysis of the decomposition-growth hypothesis,
two logistic equations were added together and fitted
to the data. The resultant curve was separated into
an increasing curve representing growth and a decreas-
ing curve representing decomposition and respiration
losses,

Abstract No. 78.

Bauerle, B. 1971. Snakes and lizards of the Pawnee
Site. U.S. IBP Grasstand Biome Tech. Rep. No.
120. Colorado State Univ., Fort Collins. &7 p.

Some 167 snakes were marked and released on the
Intensive Site during the study period of 1970.
The four most numerous species present were: (i) the
prairie garter snake {Thammophis radiz), 140 speci-
mens; (ii) the gopher (bull)} snake (Pituophis
eatenifer), 13 specimens; (iii} the prairie rattlesnake
(Crotalus viridis), B specimensi and (iv) the western
hog-nosed snake (Heterodom nasicus), 6 specimens. In
addition to these, 27 prairie rattlesnakes (C.
viridis) were collected near the Intensive Site for
eqg counts , fat body weights, dry weights, and ash
weights. Continuous trapping by using drift fence-
funnel traps was the most effective collecting method
for snakes. However, most garter snakes were caught
by hand. Snake populations on the Intensive Site,
except immediately around Cottonwood Pond, were low
according to the methods used. Initial data indicate
a standing crop of between 100 and 300 g of snake per
hectare over most of the site. The standing crop
around the only permanent water at the site (Cotton-
wood Pond) was calculated to be nearly 8 kg/ha. Sex
ratios of trapped and captured snakes were nearly
equal for all four species. In the spring of 1970
the prairie rattle snakes {{. viridis) and the plains
garter snakes (7. radixz) emerged from dens between
May 1 and May 4. MNo snakes were collected after
October 20, 1970. The plains garter snake (T. radix)
began breeding between May 18 and May 24. The prairie
rattlesnake (C. viridis) was shown to have mature
appearing eggs present in the body in both May and
October 1970. Two recaptures of plains garter snakes
(T. radixz) occurred over a long enocugh period to show
weight increases. Egg counts varied from 9 to 37
eggs per female. Growth curves of all four species
have been presented in the data section. Length was
plotted against weight for snakes collected during
the summer of 1970. Coefficient of correlation of
tength to weight was +.82 on the plains garter snakes
(T. radiz), and coefficient of correlation of length
to weight on prairie rattlesnakes (€. viridis) was
+.85. Numbers of individuals of the other two species
were s0 low as to not warrant correlation coeffi-
cients. There was great variation in the amount of
stored fat in both emerging and denning snakes. No
significant difference was found in the amount of fat
per body weight in the spring-collected snakes, when
compared to fall-collected snakes. This study is the
initial phase of a two-year investigation concerning
the role of snakes on the Grassland Biome,

Abstract No. 79.

Bauerle, B., and D. L. Spencer. 197%. Environmental
pollutants in two species of snakes from the
Pawnee Site. U.S. IBP Grassland Biome Tech. Rep.
No., 137. Colorado State Univ., Fort Collins. 15 p.

Food chain magnification of environmental pollu-
tants would suggest that a nonmigratory, locally
occurring, and higher order consumer such as the snake
may prove to be a valuable pallution indicator on the
shortgrass prairie. Fat bodies were removed from two
male gopher snakes: (Pifuophis catenifer) and two
male prairie rattlesnakes {Crotalus viridis) col-
lected near the Pawnee Site during July 1971.

Adipose tissue was analyzed by the Colorado State
Department of Health Pesticide Laboratory, Greeley,
Colorado, for the presence of 36 different herbicides,
pesticides, and organophosphate fertilizers by using
electron capture gas chromatographic methods., Samples
were alsc analyzed for PCB's {poly-chlorinated
bipherals) and sulfur compounds. Results show that
the snakes sampled, which are secondary consumers
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feeding on small mammals, have low levels of environ=-
mental pollutants in their adipose tissues. Gopher
snakes were found to contain .20 ppm of p,p'-DDE, .0%4
ppm of dieldrin, .013 ppm beta benzene hexachloride,
and .01 ppm heptachlor epoxide. Prairie rattlesnakes
contained .62 ppm p,p'=DDE and .03 ppm dieldrin.

Data indicated that further analysis by flame photo-
metric methods was unnecessary. Low levels found in
snakes sampled would seem to correlate with agricul-
tural practices on the Pawnee National Grasslands.
Artificial fertilization and pesticide spraying are
seldom used in this area.

Abstract No, 80,

Bear, G. D., and R. M. Hansen., 1966. Food habits,
growth and reproduction of white-tailed jack-
rabbits im southern Colorado. Colorado State
Univ. Agr. Exp. Sta. Tech. Bull. No. 90. 59 p.

White-talled Jackrabbits {lepus townsendii) were
studied in southern Colorado from June 1959 through
September 1962. The seasonal diet was determined by
examination of the contents of stomachs from 131 jack-
rabbits., Tests to determine food preferences of
adults and young were conducted in the summer in
portable bottomless cages placed within four distinct
habitat types. The vegetative composition and rabbit-
days-use were measured on 200-meter square plots in
each of the four habitats. The relation of weight to
age for young up to 24 weeks was recorded for three
young born in captivity and five additional young
captured in the field for more than 800 recorded days
of growth. Size and reproductive characteristics
were taken from about 163 adults and 188 young. The
rates of consumption and defecation were measured in
pens with captive animals.

Abstract No. 81.

Becker, C. F., R. L. Lang, and F, Rauzi. 1957. New
methods to improve shortgrass range. Univ.
Wyoming Agr. Exp. Sta. Bull. 353. 12 p,

The treatment of certain types of rangeland with
the Wyoming range seeder, which tills two strips of
land about 18 inches wide, leaving 22 inches of undis-
turbed range between strips, and plants, and fertilizes
in one operation, appears to be a promising method of
increasing grazing capacity and pounds of meat. This
treatment may be particularly applicable to the short-
grass range of the Great Plains, where the
introduction of legumes and coel-season grass species
would contribute to the summer grazing and possibly
extend the grazing season in both spring and fall,

Abstract No. 82.

Beetle, A, A, 1952,
shortgrass plains.

A relict area on the Wyoming
J. Range Manage. 5:141-143.

It has been proposed that the stages of vegetation
be named from best to worst, as (i} natural stage, (ii)
increaser stage, (iii) invader stage, and (iv) weed
stage. The usage will be followed here. The reduc-
tion in total ground cover observed to occur on
different sites is due: f{a) to poorness of site;
(b) to accumulation of moisture, and therefore soil,
and muleh, Highest estimates of cover are correlated
directly with the proportion of shortgrasses present

--whether buffalo grass or blue grama. Cover esti-
mates were made by averaging at least 10 {often 100)
square foot samples, using ''basal density'" only.
Although blue grama is an increaser under most condi=-
tions, its presence as 70% of the cover on ordinary
dry upland in the relict area indicates that under
those conditions the grass is, practically speaking,

a decreaser. Western wheatgrass is reduced along with
other mid-grasses during the early stages of grazing
but, under heavier grazing, returns in greater abun-
dance and therefore exhibits a rare case of a plant
which is alternately decreaser (natural class to
increaser class), increaser (increaser class to
invader class} and then decreaser (invader class to
weed class). MNatural stage is dominated by mid-grasses
under ordinary circumstances with shortgrasses occupy-
ing the extremes. Increaser and invader stages are
characterized by the reduction of mid-grasses and the
increase of both shortgrasses. Weed stage is charac-
terized by introduced annual invaders. The reading

of species '""to the nearest 5 percent'' probably would
not be seriously questioned in the case of swale where
this type of reading would include 90% of the vegeta-
tion and more than half the species. However, in
describing ordinary upland climax, although 85% of

the cover is included, only three of 22 species enter
the list. The five percent method has the tendency

to perpetuate the 'key species' type of survey which
ignores and neglects many of the finer points in sys-
tematic botany and plant ecology. In four situations
out of six, 15% of the vegetation Ts misrepresented
under the present system.

Abstract No. 83.

Beetle, A. A. 1957, Grassland climax, evolution,
and Wyoming. Univ. Wyoming Pub. 21(2):64-70.

In a paper entitled "Grassland Climax, Fire, and
Man," Sauer (1949) developed a thesis that concerned
“a drift of vegetation toward more grassland.' He
said, "This deformation has probably derived its
driving force from fires," and concluded that, "Fire,
or its elimination, is still a main problem."

As apparently the first challenge to these conclu-
sions, it will be contended here that {i} fire has
been only incidental in the development of grassland,
(11} grassland is as normal where it occurs as forests
are where they occur, (iii) the forces which resulted
in grasslands began to operate early (rather than
late) in the Cenozoic.

Abstract No. 84,

Behle, W. H. 1942, Distribution and varjation of
the Horned Larks (Otocoris alpestris} of western
North America. Univ. California Pub. Zool. 46(3):
205-316,

In addition to the circumstance that Horned Larks
in general constitute especially favorable material
for the study of variation and consequently for
inquiry into species and race formation, there are
certain other considerations that favored the choice
of this bird for study. Horned Larks are most strik-
ingly differentiated into races in western North
America, and in this region there were several
problems in the systematics of Horned Larks that
needed attention. There has been no comprehensive
study of the distribution and variation of this bird.
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In undertaking such a revision, however, my main
objective was to describe the observed facts of varia-
tion as shown by the materials assembled and to
correlate these facts, if possible, with physiographic
features in the ranges of the individuzl races. It
was felt that pertinent information might thus be
gained which would further our knowledge of the fac-
tors operative in the process of species formation in
this particular bird, As prereguisite to the study
of the geographic variation, the variation caused by
age, sex, and individuality was given consideration.
Molts, plumages, and feather wear were also necessary
points of initial attention.

Because of the many factors involved in the great
variability of these birds and also because of the
practical difficuities in attempting to study them
throughout the whole of their range, even on this con-
tinent, | limited my investigation to the far-western
American races, west of the Rocky Mountains and north
of Mexico. More explicitly stated, the area of the
investigation includes Alaska, Yukon Territory,
British Columbia, Washington, Oregon, California,
Lower California, Arizona, New Mexico, Utah, ldaho,
and Nevada.

Abstract No. 85,

Bejdleman, R. G. 1953, The island of pines,
Wilderness 18(46):7-10.

Here in northern Colarado, 17 miles south of the
Wyoming state line, lies an isolated woodland of
pifion pine, like a transplanted vignette of the South-
west. On an east-sloping hogback, thrown up out of
the ancient ocean basin by the awakening Rocky Moun-
tains 60 million years ago, the woodland extends its
trees. For two miles the grove stretches, an open
forest at the southern end, interspersed with compet-
ing ponderosa pine, juniper, and mountain mahogany.
Northward, the pifions branch their scraggly trunks,
forming & dense canopy of dusty green above the gray
limestone outcrops. Then, suddenly, the grove comes
to an end, as its mesa drops sharply off into the
deep cut of the North Poudre River.

This woodland of pifion pine, Isolated though it
may be, represents no last struggling outpost of the
species at the northeastern edge of its range. Oe-
spite eternal battering by the adverse and often
arctic winds that howl down out of the Wyoming plains,
this forest contains some of the oldest and largest
pifions in the world. Like giants, the patriarch
trees, frequently measuring 25 feet in height and
with trunks four feet through at the gnarled base,
raise squared crowns above their fellows, their thin-
lined growth rings recording a history that spans the
centuries.

Abstract No., 86.

Bel!, R. T. 1970. ‘dentifying Tenebrionidae (Dark-
ling beetles). U.5. IBP Grassland Biome Tech.
Rep. No. 58. Colorado State Univ., Fort Collins.
12 p.

This report contains keys and descriptions of
Tenebrionidae (darkling beetles) known to occur on
the Pawnee Site. It is designed to be used in
conjunction with a synoptic set in the reference
collection at the site headquarters and is intended

Living

for the use of workers who are not trained taxono-
mists. Technical terminology is kept to a minimum.
The arrangement of species in the keys is not phylo-
genetic, but is based on the most easily observed
retiable characteristics. The descriptions are
arranged in alphabetic order and emphasize compar-
isons with the species which are most tikely to be
confused with the one under consideration. Twenty—
three species are recorded from the site. Comolete
fdentification has had to be deferred in Blapstinus
and three less important genera.

Abstract Ho. B7.

Bell, R, 7. 1971. Carabidae (Ground beetles). U.S.
IBP Grassland Biome Tech. Rep. No, 66. Colorado
State Univ., Fort Collins. 58 p.

This report contains keys and descriptions of the
Carabidae (ground beetles) known to cccur on the Paw-
nee Site. The tiger beetles are included as subFfamily
Cicindelinae. The paper is designed to be used in
conjunction with a synoptic set in the site reference
collection and is intended for the use of workers who
are not trained taxonomists. Technical terminology
is kept at a minimum. The family is divided into
tribes. The dominant tribe, Harpalini, is discussed
first, and the remaining cnes follow in alphabetical
order. Within the tribes, the arrangement in the key
is not phylogenetic, but is based on the most easily
observed reliable characteristics. The descriptions
are arranged In alphabetic order and emphasize compar-
isons with the species most likely to be confused with
the one under consideration. There are 81 species in
the family recorded from the Pawnee Site.

Abstract No. 88.

Bement, R. E. 1969. Dynamics of standing dead vege-
tation on the shortgrass plains, p. 221-224. In
R. L. Dix and R, G. Beidleman [ed.] The grassland

ecosystem: A preliminary synthesis. Range Sci.
Dep. Sci. Ser. No. 2. Colorado State Univ., Fort
Collins.

The aboveground plant biomass on the shortgrass
ptains fluctuates widely, both intra~seasonally and
inter-seasonally. Iptra-seasonal fluctuation is
characterized by the on and off growth pattern of
grama grass. The transfer rate from live plant
tissue to standing dead vegetation accelerates after
each spurt of growth. Two methods for measuring the
rate of transfer from live plant tissue to standing
dead vegetation are considered.

Abstract No. 89,

Bement, R. E. 1969. A stocking-rate guide for hbeef
production on blue-grama range. J. Range Manage.

22:83-86.

A stocking-rate guide for cattle on blue-grama
range was developed at Central Plains Experimantal
Range. The guide is based on the amount of herbage
left ungrazed at the end of the summer season as it
relates to gain per animal and gain per acre. Maxi-
mum doliar returns per acre from yearlings were
obtained when 300 Ib of air-dry herbage were left at
the end of the season. The average optimum stocking
rate was 2.6 acres/yearling month,
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Abstract Na. 90.

Bement, R, E. 1870. Leaf-weight management on blue
grama range. Annu, Meeting Amer, Soc. Range
Manage., February 9-12, Denver, Colorado.

The rancher who stocks his range during the period
when he expects it to make its growth must be equally
concerned about forage production and forage harvest.

Blue grama ranges uswally make their herbage
growth in brief spurts when moisture becomes avail-
able. The amount of leaf tissue working during these
spurts of growth affects the quantity of herbage pro-
duced, For optimum forage production blue grama
ranges should be managed to provide sufficient leaf
tissue to insure fast herbage growth when a growth
opportunity occurs. The amount of standing vegetation
gives a good estimate of the amount of leaf tissue
present during a given growth period. At Central
Plains Experimental Range, maximum herbage growth
occurred with adequate moisture and at Jeast 300 b/
acre of standing vegetation on the range.

The quantity of forage available to livestock, and
the use they make of it, affect grazing efficiency.
At Central Plains Experimental Range maximum daily
beef gain was reached when pastures were stocked at
rates which left at least 350 lb of ungrazed herbage
standing on the pasture at the end of the 6-month
summer grazing season, Maximum gain per acre was ob-
tained at stocking rates, leaving 250 1b of ungrazed
herbage. Maximum cattle return {$/acre} occurred when
300 Ib of ungrazed herbage remained at the end of the
growing season.

Both optimum plant and optimum livestock produc-
tion were made when 300 1b of herbage per acre were
left ungrazed. The key to stocking rates and grazing
systems on this kind of blue grama range is leaf
weight management, to maintain 300 1b of herbage per
acre during the growing season.

Abstract No. 91,

Bement, R. E., and G. E. Klipple. 1959. A pasture-
comparison method of estimating utilization of
range herbage on the Central Great Plains., J.
Range Manage. 12:262-297,

Several factors should be recognized if the use
of this pasture-compariscn method of estimating her-
bage utilization is being considered. An estimate of
the percentage of herbage remaining on a range grazed
season-long is made in terms of grazing on a small
pasture allowed protection during the growing season.
Utilization is estimated on the assumption that
several factors are negiigible or balance one another.
Some of these factors are regrowth of grazed ptants
and the differential effects of insects, rodents, dis-
ease, trampling, and moisture supply on plants grazed
season-long versus those protected during the growing
season. In the use of this pasture-comparison method
at Central Plains Experimental Range we have assumed
that the factors mentioned tend to balance one another
and that their net effect upon the estimate of herbage
utitization is negligible. This assumption has been
made because with this method of estimating utiliza-
tion, the air=-dry weight of herbage eaten has
consistently been very close to the dry matter feed
requirements of the cattle. The actual net effect
remains to be determined.

Abstract No. 92.

Bement, R, E., D. F. Hervey, A. C. Everson, and L. 0.
Hylton, Jr. 1961. Use of asphalt-emulsion
mulches to hasten grass seedling establishment.
J. Range Manage. 14:102-109.

The effect of two asphalt-emulsion mulches on the
establishment of blue grama, sideoats grama, and
Sudangrass was studied at Central Plains Experimental
Range. Results were interpreted in terms of soil
water, soil temperature, plant emergence, plant
growth, and ptant survival.

Abstract No. 93.

Bement, R. E., R. D. Barmington, A. €. Everson, L. O.
Hylton, Jr., and E. E. Remmenga. 1965. Seeding
of abandoned croptands in the Central Great
Plains., J. Range Manage. 18:53-58.

Crested wheatgrass and Russian wildrye were suc-
cessfully established by late-summer planting in
summer-fallowed strips using a double-disc depth-band
drill. Crested wheatgrass was alsoc established by
spring planting. Blue grama and sideoats grama were
not established.

Abstract No. 94.

Bement, R. E., W, R, Houston, and D. N. Hyder. 1970.
Annual report--Central Plains Experimental Range,
crop year 1969. USDA Agr. Res. Service, Fort
Collins, Colorado. 1h44 p.

Grase Seedling Morphology. Grass seedlings are
divided into two types depending upon the depth in
the soil at which adventitious roots are initiated.
Panicoid-type grass seedlings, i.e., blue grama, have
elongated sub-coleoptile internodes and initiate
adventitious roots near the soi! surface. Festucoid-
type grass seedlings, i.e., crested wheatgrass, do
not have elongated sub-coleoptile internodes, and the
lower-most adventitious roots may be initiated near
planting depth. Seedling characteristics of 16
species or varieties are shown.

Controlling Geyer Larkspur. Defoliation of lark-
spur by paraquat two days after spraying with 2,4-D
did not increase the effect of 2,4-D. Paraquat alone
was more effective than 2,4-D, and the combination of
paraquat and 2,4-D was equal to or less effective
than paraquat alone, Paraquat at & 1b/A applied April
28 killed 57% of the larkspur and at 4 1b/A on May 12
killed 90%,

Atrazine and Nitrogen. Atrazine has no effect on
dry matter herbage production of blue grama range.
It has increased percent protein by about 50% for two
successive years. Foliar applied urea and ammonium
nitrate fertilizers have increased percent protein of
the herbage and also increased dry matter production.
The fertilizers resulted in increases In crude pro-
tein per acre of 40 to 50%. The combined effects of
atrazine and nitrogen fertilizers have the potential
of doubling the production of c¢rude protein on blue
grama ranges.

Herbage Growth Rate. Herbage growth rates on
lightly=- and heavily-grazed upland-blue-grama pas-
tures were compared in 1970. When the first growth
opportunity occurred, the lightly-grazed pasture grew
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at the rate of .99 g/m?/day for a Z-week period

before exhausting the soil water. The adjacent
heavily-grazed pasture grew at the rate of ,20 g/me/
day for & weeks before exhausting its soil water.

With this first growth opportunity, the lightly-grazed
pasture produced 14 g/m2 of herbage while the heavily-
grazed pasture produced 8 g/m?.

International Biological Program. The Pawnee Site
is located on the western portion of Central Plains
Experimental Range. Results during 1969 were pri-
marily in the areas of construction of facilities,
scientific hardware, development, reference, and
collections.

Major construction items included a kitchen-
diningroom-taboratory-office building and a dormitory.
Construction was started on a storage building,
corral, and residence.

Hardware development included instrumentation of
micro watersheds with soil water, precipitation, run-
off, and temperature measuring devices. Equipment
for measuring scil nitrogen, photosynthesis, and ATP
development was installed.

Reference collections of mammals, birds, insects,
terrestrial vascular plants, aguatic plants, and
lower plants such as algae, lichens, and fungi were
compiled.

Abstract No. 95.

Bement, R. E., W. R. Houston, and D, N, Hyder. 1371,
Annual report--Central Plains Experimental Range,
crop year 1970. USDA Agr. Res. Service, Fort
Collins, Colorado. 52 p.

Seagons of Grazing. In a J-year experiment, 180
significant plant responses were caused by weather,
season of grazing, and N fertilization. Opportuni-
ties to manipulate botanical composition by heavy
grazing in short seasons are revealed. Twenty pounds
of N/acre applied annually increased animal gains
From an average of 42 lb/acre to 66 lb/acre with
grazing in June through September.

Atrazine and Nitrogen. Atrazine increased crude
protein of blue grama from 57 to 104 1b/acre, but had
no effect on herbage yield. N fertilization increased
crude protein from 59 to 32k lb/facre primarily by
increasing herbage yield. The two effects were
additive,

Nitrogen-Induced Plant Mortality. On abandoned
cropland, red three-awn, an undesirable perennial
grass, is killed with 100 1b of N/acre. Secondary
succession of annual species induced by residual N
goes from sltimleaf goosefoot to prairie sunflower to
Russian thistle in three years with only slight in-
creases by pioneer perennial grasses. The botanical
changes result in large increases in herbage yield
and offer potential for increased animal production.

Water-Soluble Tracers. The relationship between
water drunk and dry matter consumed by grazing cattle
offers an opportunity to develop a method of determin-
ing forage intake and forage quality. Studies are
designed to determine the energy and nutrient compo-
nents associated with the water components of forage,
feces, urine, and vapor of cattle on pasture to
estimate digestibility, digestible energy, and metabo-
lizable energy.

In 1969 tritium-labeled water was used to develop
water-tracer techniques for determining total body
water of cattle. Respired water, which requires no
purification, was compared with water from saliva,
blood, and urine for the purpose of following the
course of tritium dilution. Respired water is reli-
able for assay of tritiated water in animals for the
study of water partitioning and kinetics.

The dye materials FD and C Violet Mo. 1, FD and C
Red No. 3, and phloxine B were tested for suitability
as water soluble tracers to be recovered in cattle
feces. Recovery in feces was only 70 to 80% and
would not permit the use of these dyes as gut water
tracers,

Polyethylene glycol labeled with 1%C was also
tested for sultability as a tracer. About 94% of the
14¢ was recovered. This method might be usable.

Abstract No. 9.

Bergquist, N. 0. 1964. Absorption of carbon dioxide
by plant roots. Bot. Notiser 117(3):249-261.

The ability of plant roots to absorb carbon diox-
ide in low concentrations in water culture was studied
by comparing the net dry weight growth of plants (in
2 jars) given more or less carbon dioxide at the
roots, Other factors were kept constant. Eighteen
experiments, with 141 test plants and t41 controls
(beans, tomatoes, and mustard} are reported. The
average gain obtained was 27.7%. Direct absorption
of C0s through the roots must be considered an accep-
table working hypothesis, strongly supported by the
observed facts, until another satisfactory explanation
is found.

Abstract No. 97.

Berthet, P. 1967. The metabolic activity of oribatid
mites (Acaripa) in different forest floors, p.
709-725. In K. Petrusewicz [ed.] Secondary
productivity of terrestrial ecosystems. Vol. II.
Polish Acad. Sci., Warsaw.

In the present study the oxygen-consumption mea-
sured in the laboratory was taken as an estimate of
the respiratory activity of animals in natural condi~-
tions. These data, combined with measured population
densities, were used to compute the energy flow rate
through Oribatid communities in different biotypes.
We feel that these resulits not only provide an esti-
mate of the activity of Oribatid mites in the forest
floor, but also provide an insight into the structure
of the communities from a metabolic point of view.

Abstract No. 98.

Bertolin, 6., and J. Rasmussen. 1969. Preliminary
report on the study of the precipitation on the
Pawnee Mational Grassland. U.S. IBP Grassland
Biome Tech. Rep. No. 17. Colorado State Univ.,
Fort Collins. 34 p.

Preliminary results of a study of the precipita-
tion of the Pawnee National Grasslands are presented.
The spatial and time distributions and variations of
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precipitation are presented., A markov chain proba-
bility analysis is Included in the discussion in
addition to more classical statistical treatments.
Some discussion of other meteorological parameters
is included.

Abstract No. 99.

Beutner, E. L., and D. Anderson. 1943, The effect
of surface mulches on water conservation and for-
age production in some semidesert grassland soils.
Amer. Soc. Agron. J. 35:393-400,

Results of small plot studies conducted on two
s0il types near Tucson, Arizona are outlined. Various
types of vegetal materfals were used as surface
mulches and incorporated into the soil. Their effects
on infiltration were evaluated by means of measuring
runoff secured from artificial application of rain and
by collecting runoff resulting from natural rains,

It was found that protection of the soil surface
either by plants themselves or by organic litter which
they furnish prevents sealing of the soil and is of
utmost importance in prometing infiltration of water
into the soil and conserving moisture for plant
growth. In areas of low rainfall, maximum conserva=
tion of water Is essential if adequate forage
production i5 to be expected. A 20% increase in con-
servation of moisture in well-vegetated areas may
easily increase forage production by 50%. Where plant
cover is sparse, conservation of moisture aids in
increasing plant density and may increase total forage
production many fold.

Abstract No., 100,

Bidwell, 0, W, 1956. Major soils of Kansas.
Agr. Exp. Sta. Circ, 336. 17 p.

Kansas

Soil is one of Kapsas' most important resources.
Unlike most other resources, soil is inexhaustible if
properly managed. The state is covered with soil (a
mineral-organic layer) that varies widely in thick-
ness, color, particle size, chemical fertility,
productivity, and biological characteristics. These
characteristics depend upon six things: (1) kind of
geologic material, {ii) climate, (iii) relief, (iv)
natural vegetation, (v} length of time of weathering,
and (vi) the activities of man. Soils are products of
these factors, so wherever they are the same, the
soils will be similar, The wide variation in these
factors in Kansas has produced many different kinds
of soils.

It is impossible to show the many soil variations
on a map of this scale. So on this map the sclls are
grouped into general associations of usually two or
more soil series that occur together., The map shows
the broad soil areas of the state, together with
their general characteristics. For more detailed
information see county soil maps, available for these
15 Kansas counties: Allen, Bourbon, Cherckee, Clay,
Cowley, Crawford, Jewell, Johnson, Kingman, Marion,
Montgomery, Neosho, Reno, Wilson, Woodson.

Because climate is important in soil formation,
maps showing the average annual distribution of pre-
cipitation, mean annual temperature, and the length
of the growing season are included.

Abstract No. 101,

Birch, H. F. 1960. Nitrification in soils after
different periods of dryness. Plant Soil 12:
81-96,

An experiment is described in which s0ils with
carbon contents ranging from about 1 to 7% were air
dried for 3, 6, 9, 12, and 15 weeks and then remoist-
ened. The amounts of carbon mineralized and ammonia
and nitrate-nitrogen subsequently produced during 19
days were then determined and compared with the
amounts mineralized from a non-dried soil. For a
given drying period the amounts of carbon and nitro-
gen mineralized were proportional to the carbon
content of the soil while, for a given soil, they
were found to be a significant linear function of the
log of the time the soil was in an air-dry state prior
to meistening. With high-humic soils drying produced
extra nitrogen on moistening sometimes equivalent to
over 1 ton of sulphate of ammonia per acre. Even with
tow-humic soils, values of about 300 pounds were
common .

The results of the drying effect are tabulated
both in conventional units and as pounds of sulphate
of ammonia per acre 6''. In the latter units the table
should more readily serve as a general guide in apply-
ing the results. The application of the results to
nitrogen fertilizer trials, irrigation, rundown of
soil fertilicty and soll carbon, the effect of shade,
etc, is then discussed. The material and mechanism
possibly involved is also considered. The results
should be of fairly wide application since a basic
principle operating on material {(humus) of more or
less uniform composition and common to all soils is
involved.

Abstract No. 102.

Birch, T. 1960. Grazing studies at Archer, Wyoming.
Wyoming Range Manage., Issue No. 140. 2 p.
{Abstr.)

Three intensities of grazing of shortgrass range
by ewes and lambs have been studied at the Archer
Substation in southeastern Wyoming for 15 years, 1945-
1959, Vegetational composition studies have been made
at different times during the period, making it pos-
sible to know what vegetation changes have taken place
over the 15 years of differential use. Records of
pounds of grass remaining after grazing on the flat
upland sites have been obtained during all these
years. Production records of grass at the three
levels of use on the flat uplands are available for
the last 13 years. Forage production records on the
slope sites were obtained during the last three years
of the study. Records of weight gains made by ewes
and lambs have been made during the length of the
study period.

Abstract No. 103.

Birney, E. C., and E, D. Fleharty.
sex comparisons of wild mink.
Trans. 69:139-145,

1966, Age and
Kansas Acad. Sci.,

Sex and age comparisons of 126 wild trapped mink
from northwestern Kansas indicate that condyle-
premaxillae length appears to be a valid criterion to
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distinguish sex by skull alone for those animais 18
months of age or older, In spite of evident sexual
dimorphism, theére is some size overlap between male
and female mink in some skeletal characteristics.
Width of the least interorbital constriction grows
narrower with age for at least eight months after
birth,

A significant size and weight difference exists
between juveniles and adults, at least through the
first trapping season after birth with males exhibit-
ing this difference to a greater degree than do
females.

Abstract No. 104,

Biswell, H, H., and J. E. Weaver. 1933, Effect of
frequent clipping on the development of roots

and tops of grasses in prairie sod. Ecology
14(4) :368-330.

This paper deals with the effects of the removal
of tops on root growth in soil and on regeneration
and yield of aerial parts. Blocks of well establlshed
sod of seven impertant native pasture grasses were
transplanted into large containers, grown In the
field, and clipped fortnightty.

The harmful effects of the frequent removal of
the cover of grasses and the accompanying deteriora-
tion of the parts underground are discussed.

Abstract No. 105,

Black, H. L. 1968, Populations of small rodents in
relation to grazing by cattle on foothill range-
lands. M.S. Thesis. Univ, Utah. 56 p.

The presence and relative abundance of small
rodents on native and reseeded foothill rangelands as
correlated with grazing by cattle and type of grass
was investigated by sampling the mammals with snap
traps arranged in one acre grids. Trapping was con-—
ducted during early summer and early fall of 1966 and
1967 at the Benmore Experimental Area, Tooele County,
Utah, where there are records of over 20 years of
controlled grazing and of a variety of reseeded grass
stands. A tota) of 18,420 trap nights yielded 592
rodents {488 in 1966 and 104 In 19867). Perognathue
parvus olivaceous Merriam, Reithrodontomys megalotis
megalotis (Baird), and Peromyscus maniculatue
sonoriensis (Le Conte) comprised over 99% of the mice
captured. No definite correlation was found between
relative abundance of mice and type of grass. The
influence of grazing by cattle appears to have a
differential effect on rodents depending wpon the
intensity and season of grazing. Great Basin pocket
mice (P. parvus) and harvest mice {R. megalotis) were
captured most frequently in the lightest-grazed
reseeded range. Deer mice (P, maniculatus) were
captured most frequently in native and heaviest-
utilized reseeded range. Pocket mice were captured
most infrequently where the intenslty of grazing was
heaviest. Harvest mice were rarest in the lightest-
grazed native range, while deer mice were rarest in
the lightest-grazed reseeded range.

Abstract No. 106,

Black, W. H., A. L. Baker, V, I, Clark, and 0, R,
Mathews., 1937. Effect of different methods of
grazing on pative vegetation and gains of steers
in northern Great Plains. U.S5. Dep. Agr. Tech.
Bull. 5k7, 18 p.

The grazing investigations at the United States
Bry Land Field Station, Ardmore, South Dakota, were
begun In 1919 and continued through 1933, as a cooper=-
ative enterprise of the Bureaus of Animal Industry and
Plant industry. The experiments were planned to com-
pare the effects of different methods of grazing the
native pastures on the vegetation of these pastures
and on the gains of steers used on them. The results
should be applicable to sections of the northern Great
Piains having native vegetation similar to that at
Ardmore.

Abstract Ne. 107,

Black, W, H., and V. I, Clark. 1942, Yearlong graz-
ing of steers in the northern Great Plains. U.S.
Dep. Agr. Circ. 642, 16 p,

Experiments were carried on at the Ardmore Field
Station, Ardmore, South Dakota, for 4 successive
years, beginning in the fall of 1936, to determine
whether about 20 acres of native range were sufficient
to carry a year)ing steer for t year and whether alter-
nate grazing would have any advantage over continuous
grazlng. Two areas of 350 acres each were used, one
of which was grazed continuwusly and the other divided
into two equal areas of 175 acres each and the steers
changed from one half to the other every 2B days. The
rate of stocking was 19.44 acres per head, or 18 ani-
mals for each of the 350-acre tracts, The animals
used were yearlings, approximately 16 months of age
at the beginning of each experiment, and were grazed
for one full year.

The vegatation was the native range, which
includes a large number of species from widely separ-
ated families. The vegetation is dominated, however,
by western wheatgrass (Agropyron amithii), buffalo
grass {(Buchloe dactyloides), and blue grama grass
(Bouteloua gracilia). During the period covered by
the study, precipitation was favorable for vegetative
growth.

Abstract No. 108.

Blair, B. 0. 1949. The ecology of a pasture in the
Dakota sandstone formation in Ellsworth County,
Kansas. HKansas Acad. Sc¢ci., Trans. 52:38-57.

The pasture under consideration was typical of
those found in the Dakota Sandstone Formation. Irregu-
lar terrain, rocky outcrops, and spring-fed streams
were features of the prairie. Three habitats repre-
sentative of the three grass types, shortgrass,
midgrass, and tallgrass were studied.

Abstract No. 109,

Blair, W. F. 1942. Rate of development of young
spotted ground squirrels. J. Mammal. 23:342-343.
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A female spotted ground-squirrel (Citellus
spilosoma major), trapped on the White Sands, Otero
County, New Mexico, was pregnant and on May 1, 1940,
gave birth to six young. Since little was known
about the rate of development of young of this
species, the young were kept under observation at the
Laboratory of Vertebrate Genetics.

Abstract No. 110.

Blair, W. F. 1943, Populations of the deer-mouse
and associated small mammals in the mesquite
association of southern New Mexico. Contrib.
Lab. Vertebrate Biol. (Univ. Michigan, Ann Arbor)
21:1-39.

In the period from March to May 1940 the maximum
population of all small mammals in an area of mesquite
association near Alamorgordo was estimated from live-
trap records to have averaged 3.64 individuals per
acre. The 11 species observed are all rodents. The
home ranges of the rodents living in this desert asso-
ciation averaged larger in size than those of related
forms living in the prairies and deciduous forests
further east in the United States. No evidence of
territorial behavior was discovered in any of the
species. Neither was there any evidence of severe
competition between the several associated species
for either food or home sites. Two closely related
species in each of the genera Dipodomys, Omychomys,
and Peramyscus were members of the mesgquite associa-
tion, and their home ranges often overlapped.

Abstract No. 117.

Biair, W. F., and T, H. Hubbell. 1938. The biotic
districts of Oklahoma. Amer, Midland Natur. 20:
425-545,

Ten biotic districts are distinguishable in Okla-
homa. The Ozark, Ouachita, Mississippi, and Cherokee
Prairie districts are a part of the eastern deciducus
forest. The Osage Savanna district is an area of
transition from the eastern deciduous forest to the
grasslands of the Great Plains. The Wichita Mountain
district is an outlier of the eastern deciduous forest
in the Great Plains grasslands. The Mixed-grass
Plains, Mesquite Plains, and Shortgrass Plains are
biotic districts of the Great Plains grassiands. The
Mesa de Maya district belongs with the southern Rocky
Mountains.

The various districts are distinguishable inter se
by characteristic physiographic features and plant
associations, by characteristic species of Qrthoptera,
by characteristic species and races of mammals, and by
characteristic assemblages of species of Orthoptera
and mammals.

Abstract No. 112.

Blake, A. K. 1935. Viability and germination of
seeds and early history of prairie plants. Ecol.
Monogr, 5(4):405-460,

Seeds of 42 species of plants of tallgrass
prairie were tested for germination by plantings made
in soil. The percentage of germination was ascer-
tained and also the length o% time after planting
before the largest proportion of seedlings appeared.

The seeds were gathered when ripe from plants grow-
ing naturally in undisturbed prairie. A résumé is
given of the environmental conditions under which they
developed and to which germinating seeds and seedlings
were subjected in nature.

Abstract Ne. 113.

Bledsoe, L. J. 1970. ODE: MNumerical analysis for
ordinary differential equations. U.S. IBP Grass-
land Biome Tech. Rep. No. 46. Colorado State
Univ., Fort Collins. 42 p.

ODE (Grdinary Differential Equation) is a general
purpose routine for salving sets of ordinary differen-
tial equations. The equations may be of any
complexity so long as they can be reduced to a first-
order form and the derivatives of the dependent
variables can be calculated in a subroutine given the
present vector of system variables plus time and any
other independent variables. The program requires
that the user write one or more subroutines to evalu-
ate these derivatives. The subroutine to find the
derivatives should be called DER. Other subroutines
which must be provided by the user to perform various
options include INIT, PL1, and DEBUG.

Abstract No. 11k,

Bledsoe, L. J., and D. A. Jameson. 1963. Mode}
structure for a grassiand ecosystem. p. 410-437.
In R. L. Dix and R, G. Beidleman [ed.] The
grassland ecosystem: A preliminary synthesis.
Range Sci. Dep. Sci. Ser. No. 2. Colorado State
Univ., Fort Collins.

This report relates the methods used by the
personnel of the Grassland Biome program for the
initiation of development of a whole ecosystem mathe-
matical model. The form of that model, as it stands
pefore computational or field testing, is set forth.

A section, intended in part to be read by the non-
mathematically inclined scientist, is devoted to the
explanation of notation and mathematical conventions.
The abiotic variables are divided into extrinsic or
driving variables and intrinsic variables such as
environmental temperatures and soil moisture which
are mathematically related to the driving variables.

A relation of photosynthesis to sunlight, temperature,
and soil water and nutrients is derived on the basis
of information in the literature. A series of equa-
tions summarizing inputs and losses from the primary
producer compartment are presented. A general form
for consumer population dynamics in terms of a contin-
wously variable age structure is used. Individual
animal weights are calculated on the basis of esti-
mated food intake and respiration functions. Members
of the detritus food chain are treated in a functional
manner and only nitrogen cyclers are mentioned as an
example. Finally, the close interaction of the four
sections is i}lustrated with three examples of mathe-
matical connections between trophic level variables.

Abstract No. 115.

Bledsoe, L. J., and G. M, Van Dyne. 1963. Evalua-
tion of a digital computer method for analysis of
compartmental models of ecological systems. Oak
Ridge Nat. Lab. (0ak Ridge. Tennessee) TH-2h14.
60 p.
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This report presents results of development and
testing of a FORTRAN program for exploration and
analysis of data from experiments in which the system
may be depicted by a compartmental model. Both real
and artificial data were used to check for rate and
type of convergence toward the minimum sum of squares
of deviations of observed from predicted data values
for each compartment., Data with known degree and kind
of error were generated to simulate various degrees of
noise encountered in real biological data. Results of
these computer studies are presented in graphic and
tabular form, limitations of the program are dis-
cussed, and program and subroutine listings with
directions for use are given in appendices.

Abstract No. 116.

Bledsoe, L. J., and P, P. Sims. 1970. A model for
intraseasonal herbage dynamics, Southwestern and
Rocky Mountain Div, Amer, Ass, Advance. Sci.,
April 22-23, Las Vegas, New Mexico,

A differential equation describing the rate of
change and growth of aboveground biomass of a single
forage species in relation to the environmental vari-
ables of air temperature and soll water is developed.
The purpose is to enable a method of quantitative
analysis for simple range forage production studies
which is connected to other phases of the ecosystem
and is capable of expansion to multispecies and multi=-
trophic level models. The model is modular in the
sense that its complexity can be easily increased or
decreased depending on the detail available in a par-
ticular experimental study. The equations are solved
by numerical analysis and compared with actual data
through a numerical minimization technique to deter-
mine unknown coefficients of the model. The
coefficients are determined so as to minimize the sums
of squared deviations between theoretical and observed
data, The resulting model is used to make some tenta-
tive predictions for seasonal yield and growth
patterns of several sandy plains grass species on the
basis of various hypothesized precipitation regimes.

Abstract Mo. 117.

Bledsoe, L. J., R, C, Francis, G, L, Swartzman, and
J. b. Gustafson. 1971. PWNEE: A grassland eco-
system model. U.S, IBP Grassland Biome Tech. Rep,
No. 64, Colorado State Univ., Fort Collins. 179

p.

The primary objective of Grassland Biome Project
modelling efforts this year {1970) has been to produce
a mechanistic total system model of a grassland eco-
system, The result has been a model which is
mechanistic to the extent that, wherever possible,
the mathematical formulations are analogous, at some
level of resolution, to the functional mechanisms
operating within the system.

The model is primarily designed to describe the
shortgrass prairie ecosystem of the Pawnee National
Grassland, It is designed as a highly modular system
for two reasons: (i) So that individual processes or
mechanisms may be changed as information becomes
increasingly available, and (ii) So that the model
can be used in situations having greater (Pawnee Site)
or lesser (Comprehensive Sites) detail in data and
information.

The current version of the model is in a first-
pass condition, and has not been subjected to
extensive scientific debugging (i.e., the mechanisms
have not been closely reexamined by biclogists).

The model is structured in the following way:
{i) It is a time-dependent biomass model. No spatial
aspects are taken into consideration at present., (i)
The primary equations to be solved make up a series
of first-order differential equations. Thus, the
equations for the principal system variables express
the rate of change of biomass with respect to time.
{iii) The total mode) is made of trophic level sub-
models. Within each trophic level various functional
relations describe the processes.

A set of 46 first-order differential equations
has been developed to describe the abiotic, producer,
consumer, and decomposer components of the ecosystem.
The abiotic section involves driving forces of solar
energy, air temperature, wind speed and precipitation,
and driven variables of microclimatic temperature,
soil temperature, and soil water, The producer bio-
mass is compartmentalized as animal )live material,
animal dead material, and animal fecal material. The
animai live biomass is further subdivided into five
functional groups {wild primary consumers--mammal,
domestic primary consumers--mammal, secondary con-
sumers--mammal, birds, and insects}. The decomposer
compartments are mediated by microbial functional
groups whose activity is in turn controlled by their
biotic and abiotic environment.

Abstract No. 118.

Bledsoe, L. J., and J. D. Gustafson, 197'. Multi-
variate normal data generator. U.S. IBP Grasstand
Biome Tech. Rep. No. 92, Colorade State Univ.,
Fort Collins. 13 p,

This FORTRAN program is designed to generate
vectors of data whose components are distributed
according to the multivariate normal distribution
function with a given mean vector and a given covari-
ance matrix. The data generated can be either printed
on the output unit or punched on Hollerith cards under
program options,

Abstract No. 119,

Bledsce, L. J., D. M. Swift, G, M. Van Dyne, and
J. H, Hughes, 197i. A statistical analysis and
simutation study of the dry weight rank method as
a double-sampling technique for determination of
vegetation composition. Amer. Ass. Advance. Sci.,
Aprit 21-24, Tucson, Arizona,

The dry weight rank method has been used in
several field investigations for determination of
Vegetation composition, The method invalves mathe-
matical treatments of estimates of the ranks of
Vegetation species made by a visuval observer.

In this study data from a wide variety of vegetation
types rangling from old field grassland communities

in Tennessee to salt desert shrub communities in
western Colorado are used to test that technigue.

Hand clipping and separation provide a vegetation
composition estimation used as a basis for comparing
with the dry weight rank method. Cursory examination
of the results indicates that the method is a reliable
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one. Calculation of correlation coefficients and
other statistics seems to support this conclusion.
The method is further analyzed by applying it to
simulated data which has the advantage that the actual
vegetation composition is known. The simulation
studies carried out by computer reveal that the dry
weight rank methed can never result in a reduction in
variance over the estimates made by the hand clipping
and separation technique. Thus, it is of little use
as a double sampling procedure for estimation of vege-
tation composition.

Abstract No. 120.

Bledsoe, L. J., and G. M. Van Dyne. 1971. A compart-
ment model simulation of secondary succession, p.
479-511, In B, C, Patten [ed.] Systems analysis
and simulation in ecology. Vol. I. Academic
Press, New York.

The current trend in environmental biology toward
the use of mathematics, statistics, and computer lan-
guages for description of experimental data raises the
question of whether or not these methods are at vari=
ance with the traditional methods and concepts of
ecology. |s it possible to place early classical
ecological studies in a quantitative framework and
preserve the values therein? |If so, are there advan=-
tages to be gained by a fresh look at classic data
through the viewpoint of a mathematical treatment?

In an attempt to answer these questions, as well
as to provide a starting point for modeling studies
in an important phase of ecology, two classical
studies of succession in abandoned cultivated fields
have been used to develop systems of equations which
reflect the observations and conclusions of the orig-
inal authors, The data which were gathered in the
two studies are primarily semiquantitative in form
and not of a type which readily lends itself to objec-
tive measures of "goodness-of-fit," such as minimum
squared error. MNevertheless, much of the progress in
modern ecology and the understanding of mechanisms of
environmental biology is based upon observations and
data of this type. |f the techniques of systems
ecology are to supplement previous findings of ecole-
gists, they must build upon traditional techniques
rather than seek to supplant them. The main objec-
tive of this chapter is to show that quantitative
methods can be made to intermesh in a workable manner
with qualitative statements of hypotheses. The impor-
tant aspect of a quantitative model is translation of
the verbally stated mechanisr into mathematical form;
use of empirical numerical data to test the model
statistically is only one of several ways of gaining
confidence in its efficacy. We hope to demonstrate
that the techniques of modeling and simulation are
equally applicable to situations invelving nonnumeri-
cal or semiquantitative data,

Abstract No. 121,

Blocker, H. D. 1969. The impact of insects as herbi-
vores in grassland ecosystems, p. 290-29%. In
R. L. Dix and R. G, Beidleman [ed.] The grassland

ecosystem: A preliminary synthesis. Range Sci.
Dep. Sci. Ser, No, 2. Colorado State Univ., Fort
Collins.

Grasshoppers are the only insect group which is
presently known well enough to evaluate in detail
their impact upon grasslands. Life-system studies on

major species are also desirable. Little is known
concerning leafhoppers as herbivores. A population
census is needed before it can be determined which
species of leafhoppers as well as other insect herbi-
vores warrant concentrated ecological study in the
Grasslands Biome. The effect of parasites, predators,
and diseases on herbivores should alsc be considered.
The major literature pertaining to methodology of
ecological research has been surveyed. |t is evident,
however, that existing methods need to be adapted to
suit the grassland environment, and new supplementary
methods must be found. Various methods of population
sampl ing and damage evaluation are discussed briefly.

Abstract No, 122,

Blocker, H, D., and R, Reed. 1971. 1970 insect
studies at Osage Comprehensive Site. U.S., IBP
Grassland Biome Tech. Rep. No. 93. Colorado
State Univ., Fort Collins., 38 p.

Results of 1970 collections of insects at the
Osage Site are summarized. Samples were collected
at approximately two-week intervals through the grow-
ing season, beginning in July, on the grazed and
ungrazed treatment areas.

Abstract No, 123.

Blood, D. A. 1966. The Festuca scabrella association
in Riding Mountain National Park, Manitoba. Ca-
nadian Field-Natur, B0:24-32.

Small areas of fescue prairie occur, apparently as
relicts, in the southwestern portion of Riding Moun-
tain National Park. Vegetation on 16 sample plots was
clipped and weighed by species in July 1963, Festuca
goabrella made up about 43% of the total and about 72%
of the graminoid vegetation, The most important sub-
dominant grasses were Stipa spp. Forbs and shrubs
made up about 30 and 10%, respectively, of total
vegetation.

Compared with data for two Saskatchewan sites, a
greater proportion of Festuca in the graminoid compo-
nent and a greater proportion of forbs in the total
vegetation is indicated, Many areas of natural grass-
land in the Park appear to have degenerated from an
original fescue prairie association to a bluegrass-
dandelion-shrubby cinquefoil association due to heavy
grazing by domestic stock.

Abstract No, 124,

Biumstock, G. 1942. Drought in the U,5, analyzed
by means of the theory of probability. U.5. Dep,
Agr. Tech, Bull, 819. 63 p.

This bulletin develops a statistical method for
the description of occurrence of drought and shows
how drought hazard can be expressed in terms of
probability or chance. Drought occurrence was tabu-
lated for a large number of stations in the United
States for the interval 1898-1937. Length of each
drought was expressed in days, and frequency distribu-
tions were prepared showing the number of occurrences
of droughts of various length. Ffor the purposes of
this study, drought was considered terminated by 0.10
inch or more of precipitation in 48 hours or less.
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Abstract No. 125.

Bocock, K. L., and J. Heath. 1967. Feeding activity
of the millipede Glomeris marginata (Viliers) in
relation to its vertical distribution in the soil,
p. 233-240. In 0. Graff and J. E. Satchell [ed.]
Progress in soil biology, Proc., Colloquium
Dynamics Soil Communities (Amsterdam).

Detailed quantitative data on seasonal changes in
the feeding activity of the millipede Glomeris
marginata (Villers) are not available. As part of
recent studies on the role of Glomeris in woodland
soils we determined seasonal changes in the type and
amount of food in the gut and the percentage of ani-
mals with gut contents. To enable us to determine
indirectly the period when Glomeris is feeding, these
data are compared with changes in (i} the vertical
distribution of Glomeris and (ii) soil temperature.
The technique which we used to estimate gut contents
is described and its applications are discussed.

Two sites were used in these studies. The first
was in mixed deciduous woodland on a very stony base-
rich soil at Merlewood Research Station. A similar
site was used in Heaning Wood, 3 km from Merlewood.

Abstract No. 126,

1969. Wind train-
Southwestern Natur.

Bogan, M. A., and T. R. Mollhagen.
ing in some prairie trees.

14{1) :134-136.

Prairie trees are typically found in open stands,
and to our knowledge no quantitative studies have
been done on their crown asymmetry. The present study
" on the nature of this asymmetry is an attempt to fitl
the void,

Abstract No, 127.

Bond, R. M.
sion.

233.

1945, Range rodents and plant succes-
North Amer., Wildlife Conf., Trans, 10:229-

A few recent studies, and some unpublished obser-
vations, make it appear possible that small mammals
of the range may exert enough preferential pressure
on range vegetation to help speed up plant succession,
and therefore range improvement, since range is
usually most productive at or near the climax stage.
The different mammalian groups considered separately
are: Prairie dogs, ground squirrels, pocket gophers,
kangaroo rats, pocket mice, white-throated wood rat,
and jackrabbits,

Abstract No. 128.

Borham, C. D. 1971. A computer program for mapping
ecological data, Range Sci. Dep., Sci. Ser. Mo, 9,
Colorado State Univ., Fort Collins. 45 p.

In ecological disciplines the major objectives for
using operations research include: evaluation, opti-
mization, and control of manipulative processes,
Ecological evaluation problems arise, for example, in
the assessment of availability of vegetation resources
while optimization problems arise in the development
of a management plan to use the vegetative resource.

Control problems arise when consideration is given to
the efficient application and successful operation of
a management scheme designed especially for the ecolog-
ical system, Hajor disciplines which are applicable
to the solution of these problems inciude: ecology,
statisties, systems analysis, and operations research.
Computer mapping techniques have proven useful in
solving problems existing in several disciplines and
can be used for ecological evaluation purposes, deter-
mination of optimization procedures, and to control
management procedures in ecological systems. To date
these computer mapping techniques have not been ap-
plied extensively to the study of ecological systems.

Computer mapping refers to presenting displays
of response surfaces or contouring ecological vari-
ables of interest. These procedures are analogous to
drawing in elevation contour lines for topographic
maps and can be used to display ecological variables
by levels over a particular geographic region.
Specifically, we may be interested in studying the
aboveground standing crop and its characteristics
over a given area. The use of computer contouring
techniques is one approach that is avaitable for this
purpose. This procedure is useful for obtaining
samples from a region and interpolating between each
of the sample points.

Abstract No. 129,

Booth, W. E. 1941. Algae as pioneers in plant suc-
cession and their importance in erosion control.
Ecology 22(1):38-46.

1. Several species of sof) algae, belonging to
the Myxophyceae, constitute an initial stage in plant
succession by the formation of a complete algal layer
over hundreds of acres of badly eroded land in the
south-central United States. The decided prominence
of this plant cover may last for many years unti)
higher perennial plants are able to form an abundant
ground cover.

2. The rate of infiltration of water into the
soil is not slowed down by the algal stratum, with
exception of one stratum type, in which there is a
slight retardation for about the first 7 mm of water.

3. Soil losses from plots with the protection
afforded by an algal stratum were greatly reduced as
compared with the losses from bare areas. The algal
resistance to erosion is apparently the result of
binding the surface particles of scil into a non-
erosible layer which is also very effective in
breaking the force of falling water.

L. Somewhat inadequate tests indicate a higher
water content in the top inch of soil which has had
the protection of an algal layer, as compared with
bare soil.

Abstract No. 130.

Booth, W. E. 1941. Revegetation of abandened fields
in Kansas and Oklahoma. Amer. J, Bot. 28:415-422.

An extensive field survey accompanied by a botani-
cal analysis has been conducted in an attempt to
determine the course of natural plant succession on
abandoned crop land.
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The fields examined were in east-central Oklahoma
and southeastern Kansas., This area includes two dis-
tinct vegetation types, savanna and prairie.

The sequence of the stages of plant succession is
as follows: weed, annual grass, perennial bunch
grass, fully-developed prairie. Under favorable con=
ditions the weed stage lasts for 2 years, the annual
grass from 3 to 13 years, and the bunch grass for an
undetermined length of time. The oldest abandoned
field examined in this stage was 30 years old, and
it did not appear to be nearing the fully-developed
prairie stage.

Heavy pasturing and burning are a hindrance to
plant succession and may cause the fields to remain
unproductive much longer than would otherwise be
necessary.

Certain blue-green algae play an important role
in the prevention of soil erosion and may thus compen-
sate for the inadequacies of the seed plants.

Plant succession can be stimulated by cultural
practices such as terracing and contour furrowing.

Natural revegetation of gullies should not be
relied upon. The control of gullies, by methods in
accordance with land values, should be practiced
before the injury to future forage production is
excessive,

Abstract No. 131.

Borchert, J. R. 1950. The climate of the central
North American grassland. Ann. Ass. Amer. Geogr.
40(1) :1-39.

The steppes of the Great Plains and the Prairies
of the mid-West have long been of interest to scholars
in many fields because of the significance of those
regions in the white settlement of Anglo-America. The
physical aspects of the Grassland alone have provided
the topics for an enormous number of studies. In the
natural sciences the explanation of the geographical
distribution of the original grass vegetation has long
been an enigma. This has been particulariy true of
the prairies.

One important segment of the knowledge which will
lead to an understanding of the distribution of origi-
nal grassland is an understanding of the distinctive
climatic characteristics of the region and of their
significance to wild vegetation, The present paper
is added to the vast literature already published
primarily as a contribution to the regional climatol-
ogy of the Grassland, The ecolegical literature is
reviewed very briefly to show how the findings of the
Grassland ecologists fit the facts of the present
climatic pattern of the region and to complete the
background for a discussion of the prehistoric cli-
mate. 1t is hoped that the study will lead to a
better understanding of the role of climate in
determining the regional pattern of the original
grassland east of the Rockies in Anglo-America.

Abstract No. 132.

Botkin, D. B., and C. R, Malone. 1968. Efficiency
of net primary production based on light inter-
cepted during the growing season. Ecology 43(3):
438-Lik .

Net primary production of a !-year-old field on
the New Jersey Piedmont was 1.0B kcal/cm? or 10% of
the radiant energy (0.4-0.7 u) intercepted by the
vegetation from the last spring frost to the latest
date a dominant producer reached its peak standing
crop biomass; 3.8% of the energy available above the
vegetation during the same period: 7.5% of the energy
intercepted from the last spring frost to the first
fall frost; 3.1% of the energy available above the
vegetation during this period; and 1.8% of the energy
available yearly. These results are among the first
direct determinations of efficiency of net primary
production based on interception of radiant energy
under field conditions. Interception, the difference
between radiant energy available above and below the
vegetation, was measured with the Yellott solarimeter,
whose small size made possible below-vegetation mea-
surements with minimum disturbance to the cover. Net
primary production for shoots was determined on a
species basis by the short-term harvest method. Root
production was estimated on a community basis by ex-
tracting roots from soil samples by a soil-dispersion
and chemical flotation technique.

Abstract No. 133.

Boulette, E. P., III, R. C. Porter, and R. W. Gorden.
1971. Microbial measurements at the Pantex Site,
1970. U.S. IBP Grassland Biome Tech. Rep. MNo. an,
Colorado State Univ., Fort Collins. 16 p.

A study of microbial populations and decomposition
of the shortgrass prairie was started in May of 1970
supported by IBP on the Pantex Site. The study was
to be conducted in two parts: first, a study of the
viable bacterial population over a period of time
using the standard plate count technique, and second,
a study of microbial decomposition using the litter
bag method.

Abstract No. 134,

Bourliére, F., and M, Hadley. 1970.
tropical savannas, p. 125-152.
[ed.] Ann. Rev. Ecol. Syst. 1.

The ecology of
In'R. F. Johnston

At the present time there is no consensus regard-
ing either the origin or the classification of
savannas; and, given the obvious space limitations of
this review, no purpose would be served by detailing
the data and opinion currently at hand. Much of this
information is, moreover, already available in the
Proceedings of the 1GU Humid Tropics Commission Sympo-
sium on the Ecology of the Forest/Savanna Boundary.

For the purpose of this review, the term sauanna
is used in its broad sense to refer to a tropical
formation where the grass stratum is continuous and
important, but occasionally interrupted by trees and
shrubs; the stratum is burnt from time to time, and
the main growth patterns are closely associated with
alternating wet and dry seasons. Given this broad
description and the many millions of square kilometers
covered by such formations, a short review must ob-
viously concentrate on particular geographic areas
and specific directions of study. From the area view=
point, therefore, major attention will be paid to
Africa and, more particularly, to West Africa. The
alm is to draw attention to some of the as yet
limited quantitative data on the producers and con-
sumers of savanna areas with a view to highlighting
some aspects of the functioning of savanna communities
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and suggesting some likely directions for future
study.

Abstract No. 135,

Bouyoucos, G. J. 1922. Relation between heat of
wetting, moisture equivalent, and unfree water,
Soil Sci. W:431-434,

In this paper are presented the results of an
investigation conducted to ascertain the relation-
ships that exist between heat of wetting, unfree
water, and moisture-equivalent of soils, The experi-
mental results show that there is a close and
consistent relationship between the heat of wetting
and the unfree water, but there appears to be no
close and regular relationship between the heat of
wetting and moisture-equivalent or between unfree
water and moisture-equivalent.

Evidences obtained go to indicate that the
moisture-equivalent method does not give a true and
absolutely equivalent moisture in all of the various
soils. Some of the fine textured and colloidal soils
contain considerably more moisture than their true
moisture-equivalent.

Abstract No. 136,

Bouyoucos, G. J. 1929. A new, simple, and rapid
method for determining the moisture eguivalent of
soils, and the role of soil colloids on this
moisture equivalent. Soil Sci. 27:233-241,

A new method has been developed for determining
the moisture equivalent or comparative moisture hold-
ing power of so0ils,

The principle of this method |s based upon the
pulling of water from the soil by vacuum pressure
forces instead of by centrifugal forces.

The method is simple, rapid, accurate, reliable,
and infinitely more available than the centrifugal
me thod.

The results obtained by this method show that
there is a remarkably close relationship between the
moisture equivalent and the colloidal content of soils
as determined by the hydrometer method. There is,
however, no relationship between coarse silt and sand
and the moisture equivalent.

It is shown that the moisture eguivalent or compar-

ative moisture-holding powers of the different soils
can be indirectly determined by the hydrometer method,

It is also shown that the hydrometer method may
be used to obtain ''single value'" factors for summar-
izing the various physical properties of soils.

The hydrometer method has inherently great possi-
bilities for the study of soils.

Abstract No. 137.

Box, T. W. 1959. Density of plains wood rat dens on
four plant communities Tn south Texas. Ecology
ho(4):74-715.

Density of wood rat dens appeared to be closely
associated with overhead cover. Greatest density
occurred in prickly pear communities, lesser numbers
in chaparral communities; dens were essentially lack-
ing in running mesquite communities, and houses were
absent from true prairie communities.

Abstract No. 138,

Box, T. W. 1967. Influence of drought and grazing
on mortality of five west Texas grasses. Ecology
48:654-656,

Significantly more plants of silver bluestem
{Andropogon saccharoides Swartz.), sideoats grama
{Bouteloua ourtipenduia (Michx.) Torr.), sand
Yovegrass (Eragrostis trichodes (Nutt.) Nash),
switchgrass (Panicum virgatum L.), and Indiangrass
(Sorghastmm nutans (L.) Nash) died on Brownfield
fine sand, eroded phase, grazed pastures, than on
adjacent ungrazed areas, during a recent 4-year
drought, although grazing pressure was light. The
majority of ungrazed plants had either normal or hol-
low growth forms. Grazed plants commonly had only a
small amount of living material along one edge., Size
of clone and percentage of dead material in clones
were positively corretated (P < .01} in grazed side-
cats grama and sand Tovegrass plants and negatively
refated (P < ,01) in ungrazed plants.

Abstract No. 139.

Brandherst, C. T. 1943, A study of the relationship
existing between certain insects and some native
western Kansas forbs and weedy plants. Kansas
Acad, Sci., Trans, 46:164-175.

In this study 10 native prairie plants have been
examined as collected from 15 areas in western Kansas.
These were found to be hosts to a large population of
insects. OFf these 46 were studied, The rate of
infestation was found to vary from .45 to 68%. Sev-
eral insects were found effective checks of their host
plants, while the majority seemed to exert little
effect upon them. The distribution of the insects
was found to vary from a single area to eight loca-
tions as widely separated as Phillipsburg, Quinter,
Hoxie, and Ness City.

Abstract No. 140.

Branson, F. A. 1942, A preliminary report on the
insect orders found in various grasstand habitats
in the vicinity of Hays, Kansas. Kansas Acad.
Sci., Trans. 45:189-194,

The purpose of this paper is to present some
tentative results of entomological work done at Hays,
Kansas during the year of 1941, The results obtained
will be supplemented by future work. One of the new-
est fields in entomology is that of the ecological
relationships of insects to the plants upon which
they live. This field is of economic importance and
reveals that Insects are one of the most destructive
competitors of livestock for our native range. The
present study has been made to determine what insect
groups attack our native vegetation and the relative
abundance of each group.



Abstract No. 141.

Branson, F. A. 1953. Two new factors affecting
resistance of grasses to grazing. J. Range
Manage. 6:165-171,

Two factors affecting resistance of grasses to
grazing were studied for eight species of grass in
the dissected loess plains of central Nebraska.
Heights of growing points and the ratio of fertile
to vegetative stems were studied in switchgrass,
western wheatgrass, little bluestem, big bluestem,
Kentucky bluegrass, buffale grass, blue grama, and
side-oats grama. In general, the grasses in which
the growing points reached a height that permitted
their removal by grazing decreased as intensity of
utilization increased, but grasses with growing
points at the ground level usually increased. Also
species with a high ratio of flower stalks to vege-
tative stems usually decreased in heavily grazed
ranges.

Abstract No. 142,

Branson, F. A. 1956. Quantitative effects of clip-
ping treatments on five range grasses. J. Range
Manage. 9:86-89.

Root and shoot production was studied in five
western range grasses subjected to three clipping
intensities. Growth of both roots and shoots was
inversely proportional to the intensity of clipping.
However, root production was more detrimentally
affected than top production. In all species the
numbers of culms were greatest under the least severe
of the clipping treatments.

In the five species the growing points (apical
meristems) of only two species, western wheatgrass
and bluebunch wheatgrass, reached a helght that would
permit their removal by grazing.

Abstract No. 143,

Branson, F. A. 1956. Range forage production changes

on a water spreader in southeastern Montana. J.
Range Manage. 9({4):187-191.

Yields, vegetational changes, and chemical compo-
sition of plants and soils were studied on a water
spreader in southeastern Montana. Yields were 2.6
times greater on the water spreader than on the con-

trols. Basal area increased considerably on the water

spreader, on dikes, and in borrow pits. The most
striking vegetational c¢hanges on the spreader were a
decrease in aerial and basal cover of big sagebrush
and pricklypear cactus and an increase in foxtail
barley.

In general, the protein, phosphorus, and calcium

contents of plants from the water spreader were higher

than in plants from the controls.

Soil analyses indicated that the water spreader
was a slightly more favorable site for plant growth
than were the controls.

Abstract No. 14k,

Branson, F. A., and J, E. Weaver. 13953. Quantitative
study of degeneration of mixed prairie. Bot. Gaz.

114:397-416.

An extensive area of Mixed Prairie in the loess
hills of central Nebraska was studied to ascertain
the degree of degeneration that had resulted from long
periods {60 to 70 vears) of grazing.

Abstract No. 145,

Branson, F., A,, R, F, Milfer, and 1. S. McQueen.
1962. Effects of contour furrowing, grazing
intensitles, and soils on infiltration rates,
50il moisture, and vegetation near Ft, Peck,
Montana. J. Range Manage. 15(3):151-158.

An area near Fort Peck, Montana was contour fur-
rowed and seeded to crested wheatgrass. After 10
years vegetation measurements were made to determine
the consequences. Three grazing intensities and two
s0il conditions were alsc available for study.

Abstract No. 146,

Branson, F. A., R, F. Miller, and |, §, McQueen.
1964, Effects of two kinds of geological mater-
ials on plant communities and soil moisture, p.
165=175, In M, Stelley [ed.] Forage plant physi-
ology and soil-range relationships. Amer. Soc.
Agron. Spec. Pub, 5:1-250,

Plant communities and some causal factors were
studied on a stony soil and an adjacent soil derived
from the Pierre Shale, The area investigated is 8
miles north of Golden, Colorado, at approximately
6,000 feet altitude. Average annual precipitation is
15.2 inches.

Vegetation contrasts on the two soil conditions
are great. The three dominant perennial species on
the soil derived from Plerre Shale were buffalo grass,
blue grama, and western wheatgrass, all of which are
characteristics of the mixed prairie association of
the Great Plains. True prairie species characteristic
of prairies of the Midwest (big bluestem, little blue-
stem, indian grass, switchgrass, and prairie dropseed)
were present in significant amounts on the stony soil;
however, most of the other species were montane. Some
of the montane species were mountain muhly, sandwort,
and beardtongue. More than twice as many species
occurred on the stony soil as on the shale-derived
soil,

The greater availability {lower tensions) of soil
water in the stony soil appears to be the primary
cause of the large number of species and generally
more mesic flora, Infiltration rates were highest on
the stony soll.

Chemical analyses of the stony and shale-derived
soils and assocliated plant species exhibited some
interesting anomalties. Although the stony soil con-
tained less zlnc, potassium, sodium, and sulfate,
plant species from the stony soil contained targer
quantities of these nutrients. The higher pH in the
shale-derived soil (7.1 as compared to 6.0 to 6.3)
and larger quantities of montmorillonitic clays may
have reduced the availability of these nutrients to
plants.
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Abstract No. 147.

Branson, F, A,, R, F, Miller, and |. S, McQueen.

1965. Plant communities and soil moisture rela-
tionships near Denver, Colorado. Ecology 46:
311-318.

Plant communities and some causal factors were
studied on a stony soil, on pebble mounds on stony
soil, and on an adjacent soil derived from the Pierre
Shale in an area 14 miles northwest of Denver,
Colorade, at approximately 6,000 ft altitude. Average
annual precipitation is 15,2 inches. The three domi-
nant perennial species on the soil derived from
Pierre Shale were buffalo grass, blue grama, and
western wheatgrass, all of which are characteristic of
the mixed prairie association of the Great Plains.
True prairie species characteristic of prairies of the
Midwest, big bluestem, little bluestem, Indiangrass,
switchgrass, and prairie dropseed, were present in
significant amounts on the stony soil; however, most
of the other species were montane. Some of the mon-
tane species were mountain muhly, sandwort, and beard-
tongue., More than twice as many species occurred on
the stony than on the other two scil conditions.

The great availability (lower tensions) of soil
water in the stony soil appears to be the primary
cause of the larger number of species and generally
more mesic flora., Infiltration rates were highest
on pebble mounds and stony soil. Although the stony
soil contained tess zinc, potassium, sodium, and sul-
fate, plant species from the stony soil contained
Yarger quantities of these nutrients. The higher pH
in the shale-derived soil (7.1 as compared to 6.0-6.3)
and larger quantities of montmoriilonitic clays may
have reduced the availability of these nutrients to
plants.

The presence of vegetation on pebble mounds that
indicates either disturbance or droughty conditions
is attributed to the activities of the mountain pocket
gopher. Species prominent on mounds were cheatgrass,
sixweeks fescue, ragweed, and hairy goldaster. Simi-
lar soil water conditlons in mounds and in stony soit
indicate that the two s0ils should have the same kind
of vegetation if disturbance is not a factor, Evi-
dence suggests that pocket gophers may be the causal
factor for both the mounds and the subclimax vegeta-
tion on mounds,

Abstract No. 148,

Branson, L. R. 1941, Ap analysis of seed production
of native Kansas grasses during the drought of
1939. Kansas Acad. Sci., Trans. 4h:116-125.

The purpose of the study was to determine the pro-
duction of caryopses in the native grasses of Kansas
during the drought of 1939. Samples of native grass
seed were collected from all the grass regions of the
state of Kansas. These samples were analyzed to
determine the percent of perfect and pistillate
florets containing caryopses.

The methods of recording the seed set of the
native grasses studied was the percent of caryopses
per hundred florets. Although this method of record-
ing seed set has been used but very little in the
past, its use by investigators should clarify the con-
fusion that now exists in literature pertaining to the
production of caryopses by native grasses.

This study indicated that the production of cary-
opses by native grasses correlated with the available
soil water during the period of flowering and seed
maturing and that other climatic factors were indica-
tors of caryopses production to whatever extent they
affected soil water,

Abstract No. 149.

Bray, J. R. 1960. The chlorophyll content of some
native and managed plant communities in central
Minnesota. Canadian J. Bot. 38:313-333,

Concentration of chlorophyl! per unit area of land
surface was measured for six forests and 13 native and
managed herbaceous stands in central Minnesota. Chlo-
rophyll samples were extracted in acetone and in ethy!
ether, and spectrophotometric analysis made of chloro-
phyll 2z and b content, Wet and ovendry weights of the
aboveground crop were determined.

A highly significant correlation was found between
the dry weight of the aboveground crop of the annual
herbaceous stands and the chlorophyll content of these
stands. All stable natural herbaceous stands had an
approximately similar ratio of chlorophyll to the dry
weight of aboveground parts.

Chlorophyll content in grams per square meter of
land surface along an upland gradient fram field crop
through native communities of increasing age or suc-
cessional development or both was Zea mays (2.7),

Soja max (0.9), younger to older successional stages
of old field {0.3 to 0.6), native prairie (0.7}, xeric
(more open) savanna (0.6), mesic (less open) savanna
(1.0), conifer-hardwood forest (3.1}, Chlorophyll
content for a pond hydrosere from the Nymphaea odorata
margin through Carex lasiocarpa mat to Chamaedaphne
calyculata shrub and Larix lariecina forest increased
from 0.3 to 1.4 g/m?, Values for a younger and older
Populus tremuloides lowland grove were 1.7 and 5.9 and
for a Typha marsh were 4.6 g/m?.

These data showed a tendency for later succession-
al stages to exceed earlier stages, for some lowland
stands to exceed upland stands, for forest to exceed
herbaceous communities on a given moisture level, and
for field crops to exceed prairie and old field. The
upland old fleld to forest sequence and the lowland
Kymphaea to Larix sequence had similar chiorophyll
contents for a given stage of successional develop-
ment, There was a highly significant positive
correlation between chlorophyl) comtent and height of
the arboreal stands and a significant positive corre-
lation between chlorophyl]l content and herbaceous
stand helght,

A significant difference in chlorophyll content
was found between all stands with three or more sample
plots, except those with closely correspondent mean
values, The maximum difference between stands was
twentyfold, which does not support previous studies
which have suggested a similarity of chlorophyll con-
tent in diverse communities.

Chlorophyll concentrations and wet and dry weights
per various plant parts are presented for the seven
tree samples and the presence of chlorophyll in other
than leaf parts emphasized.
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Abstract No. 150.

Bray, J. R. 1963.
of net productivity.

Root production and the estimation
Canadian J. Bot. 41:65-72,

Data on the net production of ovendry organic
matter from 28 temperate angiosperm herbacecus species
and 4 temperate arboreal species were analyzed to
determine the relationship between belowground and
aboveground yearly increment. Mean yearly net herba-
ceous production {t/ha) was 3.9 for belowground parts,
5.9 for aboveground parts, and 9.8 total. Mean yearly
net arboreal production (t/ha) was 1.9 for belowground
parts, 8.9 for aboveground parts, and 10.8 total,

The mean belowground/aboveground ratio and mean
belowground production was significantly higher for
herbaceous species. Mean aboveground production was
significantly higher for arboreal species. There was
no significant difference between total herbaceous and
total arboreal production. Productivity comparisons
based only upon aboveground parts are likely to be
biased in favor of arboreal species.

In herbaceous species, root production decreased
with age and increased from fruit crops to root and
tuber crops, and the belowground/aboveground ratio
increased from moist to mesic to xeric species. Arbo-
real species were uniform in belowground/aboveground
ratios.

Abstract No. 151.

Bray, W. L. 1906. Distribution and adaptation of
vegetation of Texas. Texas Univ, Bull. 82,
108 p.

The preparation of this bulletin was begun under
the stimulus of desiring to present to the teachers
in the public schools of Texas a point of view from
which to study the vegetation of the state. The aim
is not to supptant other phases of botanical study,
but to supplement them. Nor is the bulletin addressed
solely to teachers in public schools, but to teachers
in all schools and to the larger public which may wish
to enlarge its knowledge and appreciation of the
varied and interesting vegetation of our state's vast
area.

We are to consider in this bulletin the vegetation
of Texas as a whole from the standpoint of its rela-
tion to environment. We are wont to speak with
enthusiasm about the great diversity of climate, of
soils, and of physiographic features in Texas. This
diversity is measured in terms of the plant life which
has adapted itself to these diverse conditions. The
densely luxuriant forests of east Texas and the desert
vegetation of cacti agaves, yuccas, and greasewcod of
the Great Bend of the Rio Grande are the extremes of
this measure.

Mention of these extreme types of vegetation sug-
gests that we have before us these three questions:
first, the adaptation of the individual plant or
species to its environment; second, the association
of plants together thus constituting types of vegeta-
tion; third, the geographical distribution of these
types of vegetation over the state.

Abstract No. 162,

Breazeale, J. F,, and F. J. Crider. 1934. Plant
association and survival, and build-up of moisture
in semi-arid soils. Arizona 2gr. Exp. Sta.

Tech. Bull. §3:93-123.

This bulletin presents the results of experiments
covering a period of several years upon moisture
translocation by plants, plant association, and plant
survival in dry-land soils. !t has been shown:

1. That roots of certain plants are able to
penetrate scoils that are below the wilting point.

2. That plants are able to absorb moisture from
one soil horizon, where it is available, and to
transport this molsture and exude it into another
soil horizon where it is scarce.

3. That a certain amount of dependence of one
plant upon another may exist in nature in relation
to thelr moisture supply. A deep-rooted plant may
absorb moisture from the subsoil, transport this and
exude it into the surface soil where a shallow-rooted
plant may absorb it and thus tide over periods of
stress.

4. That certain dry-land plants can endure
drought as long as they are able to exude water which
has been stored up in their tissues and thus maintain
the soil in close contact with their roots at the
wilting percentage.

Abstract No. 153,

Breckenridge, W. J. 1935. A bird census method.
Wilson Bull, 47(3):195-197,

During the course of an ecological study of the
Marsh Wrens in a limited area in eastern Minnesota,
the writer found it desirable to ascertain something
regarding the populations of other birds breeding on
the same area.

The observer, traversing the section along compass
lines, ldentified each Individual bird, as far as was
possible, as it was encountered and recorded the spe=
cies and the approximate distance in steps from the
compass line from which it was seen. These traverses
were made during the morning and evening hours when
the birds were most active,

The securing of the total population was the
primary object in the present study. In order to
obtain this, the total number of birds flushed at
each of the indicated distances from the compass
line was determined and plotted as an cpen bar. It
was assumed that some error occurred in estimating
these distances. Accordingly these errors were cor-
rected by distributing the records over ranges, and
the result presented a fairly accurate picture of the
actual distribution of the birds flushed. A number
of individuals walking close together might materially
reduce the error from this source. The results
arrived at in the above manner must be taken as
minimum populations.
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Information regarding the actual and relative
abundance of the more common species was also secured
from the above-mentioned data. Figures similar to
the one constructed for the total population were
drawn up for the more abundant species separately. A
limit was set in each case beyond which the records
began to definitely decrease. The number of birds
was determined within this limit, and from this the
species totals for the square mile were calculated.
This method of determining actual bird populations,
like all other methods, is open to criticism at
various points.

Abstract MNo. 154,

Bredemeler, L. F. 1958. Measurement of time and
rate of growth of range plants with application
In range management. J. Range Manage. 11(3}):
119~122,

Aerial length measurements of grasses were made
over 2 years. Agropyron smithii and Stipa eamata
made some growth during the winter. The main growth
of these grasses and of Bouteloua curtipendula,
Andropogon scoparius, and Calamovilfa lomgifolia
began at roughly the same time and was made within
3 months so that maximum elongation was reached at
about the same time. Seasonal variations in amount
and time of rainfall had little influence on linear
growth.

Abstract No. 155.

Brehm, C. D. 1955. Which way blows the wind? 1.5,
Soil Conserv. Service, Soil Conserv. 20:246-248,

Wind erosion of soil may result from a single
cause, or fream a combination of many factors. It is
egually true that the control of wind erosion may be
effected by a single practice, or under other condi-
tions require multiple practices and combinations.
Thus, are posed many interesting questions.

When we have a full understanding of particle
sizes, soll erodibility, surface condition, vegetative
cover, and wind velocities—-do we have all the answers?
Generally, yes. Would a knowledge of damaging wind
directions be helpful? Are data on prevalling wind
directions satisfactory information for predictions
as to the direction from which damaging winds will
appear? For the last two answers, it appears that
we need more data to go on than is now at hand. Wind
directions also are important when wind strips or
shelterbelts are used as a control measure.

This study of monthly maximum windstorms (wind
velocities of 15 miles or more and durations of 2
hours or more) and thelr directions of flow indicates
a need for additiona) detatled data. 1t can be seen
that further consideration of high velocity windstorms
should be given in both the planning and application
of conservation practices. Hile-hour and directional
data on all high velocity windstorms ultimately may
be the best method for determining directional control
of soil erosion by wind.

Abstract Nao. 156.

Brehm, C. D., and H. E, Malmsten. 1954.
furrows on pasture and range land.
Water Conserv. 9{3):111-114,

Contour
J. Seil and

Contour furrows were plowed on thousands of acres
of western rangeland during and immediately following
the great drought of the "thirties.,"

Overgrazing and drought combined had greatly
reduced or eliminated the soil-protecting mantle of
grass. These conditions and the resultant accelerated
runoff and erosion created a need for conservation
practices that would hold water on the land. Contour
furrows were found to be one of the effective prac-
tices for this purpose on range and pasture land.

Abstract No. 157.

Brennan, L. A. 1932,
I. The prong-horned antelope.

Mammal extinction in Kansas:
Aerend 3.

A general survey of the early history of the
prong-horned antelope in Kansas.

Abstract No. 158.

Brennan, L. A. 1934. A check list of the amphibians
and reptiles of Ellis County, Kansas. Kansas
Acad, Sci., Trams. 37:189-191,

During the years 1931-1934 the writer has made a
study of the amphibian and reptilian fauna of Ellis
County, Kansas. The specimens collected have been
placed in the Department of Zoology of the Fort Hays
Kansas State College, Hays, Kansas.

Abstract No. 159.

Brennan, L. A. 1937. A study of the habitat of the
reptiles and amphibians of Eilis County, Kansas.
Kansas Acad. Sci., Trans. 40:341-347.

A description of the seven habitats present,

together with the numbers and kinds of these animals
present in each, '

Abstract No. 160.

Brian, M. V. 1965,
Academy Press, New York.

Social insect populations.
135 p.

This book is an attempt to bring together a large
number of disconnected observations on populations of
social insects and to encourage a comparative approach
in the future. Population is simply one of several
possible measures of the status of a species; it is
naturally influenced In many ways, and It would be
easy to extend the scope of this book to cover a much
larger part of the biology of social insects. This
has, however, been avoided as far as possible, for
such important subjects as foraging and feeding
behavior or caste determination have recently been
thoroughly reviewed by others,

In this review, after enumerating some actual
densities, the development of populations is con-
sidered, first in an ideal environment, then in
progressively more realistic ones. In the last sec-
tion a tentative consideration of the population
control of a few selected species is attempted.
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Abstract No. 161.

Brinegar, T. E., and F. D. Keim. 1342. The relations
of vegetative composition and cattle grazing on
Nebraska range land. Nebraska Agr. Exp. Sta.

Res. Bull. 123. 39 p.

The objectives of this study were: to obtain an
analysis of the vegetation of tall and short grass
rangeland, to observe the activities of cattle on the
range, and to determine the effects of grazing upen
the vegetation.

It was noted that in the sandhills there was a
great diversity of vegetative types. In order of
decreasing forage production per acre, these types
were: wet meadow, dry meadow, salt grass, dry valley,
and dune sand.

The hardland region dominated at present by short-
grasses was an area with very uniform vegetation.
There were no distinct vegetative types such as those
of the sandhills. One reason for this uniformity of
the hardlands was the wide occurrence of blue grama.

The factors of temperature, wind, cloudiness, or
other climatic factors seemed to have little or no
direct effect upon the activities of the cattle.
Neither the rate of stocking nor the type of forage
produced had any great effect upon the total hours
spent in grazing and resting; but the cattle grazing
on the hardlands (irrespective of rate of stocking)
grazed and rested for shorter perfods than did herds
in the sandhills. Thus the length of the grazing and
resting cycles seems to be affected by the difference
in the type of forage upon which the cattle graze,

The effects of grazing upon the vegetation were
studied by an analysis of the grazing zones of each
pasture. These zones showed that nearest the water-
ing place there was much disturbance by trampling
and overgrazing. The zone nearest the water may be
likened to an overgrazed pasture, the zone at an
intermediate distance to a moderately grazed area,
and the zone near the pasture boundary to a lightly
grazed pasture. The various pastures studied showed
that after several years of this overgrazing near the
windmill the vegetative composition became drastically
changed, resulting in the invasion of unpalatable
weeds in the abused areas. |t appears that a great
change in vegetative composition Is usually the result
of several years of abuse, while the difference in
the percentage of utilization in the various zones
may be an index to present use.

Probably the most serious factor in the deteri-
oration of the sandhill ranges is the improper
distribution of grazing animals over the range area,
resulting in extreme overgrazing on parts of the range
and undergrazing on other parts. This is also a seri-
ous problem in the hardland pastures.

The final aim in range research should be to dis-
cover means of securing the essential facts for a
better range management program. Probably the three
most essential elements in a management program should
be: (i} proper season of grazing by the kind of live-
stock best suited to the area, (ii) use of proper
number of animals, and (iii} satisfactory distribution
of livestock over the range area.

Abstract No. 162.

Bronson, F. H., and 0. W. Tiemeier. 1959. The rela-
tionship of precipitation and black-tailed
jackrabbit populations in Kansas. Ecology L0(2):
194-198.

Data are presented on the changes in numbers of
btack-tailed jackrabbits on a study area in relation
to the termination of a 5-year drought. The data
were collected during the period July 1956 to November
1957 in the Arkansas River valtley and the sandhills
of east-central Kearny County, Kansas.

An inverse relationship between the monthly pre-
cipitation and the abundance of jackrabbits was
indicated for the study area located in the edge of
the sandhill region. When drought and overgrazing
depleted the food supply in the hills, the jackrabbits
migrated to the edge of the hills in search of food.
When the drought ended and food was again available,
the jackrabbits dispersed throughout their normal
range. Field observations indicated that north of
the Arkansas River valiey jackrabbits concentrated
because of a tack of suitable daytime resting habitat.

Abstract No. 163.

Brougham, R. W. 1956. Effect of intensity of defoli-
ation of regrowth of pasture. Australian J, Agr.
Res. 7:377-387.

A pasture association comprising short-rotation
ryegrass, red clover, and white clover was subjected
to three different intensities of defoliation by cut-
ting down to 1, 3, and 5 inches.

At h-day intervals over a period of 32 days,
measurements were taken of herbage dry matter yield,
the leaf area per unit area of ground, and the percen-
tage of light penetrating to a tevel 1 inch above the
ground surface.

Where pasture was defoliated to 1 inch, light
interception was almost complete (95% or over) approx-
imately 24 days after cutting, whereas pastures
defoliated to 3 inches and 5 inches intercepted almost
all the incident light 16 and L4 days after cutting,
respectively.

At these stages of growth the leaf area was
approximately 5 square feet per square foot of ground
and the herbage yield approximately 1450 1b dry
matter per acre, regardless of treatment.

The rate of pasture growth increased until
complete light Interception was approached, and there-
after an almost constant maximum rate was sustained.

Leaf efficiency (the rate of increase of herbage
dry weight per unit area of leaf) was greatly influ-
enced by Intensity of defeliation. - Efficiency was
initially lower following severe defoliation than
following less severe treatment. |t increased rapidly
to a maximum and thereafter declined gradually.
Maximum efficliency in the 3 inch and 5 inch cutting
treatments was attained when maximum growth rate was
first reached. For pasture defoliated to 1 inch, it
reached a maximum level during the phase of accelera-
ting growth.



Abstract No. 164,

Brougham, R. W. 1959, The effects of season and
weather on the growth rate of a ryegrass and
clover pasture. MNew Zealand J. Agr. Res. 2(2):
283-296.

An experiment is described In which the effects
of seasonal climate and of temporary (weekly) weather
variations on the growth rate of a pasture of short-
rotation ryegrass and white clover were determined.
The technique of measurement included replication in
time as well as space. Statistical analyses showed
significant positive correlations between seasonal
trends in growth rate and light and temperature. Pos-
itive correlations were also cbtained for the weekly
fluctuations in growth rate attributable to weather
factors. The pasture was [rrigated during the summer
and early autumn so that water was at all times ade-~
quate for growth. The average daily growth rate of
the pasture ranged from 10 1b of DM per acre in the
winter to 120 lbs per acre In early summer. The weekly
fluctuations in growth rate attributable to weather
factors were as large as 350% of the weekly growth
rate. The potential annual yield of DM obtainable
from this pasture type growing in this locality was
estimated as 22,000 1b per acre.

Abstract No. 165.

Brouse, E. M., and D. F. Burzlaff. 1968,
and legumes on subirrigated meadows.
Mebraska Agr. Exp. Sta. SB 50%. 20 p.

Fertilizers
Univ.

The Agronomy Department in 1945, through its
Qutstate Testing Program, conducted fertillizer tests
on two Holt County meadows. A nitrogen response was
obtained on one meadow; another that was extremely
wet did not respond to either N, P, or K.

This publication summarizes the fertilizer-
meadow research conducted by the authors and
associates from 1948 to 1959, Inclusive, in the
Nebraska sandhills,

Abstract No. 166,

Brouwer, R. 1966, Root growth of grasses and
cereals, p. 153-166. In F. L. Milthorpe and
J. D. ivins [ed.] The growth of cereals and
grasses. Butterworths, London.

Although the root represents one of the three
main organs of the plant body, much less attention
has been paid to Its physiology than to that of the
aboveground parts. As well as to its being less
accessible and consplicuous, this may be due, at least
partly, to the fact that only on few occasions is the
root the product to be harvested. On the other hand,
the important functions of the root system for the
plant as a whole are in danger of being too greatly
neglected.

Earlier investigators have approached the problems
invelved in a descriptive way, and their work has
contributed much towards a better insight into them.
Recently, the need for a more quantitative approach
has become obvious, and this requires a satisfactory
understanding of the role of the root system for the
plant as a whole.

The picture developed above provides far too
simpte an explanation of the changes which really
occur. One of the most important drawbacks is the
fact that we are working with weight ratios, whereas
what we are really concerned with are activity ratios.
Why do adventitious roots arise so numerously when
the environment of the original root system is
unfavorable? |Is it due to the accumulation of carbo-
hydrates or are growth substances and other materiats
concerned (Wilkinson and Ohlrogge, 1962}7 Why do the
remaining roots of a pruned root system branch so in-
tensively? What factors determine the thickness of
a root? These and other gquestions invite many further
physiological investigations on a part of the plant
which is too frequently neglected.

Abstract No. 167.

Brown, H. L. 1947, Coaction of jack rabbit, cotton-
tail, and vegetation in a mixed prairie. Kansas
Acad. Sci., Trans. 50:28-44,

The utilization and dissemination of native
plants by the jackrabbit and cottontail on a mixed
prairie near Hays, Kansas, were studied. |If recently
deposited fecal pellets were found near plants partly
eaten it was considered that these plants were utjl-
ized by the animal that deposited the pellets.

The jackrabbit was found to utilize a total of
34 species of plants., Even the cottontall secured
food from 31 species, but several were of non-
important woody plants such as smooth sumac,
ill-scented sumac, chokecherry, and prairie rose.

Jackrabbits were most abundant on the grazed
areas, This was perhaps due to the succulent herbage
for food, the short turf for a quick escape, and the
scattered bunches of vegetation to furnish portection.
The cottontail preferred areas with a thick growth of
the taller grasses and societies of weeds and shrubs
accompanied with rocks and burrows for protection.

A close correlatfon was found between the number
of pellets and the abundance of jackrabbits and
cottontails frequenting an area. A count of ,5h
jackrabbit pellets per square foot represented
approximately one jackrabbit per acre and .5 pellets
per square foot indicated about one cottontail to an
acre,

Seeds of several species of plants were taken
from pellets of the jackrabbit and the cottontail.
Germination tests showed that many of the seeds were
viable and that passing through the digestive tracts
of rabbits increased the germination of some of the
seeds. This was especially true of buffalo grass,
cactus, and smooth sumac whereas sand dropseed was
affected but very little. The jackrabbit was more
important than the cottontail in disseminating seeds
in pellets. Approximately 12.75 pounds of seed of
the sand dropseed were deposited in jackrabbit
pellets on an acre in the natural revegetation type.
This is considerably more than is recommended for
reseeding abandoned cultivated fields.

It seems reasonable to assume from the preceding
data that jackrabbits and cottontails are of consid=-
erable assistance in introducing seeds of prairie
plants into abandoned cultivated fields and range
tand denuded by drought or overgrazing.



Abstract No. 168,

Brown, H. R. 1943. Growth and seed yields of native
prairie plants in various habitats of the mixed
prairie. Kansas Acad. Scl., Trans. 46:87-93.

The purpose of this study was to determine varia-
tions in growth and seed yield of native prairie
plants in various habitats of the mixed prairie, dur-
ing the seasons of 1939, 1940, and 1941,

The study was made during three years that were
extremely variable in climatic conditlons. Precipita-
tion during 1939 was 7.84 inches below normal. In
1940 it was approximately normal, and in 1941 it was
4,44 inches above normatl.

The mean annual temperature for 1939 was 3.1°F
above normal; in 1940, approximately normal; and in
1941, only 1.2°F above normal.

Water content of soil correlated closely with
precipitation. During the summer and fall of 1939
no soil water was available for plant growth in the
upper 3 feet of soil. In 1940 soil water was avail-
able in only the upper 2 feet of soil, except July
and August when it was more avallable to plant growth
In the upper 6 inches. In 1941 it was available to
plant growth in the upper 3 feet of soil every month,
except July, when it was non-available to plant growth
in the upper 12 inches of soil.

All types of vegetation suffered greatly during
the fall drought of 1939. The more xeric specles,
however, suffered least. During the wet season of
1941 most species more than regalned their loss of
the previous two vears.

This study indlcates that growth and seed yleld
correlated very closely with the amount of avallable
soil water during the season growth.

Abstract No. 169,

Brown, J. W., and J. L. Schuster. 1969. Effects of
grazing on a hardland site In southern High
Plains. J. Range Manage. 22(6):418-423.

The vegetation and sell characteristics of an
ungrazed butte are compared with those of a similar
site on an adjacent High Plains area. Woody plant
cover was greater and more diverse on the butte whlle
herbaceous vegetation was more productive and of
higher quality. Specles composition and production
was representative of shallow hardlands of the
Southern High Plains region. Soil characteristic
differences reflected the detrimental influence of
continued herbage remova! and trampling by livestock
on the grazed area.

Abstract No. 170,

Brown, L. 1933.
The gray wolf,

Mammal extinction in Kansas:
Aerend 4,

III.

An early history of the gray wo!f on the plains
of Kansas.

Abstract No. 171.
Brown, L. 1945. Evidence of winter breeding of
Peromyscus. Ecology 26:308-309.

Nowhere in literature has the writer found refer-
ence to winter breeding in any species of Percmyscus
in Kansas.

The number of embryos per gravid female varied
from 2 to 5 with an average of 3.64.

Young mice about one-half grown were collected in
January from a nest under a pile of Russian thistles
(Salsola pestifer} and horseweeds (Leptilonm canadense).
Three very small mice also were found in February on
the same area.

The temperature was considerably above normal from
September to March, inclusive. The mean average was
0.98°F above normal for September, October, and Novem-
ber; 1.36° above for December, January, and February
and 7.6° above for March. The mercury did not go
below +4°F during the fall and winter whereas the
average lowest minimum for the five years previous to
this study was -11°F. The total precipitation for
the time of study was 5.51 inches which is 2,08 inches
below normal over a 76-year pericd.

Abstract No. 172.

Brown, L. 1946. Rodent activity in a mixed pralrie
near Hays, Kansas. Kansas Acad. Sci., Trans. 48:
LL4B-456,

The utilization and dissemination of native plants
by native rodents on a mixed prairie near Hays, Kansas,
were studied. |f recently deposited pellets were
found near plants partly eaten, it was considered that
these plants were utilized by the animals depositing
the pellets., Also, the presence of leaves, stems,
roots, and seeds stored in caches or burrows furnished
information on food habits of these animals.

This study indlcates that the white-footed mouse
and harvest mouse are beneficial to the farmer and
rancher in this part of the Great Plains Region be-
cause much of their diet is of destructive insects
that feed on native and cultivated vegetation.

Anima)l numbers vary from year to year, depending
upon the ecolagical factors which benefit or deplete
the vegetation that supports them,

Abstract No. 173.

Brown, L. 1947, Censusing wildlife. Kansas Acad.
Sci., Trans. 50:322-326.

Censusing is the first step in game management,
and it is the scarcity of animals or the overabundance
of animal numbers that awakens one to the needs of
censusing witdlife,

The technician must select the method of censusing
that will give the best results for the particular
game count. The observer keeps in mind: time
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allotted, the number of persons assisting, the season,
the topography, the animal or animals involved, and
the habits of the species. It would be somewhat
difficult to get a line count on nocturnal species;
therefore, trapping or some other method of censusing
would have to be used,

The technique used may be by direct enumeration
of whole areas or samples of areas. It may be by
ratio based on trapping and banding and then later
recapturing. The latter method has been used quite
extensively and is probably the most widely used cen-
sus method practiced today. This method has been
used mostly on migratory birds and especially migra-
tory game birds. Direct observation of the condition
or density of population through the use of indices
has been used to some advantage.

A1l the wildlife census work shouid be done under
the supervision of a trained wildlife technician.
Unexperienced and untrained men do not collect reli-
able data. One would not think of censulting a
common laborer in regard to illness such as appendi-
eltis. Even in trying times we have our pick of the
best of doctors who are well-trained in their
profession.

The main purpose of a game census is to invoice
and see what the wildlife is doing from a business
standpoint, as one would check banking interests or
livestock upon a ranch. We are interested in wildlife
for monetary and recreational purposes. The abundance
or scarcity revealed by a game census has much to do
with checking predators and opening and closing of
the seasons and helps in preserving species that are
approaching depletion, 1|t has turned the minds of
people to scientific management of game birds and mam-
mals similar to that applied to domestic livestock.

Abstract No. 174,

Brown, L. 1947. why has the white-tailed jack rabbit
{Lepus toumsendii campanius Hollister) become
scarce in Kansas? Kansas Acad. Sci., Trans. 49:

455-456,

The change in distribution of the two specles of
jackrabbits in Kansas was gradual. The changes in
environmental conditions when man began to break up
the prairie and plant crops, especially wheat, seems
to be the most reasonable explanation for the decrease
in numbers of the white~tailed jackrabbit. The
changing of the open prairie to cultivated land seemed
to make conditions more favorable for the black-tailed
jackrabbit to adapt itself to the new agricultural
environment. This thought was reported by several of
the early pioneers of western Kansas.

Abstract No. 175.

Brown, L. N. 1966. Repraduction of Peromyscus
maniculatus in the Laramie Basin, Wyoming.
Midland Natur. 76(1):183-183.

Amer.

The seasonal reproductive cycle of the deer mouse,
bPeromyscus maniculatus nebrascensis, was studled for
15 months in the Laramie Basin of southeastern
Wyoming. Females exhibited one annual breeding season
from April through August 1964. Peak reproductive

activity occurred in May and June when more than 90%
of adult females were pregnant or lactating.

The average numbers of corpora lutea and embryos
in females taken in April and May were significantly
smaller than the mean numbers in June and July 1964,
The overall mean number of corpora lutea per breeding
female was 5.57 * 0.46; the average number of embryos,
5.31 £ 0.49; and placental scars averaged 5.33 % 0,41,
IndTcated embryonic loss during gestation ranged from
8.8 to 9.5%. Total litter resorption did not occur.
Transmigration of embryos from one uterine horn to
£the other occurred in a minimum of 25.2% of litters.
Females showed a synchrony of timing in the occur-
rences of the first and second pregnancies at the
onset of the breeding season in April and May 196k.

A complete cycle of testis development occurred
once annually in adult P. maniculatus as indicated
by testis length and weight, histology, and seminal
vesiclte length. Minimal activity of the testis oc-
curred in December 1963. This was followed by a
slow but continuous increase in testis development
to a peak activity in June 196k, A sharp decline
occurred in August and continued through November.
Regression of testicular activity and resumption of
spermatogenesis did not occur in a synchronous manner
in adult males,

The annual reproductive cycle of P. maniculatue
ohn the Laramie Plains coincided rather closely with
the annual photoperiod cyclte in Wyoming. Probably
increasing day lengths in spring initiate breeding
activity and decreasing photoperiods in late summer
and fall are a factor in terminating it.

Abstract No. 176.

Brown, P. E.
soils.

1917. Importance of mold actlon in
Science 46:171-175,

The occurrence of molds in soils has been noted
many times in the past in connection with bacteriolog-
ical and other studies and various investigations have
dealt Tn a more or less generai way with the action of
these organisms. It is only within the last year that
an attempt has been made in a logical and comprehen-
sive manner to study the occurrence, distribution,
and activities of molds in soils and to solve some of
the fundamental problems which arise in connection
with the growth of these organisms. The results se-
cured at the New Jersey Agricultural Experiment
Station not only furnish a basis upon which future
experiments may rest, but they also indicate quite
distinctly that the growth of molds in the soil may
be of great significance.

The transformation of organic and inorganic com-
pounds in the soil has long been considered the
particular function of soil bacteria, but molds may
alse play an important role in such processes, and
indeed it Is concelvable that in some instances they
may prove largely responsible far the simplification
of complex soil materials,

It is the purpose of this paper to call attention
in a brief way to the varied action of molds In soils,
and to present a compilation of various published data
and some of our own unpublished results along this
line, with the idea of emphasizing the need of further
study of thase organisms,
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Abstract Ne. 177.

Bruner, W. E. 1931, The vegetation of Oklahoma.
Ecol. Monogr, 1(2):99-188.

Oklahoma 1s 470 miles long and 225 wide., It
consists of a plain which slopes from northwest (alti-
tude, 4500 ft} to southeast (LOD ft) and Includes
paortions of 11 physiographic provinces, four of which
are mountainous. Most of the precipitation falls dur-
ing the growing season and varies from 45 inches in
the southeast to 15 inches in the northwest. Relative
humidity decreases from an average of 53% (2 PH, July)
eastward to 40 in the west. Water content of soil
available for growth is always present in the east,
but often deficient at all depths in the northwest.

In central and western parts drought periods of 20 to
30 or more days are frequent. They are accentuated

by high evaporation (50 inches or more for the six
warmer months) and great wind movement. The Quercus-
Hicoria association of the Acer-Fagus formation occu-
pies the eastern fifth of the state. A Pinue echinata
consocies is found in the southeast. A broad belt of
Quercus-Hicoria savannah occupies sandy soil extending
centrally across the state from north to south. Vari-
ous flood-plain forests (Saliz-Populus, Ulmus-Frarinus
associes) are found. A Fhus-Guercus chaparral fringes
the forests. Four grassland types are represented:

an Andropogon associes wedged between forests on com-
pact soil in the northeast; true prairie forms a broad
belt west of the savannah; and still westward, in
order of occurrence, are mixed prairie and shortgrass
plains, Rate of growth in the several grassland com-~
munities has been determined.

Abstract No. 178.

Brusven, M. A., and G, M, Mulkern. 1960. The use
of epiderma] characteristics for the identifica-
tion of plants recovered in fragmentary condition
from crops of grasshoppers. North Dakota Agr.
Exp. Sta. Res. Rep. 3. 11 p.

A study to determine the food habits and prefer-
ences of rangeland grasshoppers was begun in the
summer of 1959. The method used was essentially the
crop analysis. For the successful determination of
the contents of the crops of the grasshoppers, it
became mandatory to devise a system of qualitatively
analyzing the plant material. To facilitate this,
plant species associated with the habitats of the
grasshoppers were collected. The epidermal character=
istics of these plants were compared and categorized
in the form of a key.

Abstract No. 179.

Bryan, G, G., and W, E, McMurphy. 1368. Competition
and fertilization as influences on grass seed-
lings. J. Range Manage. 21:98-101.

Nitrogen and phosphorus starter fertilizer with
two levels of weed competition in seedlings of five
grass species were evaluated by stand counts, total
sod reserves, and subsequent forage yields. Weed
competition reduced the stand of fertilized switch-
grass, but did not affect the stand of any other grass
on any fertilized treatment. Weed competition, pri-
marily crabgrass, reduced total sod reserves in big
bluestem, Indiangrass, and M-blend bluestem. The
second year's forage production of all species was

reduced to 28 to 70% of the production from weed-free
plots. Fertilization did not improve the stand estab-
lishment, but did increase the forage vield of weeping
lovegrass, switchgrass, and Indiangrass.

Abstract No. 180,

Bryant, P. T, 1952.
plots in Central Oklahoma.
Oklahoma, Norman, 42 p.

Microcl imates of three grasslahd
M.S. Thesis. Univ.

Microclimates in a virgin prairie, a grazed pas-
ture, and an abandoned field in central Oklahoma were
studied for a period of 41 weeks, Ten permanent, one-
tenth square meter quadrats were established in each
plot and relative rates of greening were determined
during the spring.

Abstract No. 181,

Bryson, R, A, 1957. The annual march of precipita-
tion in Arizona, New Mexico, and northwestern
Mexico, Univ, Arizona Inst, Atmos. Phys. Tech.
Rep. on Meteorcl. and Ciimatol. of Arid Region 6.
No. 6. 24 p,

This report is concerned with the annual march of
monthly precipitation amount in an area comprising
the states of Arizona, New Mexico, Sonora, Sinaloa,
Durango, and western Chihuahua. Fourier analysis was
used to reduce the twenty-year mean monthly values to
six harmonic terms, four of which were then plotted
on charts and studied.

The results of this study indicate that an area
consisting largely of the Sierra Madre Occidental in
northwestern Mexico and the portion of Arizeona south-
east of Tucson constitute a single rainfall province
with a strong summer maximum of rainfall. This pro-
vince also has a winter maximum, but only in Arizona
does the semi-annual term exceed the annual in ampli-
tude. Within the United States the Gila and Rio
Grande valleys constitute rainfall provinces of
internally similar annual march, while the upland
areas tend to resemble the Pacific coastal pattern
to the west,

Abstract No, 182,

Bryson, R, A,, and W, Wendland, 1967. Tentative
climatic patterns for some late-glacial and post-
glacial episodes in central North America, p.
271-298, In W. J. Mayer-Qakes [ed.] Life, land
and water. Proc., Conf. Environmental Studies
Glacial Lake Agassiz Region, Occasicnal Paper
No., 1, Dep. Anthropol., Univ. Manitoba Press,
Winnepeg, Canada.

The purpose of this paper is to present a few
tentative reconstructions of past airmass regimes.
Until more data are brought tegether in appropriate
format and with good time control, these reconstruc-
tions witl be necessarily rough and subject to
improvement. Thus, we have chosen to attempt partial
reconstructions for three times: the late glaclial
period of about 13,000 to 10,000 years ago, the per-
iod around 9,000 to B,000 years ago, and the period
around 5,000 to 3,500 vears ago, plus some comments
on the smaller fluctuations since that time. It
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appears that in the past five millenia the pattern
has been sufficiently close to the present that cli-
matic variations might best be discussed in terms of
perturbations from the present.

The authors have attempted to demonstrate, or at
least suggest, that an internally consistent matching
of climatic pattern and biotic evidence can be made
for the past ten thousand years. The treatment has
been far from complete, for the material is volumi-
nous, but at least a few highlights and critical
times have been indicated. It is probably superflu-
ous to caution the reader that many statements
contained in the preceding paragraphs are inadequately
researched and possibly premature. It is believed,
however, that the general pattern for North America
is approximately as indicated, We hope that the
readers will supply more evidence, better interpreta-
tion, and appropriate corrections.

Abstract No. 183,

Budd, A, C,, and K, F. Best.
the Canadian prairies.
Branch Pub, 983. 214 p.

1964, Wild plants of
Ottawa Dep. Agr. Res.

This handbook was written to supply the need for
an easily~understood guide to the wild plants of the
Prairie Provinces. It is meant for agricultural rep-
resentatives, field men, weed inspectors, school
teachers, farmers, ranchers, and wild=flower lovers
in general.

Botanical taxonomy, or the science of plant class=~
ification and naming, is not static, but advances with
increasing knowledge. Consequently, botanical names
may change. We preferred to use the more familiar
scientific names where possible. An example of this
is wild mustard, for which Sinapis arvensis L. is used
in preference to Brassica kaber (DC.) Wheeler var,
pinnatifida (Stokes) Wheeler,

Keys for identification and an illustrated glos-
sary are included. The keys were made as practical
and simple as possible. They were tested and revised
where necessary, and it is believed that they will
prove useful to all persons seriously interested in
identifying the common native pltants. Emphasis is
put on the outstanding field characters of the plants
described and on their distribution and habits. Tech-
nical terms are avoided, so far as possible, but they
are used when necessary for an accurate description.

About 1,200 species of plants are described.
Most species that are commonly seen in the area are
included. Many introduced weeds are included; however,
as new weeds are constantly being reported, some may
have been overlocked. Cultivated plants, such as
cereals, garden and field crops, are generally omitted.
Specimens of most species described are in the herbar-
ium of the Dominion Experimental Farm at Swift
Current, Saskatchewan,

Abstract No. 184,

Buechner, H, K. 1944, The range vegetation of Kerr
County, Texas, in relation to livestock and white-
tailed deer. Amer. Midland Natur, 31:697-743,

Once almost entirely grassland, the present range
vegetation of Kerr County is an open oak grasstand

with an interspersion of cedar brakes covering about
24% of the county. |In accordance with physiographic
and edaphic factors, the various oaks segregate into
well-defined communities. Generally, the arborescent
vegetation !s determined by soils and physiography,
while the ground vegetation is determined by livestock
grazing pressures, Cedar has become widespread since
the introduction of livestock. A definite succession
associated with various grazing intensities exists
among the grasses and forbs, Not more than 50 animal
units should be placed on one section of 640 acres If
the desirable curly mesquite or grama grasses are to
be maintained. Deer provide a substantial portion of
ranch income and should be included in range manage-
ment plans.

Abstract Ne. 185,

Buechner, H, K, 1950. Life history, ecology, and
range use of the pronghorn antelope in Trans-
Pecos, Texas. Amer. Midland Natur. 43{2) :257-354.

The primary objective of the 15-month investiga-
tion was to determine antelope food habits and
antelope-livestock competition.

Abstract No. 186,

Buffum, B. C., and C. J. Griffith. 1963. The feeding
value of beet pulp and feeding beet pulp and sugar
beets to cows. Colorado Agr. Exp. Sta. Tech.
Bull. 73. 87 p.

An experiment has been carried out on the sub-
station at Rockyford to show the value of beet pulp
combined with alfalfa for lamb feeding. In the pre-
sent bulletin we give a brief resume of the value of
beet pulp as determined in other places and report
some trials in which beets and pulp were fed to cows
on the College farm at Fert Collins,

Abstract No. 187,

Bugbee, R. E., and A. Riegel. 1945, The cactus moth,
Melitara dentata (Grote)}, and its effect on
Opuntia macrorrhiza in western Kansas. Amer.
Midland Natur. 33{1):117-127.

In the fall of 1942 the authors became actively
engaged in studying the life history of the cactus
moth, Melitara dentata (Grote), in response to a
request from the United States Department of Agricul-
ture for some information about the distribution and
prevalence of this insect in western Kansas.

The request was in behalf of the State of Cali-
fornia, who wished some live specimens of the moth in
order to determine whether it could help in the con=
trol of a species of prickly pear cactus. In October
1942 a representative of the United States Department
of Agriculture, Bureau of Entomology and Plant Quaran-
tine, came to Hays and accompanied by the authors
spent a day in the field collecting larvae of the moth
to send to California. The larvae were easy to find
and many were collected., A search of the literature
revealed that very little is known about the more
detaited habits of the moth. The authors, therefore,
made repeated trips into the field to make observa-
tions under natural conditions, as well as to collect
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material to work with in the laboratory. The study
continued fram the fall of 1942 to September 1943.
This paper presents a summary of the results.

Abstract No. 188.

Bugbee, R, E,, and A. Riegel. 1945. Seasonal food
choices of the fox squirrel in western Kansas.
Kansas Acad. Sci., Trans. 48:199-203.

Observation of the fox squirrels by the authors
at Hays, Ellis County, Kansas, over a h=year pericd
(1939-1943), has uncovered some additional interesting
food habits., The squirrels were observed, for the
most part, on the campus of Fort Hays Kansas State
College or in the immediate vicinity. Hays is located
in the mixed-grass prairie region where stands of tim-
ber, suitable for fox squirrel habitation, are found
only along stream banks or where artificial plantings
have been made. The campus has a nice stand of
endemic American elms, cottonwoods, and a few hack-
berries. Smaller numbers of non-endemic species are
mixed in among the elms. In addition, Big Creek cuts
across the southern end of the campus, and along its
banks occur cottonwoods, elms, hackberries, and occa-
sional sycamores, among others. 1In the heart of the
campus proper, there were at least four pairs of
squirrels in residence.

Abstract No. 189,

Bukey, F. S$., and J. E. Weaver. 1939. Effects of
frequent clipping on the underground food reserves
of certain prairie grasses. Ecology 20{2}:246-253,

The percentage of ash and acid insoluble ash gave
no insight into the quantity of food reserves of the
plant.

The ash content varied between 4.4 and 9% and the
acid insoluble ash between 3.6 and 7.6%.

There was a marked decrease in the percentage of
invert sugar, water-soluble hydrolyzable material,
and water=insoluble hydrolyzable material under condi-
tions of severe clipping.

Drought during 1934 and 1935 had a similar but
smaller effect on the stored nutrients of the control
plants for comparable periods {June and July).

The pentosan determination, owing to the formation
of furfural from stem parts, proved of little value in
the determination of nutrients.

The percentage of nitrogen was almost constant,
varying approximately between .42 and .78% under al}
conditions of growth studied,

Severe ¢lipping of Andropogon scoparius and A,
fureatus decreases the amount of foods stored by the
plants in their roots, thus resulting in their de-
struction in a period of a few years.

Abstract No. 190,

Bullen, F. F. 1966. Locusts and grasshoppers as
pests of crops and pasture--A preliminarg eco™
nomic approach. J. Appl. Ecol. 3:147-168.

The amount of damage caused by locusts and grass-
hoppers is a function of a number of complex variables
such as the amount of vegetation eaten daily by a
single insect, differences in food preferences between
species, the fluctuations of population sizes, and
the relative mobility of the insect stages. The last
factor is governed, in the case of the Desert Locust,
mainly by meteorology which is, in turn, influenced
locally by topography. The quantitative loss in yield
for many crops depends upon the stage of growth of the
crop when attacked.

In estimating the effect of crop damage upon the
economy of a country a distinction must be made be-
tween subsistence and cash crops, which reguire
different evatuations, Cost-benefit ratios for
control campaigns can only be evaluated when both the
immediate and longer-term effects of control upon
locust population dynamics have been measured and
crop damage more accurately estimated.

New locust and grasshopper problems are created
and existing ones aggravated by agricultural develop-
ment in areas of natural vegetation.

A system of estimating the vulnerability of a
crop to damage by a locust species in a unit area is
described., !t amalgamates some of the major variables
upon which the vulperability of a crop depends into a
single "Crop Vulnerability Index'" value for each unit
area,

Abstract No. 191,

Bunger, M, T., and H, J. Thompson. 1938. Root
development as & factor in the success or failure
of windbreak trees in the southern high plains.
J. Forest. 36:790-803.

The early settlers who came to the southern and
central high plains from the more humid regions where
shelterbelts could be established by merely planting
the trees and waiting for them to grow followed these
same practices in this treeless region, but without
success, They scon learned that trees could neither
be established nor maintained as easily in these tree-
less plains as at home, As a result, the idea that
trees could not be grown in this region became widely
accepted. For this reason only a few trees have been
planted in recent years. 1In order to obtain hbetter
survival and growth, a few farmers have tried various
cultural methods, such as clean cultivation. Some
farmers even have used dynamite to break the calcare-
ous layers underlying the surface. |In spite of these
practices, which are doubtless of some value, most
of the trees do not withstand the severe drouth condi-
tions existing in this region, Fortunately, some of
the species that were planted in these original
shelterbelts have survived even the severe drouth
period of 1930-1937. Ffrom these survivors much can
be learned.

Abstract No, 192,

Burgy, R. H., and J. N. Luthin. 1956. A test of the
single~ and double-ring types of infiltrometers.
Amer. Geophys. Union, Trans. 37(2) :189-191.

The results of fleld experiments with ring-type
infiltrometers are reported. |Infiltration rates
obtained with the rings were compared to the infiltra-
tion rates obtained by flooding the entire area to
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determine the number of ring measurements required to
characterize the infiltration rate of the area. It
was found on a uniform soil profile having no layers
restricting the downward movement of water that six
infiltrometers gave an average figure that was within
30% of the true mean. The single-ring infiltrometers
were compared with the double-ring infiltrometers.
There was no significant difference in the results
obtained with the two types of infiltrometers on a
uniform soil under the conditions of the tests.

Abstract No. 193.

Burzlaff, D. F. 1962. A soil and vegetation inven-
tory and analyses of three Nebraska range sites.
Univ. Nebraska Agr. Exp. Sta, Res. Bull. 206.
i3 p.

The vegetation defining the grasslands of the
Mebraska sandhills may be subdivided into range sites
on the basis of the individual species' abitity to
adjust to factors of the environment and its inter-
relations with the other components of the plant
community.

Using vegetation cover as a measure of forage
production, these sites, in respect to their poten-
tial, are the dry valiley, the rolling sands, and
choppy sandhill range site. Each of these sites
possesses a set of model soil and vegetation charac-
teristics with definable limits.

When soil characteristics were measured and ana-
lyzed, highly significant differences were recorded
among areas, among sites within areas, and among
depths at the same site. These differences supported
the delineation of range sites on the basis of soil
characteristics.

Abstract No. 194,

Burzlaff, D. F. 1969. The role of the abiotic
factors in the structure and function of the
grassiand ecosystem, p. 117-123. In R. L. Dix
and R. G. Beidleman [ed.] The grassland ecosystem:
A preliminary synthesis. Range Sci. Dep. Sci.
Ser. No, 2. C(clorado State Univ., Fort Collins.

The biota of the grassliand ecosystem functions
through broad fluctuations in each abiotic component
of the environment. Such ecosystems are analyzed
through a study of various abiotic components and an
assessment of biotic response to changes of one or
more of these environmental variants. Many of these
limits are well documented. The major voids of under-
standing exist in the very complex interrelationships
of the abiotic components and the subsequent impact on
the biota. Thus, comprehension of grassltand ecosys~
tems will involve complex models of which the abiotic
factors are integral components. Simple correlations
are not likely to yield additional insight into the
structural and functional aspect of grasslands. Inves-
tigators pursuing such objectives must select those
factors upon which soit and vegetation are most depen-
dent, since it is impossible to study all environmental
entities in detail. The nature of interrelationships
must be established and interpreted. Studies relative
to biota=-soil water relationships will prove to be
most useful in developing the functional and struc=
tural aspects of grassland ecosystems. This will
involve both chemical and physical characterization

of the soils. In the study of net energy balance,
standard meteorological data must be supplemented
with measurement of net solar radiation. Detailed
documentation of evapotranspiration losses must be
obtained. The most relevant information concerning
soil water disappearance will be achieved through
technigques in precision lysimetry. Complete under-
standing of soil biodynamics requires measurement of
oxidation-reduction levels and gas composition and
exchange within the soil atmosphere.

Abstract No. 195,

Burzlaff, D. F. 1971. Seasonal variations of the
in vitro dry-matter digestibility of three sand-
hill grasses. J. Range Manage. 24(1) :60-63.

Investigation of the seasonal variaticn of in
vitro dry-matter digestibility of forage of three
range grasses was completed. The in vitro dry-matter
digestibility declined in all grasses with advance in
maturity. Crude protein content declined with advance
in maturity and was more highly correlated with dry-
matter digestibility than was lignin. Predicted
digestibility based on Van Soest's summative eguations
seemed unrealistically high for forage collections
made in Yate season. No consistent or significant
variations in cell-wall constituents or acid-detergent
fiber were measured.

Abstract No. 196,

Burziaff, D, F., and L. Harris. 1969. Yearling steer
gains and vegetation changes of western Nebraska
rangeland under three rates of stocking. Nebraska
Agr. Exp. Sta., Bull, 505, 18 p,

Ten years of heavy stocking (.73 AUM/acre) at the
Scotts Bluff experimental range resulted in no major
changes in vegetation or livestock performance. The
key to maximum production from rangeland without de-
struction of the grazing resources lies In proper
seasonal use and uniform distribution of grazing over
the area. The rate of stocking study was discontinued
after the 1967 season in favor of an Investigation of
qQrazing management systems that incorporated deferred-
rotation grazing and heavy stocking rates.

Yearling steers grazing the native ranges at the
Scotts Bluff Station gained at rates that averaged in
excess of 2.0 1b per day over the periocd May 15 to
July 15, The daily gains declined with advance in
season. This was associated with a general decline
in nutritive value of the forage and reduced ‘intake
of forage.

Providing a 32% protein black as a supplement to
forage after July 15 resulted in increased gains for
yearling steers. This gain was approximately .6 1b
for each 1 1b of crude protein consumed.

Blue grama decreased in its contribution to total
cover under the light rate of stocking, but remained
constant at other rates. Needle and thread grass
increased on all treatments because of favorable pre-
cipitation and a delayed "turnout" date in the spring.

Average forage production did not vary signifi-
cantly between treatments, The drought year had a
greater impact on composition and productivity of
forage than did variation in stocking rate.
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Abstract Ng. 197.

Burzlaff, D. F., and J, L, Stubbendieck. 1970.
Nature of phytomer growth in Bouteloua gracilis,
Amer, Soc., Range Manage. Annu. Meeting, February
9-12, Denver, CLolorado.

In this study an individual blue grama (Bouteloua
gracilis) plant is defined as a shoot that was sepa-
rated from the other plant material by the presence
of a prophyllum and had at least one nodal root, A
phytomer is a segment of a shoot, or phyton unit.
is an internode together with the leaf at its upper
end and the bud at its lower end.

It

Mature plants had an average of 16 internodes.
The first two basal internodes had scales associated
with them. Elongated leaves were associated with the
next five basal internodes. The following seven
internodes of an average mature plant were elongated
and made up the reproductive culm. The last two
internodes were located directly below and between
the nodes to which the rachises of the spikes were
attached.

After initiation of the reproductive growing
point, the internodes of the reproductive culm elon-
gated at a relatively rapid rate. The data show that,
generally, the internodes did not elongate before the
sheath and blade of the leaf reached maximum length.

The leaves of the first seven phytomers were ini-
tiated during the growing season previous to the one
in which the plant reached maturity. The leaf of
phytomer 8 was the first to be initiated after spring
growth started in April. The last to be initiated
was phytomer 14 just prior to the middle of June.

Abstract No. 198,

Burzlaff, D. F., and D, C, Clanton. 1971. Produc-
tion of upland hay in the sandhills of Nebraska,
Univ, MNebraska Agr, Exp. Sta, SB B17. 13 p.

Annual mowing of upland sandhills is an undesir=-
able practice. S5ix years of annual mowing decreased
yields 26% over biennial mowing at the Reed Hamilton
ranch near Thedford.

Late mowing had a 12% advantage in vield over
early mowing, but was 2 to 6% lower in digestible
dry matter,

Round baling was superior to windrowing or
bunching for the storage of upland hay until fed to
livestock. This fact was substantiated by the greater
decline in digestible dry matter of the bunched and
windrowed hay after harvest,

Application of nitrogen and phosphorus fertilizer
increased yields of upland hay in the year of applica-
tion. High rates of nitrogen resulted in a residual
response in the year after application,

Abstract No. 199,

Butler, L. G. 1948. Effect of different intensi-
ties of grazing on native prairie. M.S5, Thesis.
Univ, Nebraska, Lincoln. 37 p.

This thesis deals with the composition and condi-
tion of vegetation in a native pasture of known
grazing history. The pasture is located nine miles
northwest of Lincoln and consists of 290 acres of
rotling upland, almost surrounded by native prairie.

Abstract No. 200.

Butler, P, F,, and J. A, Prescott. 1955. Evapotrans-
piration from wheat and pasture in relation to
available moisture, Australiam J, Agr. Res. 6:

52-61,

The changes of soil water to a depth of 5 ft in
a simple crop rotation and under permanent pasture
during 1948-1949-1950 have been followed in detail.
Calculations have been made on a monthly basis of the
water storage in the soil and of the evapotranspira-
tion from wheat and pasture and of losses from a bare
fallow.

It is shown that in these experiments the rela-
tionship between evapotranspiration, evaporation from
water, storage of water in the soil, and rainfall can
be expressed in the form

dI, JdW = c(2.h - 1),
where Itr = Etr/Ew°-75 = 2.4 when available water is no

0.10 for
evaporation

longer limiting, and ¢ =
pasture, Etr

0.12 for wheat, c =
= evapotranspiration, Ew -

from a free water surface, W = stored water plus rain-
fall = available water.

Water losses from a bare fallow were found to be
determined principally by rainfall and soil storage.

Abstract No. 201,

Butterfield, J. D. 1969. Nest site requirements of
the Lark Bunting in Colorado, M.S. Thesis,
Colorado State Univ,, Fort Collins, 59 p.
(Advisor: Paul Baldwin),

By looking at the characteristics of the vegeta-
tion at the nest site, some of the characteristics of
nest site selection have been shown for the Lark Bunt=-
ing for the shortgrass plains, |In this environment a
protective plant is found by each nest. Saltbush is
"used'” more often in this plant and nest association
than any other plant. It is associated nearly as much
as are all the rest of the plants together, apparently
because of greater protective value afforded by its
general ly dense foliage and the resulting shade and
concealment, Browse type vegetation is associated
with the nest in a protective role more often than
grass and the annual forb types. The birds' nests
were associated most often with plants from 6 to 11
inches in height.

The placement of nests on the lee side of the
protective plant reduces impact of the physical
environment.

Nest densities were highest in the Class III areas
(bush and grass). The Class IIT areas were followed
by Class II (shortgrass) and finally by Class I
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areas (generally taller vegetation). The nest densi-
ties were 0.125, 0.10, and 0.06 birds per acre.

The young spend less time (8 to 9 days} on the
nest than do comparable bush and tree nesting passer-
ines (10 to 19 days). This is indfcative of the

relative insecurity of nests on the ground as a whole,
as compared with nests located above ground,

Shading of the nest by an associated plant allows
the highly-visible, darkly-colored male to participate
to considerable extent in the nesting activities. The
male was found to share incubation and brooding with
the female,



Abstract No. 202,

Caldwell, M. M., and M, L. Caldwell. 1970. A fine
wire psychrometer for measurement of humidity in
the vegetation layer. Ecology 51(5):918-920.

A small, compact, fine wire thermocouple psy-
chrometer was tested under contrelled conditions in a
climatized wind tunnels. The unit was found to be
free of radiation errors and fully ventilated at only
1 cm sec”l. Because of the simple construction and
favorable response characteristics, this psychrometer
is recommended for measurement of humidity in the
vegetation layer.

Abstract No. 203,

Campbell, J. B., R. W, Lodge, and A, C. Budd.
Poisonous plants of the Canadian praliries.
Dep. Agr. Pub. 900. 29 p.

1954.

Canada

There are a few points that need to be emphasized,
These are:

1. ©f the 60 or so poisonous plants collected,
only 12 to 15 are abundant and have a wide-~
spread distribution.

2. Many of the plants that are abundant have a
short growing season.

3. Poor pasture management practices, including
very early spring grazing, carelessness during
moving from one pasture to another, and over-
grazing, are responsible in part for losses
that occur.

4. Losses may increase during periods of drought
because poorer quality feeds are eaten, both
as pasture and as roughage.

5. Eradication of many polsonous plants is pos-
sible, although no one method is applicable
to all species,

6. Good pasture management, based on a knowledge
of the growth habits of the different species,
is effective in reducing losses.

When poisonous plants kill livestock, it can be
expected that other animals in the flock or herd will
be affected to some degree. It is possible to count
deaths, but it is difficult to measure losses due to
chronic conditions. Good pasture management will
reduce the number of deaths and maintain livestock in
a thrifty condition,

Abstract No., 204,

Campbell, J, W., R. W. Lodge, A. Johnston, and §,
Smoliak. 1962. Range management of grasslands
and adjacent parklands in the prairie provinces.
Canada Dep, Agr. Pub, 1133. 31 p.

The total number of livestock raised in the
Prairie Provinces has not changed greatly sinee 1920,
but cattle have largely replaced horses. However, the

stock load per acre is less than 35 years ago because
additional range has been developed.

Although cattle have increased at the rate of
60,000 per year since 1920, the increase has followed
a cyclic pattern. This pattern depends partly on the
amount of pasturage, which in turn Is related to the
rainfall,

Some 47,500,000 acres of range and 3,000,000 acres
of cultivated pasture are used for grazing. Five
types of grassland and an extensive parkland contrib-
ute to this acreage.

The principles of range management apply to all
vegetational types, although app!ication of them may
mean slightly different practices in different dis-
tricts. These are two critical periods--during the
early spring when grass growth is slow and in the fall
when the crude protein content of the vegetation is
less than required. Two- or three-field rotations do
not produce more gain per animal than continucus graz-
ing. Strong grass stands can be maintained by spring
protection and by leaving a sufficient carry-over.

Cultivated pasture crops are recommended for
complementary grazing. For the shortgrass and mixed
prairies, a mixture of crested wheatgrass and Rambler
alfalfa makes the best spring pasture, and a mixture
of Russian wildrye and Rambler alfalfa is the best
supplement for summer and fall. In the fescue and
true pralries and in the parkland, creeping red fes-
cue, brome grass, timothy, and Rambler alfalfa are the
best pasture crops to complement range.

The present livestock population of about
5,200,000 cattle, 270,000 horses, and 750,000 sheep
is a light Toad on the range resources in years when
rainfall Is higher than average. However, the same
load is a very heavy one when drought reduces grass
growth. More pasturage is required if cattle numbers
are to be increased substantially,

Abstract No, 205,

Campbell, R. §. 1936. Climatic fluctuations, p. 135-
150, In The western range. U.S5. Senate Doc. 199,

The hardships of the great 1934 drought were too
severe to leave any doubt that extreme climatic fluc-
tuations contribute greatly to range depletion.
Forage production on ranges was so scant in 1934 that
wholesale removal of livestock was necessary in parts
or all of nearly every western state. Where the
drought prevailed, range vegetation simply failed to
produce sufficient feed to support the numbers of
livestock being grazed. Tall grasses in Nebraska,
grama grasses in Montana and New Mexico, and bunch-
grasses in California, in the drought areas, either
failed to grow.or dried up early in the season.

What happened in 1934 has happened before, and the
cumulative effect is no less than widespread depletion
of the range resource already outlined--devastating in
its immediate effects and far-reaching in its conse-
quences. Each time, climate has played an integral
part in the depletion. It is obvious that a sound
program of management to restore and maintain the
range must include an evaluation of (i) climate and
its fluctuations and (ii) the influence of such fluc-
tuations upon range vegetation and use.
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Abstract No. 20Q6.

Campbell, R. S., and E, H. Bomberger. 1934, The oc-
currence of Guiierresia sarothrae on Bouteloua
eriopoda ranges. Ecology 15:40-61.

Bouteloua eriocpoda, the most important forage
grass in southern New Mexico, and of considerable
value as range forage throughout the semiarid south-
west, is sublect to serious depletion as a result of
drought or over-grazing or both. Its revegetation
ordinarily is quite slow because it reproduces poorly
by seed and migrates almost entirely by vegetative
processes.

Cutierrezia earcthrae has been observed to replace
the Bouteloua on areas continually over-grazed. This
dominance of the worthless shrubs is due largely to
the fact that usually they are not relished by range
livestock under ordinary conditions, while the pala-
table forage grasses may be killed entirely by
injudicious grazing, especially during drought.
theless, these shrubs have a definite soil protective
value. A study of the occurrence of G. sarothrae in a
representative B. eriopoda assoclation on gravelly
sand was started In 1924, The area had been badly
depleted by severe drought and some over-grazing.
Three quadrats, each containing three square meters
were established and charted every year from 1924 to
1930, inclusive,

Abstract No. 207.

Canfield, R. H. 1934, Stem structure of grasses on
the Jornada Experimental Range. Bot. Gaz. 95:
636-648.

1. In the species of grasses observed, the types
of stem structure in the Jornada Range grasses appar-
ently reflect the moisture requirements and the
periods of growth.

2. The solid stem is characteristic of the
grasses which are apparently best able to survive
under the semiarid conditions of the Jornada reglon.

3. Almost three-fourths (742) of the grasses
collected have solid stems.

4, Tribes commonly reported as having solid
stems, Andropogoneae and Nazieae, are represented by
one genus each.

5. Solid stemmed perennial grasses produce 852
or more of the forage.

6. Hollow stemmed grasses elther grow only in
the more favorable locations or escape drought by
completing their growth during a few weeks of highly
favorable moisture conditions.

7. Hollow stemmed grasses have not the ability
to withstand the long dry periods.

8. There are strong indications that the solid
stem is an index which may be employed in the selec-
tion of grasses for introduction into semiarid
regions.

Never=

Abstract No., 208.

Canfield, R. H. 1939. The effect of intensity and
frequency of clipping on density and yield of
black grama and tobosa grass. U.S. Dep. Agr.
Tech. Bull. 68%. 32 p.

Clipping experiments on semidesert black grama
range Indicate clearly that persistent cropping of
all herbage of this grass to a 2~inch height or less
eventually results in destructive reduction of tuft
area regardless of frequency of seasonal harvesting;
it reduces forage yield to zero; it prevents survival
and even establishment of reproduction of the forage
grass; it entirely outweighs all beneficial effects
of above-average rainfall; and the end result is
rapid and critical deterioration of the black grama
site through excessive wind and water erosion.

Abstract No. 209.

Canfleld, R. H. 1948. Perennial grass competition
as an indicator of condition of south-western
mixed grass ranges. Ecology 29(2):190-204,

The floristic composition of native grass popula-
tions reflects the condition of the range and the
history of past use. The various stages of range
condition are characterized more or less by distinet
perennial grass population patterns. Examples of
grass population patterns are presented for guidance
in the management of two types of south-western semi-
desert grassland ranges. These examples demenstrate

. the value of perennial grasses as range condition

indicators and add precision to the judgment of the
range manager, Shrubs and woody noxious plants move
In too slowly and persist too long to be of any great
value as indicators in detecting the early stages of
either range recovery or range deterioration.

Abstract No. 210.

Carder, A. C.

1970. Climate and the rangelands of
Canada.

J. Range Manage. 23(4):263-267.

Climate Is only one of several forces that pro-
mote rangelands, but it is often predominant.
Climatic factors that favor the development of grass
include the occurrence of extremes, recurring drought,
prolonged periods of heat and cold, high winds, and
prehumid conditions. Most of the grasslands of Can-
ada fall within Kdppen's climatic type "middle
latitude dry' and summer drought plays a major role
in their existence. There are other grasslands which
evolve under quite different climatic regimes. These
are much less extensive; and, with some, climate is
not the dominant cause. With one grassland form,
however, climate does play a more direct role, and
the factors involved are almost the antithesis of
those which have produced the vast rangelands of the
semiarid Canadian west.

Abstract Mo, 211,

Cardon, P. V.
1-8,

1949, The mild west. Agron. J. 41(1):



A speech was presented on the general program at
the annual meeting of the American Society of Agron-
omy at Fort Collins, Colorado, August 2%, 1948 by the
current research administrator, ARS, USDA., The high-
lights were a definition of the West, a brief history,
major physical aspects, inter-relation of land areas,
arable land, and prospectii for the future.

Abstract No. 212,

Cardwell, A, B. and S. D. Flora. 1942, Kansas wea-
ther and climate. Kansas Agr. Exp. Sta. Bull.
302. 108 p.

Located in the geographical center of the United
States, Kansas has a climate generally typical of the
American Great Plains Region. Removed from the
immediate influence of extensive water areas, its
air is dry, its temperature ranges large, and its
sunshine abundant. Unobstructed by mountains, its
winds flow freely. And its location between the
atmospheric moisture supply of the Gulf of Mexico
and the vast sources of less humid air from the north

and west favors it with a normal sufficiency of precip-

itation and provides the variety of its wide seasonal
ranges in snow and rainfall,.

Though the state as a whole is noticeably drier
than those to the east, its normal rainfall in every
section is fully sufficient for staple crops. Win~
ters are drier, with less snow, than In states lying
to the east, and less rigorous than in those to the
north. Few parts of the country are favored as
Kansas is in the combination of abundant late-spring
and early-sumner rain and sunshine; and, except for
occasional spells of abnormal heat in midsummer and
outstanding cold in winter, temperatures over the
state are normally pleasant in every season of the
year.

Abstract No. 213.

Carley, C. J., E. D, Fleharty, and M. A. Mares,
Occurrence and activity of Heithrodontomys
megalotis, Microtus ochrogaster, and Peromyecus
manteulatus as recorded by a photographic device.
The Southwestern Natur. 15(2):209-216.

1970,

Activity patterns of Reithrodontomye megalotis,
Mierctus ochrogaster, and Peromyscus maniculatus in
a relict grassland were investigated utillzing a
photographic technique. Reithrodontomys megalotis
and P. maniculatus are shown to be nocturnal while
M. ochrogaster is largely diurnal. Reithrodontomys
megalotis and M. ochrogaster seem to have activity
suppressed by moonlight. Rodent activity could not
be shown to relate to any specific microclimatological
data collected. .

Abstract No, 21k,

Carpenter, J. R. 1939. Fluctuations in biotic
communlties. V. Aspection in mixed-grass
prairie in central Oklahoma. Amer. Midland Natur.
22:421-435,

1. As representative of the southern mixed-grass
prairies an area in McClain County, Oklahoma, was
studied from the standpoint of the aspectional phe-
nomena of the subdominants and influences.

2. The community here was found to be an
Andropogon seoparius-FPanicum oligosanthes mixed-
prairie community with local faciations of Bouteloua
gracilis on the hill tops, Manisuris cylindrica on
the uplands and sloping prairie, Adndropogon fureatus
and M. cylindriea on low upland prairie, and Bouteloua
hirsuta and Amphiachyris dacumeuloides forming an
erosion factes.

3. Aspection was studied from September 1933
through June 1935. The biotic seasons or aspects of
1934, as expressed by the seasonal organisms, were as
follows: prevernal, March 29-April 21; vernal, April
21-May 26; estival, May 26-July 8; serotinal, July 8-
September 7; autumnal; September 7-November 30.

4. Seasonal activity on the part of the insects
and spiders followed in general the fluctuation
pattern characteristic of prairie areas, with a major
peak of invertebrate population abundance in the esti-
val period, and a minor peak during the autumnal
period, in spite of the extremely dry period of the
summer.

5. Observations were likewise made in an area
close by which had been burned during the previous
spring., |t was found that the invertebrate popula-
tion here was greatly Increased during both the
estival and autumal periods on burned high areas,
while on burned sloping areas the population was
slightly greater throughout the rest of the year,
The taxonomic composition, however, was somewhat
changed, and study of the additions and deletions of
insect species under burn conditions showed that cer-
tain forms were indicators of a plagiosere resulting
from burning.

Abstract No. 215,

Carpenter, J. R. 1940. The grassland blome. Ecol.
Monogr. 10:617-684.

This review of papers on the ecology, habits, and
community relations of the more important dominants
{grasses), predominants {mammals and birds), subdomi-
nants (seasonal plants), and influents (invertebrates)
shows that this community has the rank, extent, and
stability of a biome (bictic formation) since it has
throughout common physiognomy, constant growth form
of dominants, similar ecological structure, essen-
tially similar climographic patterns, and homogeneity
of predominants and possibly of influents in most
cases. MNamed in terms of its most characteristic and
important forms, it is the Andropogon-Bouteloua-Bison—
Cante (grassland) Biome. Three climax types
(associations) are recognized on the basis of distri-
bution of areas of dominance and influence of
ecologlcally important forms: Andropogon-Bison—Canis
(tallgrass prairie) Association, Andropogon-Bouteloua—
Bigon-Antilocapra (mixed-grass prairie-plains)
Association, and Bouteloua-Bulbilis-Bison-4Antilocapra
(shortgrass plains) Association. On a similar basis,
three prairie faciations are recognized: northern,
southern, and eastern, a portion of the latter {the
Andropogon-51lphium-Citellus Associes of [1linols)
being considered as a postclimax relict, preclimax to
the deciduous forest biome. The prairie presociations
correspond closely to the faciations. Edaphic wood-
land inclusions of the prairie are considered as
belonging to the same complex of associes as found in
INlinoia. The shortgrass plains present{ more majer
faciations than do the prairie, but the presociations
are more uniform. The mixed-grass prairie-plains have
faciations which appear to be those of the adjoining
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associations although most of the principal dominants
are impartant throughout this association. The study
concludes with an outline of the structure of this
biome.

Abstract No. 216,

Carr, D. J. and B, F. Garff. 1961. The role of the
cellwall water in the water relations of leaves,
p. 117-125. In Plant-water relationships in arid
and semi-arid conditions. UNESCO, Arid Zone Res.
16. Proc. Madrid Symp.

The suction pressure of young and old leaves of
the Eucalyptus globulus does not seem to vary much
according to standard conditions. The relationships
that exist between suction pressure, the diffusion
pressure deficlit, and the relative turgescence have
been studied. The suction pressure was measured by
using an improved refractory method and the diffusion
pressure deficit by the equalization of the water
vapar. For all suction pressures and all diffusion
pressure deficits, the corresponding values of the
relative turgescence vary considerably. This is ex-
plained by the role played by the celliwall water when
the diffusion pressure deficit is measured by the
equatization of water vapor. The quantity of cellwall
water of the leaf and the way it acts by conforming to
the forces of dehydration are such that, in effect,

and according to evidence, this variation is justified.

The authors have studied the regulating action of
cellwall water in the water relations of the leaf
and its incidence in physiology as well as ecology.

Abstract No. 217,

Carter, F. L. 1939. A study in jackrabbit shifts
in range in western Kansas. Xansas Acad. 5ci.,
Trans. h2:431-435,

There are two species of jackrabbits found In
western Kansas: the whitetail, Lepus toumsendii
campanius Hollister, and the blacktail, Lepus
californicus melanotis (Mearns). The blacktail is a
southern species, and the whitetail is a northern
species. Thelr respective ranges are distinct, but
adjacent. The boundary 1ine between their ranges
overlaps as little as could be expected with no
actual physical barrier between them.

It has been evident to observers for many years
that there has been a shift in range of these two
species in western Kansas. What has been the extent
of this shift In population? Why has it occurred?
In an attempt to answer these questions, especially
the first one, a study has been made of the history
of the two jackrabbit species as they have been
observed by early settlers and others over a period
of 65 years.

The causes for the shift in range of the two
species were not definitely ascertained. Some of
the suggestions made by the early settlers of this
region are indicated by the following: Climatic
changes, human intrusion, and relative numbers of
predatory animals, !t would be of great biclogic and
economic value to study further the reasons for this
shift in range of the two species of jackrabbits.

Abstract No, 218.

Cassel, J. F. 1952. Breeding bird populations at
various altitudes in north central Colorado.
Ph.D. Thesis. Univ. Colorado, Boulder. 147 p.

In 1948 the altitudinal distribution of breeding
birds in north central Colorado was investigated.
Population censuses were made of the birds on thirteen
25-acre plots located in the major plant communities
from plains to above timberiine. Field studies were
conducted between April 12 and August 27, 194B. About
450 hours were spent in taking the censuses.

Three of the study plots were located in the
Colorado Pledmont section of the Great Plains Physio-
graphic Province and 10 in the Front Range of the
Southern Rocky Mountain Provinces. Two were in Weld
County and 11 in Larimer County, Coclorado. Six were
within Rocky Mountain National Park.

Standard methods of field study and of analyzing
the data were used in this study. By field observa-
tion during repeated trips the number of breeding
territories on the area were determined, and then the
population density in equivalent pairs per 100 acres
was computed. The latter unit is the standard used
for comparison of bird populations.

The habitats censused fall into three main groups:
(i) meadow and shrub communities, (ii) coniferous
forest communities, and (iii) flood plain deciduous
communities,

Comparisons of the populations of these communi=
ties were made with others reported for this region
and from similar habitats in North America.

Abstract No. 219.

Catlett, R. H., R. G. Bazidleman, and G. W. Esch.
1958. An analysis of long-eared owl pellets from
northem Colorado. J. Colorado-Wyoming Acad. Sci.

4, 48 p.

This report is based on an examination of pellet
remains collected in an isolated ponderosa pine wood-
land about five miles southeast of Boulder, Colorado.
The area where the owls were roosting is an encarpment
surrounded by semiarid grassland.

Buring the winter from December 26, 1956 to Febru-
ary 10, 1957, 61 Intact pellets plus additional loose
material were collected.

Comparing the food preference of this study with
findings from other parts of the country, these owls
followed the same pattern in catching the most abun-
dant species. This is evident since the area contains
more suitable habitats for Peromysecus than for any
other specles.

It 1s interesting to note that Microtus
ochrogaster ranked much lower than Microtus
permaylvanicus in an area which has habitats more
suitable to the former species. Also, in seven out
of eight studies elsewhere in the United States the
percentage of Microtus taken by long-eared owls was
considerably higher than that of Peromyscus.



Abstract No. 220.

Cavender, B, R,, and R. M. Hansen. 1970. The micro-
scope method used for herbivore diet estimates
and botanical analysis of litter and mulch at the
Pawnee Site, U.S, iBP Grassland Biome Tech. Rep.
No. 18. Colorado State Univ., Fort Collins. 9 p.

This technical report describes the microscope
technique used In the identification of plant frag-
ments in herblivore diets, 1ltter, mulch, and other
complex plant specles mixtures. This report also
shows how to estimate the percentage dry weight each
species of plant may contribute in complex mixture.

Abstract No. 221,

1941,
In Climate and man.

Chapline, W. R,, and C. K. Cooperridge.
and grazing, p. 459-476,
U.S. Dep. Agr. Yearbook.

Many people have tried to fight the climate on
the range, but in the long run it gets them. On the
other hand, it is a pretty good friend If you learn
how to get along with it. Here is an article on that
subject in relation to the cattle and sheep business.
it includes a brief discussion of pastureland in
relation to climate, but most of it s about the
range.

Abstract No. 222.

Chilcott, E. C. 1927. The relation between crop
yields and precipitation in the Great Plains area.
U.S. Dep. Agr. Misc. Circ. B1. 94 p,

At the present stage of these investigations the
results seem to Indicate certaln outstanding features.

Notwithstanding the fact that annual precipitation
is a vital factor In determining crop yield, it is
seldom if ever the dominant factor; but the limitation
of crop yield is most frequently due to the operation
of ore or of several inhibiting factors other than
shortage of rainfall,

It is highly desfrable that the fullest possible
knowledge be acquired concerning the ¢limatic condf-
tions of the fireat Plains. Such Information is
indispensable to the farmers of this region when
planning their cropping systems, Many of the inhibit-
Ing factors which limit crop yields are meteorological
in character; and others, such as insects and dig-
eases, are very susceptlble to climatic condlittons.

The Great Plains area has been and should continue
to be chiefly devoted to stock ralsing; and all agen-
cies interested in the agricultural, social, and
economic development of this vast reglon of more than
450,000 square miles should unite Tn bringing about
conditions that will make possible the fullest davel-
opment of its natural resources for stock production.
Crop production should be aimed to supplement 1{ve-
stock production rather than to compete with it.

In its present state of agricultural development,
tand prices and local taxes in general are too high
in proportion to the revenue-producing capacity of
the region.

For the homeseeker with small capltal and without
practical agrilcultural experlience on the Great Plains

Climate

the chances of success are remote. But where practi-
cal experience and adequate capital combine, and when
a real economic demand for increased agricultural
production develops, the Great Plains of America are
destined to become one of the world's greatest food-
producing regions.

Abstract No. 223.

Chilcott, E. F. 1937. Preventing scil blowing on
the southern Great Plains. U.S. Dep. Agr. Far-
mers' Bull. 1771. 28 p.

Soil blowing is often a serious problem in the
southern Great Plains. The best preventive and con-
trol of sell blowing on cultivated land consists in
keeping on the surface materials such as crops, crop
residues, or clods, that resist soil movement.

Abstract No. 224,

Choate, J. R,, and E. D. Fleharty. 1972. Habitat
preference and spatial relations of shrews in a
mixed grassland In Kansas. Southwestern Natur.
(tn press).

A fleld study of Blarina breviecauda and Cryptotis
parva was conducted on a remmant prairie In Ellis
County, Kansas, Habits and habltat preference of the
shrews was reviewed in terms of preferred plant
communities, specles types, and relative moisture
content, and spatial distribution within the area of
home range.

Abstract No. 225.

Choguitl, H, 5., and J. Dodd. 1959,
tography of carbohydrate reserves.
S¢i., Trans 62:58-61,

Paper chroma-
Kansas Acad.

In an ecological study of the growth of two
grasses, blue grama {Bouteloua gracilis) and sideocats
grama (Bouteloua curiipendula}, 1t was necessary to
make a determination of the carbohydrate reserves.
Both a qualitative identification and a quantitative
estimation of sugars were needed to find growth and
storage trends.

Paper chromatography has been utilized in many
instances. for both qualitative and quantitative analy-
sis of sugers with sufficient reliability and accuracy
to be applicable to this study. Because a very large
nunber of procedures are given in the chemical litera-
ture, with varylng degrees of success reported in
separation and ident!fication, several were investi-
gated and the methods which gave results that were
reproducible and provided adequate separation were
selected for the study and are described in the
experimental discussion.

Abstract No. 226.

Christiansen, J. E. 1944, Effect of entrapped air
upon the permeability of soils. Soil Sci. 58:
355-365.

When solls packed In cylinders for laboratory
permeability determinations are wetted, some air is
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trapped in the soil, regardless of whether the water
is applied from the top, from below by capillarity,
or under a head.

A means of avoiding this air entrapment is to
evacuate the dry soil and wet it in the absence of
air. For some soils, this method of wetting greatly
reduces the final permeability obtained.

Upward flow of water in the permeameter is no
assurance of air elimination.

Having once become immobilized, this entrapped
air can escape only by dissolving in the water.

Entrapped air causes a large reduction in perme-
ability compared with completely saturated soils. In
some instances an increase of more than 30 times the
previous minimum rate has been cbtained with the elim-
ination of this air.

The presence of air in the soil results in perme-
ability values being affected by variations in
pressure and temperature. The increase in volume of
entrapped air with increase in temperature resuits
in a relative decrease in flow, which partly compen-
sates for the increase in flow due to the decrease in
viscosity of the water.

Abstract No. 227.

Christiansen, M., and A. M. Scarborough. 1569. Soil
microfungi investigations, Pawnee Site. U.S. IBP
Grassland Biome Tech. Rep. No. 23. Colorado State
Univ., Fort Coltins. 18 p.

In view of an abundance of fungal mycelia in both
cultivated and undisturbed soils and their known ca-
pacity for decomposition of organic matter, it seems
probable that fungi have an important role in elemen=-
tal and energy cycling within ecosystems. Recent
studies have revealed that variations in the existing
assemblages of dominant species correlate with such
measurable comunity characteristics as vegetation
composition, sol} water parameters, soil pH, and
litter calcium content.

To our knowledge, the Pawnee Site study, herein
reported, is the first quantitative soil microfungal
survey for a shortgrass community in the United
States. Our objectives in this initial survey were
{i} to determine the principal species present and
their relative frequencies-of-occurrence in one area
of the grassland, using the dilution plate technique,
and (ii) to assess the effect of heavy grazing of the
cover vegetation on species composition in the soil
microfunga! population.

Abstract No. 228.

Clark, F. E. 1969. The microflora of grassland soils
and some microbial influences on ecosystem func-
tions, p. 361-376, In R. L. Dix and R. G.
Beidleman [ed.] The grassland ecosystem: A
preliminary synthesis. Range Sci. Dep. Sci. Ser,
No. 2. Colorado State Univ,, Fort Collins.

The soil microflora is the single most important
group in the annual turnover of the energy trapped by
photosynthesis, The component groups of the micro=
flora are the bacteria, actinomycetes, fungi, and

algae. Biomass values for these groups taken in con-
junction with metabolism calculations suggest that

the great majority of the microorganisms present in
s0il are dormant or imactive at any given time. Even
so, in the course of their periods of intense activity
they have tremendous influence on diverse biotic and
abiotic components of the grassland ecosystem. Spe-
cies composition of grassland microfloras, the role of
the soil microflora as decomposer organisms, and their -
participation In those portions of the grassland
carbon cycle dealing with the decomposition of plant
res idues and the formation of soil organic matter are
discussed,

Abstract No. 229.

Clark, F. E. 1970. Decomposition of organic mater-
ials in grassland soil. W.S. IBP Grassland Biome
Tech. Rep. No. &1. Colorado State Univ., Fort
Collins. 23 p.

Burial and retrieval of cellulose filter paper or
of herbage materials, In conjunction with gravimetry
and ignition, has been found an operationally simple
procedure for studying microbial responses to the
field environment. It has been observed that decompo-
sition at the Pawnee Grassland Site occurs during
bursts of microbial activity elicited by favorable
conditions of moisture and temperature. During the
growing season, decomposition of organic material
occurred in a stepwise pattern, with intense activity
during seasonal droughts. HNo scil decomposer
activity was observed during the winter months.

Data were also accumulated concerning both the
susceptibility of the herbage of different plant
species to decomposition and the changes in suscepti-
bility within a given species during the course of the
growing season. Grasses were distinctly more resis—
tant to decomposition than were annual forbs. For
individual species of either grasses or forbs, early
season herbage collections were more susceptible to
decomposition than were late season collections.

Some good correlations have been observed concerning
the fate of herbage materials in soil microbial sys-
tems in comparison with their fate in herbivore
microbial systems.

Abstract No. 230.

Clark, F. E. 1970. The microbial component of the
ecosystem. U.S. IBP Grassland Biome Tech. Rep.
No. 52. Colorade State Univ., Fort Collins.
14 p.

Recently, | undertook to draw up from the litera-
ture a table to show that, excepting for the dominant
primary producers, the microflora is not only the
major component of the total biomass, but also is the
major furnace for burning up the energy materials
stored annually by photosynthesis. 1 was confident
that such a table, once constructed, could also be
used to show the high rate of metabolic activity of
the microflora. As one progressed down the size scale
from large mammals to microbes, one would expect the
ratio between the standing crop of a given component
group and the annual flow of energy through that com-
ponent to become progressively larger. Instead, there
is a precipitous narrowing, to a value even lower than
that given for elephants. Clearly, a discrepancy of
this magnitude demands some attempt at explanation.
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Abstract No. 231.

Clark, F. E., and E. A. Paul. 1970. The microflora
of grassland. Advance. Agron. 22:375-1435.

The role of microscoplcally small organisms In
numerous soil processes, particularly those affecting
plant productivity, s well recognized. Less well
known is a quantity of recently gathered information
concerning microorganisms as components of major plant
communities and the extent to which they participate
in the total energy flow therein.

Although the soll microfleora is the single most
important group in the annual turnover of energy
trapped by photosynthesis, to the authors' knowledge
no broad general review of the microfiora of grassland
has heretofore been compiled. Indeed this review
itself achieves little more than fragmentary coverage
of the existing literature on the microflora present
in grassland soils or associated with either the liv-
ing or dead vegetation thereon, !t makes no attempt
to discuss those influences on the ecosystem that the
bacteria and fungi may exert in their role as causa-
tive agents of plant or animal disease. In several
instances in which review discussions do exist on
specific aspects of the grassland microflora, citation
of such literature is used in 1leu of duplicate dis-
cussion. In other instances, data are cited for
nongrassland soils or communities. This may be elther
for comparisen with similar data for grassland or, if
comparable data are not available for grassland, to
point up the need for such data. 1n the context of
this review, grassland denctes any landscape which
supports mainly grasses as its native vegetation or,
if exploited by man, is used mainly for graminous
plants.

Abstract No. 232.

Clark, 0. R, 1340. Interception of rainfall by
prairie grasses, weeds and certain crop plants.
Ecol. Monogr. 10(2):243-277.

Long, narrow pans placed beneath the plants were
used to determine the amount of water which penetrated
the follage cover. The percentage of interception
varied with the intensity of rainfail, density of
foliage cover and environmental conditions, of which
wind movement and condition of the sky were especially
important. Andropogon fureatus grassland intercepted
47% of the water applied to simulate rainfall at the
rate of an inch during an hour and larger percentages
with applications of lower intensity. About two-
thirds of precipitation was intercepted during heavy
natural rains and as much as 97% of very light
showers. Upland forbs intercepted from 20 to 50% of
the rainfall, depending upon the intensity. Lowland
forbs withheld from the soil as much as two-thirds of
the water during light showers. Interception by com-
mon weeds ranged from 34% with 1/2-inch rains to
nearly 70% with 1/8-inch showers. Triticum aestivum
withheld nearly 60% of the water during heavy rains
and as much as 90% with the lowest intensity. Avena
sativa intercepted from 43 to 73% of the water applied
as showers of varying intensity. During natural
rains, from 45 to 73% of the precipitation was pre-
vented from reaching the soil. Melilotus alba
intercepted the following percentages during an hour:
1/8 inch, Sh; 1/4 inch, 92; 1/2 inch, 57; 1 inch, &47;
2 inch, 44, Interception by mat-forming weeds ranged
from 9 to 50%. Eragropstig cilianensis and Buchloe
dactyloides intercepted 16% of heavy rains and 74% of
light showers. The maximum capacity of interception

of 1lving plant materials ranged from 47 to 261 grams
per square foot of area and dead plants heid from 156
to 446 grams. During light showers Medicago sativa
intercepted 89% and during a heavy rain 26%, and
Spartina peetinata varied from 72% with a 1/8-inch
rain to 55% with a 1/2-inch rain during 30-minute
periods. Extent of the leaf surface and the number
of levels at which water may be held are important
factors tn detarmining the percentage of interceptien.
The foliage area of prairie vegetation is 3 to 20
times as great as the soil surface, and leaves are
disptayed at many levels. In these experiments, the
amount of water reaching the soil by running down the
stems was found to be small. Interception of rainfall
by herbacecus vegatation has an important retarding
effect upon runoff and erosion, but causes an impor-
tant loss of water to the soil.

Abstract No. 233.

Clarke, 5. E. 1930. Pasture investigations on the
shortgrass plains of Alberta and Saskatchewan.
Sci. Agr. 10:732-749.

The shortgrass plains of southwestern Saskatchewan
and southern Alberta comprise the largest range areas
in western Canada at the present time. The topography
of these plains Is gently rolling, and in pliaces they
are cut by deep river valleys and by canyon-like cou-
lees. The soll varies from a light sandy loam to a
heavy clay loam, with certain areas strongly alkaline.
Large areas are spotted with so-called 'burn-ocut"
depressions which vary in size from a square foot to
several square rods and on which there is no humus and
little or no vegetation. The average annual precipi-
tation is approximately 13 inches. When not
overgrazed, these plains produce a fairly good cover
of palatable and nutritious grasses, except on such
portions as may be strongly alkaline or badly eroded.

Abstract No. 234.

Clarke, S. E., and E. W, Tisdale. 1936. Range
pasture studies in southern Alberta and
Saskatchewan. Herbage Rev. 4:51-64,

In southern Alberta and southwestern Saskatchewan
there are certain areas of considerable extent that
are unsuited for cultivation, due to conditions of
climate, topography or soll. Lack of soil moisture
due to scanty precipitation and a high rate of evapora-
tion is the limiting factor over most of the area,
while In certain localities roughness of topography
or unfavourable soil conditions make cultivation
Impracticable. Attempts to produce cultivated crops
in these areas have been generally unsuccessful, and
it is now generally recognized that the native vegeta-
tion constitutes the best crop which can be obtained
from them,

During the early settlement of western Canada most
of the prairie sections were used at one time or
another for the production of livestock under range
conditions. With the advent of more settlers came
the change to cultivation and crop preoduction, espe-
cially of the cereal grains. At one time it appeared
that all of the west might be so transformed and that
the ranching Industry would give way to grain farming.
However, the natural conditions mentioned above halted
the march of the plough and assured the range livestock
industry of a permanent place in western agriculture.
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At present there are about 12 million acres of
native range pastures in southern Alberta and Saskatch-
ewan and an estimated four million acres of abandoned
farm lands, most of which will revert prebably to
their original state. |In addition, there are several
million acres of marginal! land, the correct utiliza-
tion of which has not yet been decided upon, and
whose owners will probably continue to fluctuate
between dry land farming and ranching, influenced
largely by climatic cycles and the relative price
of wheat and livestock. During years of above-normal
precipitation even the driest portions of the prairie
region will yield fair crops, and 1t is usually during
such years that much unwise settiement occurs.

Abstract No. 235.

Ctarke, S. E., and D. H. Heinrichs. 1941. Regrassing
abandoned farms, submarginal cultivated lands, and
depleted pastures in the prairies areas of western
Canada. Canada Dep. Agr. Pub. 720. 23 p.

If in future years there should be an increased
demand for wheat, some of the grasslands could be
brought under cultivation, and they will yield more
abundantly after being In grass for a number of years.

This regrassing program witl produce additional
feed for livestock. At present the livestock popula-
tion is on the increase. |f the acreage devoted to
forage crops is not correspondingly increased, and
dry years are experienced in the near future, an acute
shortage of feed will develop,

Considerable progress has been made in the regrass-
ing program, but much remains to be done. The work
should be speeded up and developed to the stage where
the regrassing of a portion of their lands will be
adopted by farmers in perpetuity as a regular farm
practice.

The regrassing program has been in progress during
the past six years. During that time regrassing over
wide areas and under a great variety of conditions has
been accomplished, and considerable information has
been recorded. There is an urgent need for the
regrassing of additlonal areas, and to those who con-
template the seeding of dry land to forage crops it
is hoped that this bulletin may prove a useful gulde.

Abstract No. 236.

Clarke, 5. E., J. A, Campbell, and J. B. Campbell.
1942, An ecological and grazing capacity study
of the natlve grass pastures in southern Alberta,
Saskatchewan, and Manitoba, Canada Dep. Agr. Pub,
738, Tech. Bull. 44, 31 p.

A survey of the grasslands in southern Alberta,
Saskatchewan, and Manitoba was commenced in 1937. The
purposes of this survey are to determine the botanical
composition of the native grass pastures, to estimate
their carrying capacity, and to determine how they can
be utilized to the greatest advantage. To date, sur-
veys have been conducted on some three million acres
of land located largely in community pastures and on
individual ranches. This bulletin presents certain
information relative to the types of grassland found
vWithin the region, with methods employed In the study
of the vegetational cover and in the calculation of
carrying capacity, and with some of the results
obtained.

Abstract No. 237.

Clarke, 5. E., E. W, Tisdale, and N. A, Skoglund.
1943. The effects of climate and grazing prac-
tices on short-grass prairie vegetation in
southern Alberta and southwestern Saskatchewan,
Dominion Canada Dep. Agr. Pub, 747:1-54,

Results of studies of native vegetation at the
Dominion Range Experiment Station, Manyberries,
Alberta, from the time of its establishment in 1927
up to 1939, are presented. The experimental area con-
sisted of 18,000 acres of native grassland in a
semi-arid region of southeastern Alberta. Mean annual
precipitation during the period was 10.7 inches while
the average seasonal evaporation from an open tank
was 33 inches., The soils are of the Brown zonal type
and exhibit considerable surface erosion. The princi-
pal native grasses, in order of basal area occupied,
were Bouteloua gracilis, Stipa comata, Agropyron
smithii, Keeleria erietata, and Poa secunda. The most
abundant forbs were Artemisia frigida and Phlox hoodii.
A dwarf clubmoss, Selaginella densa, was very abundant
but of only minor impertance. Stipa comata ranked
first in total forage production with Agropyron,
Bouteloua, Koeleria, and Poa following in order. Soil
moisture was the principal limiting factor for plant
growth, and was usually deficient after mid-July or
earlier. A close relationship was found between the
seasohal preclipitation: evaporation ratio and annual
yields of range forage. The mean annual production
from clipped plots (during the period 1931-1939) was
279 Ib. per acre of air-dry forage. A 7-year experi-
ment at different rates of stocking indicated that
the grazing capacity was approximately 30 acres per
mature cow for a 7-month season (April to October,
inclusive), With heavier rates of use, the plant
cover deteriorated and gains of the cattle were re-
duced. Results of tests of a 3-field system of
deferred and rotational grazing were not conclusive.
There appeared to be some benefit to the plant cover,
but not the livestock, while costs of fencing and
water development were Increased. The principal
effects of overgrazing on the native vegetation
consisted of a decline in the abundance, vigor, and
productivity of the native grasses, especially the
mid-grasses such as Stipa, Agropyron, and Koeleria.
Unpalatable herbs and shrubs Tncreased with overgraz-
ing. Marked changes in plant cover occurred during
the study period as a resuit of climatic fluctuations.
Decreases In abundance of desirable forage species
occurred during a series of drought years even on
1ightly grazed or protected areas. However, recovery
was fairly rapid, and there was no sign of permanent
injury except on fields grazed beyond proper capacity.
Applications of barnyard manure to native range re-
sulted in marked increases in yield, with benefits
from one treatment persisting for as long as 10 years.
Burning of range pastures, either in spring or fall,
caused reductions in forage yield for a period of 3
to 5 years under moderate grazing use.

Abstract No. 238..

Clarke, 5. E., J. A, Campbell, and W. Shevkenek.
1944, The ldentification of certain native and
natural ized grasses by their vegetative characters.
Dominion Canada Dep. Agr. Tech. Bull. 50. 129 p.

A key for identification of 102 native and natural-
ized grasses occurring in pastures and meadows in the
Prairie Provinces uses characters of vegetative parts
such as sheath, collar, auricles, ligule, and leaf-
blade for their separation, Diagrammatic drawings,
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emphasizing structural characteristics, and descrip-
tions of these parts are presented for each species.
Information is given on growth characteristics, under-
ground portions of the plant, and habitat conditions.
Indexes to botanical and common names are included.
Nomenclature 1s in accordance with that used by
Hitchcock.

Abstract No. 239.

Clarke, 5. E., and E. W. Tisdale. 1945. The chemical
composition of native forage plants of southern
Alberta and Saskatchewan In relation to grazing
practices. Canada Dep. Agr. Pub. 763. 60 p.

The results of chemical analyses of slightly over
one thousand samples, representing the principal
natlve forage plants of southern Alberta and Saskatch-
ewan are presented in this publication. The relation
of these data to llvestock production and grazing
practices in the area is discussed.

Abstract No. 240,

Clausen, J. J., and T. T. Kozlowski. 1965. Use of
the relative turgidity technique for measurement
of water stresses in gymnosperm leaves. Canadian
J. Bot. h3:305-316.

Adaptations of Weatherley's relative turgidity
technique (Weatherley, 1950), fitting it for use with
red pine (Pinus resinmosa Ait.}, white pine {P. strobus
L.), balsam fir {dbies baleamea (L.) MI11.), and
eastern hemlock {Tsuga canadensie (L.) tarr.) are
described. Results of preliminary Investigations of
sampling variation between trees, whorls, and needte
ages In red pine are presented,

Abstract No. 241.

Clements, F. E. 1920. Plant indicators: The
relation of plant communitlies to process and
practice. Carnegie Inst. {Washington} Pub. 290,
388 p.

The present book is intended to be a companion vol-
ume to "Plant Succession.”" The latter was planned to
contain several chapters on the applications of ecol-
ogy, but these were omitted on account of the lack of
space. Chief among these was the consideration of
succession as the primary basis for a system of indi-
cator plants, and this has been made the theme of the
present treatise. For the sake of clearness, It has
been necessary to give a concise account of the climax
communities of the reglon concerned. The original
plan inciuded a brief summary of the priseres and
subseres of the various climaxes, but the limltations
of space have precluded this. The same reason has
made it desirable to deal with principles and examples
in the three fields of practice, rather than to
attempt a complete account of the host of climax and
seral communities which serve as indicators. The
general principles and specific indicators have been
tested repeatedly during the field work of the past
five years, and the treatment has profited from the
fact that a special inquiry into indicator relations
throughout the West was made during the season of

1918,

Abstract No. 242,

Clements, F. E. 1921. Drought periods and climatic
cycles. Ecology 2(3): 181-188.

Relating the annual rings of trees to rainfall
and te the sun-spot cycle first suggested the possi-
bility of using the latter for forecasting rainfall
from year to year. Practically all the groups of
trees studied gave a clear record of growth cycles
corresponding closely to the period of the sun-spot
cycle. They confirmed the hypothesis that the
years of sun-spot maxima were generally marked by
deficient rainfall, and those of sun-spot minima by
rainfall above the normal. A preliminary examination
of the rainfall records for the states west of the
Mississippl River showed that the two major drouth
periods of 1893-95 and 1870-73 coincided with sun-
spot maxima. |t also became evident that excessive
precipitation had occurred frequently, if not regular-
1y, at the sunspot minima. These facts suggested the
probability of an excess of rainfall following the
exceptional sun-spot minimum of 1913, and of a
marked drouth period centering on the sun-spot
maximum of 1917. The excess did not occur unti}
1914, and became general only in 1315, but its
intensity was the greatest recorded for the reglon
as a rule. This partial confirmation of the working
hypothesis seemed to warrant a definite forecast of
drouth at the 1917 maximum, a drought made more
critical by the remarkable excess of 1315.

Abstract No. 243,

Clements, F. E. 1929. Climatic cycles and changes
of vegetation, p. 64-71. In Report of the confer-
ences on cycles. Carnegie Inst. (Washington) Pub.
129:3-~4.

Various types of cycles, as physical, geological,
biotic, economic, and climatic, are discussed, The
advantage derived from the study of cycles Is that of
prediction, especially In the case of the weather, a
climatic cycle. It may be possible in the future to
correlate sun spots and rainfall, so that it will be
possible to anticipate drought with some definiteness.
The study of tree rings Is giving the paleontologlst
a chance to investigate the climates of the recent
past, and [t may be possible, by use of the climax
plant community as a universal indicator, to recon-
struct climates of the geologic past I[n sequences
corresponding to major cycles.

Abstract No. 24k,

Clements, F. E. 1936. Nature and structure of the
ctimax. J. Ecol. 24: 252-2B4,

This Is a discussion of the climax as the basis
of the dynamic system in vegetation, or for the treat-
ment of biotic communities when animals are also
considered. The climax s at once the outcome and
the indicator of a major climate and not of a local
edaphic compensation or modification of 1t. When
communitles of such situations assume some degree of
permanence, they are termed proclimaxes. These are
distinquished as relicts of former climates, persis-
tent stages of succession, or as consequences of
disturbance, chiefly by man or stock. As the commun-
ity of the widest extent, the climax reflects the
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subclimates of its climate In corresponding subdivi-
sions or associations. These in turn fall into
faciations and the latter into lociations, both
characterized likewise by climax dominants and res-
ponding to successively smaller divisions of the
climate. In addition, each climax exhibits minor
communities composed of subdominants, f1lustrated

by composites in grassland. For these, the general
term is society, aspect societies being known as
sociations and layer ones as lamiations.

Abstract No. 245.

Clements, F. E. 1938.
populations in the Great Plains.
47:193-210.

Climatic cycles and human
Sci. Monthly

The most significant outcome of the practice of
testing soil moisture Is that it permits an early and
Impersonal decisfon as to the advisability of abandon-
ing the growing crop and conserving water for the
next one by means of fallow, which serves to keep
down weeds. In short, it gives the farmer two chances
for a good wheat yield, since fallow usually produces
twice as much as continuous cropping. An important
item is that moisture determinations render a fairly
decisive judgment at a time when the farmer is still
inclined to gamble on rain. With the water-content
low and rainfall deficlent to April first, abandonment
of the crop and the use of summer fallow Is strongly
indicated. To harvest the wheat crop in good years
and abandon it in poor ones gives the flexibility
needed in a region where dry years are not rare and
drought periods are recurrent. It is a type of crop
insurance that requires nelther subsidy nor enormous
granaries, and is peculiarly adapted to maintain the
independence of the farmer while it stimulates his
thinking processes.

A necessary adjunct to the combined method of
anticipation and prediction is the adjustment of crops
to seasonal differences in rainfall and soll moisture.

The most serious defect in the past has not been
that of climate, natural vegetation, or potential crop
production. It has been the common failure to realize
that the price of continued use is conservation and
that conservation can be secured only by means of the
most thorough cooperation. First of all this must
embrace all the officlal agencies, federal, state,
and county, in any way concerned with the problem;
this unification has already been accomplished to a
considerable degree. It has shown farmers the neces-
sity of cooperation among themselves, and it is upon
this new development that the conservation of tomorrow
should build an enduring system of use without abuse.

Abstract No. 246,

Clements, F. €., and J. E. Weaver. 1924, Experimental
vegetation, Carnegie Inst. {Washington) Pub. 355.
172 p.

An endeavor has been made to determine experimen-
tally the factors operating in the composition and
sequence of the climax grassland associations lying
between the Missouri River and the Rocky Mountains.
Lincoln, Nebraska, was selected as representative
of true prairie, Phillipsburg, in north-central Kansas,
of mixed prairie, and Burlington, In eastern Colorado,
of shortgrass plains. The altitude rises from 1,100
ft at Lincoln to 1,900 ft at Phillipsburg and 4,160 ft

at Burlington. Since the associations are zoned from
east to west, precipitation is the chief factor in
determining the type of grassland; it decreases
through this series of stations from 28 through 23 to
17 inches annual mean. A fourth station was main-
tained in the edge of the subclimax prairie at
Nebraska City, 50 mlles southeast of Lincoln, where
the precipitation is 33 inches. In addition to these
climatic stations, a series of edaphic ones ranging
through gravel-knoll, high prairie, low prairie, salt-
flat, swamp, and cultivated field was maintained at
Lincoln. Moreover, some reciprocal transplants from
Cotorado Springs, Colorado; Tucson, Arizona; and
Berkeley, California, were made at several of these
stations.

Abstract No. 247.

Clements, F. E., J. E, Weaver, and H. C. Hanson.
1530. Plant competition--An analysis of community
functions. 5. Competition in the ecotone between
woodland and prairie. Carnegie Inst. (Washington)
Pub. 398:154-202.

This treats of the experimental analysis of
competition as the paramount function of the plant
community, together with reaction as its inevitable
concomitant. A considerable number of new methods
have been devised and the technique perfected in con-
nection with the comprehensive study of this process
under both natural and cultural conditions, involving
the utllization of climax and seral communities in
nature, field crops, and greenhouse control. The
initial chapter traces the growth of ideas in this
field, especially in relation to ecology, forestry,
and agriculture, while the final one discusses the
concepts and principles involved. The latter also
indicates the path of future progress in connection
with the application of principles and methods to
forest, grazing, and agronomic research. Four
chapters are devoted to the results obtained from
experimental cultures In prairie and woodland. These
were typically cultures of two species based upon
life-form or ecological behavior, and comprised at)
of the primary relations in the community, namely,
dominant vs. dominant; dominant vs, subdominant; sub-
dominant vs., subdominant; tallgrass vs. tallgrass,
mid-grass, or shortgrass; etc. The competition
between trees and shrubs on the one hand and grasses
on the other was analyzed by means of sowing and
planting under semi-controlled conditions, as well
as under those entirely natural., Helianthus, Triticum,
and XYanthium were studled in four densities under
field and control conditions with especial reference
to water, nutrients, and light; and a number of con-
tro) series were employed in determining the relative
importance of these factors in competition as a
process.

Abstract No. 248.

Clements, F. E., and R. W. Chaney.
and life in the Great Ptains.
{Washington)} Suppl. Pub. 24,

1937. Environment
Carnegie Inst.
5h p.

burlng recent years the untoward effect of climate
has been strikingly in evidence throughout the Great
Plains and adjacent regions. The most dramatic phe-
nomenon has been a succession of bewildering dust
storms driven by the wind from sol) stripped of Its
protecting grass cover and parched by excessive heat
and drought. The failure of crops and the extensive
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removal of top-soil has led to the abandonment of
farms on a large scale and to the belief that a great
portion of the land Is permanently unsuited to
agriculture.

Such views are the cutcome of too short a perspec-
tive, and hence it becomes imperative to analyze the
situation in the light of changes of climate and 1ife
as revealed by the geclogical record. The most defi-
nite and reliable data regarding past climates are
afforded by the record of fossil plants, end these
are reinforced by evidence drawn from fossil animals,
sediments, and related sources, Hence, there would
seem to be no other basis for predicting future cli-
matic changes and related crop production than to
survey the climatic trends of the immediate and more
remote past and to correlate them with the responses
of plant and animai life. The writers have in prepara-
tion a comprehensive statement of this record in
western America and its Interpretation in terms of
changing envircnments. MHeanwhile, it seams appropri-
ate to present a general summary of the results of
these studies.

Abstract No. 249,

Clements, F. E., E. S. Clements, F. L. Long, and E. V.
Martin. 1939. Ecology, p. 134-140, In Carnegie
Inst. (Washington) Yearbook 38.

The studies reported in this monograph were con-
ducted at the transplant gardens on Plkes Peak and in
a coastal garden at Santa Barbara, Califernia, and a
dune garden nearby. Instruments and transplants were
maintained at both places throughout the growing sea-
sons, and a large number of perennials have become
permanently established to yield further results in
adaptation. Results of the study are dlscussed rela-
tive to analyses of the climatic and soil factors of
the dune habitat, measurements with scaled and free
phytometers, transpiration rates of native species,
the structural relations of leaves and root systems,
and correlations, including the role of physical fac-
tors, growth and life forms, leaf structure and holard,
stomatal freguency, significance of salt content,
xerophytes of dune and desert, nature of xerophytes,
and criteria of xerophytes,

Abstract No. 250.

Clements, F. E., and V. E. Shelford.
ecology.

Bio-
425 p.

1939.
J. Wiley and Sons, New York,

From the beginnings of life, organisms have lived
together in some kind of grouping. Since the differ-
entiation of plants and animals, communities in which
both occurred and interacted have undoubtedly charac-
terized the arrangement of living things on the face
of the earth. We know now that there are no habitats
in which both plant and animal organisms are able to
live, in which both do not occur and influence each
other. |In contrast, the development of the science
of ecology has been hindered In its organization and
distorted in its growth by the separate development
of plant ecology on the one hand and animal ecology
on the other.

The authors were brought together in this task of
attempting to corretate the fields of plant and animal
ecology by the common belief that it would tend to
advance the science of ecology in general.

The phenomena under discussion naturally bring up
the question of the community processes, concepts, and
nomenclature. A zoologist may be unfamiliar with
varicus ecological terms in use among plant ecolo-
gists, and the reverse {s also usually true. Here the
writers have not Introduced all the terms which they
are inclined to use in their individual papers,
designed for a more limited group of readers, but have
attempted to substitute less technical terms.

Abstract No. 251,

Cockertll, P. W., B. Hunter, and H. B. Pingrey, 1939,
Type of farming and ranching areas in New Mexico.
New Mexico Agr. Exp. Sta. Bull. 267. 134 p.

in the first part of this study New Mexico was
differentiated into 25 type-of-farming and ranching
areas and 33 subareas. In delimiting the state into
type-of-farming areas and subareas, a wide range of
information was used. The distribution of the crops,
livestock, and types of farms over New Mexlco 1s
largely the result (1) of such physical factors as
topography, altitude, type of soil, rainfall, and
natural vegstation, and {2) of such economic factors
as distance to market, available transportation facil-
ities, and relative profitableness of the enterprises
adapted to the state. All these factors, as well as
current farm and ranch practices, were given due con-
sideration In locating the boundary lines of the type-
of-farming areas and subareas.

The discussion In this bulletin (Part II) de-
scribes in considerable detall the type-of-farming and
ranching areas into which the state has been divided,
portrays the nature of the agriculture in each area
and subarea, and enumerates the more pressing problems
and needed adjustments.

Abstract No, 252,

Cody, M. L. 1966. The consistency of intra- and
inter-continental grassland bird species counts,
Amer. Natur. 100:371-376.

The number of species and the bird species diver-
sity, for the first 14 areas, fall between 3-4 and
2.44-3.83, respectively, exhibiting remarkable con-
stancy. The onily non-grassland plot, #15, a very
uniform needlerush marsh, has two species. Habitats
with four passerine species have a mean height h of
less than .5 ft, with one exception (.71 ft). Three
species are present In areas where h is .5 or more
feet. Therefore, the closer the physical similarity
between habitats, the more alike are the specles
counts. The phenomenon is even more striking when one
considers the taxonomic differences and origins of
the faunae invoived. Families represented in Narth
American plots are, In order of abundance in the
censuses, Fringililidae, lcteridae, Alaudidae,
Troglodytidae, and Metacillidae. in lceland the
Turdidae contribute to the three species In the cen-
sus, while in South America most species are members
of the Furnariidae (four), and three each of the
Tyrannidae and Fringillidae. There is, however, a
complete turncver In the finch genera, as with the
lcterids.

The non-passerines may be divided into the rather
arbitrary categories 'water-types,'' ''grouse-types,'
and raptors, with a view to facilitating the recogni-
tion of ecological homologues. Most areas have at
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least one species in each of the first two categories,
and often two or more in the third, in which case one
is usually a ''searcher' and the other a '"pursuer."

The heath-tundra regions, characteristic of either
high latitudes or high altitudes mostly have two
waders, a long-billed and a short-billed form, as do
other shortgrass areas. In general, the nonpasserines
are inadequate for testing the hypothesis because
these birds receive relatively more attention from man
and are correspondingly of more patchy occurrence.

1f the number of species per habitat seems to have
reached a saturation point in these areas, it Is rea-
sonable to infer that the kinds of species occupying
the habitat are those most appropriate, and hence are
better adapted than an equal number of a rather differ-
ent set of species, as well as better than a different
number of species.

The phenotypic convergence cbserved between these
otherwise distinct communities only serves to increase
our faith in this Inference. A quantitative evalua-
tion of the extent of this convergence, both of
morphologic and behavioral characteristics, Is being
prepared; but, to one familiar with the species
concerned, it will already be apparent.

Abstract No. 253.

Cody, M. L. 1366.
grassland bird communities.
Pennsylvania, Phitadelphia.

Spatial and associated patterns In
Ph.D. Thesis. Univ.
105 p.

Bird speclies coexist in communities by virtue of
some stable subdivision of the resources of the envi-
ronment. The alternative methods of resource division
are relative habitat selection (differential selection
of territory sites based on differences in habitat
variables) and food specialization (more or less great
interspeclfic differences in food and feeding ecology);
intermediate strategies also exist. Study areas were
setected in natural grasslands in North and South
America with a view to determine from the resident
bird comunities {a)} the habitat variables important
in habitat selection; (b) their relation (in magni-
tude) to habitat selection; (c) the relation between
coexistence mechanisms, habitat selection, and food
specialization, and (d) the parameter invariance
quality of this retation with geographic location and
species composition.

of a wide range of parameters tested, chosen for
their connection with the configuration of the habi-
tat, vertical grass density was found to be the most
consistently used as an indicator In habitat selection;
in North American study areas grass height was also
important. Using a discriminant function of grass
height and vertical density, a value to the habitat
selection, or lack of interspecific territorial over-
lap, was assigned to each community; a range in this
figure over three orders of magnitude was obtained.

A quantification of the relative food specializa-
tion was derived for each community, and all factors
which might be involved in food finding and actual
intake were considered. These amounted to two bill
factors (bil! length and shape), three behavioral
factors (average speed of progression, duration of
average stop, and percent of time stationary) and a
feeding height factor (representing the distribution
of times spent feeding within certain horizontal

"layers''). To each factor was assigned a range and a
spacing component, and a geometric combination of the
three groups of factors was taken as the desired
quantity. All communities fall on a straight line
plot (inverse relation) of habitat selection against
food specialization, when the former axis is scaled
logarithmically.

Bird species In short grasslands had a high
relative food speciallzatlon value, due mostly to
behavioral, and less to bill, factors and a small
habitat selection figure, In fields of mean heights
greater than three feet, a low habitat selection
figure was again obtained, but in this case all food
specialization resulted from a subdivision of the
grassland into horizontal layers, to which species
were restricted in feeding activities. Communities
resident in medium to tall grasslands (intermediate
between the first two) had very high values of habi-
tat selection, but 17ttle, if any, relative food
specialization. |t was thought that nelither behav-
ioral nor feeding height differences could be employed
in this habitat, as apparently vegetation was too long
and dense for the former and too short for the latter.

A mode} is presented which unifies these results.
Using only the possible modes of food resource divi-
sion and their variation with mean vegetation height
as empirical data, all other observed results are pre-
dicted and" verified. Given a field with a particutar
mean height and diversity (range in height), it
becomes possible to predict the number of species
which would occupy the field, or any part of it, the
amount of habitat selection employed by the community,
and the type (and amount) of food specialization which
would be found there. These predictions were possible
because of the striking parameter Invariance (for all
communities in North and South America) shown by the
relations obtained in the study.

Abstract No. 254,

Cody, M. L. 1968. On the methods of resource divi-
sion in grassland bird communities. Amer. Natur.

102(924):107-147.

The birds in 10 different types of grassland, 6
In North America and 4 in South America, were studied
over 2 breeding seasons. On each species in each
habitat measurements were made on vertical feeding
range, feeding behavior and grass type occupied by
territories. These are called '"coexistence mecha-
nisms'' because species can reduce competition between
them by differing in any or all of the above three
ways. Data is expressed so that each palr of species
in a field can be ecologically separate by various
amounts from 0 to 100%, per coexistence mechanism.
The average ecological difference between species
pairs in grasslands was constant between grasslands,
including those of both continents. At low grass
heights species differ mainly in feeding behavier; at
medium heights mainly by choosing different parts of
a field and thus separating territories interspecifi-
cally; at larger values of grass height by partition
of the field into two horizontal feeding layers. With
knowledge of grass height and its variance, it is
possible to predict the number of species and which
coexistence mechanisms will be employed to what
extent In the bird fauna which occupies the field.
It is speculated that all habitats are equally ''satu-
rated'’ and adapted toward an "optimum' state.



Abstract No. 255.

Coile, T. 5. 1936. Soil Sci. 42(2):

139-142,

Soil samples.

In studying some of the physical properties of
soils, with particular reference to those Influencing
the movement and avallability of water, it is often
desirable to obtain soil samples the natural structure
of which is undisturbed. Two types of cylinders have
been devised and used with success by the writer in
the soils of the Duke Forest.

£ither of the two cylinders described can be used
for obtaining samples of undisturbed soil for moisture
equivalent determinations. Sub-samples are cut out to
fit the moisture equivalent cups in the laboratory.

Abstract No. 256,

Cole, G. F. 1956, The pronghorn antelope: Its range
use and food habits in central Montana with special
reference to alfalfa, Montana Agr. Exp. Sta. Bull,
No. 516. 63 p.

The range use and food habits of the pronghorn
antelope, Antilocapra americana, were Investigated on
a 62,160 acre study area in central Montana where the
principal land use was stock raising integrated with
alfalfa forage and seed production. Antelope depreda-
tions on alfalfa fields In the area were frequently
reported by landowners. Fleld investigations extended
through spring, summer, and early fall during 1953 and
1954. Laboratory work was conducted during the two
winters.

Abstract No. 257.

tollins, D. D. 1969, Macroclimate and the grassland
ecosystem, p, 29-39. In R. L. Dix and R. G.
Beidleman [ed.] The grassland ecosystem: A
preliminary synthesis. Range Sci. Dep. 5ci. Ser.
No. 2. Colorado State Univ., Fort Collins.

Vegetational distribution in the Great Plains is
primar(ly determined by macroclimatic factors. Of the
various climatic factors involved, the amount and
seasonal distribution of moisture are the major deter-
mining factors. The north-south orientation of
high mountain coastal ranges in North America effec-
tively restricts the movements of maritime air Inland
past the continental divide. At the same time, the
lack of east-west topographic barriers allows for free
mixing of the warm, humid gulf air mass and the cold
polar air mass of the arctic, making the great plains
a major region of cyclogenesis and strong cyclone
activity. Differences in seasonal patterns and total
amounts of precipitation are directly related to the
patterns of wind-flow for the three major air streams
in the Great Plains. The widespread droughts which
occur infreguently in the summer result from a
replacement of the moist maritime gulf flow by the
dry continental westerlies.

Abstract No. 258.

Collins, D. D. 1970. Comprehensive Network Site
description, BRIDGER, U.S. IBP Grassland Blome
Tech. Rep. No. 38. Colorado State Univ., Fort
Collins. 10 p.

Bridger Site is on U.S. Forest Service land; how-
ever, there is a cooperative agreement with Montana
State University. The Site is located in southwestern
Montana about 14 alr miles northeast of Bozeman,
Montana {approximately 33 miles by road). The actua!l
research area is approximately 35 acres; the entire
bangtail ridge Is approximately 15 miles long by 10
miles wide. Census experiments may be conducted over
large portions of the entire range. The actual
research site has been enclosed by fence and used as
an occasional horse pasture by U.5, Forest Service
personnael on Infrequent occasions since the 1930's.

Abstract No. 259.

Collins, D. D. 1971. The Bridger Site, 1970 progress
report, U.S5. IBP Grassland Biome Tech. Rep. No.
84, 4o p.

Field data from investigations of aboveground
primary production during the 1370 growing season at
the Bridger Site are summarized and tabulated. In-
cluded are results from grazed and ungrazed areas, as
well as two locations on which snow accumulation was
artificially increased. Results from a sample of
belowground biomass of plant material are alse pre-
sented, as well as summary charts of air and soil
temperatures through the growing season.

Abstract No. 260,

Collins, R. W., and L. C. Hurtt, 1943. A method for
measuring utillzation of bluestem wheat-grass on
experimental range pastures. Ecclogy 24:123-125.

An objective method for measuring degree of graz-
ing Is under development as a first step in defining
the proper degree for utllizing forage plants and for
better range management. The development of a
composite curve Is briefly described which shows the
height-weight relationship of bluestem wheatgrass,
Agropyron smithii, using both culmed and culmless
forms comhined In the correct ratic for the site and
year in question. After the percent of plants grazed
and their stubble heights are determined by sampling
the pastures along transect lines, the total percent
utilizatlion for grazed plants Is read from this curve.
The method s objective and reveals slight dlfferences
in degree of grazing.

Abstract No. 261,

Conrad, E. C. 195h. Effect of time of cutting on
yield and botanical composition of prairie hay
in southeastern Nebraska. .J. Range Manage. 7:
181-182.

The effects of five cutting treatments on the
yield and botanical composition of a native upland
meadow in eastern Gage County, Nebraska, were studied
for an elght-year peried, 1945-1952. The cutting
treatments involved early {early July), midseason
{early August), and late {mid-September) cutting each
year and early and midseason cutting in alternate
years during the six years, 1945-1950. In five of
the six years, an aftermath crop was harvested in mid-
September from the plots cut early that year. All the
plots were cut in midsummer in 1951 and 1952 to deter-
mine the cumulatlive effects of the cutting treatments
on yield and botanical composition,
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Abstract No. 262Z.

Cook, C. W. 1942. Insects and weather as they influ-
ence growth of cactus on the central Great Plains.
Ecology 23(2):209-214.

The recent drought of 1930-1%40 has brought a very
noticeable increase of cacti in grazing lands of the
central Great Plains. Owing to the increasing preva-
lence of these plants a study was made during the
years 1937 to 1940 to determine the causes of cactus
increase with dry years and the reverse process during
the moderately wet years.

it was found that insects played an important role
in the contro) of cactus, and that rodents, especially
rabits, were important agents of seed dispersal.

Three Insects, Chelinidea vittiger (Uhl.),
Dactylopius sp., and Melitara dentata {Grote}, were
studied. Only the latter two were considered of great
importance.

It was concluded that drought 1s the primary fac-
tor controlling the balance between cactus and insects,
but that proper grazing of the native forage greatly
aids in producing a favorable habitat for the insects
thus Inducing an increase in their numbers and a de-
crease in cactus.

Abstract No. 263.

Cook, C. W. 1966. Carbohydrate reserves in plants.
Utah Agr. Exp. Sta. Res. Ser, 31:1-47.

Reserve substances are organic materials that,
during certain perieds, are elaborated In the leaves
but stored in other parts of the plant for later use
in energy and growth requirements. They consist
largely of carbohydrates and are sometimes referred
to as carbohydrate resources or food reserves.

Concentration of carbohydrates in plant storage
organs changes with the input of photosynthetic prod-
ucts and translocation of materials from aerial
portions of the plant. The rate of carbohydrate use
and export from storage to other areas of the plant
also changes this concentration. Thus, any factor
affecting photosynthesis or utilization of carbohy-
drates for respiration or growth will affect the level
of plant reserves.

Abstract No. 264,

Cook, C. W. 1970. Ecosystem approach to teaching
range science. Amer. Soc. Range Manage. Annu.
Meeting, February 9-12, Denver, Colorado.

Range management today is an integral part of land
resource management. The range scientist will have an
area of competence only after he demonstrates to other
related disciplines that he has a sound understanding
of the ecosystem, Its structure and its function. He
must know how manipulation or modification of the eco-
system affects the various components of the system.
In decision making the range scientist wust defend his
action logically and scientifically so that his views
are clearly understood by people.

Abstract No. 265,

took, €, W. 1970. The ecosystem concept in an under-
graduate curriculum in range science, Amer. Soc.
Range Manage. Annu. Meeting, February 9-12, Denver,
Colorado.

Rangelands involve about one-third of the land
area of the world. These lands are hillier, rockier,
drier, and more remote than most croplands. The value
of the range resource is more than just forage for
livestock., The range resource is being shared with
recreationists, managed for watershed values, and
protected for wildlife habitat. HNever, in the history
of civilization, has a natural resource needed greater
scientific attention throughout the world. Social
changes and political implications have brought about
a reevaluation of conventional land use systems.

The range manager of tomorrow must relate the use
of the forage resource to modern needs of society, and
his management methods must be compatible with limita-
tions of the biological system--the range ecosystem.

Range departments and staff have become academi -
cally and sclentifically complacent, and as a result
they are resistant to change and are reluctant to
recognize the fate of the discipline of Range Science.
Universities must have the fortitude and foresight to
change curriculum. Even though changes in information
taught and procedures In doing it are slow and tedious,
they must be made. Attention should be given to re-
orienting course materlal to make education more
comprehensible and usable. The curriculum most be
relevant te changing times and demands of a dynamic
and Fastldious society. Revised curriculum should
include new material, be presented in a new approach
and be taught by more skilled teachers. The curri-
culum should reflect modern technology and the
concepts of tomorrow's resource management needs.
Training must present specialization comparable to
contemporary disciplines.

Course material should be refined, meticulously
organized and precisely presented, Advanced study
should require more Involvement by the student in
new concepts, techniques, and methods. I1t.is the
academic responsibility of the universities to furnish
new knowledge, teach this effectively to young eager
minds, and graduate competent students.

Man must learn to live as a component within a
biological system and not as an outsider who simply
manipulates the processes of the system to sult his
whims. The range resource of the world represents
tremendous wealth and deserves more than secondary
consideration. Therefore, the range scientist must
come forth and demonstrate his area of competence
or be willing to let other related disciplines usurp
his profession.

Abstract No. 266.

Cook, C. W. 1970. Seeding methods for Utah road
sites, Utah Agr. Exp. S$ta., Utah Resource Ser.
52. 23 p.

The following guide lines from a cooperative study

of Utah State University, the Utah State Department of
Highways Road Commission, and the U.S. Bureau of



Public Roads. The study was concerned with methods
and techniques of establishing grass stands on new

road construction and involved the use of mulches,

fertilizer, methods of planting, weed control, and

the testing of adapted species.

Abstract No. 267.

Cook, H. L. 1946.
calculation of surface runoff.
Union, Trans. 27(5):726-743.

The infiltration approach to the
Amer. Geophys.

(1} The infiltration approach, while a very useful
teol, is still In the earlier stages of development,
and before it can be generally employed, many problems
must be solved and large guantities of data published.

(2) Only surface runoff may be determined by the
use of infiltration data. Conversely, infiltration
data cannot be derived from measurements of runoff
containing subsurface flow.

(3) A rigorous application of the infiltration
approach requires that the runoff be separately calcu-
lated for each complex and these values summed to
obtain the runoff from a multiple-complex area.
Obviously, this process cannot be reversed. 1t
follows that infiltration curves for individual com-
plexes cannot be derived from the runoff and rainfall
records of a multiple-complex watershed.

(4) The only rational way to calculate the runoff
from a single complex is by the use of infiltration
curves.

{(5) There are three kinds of infiltration curves:
{a) Those showing the variation of the actual infil-
tration rate through a rain or storm period; (b} those
showing the variation of infiltration capacity, with
time; and (¢) standard Infiltration-capacity curves.

(6) Infiltration indices, if wisely selected and
properly used, yield runoff estimates suitable for
many purpeses. For a slngle complex, these indices
have a comprehensible physical meaning. For a
multiple-complex watershed, the physical significance
is obscure. Whether used for single or multiple-
complex areas, the results obtained with indices must
be considered empirical.

{7) A1l inflltration data should be accompanied
by a full description of the procedure used in their
derivation. Only in this way can correct application
of the data be insured.

Abstract No. 268.

Cook, 0. F. 1508.
Texas prairie.
Circ. 14, 7 p.

Change of the vegetation of south
U.S. Dep. Agr., Bur. Plant Ind.

In south Texas, extensive regions which were for-
merly grassy open prairies are now covered with a
dense growth of mesquite, prickly-pear cactus and
many other shrubby plants of intermediate size. It
differs locally only in the number of years since the
bushes began to grow subsequent to the establishment
sf the grazing industry on a large scale, the annual
surning of the grass by the cattlemen, and finally the

fencing of the land for still more intensive grazing.
Before the prairies were grazed by cattle the luxuri-
ant growths of grass could accumulate for several
years until conditions were favorable for accidental
fires to spread. Settlers in south Texas early adop-
ted the practice of burning over the prairies every
year; partly to protect their homes against the fires,
partly to give their cattle readier access to the
fresh growth of grass. While the grass was stlll
abundant these annual burnings were able to keep the
woody vegetatlon well In check though no longer able
to drive back the forest or even to prevent a slow
advance. In spots where the grass is thin, seedling
mesquites and oaks escape the flames and In a year or
two begin to shade the ground and gain more protection
against the dangerous proximity of the combustible
grass. Burning has to be done In the winter when the
grass is dry, but the young trees are then In a dor-
mant condltion and are much less injured by the fire.

With the building of barbed-wire fences and the
provision of permanent supplies of water by wells and
resarvoirs cattle were greatly increased. There were
a series of very dry seasons when the cattle left
little grass to burn, often none at all. This was a
time of notable prosperity for the bushes and cactl.
wWhen the huisach and smaller shrubs and cacti become
numerous enough to kill out the grass, the pasturage
rapidly diminishes. The ranch owner then encounters
the problem of clearing his pastures anew at much
expense of labor and time or of selling the more fer-
tile lands in small areas to the truck farmers. This
movement toward more intensive agriculture in south
Texas is carrying with {t the building of railroads
and the construction of extensive facilities for irri-
gation. South Texas was occupied until recently by a
few cattle ranches. South Texas is being rushed under
the plow to escape the invasion of bushes.

Abstract No. 269.

Cooper, H. W. 1953. Amounts of big sagebrush in
plant communities near Tensleep, Wyoming, as
affected by grazing treatment. Ecology 34:186-189.

On the area studied, big sagebrush is a dominant
in a disclimax which 1s largely the result of past
grazing practices.

Species of natural grazing lands In this area can
be grouped accordling to their behavior under close
grazing as decreasers, [ncreasers, and invaders and
their relative amounts used as a quantitative measure
of departure from climax.

Relative amounts of big sagebrush in excess of
10 percent of total coverage indicated ecological
degeneration.

Increase in relative amount of bluebunch wheat-
grass afforded a measure of secondary succession on
the site studled.

when conservatlve grazing and occasional resting
{deferring) of pastures is practiced on this site,
climax grasses can largely replace big sagebrush with-
out artificial aid.

Under favorable weather and grazing conditions,
climax grasses can displace blg sagebrush on this site
within a decade or less.
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Abstract No. 270.

Cooper, H. W. 1957. Some plant materials and
improved techniques used in soi) and water conser-
vation in the Great Plains.
12:163-168.

Observations arising from the use of plant mater-
ials for conservation purposes In the Great Plains
Indicate that the high-producing, improved exotic
species and domesticated natives have their greatest
value on deep, fertile, arable land where their high
potential can be realized through fertilization, crop
rotation, and reestablishment. Where soils are not
arable or, for other reasons, the chjective is a
permanent protective and productive cover with a
minimum of maintenance, locally adapted climax species
best fulfiil the needs. Where unnatural species
are introduced they must be considered temporary
and must normally be maintained artificlally.

Abstract No. 271.

Cooper, 4. P. 1963. Species and population differ-
ences In climatic response, p. 381-403. In
L. T. Evans [ed.] Environmental control of plant
growth. Academic Press, New York. U443 p.

The study of the pattern of variation in contrast-
ing climatic races provides valuable information on
the way In which such adapted populations have arisen
in the past, and their potentialities for future
change. Since the basic objective of crop improvement
is to increase the efficiency of utilization of solar
energy, such studies should indicate to the plant
breeder the most promising sources of climatically
adapted material. Much of our understanding of the
physiological and genetic mechanisms of climatic
adaptation has come from the comparative study of con-
trasting climatic races within one or closely related
species. This approach consists essentially of three
integrated stages.

{a) An ecological survey of the pattern of varia-
tion In the field or experimental garden, and the
correlation of this pattern with known climatic
variables.

{b) A more intensive study, often In controllied
environments, of the physiological or biochemical
responses involved.

(¢) An investigation of the genetic basls of these
responses and the way in which they have evolved under
the selective action of local climate.

Abstract No. 272,

Copley, P. W., and J. 0. Reuss. 1970. The quantita-
tive measurement of nitrogen fixation using the
acetylene reduction technique. Western Soc. Soil
Sc¢i., June 23, Berkeley, California.

Acetylene is a competitive inhibltor of nitrogen
fixation. The reduction of acetylene to ethylene is
analogous to the reduction of Ny to NH3 and can be
used to quantitatively estimate rates of nitrogen fix-
ation, This technique was used to measure rates of
nitrogen fixation on soil-plant cores from the Pawnee
Site of the International Biological Program Grassland
Biome. At field capacity moisture levels, fixation
was nagligible. Rates of nitrogen fixation under

J. Soil Water Conserv.

saturated or artiflclally anaerobic conditions ranged
from 1 to 5 g/ha/day. Additions of a soluble energy
source, coupled with high moisture conditions resulted
In substantia) rates of fixation, but the efficiency
of conversion was low.

Abstract No. 273.

Corbet, E. §., and R. P, Crouse. 1968, Rainfall
interception by annual grass and chaparral. USDA
Forest Service Res. Paper PSW-4B. 12 p.

As the grass stand developed throughout the rainy
season the amount of estimated interception loss
increased. The loss was high for small storms--
especially In spring when warming temperatures stimu-
late grass growth, When precipitation comes in a
series of small storms, interception by grass can be
quite large. In Hydrologic Year 1963-6h4, for example,
out of a total rainfall of 15.32 inches, the estimated
interception by grass was 13.8% and by brush, 16.6%.
Interception loss for large storms, especially if they
occur early in the growing season when grass is in [ts
early stages of development, is relatively small. In
Hydrologic Year 1953-54, 92% of the 24.92 Inches fell
in seven storms, The calculated interception loss
from grass was 5.0% and from chaparral 10.9%.

Grass In fts later stages of growth may give simi-
lar or even higher interception values than mature
chaparral.

Cattle grazing reduces interception loss from
grass by reducing the guantity of vegetation and thus,
its Tnterception storage capacity. The interception
loss on grazing lands could be estimated by using the
interception loss relationship which represents the
grass conditions at the time of rain storms. A
savings in soil moisture at the same time also would
be reallized because of the reduced transpiration by
the shorter grass plants.

The net water loss to the watershed from grass or
chaparral interception can only be surmised. Inter-
ception losses from non-transpiring surfaces, such as
dead grass or brush stems, would certainly result in
a net water loss to the watershed. The net water loss
to the plant-soll-water system may not be as high as
the gross Interception measurements reported in this
paper, but its amount is undoubtedly signiflcant in
the redistribution of precipitation.

Abstract No. 27h.

Cornelius, D. R., and M. D, Atkins. 1946. Grass
establishment and development studies in Morton
County, Kansas. Ecology 27:342-352,

This study concerns establishment and dewelopment
of native grasses in revegetation of three problem
areas in Morton Ceunty, Kansas. Blue grama, side-oats
grama, and buffalc grass were planted on hard-land
denuded range in 1942, 1943, 1944, and 1945, A mix-
ture of blue grama, side-oats grama, little bluestem,
sand bluestem, and sand lovegrass was planted on sand-
sagebrush rangeland and on sandy-land farmed areas.
These plantings were made in 1941, 1943, and 1945.

The original grass cover of the hard-land denuded
range had been destroyed by a combination of drouth,
overgrazing, erosion, and se¢il deposition.
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Abstract No. 275.

1902.
Geogr. J.

On snow-waves and snow-drifts In

Cornish, V.
20(2}:137-175.

Canada.

On December 5, 1900, | left for Canada In order to
study surface forms of snow. My primary object was to
continue the investigation of terrestrial surface waves
and wave-like surfaces. The forms were studied day by
day in the course of snowshoe tramps. Of fresh-fallen
snow there appear to be two chief kinds--wet and
sticky snow, which falls about 32°F; and dry slippery
snow, which falls at about O°F or at any lower tempera-
ture. The subsequent modiflcations of the show appear
to depend upon pressure, temperature, radiation, and
wind. In Canada there was a geographical distribution
of the kinds of snow.

Abstract No. 276.

Cosby, H. E. 1960. Rings on the range.
Manage. 13:283-288.

J. Range

Circular patterns in the vegetation are common on
the range lands of North Dakota and Montana. The
circles are of different types and have different
orlgins. Data were obtained on two types in 1958
and 1959 and observations were made of these and other
types over several years. Of the four types discussed
the fungus falry ring is probably the least widely
distributed and is associated with the most mystery
and legend.

€ircles caused by plowing firebreaks around hay-
stacks often persist long after marking by the plow
is obliterated. Single plants which propagate vege-
tatively, commonly called clones, often form nearly
perfect circles on the prairie. These form during
periods of secondary succession following great loss
of cover, and also during range degeneration when
grazable species are kept low in vigor while very
short or woody plants advance vegetatively.

Tepee rings are circles of surface stones. Their
significance is unknown though it is generally agreed
that they were placed by people at a time prior to
the advent of white men.

Abstract No. 277.

Cosby, H. E. 1964. Some yield characteristics of
range as influenced by soil type and weather. J.
Range Manage. 17(5):266-269.

A sampling study was made of herbage yields by
specific soil types in the Souris River area of North
Dakota during 1958, 1960, 1961, 1962, and 1963. Sam-
pling areas were selected from representative soil
types and excellent range condition.

Abstract No. 278.

Cosby, H. E. 1965. Fescue grassland in North Dakota.
J. Range Manage.18:284-285,

Local areas of North Dakota grassiand are domi-
nated by rough fescue. The composition of the
vegetation on these areas is very similar to that of
the Fescue Grassland described in Canada. Small

amounts of the species are widely distributed across
the northern portion of the state.

Abstract No. 279.

Costello, D. F. 1931. Comparative study of River
Bluff succession on the lowa and Nebraska sldes
of the Missour! River. Bot, Gaz. 91:295-307. -

Study of the river-facing bluffs of the Missouri
River was undertaken to galn a more accurate concept
of the differences that appear to exist between the
opposing bluffs,

in order to provide a basis for discussion, a
brief description of the order of succession on these
river bluffs and thair plant assoclations is glven.

The order of succession was found to be the same
on opposite sides of the river.

The rate of succession Is faster on east-facing
biuffs.

East-facing biluffs excel both in number of indi-
viduals and In varlety of species.

Corresponding associations are found higher on
east-facing than on west-facing bluffs.

A greater area is occupied by the linden-ironwood
c¢limax on east-facing bluffs than on west-facing
bluffs.

These differences, as well as the treelessness of
west-facing bluffs, appear to result from the high
rate of evaporation caused by prevailing winds during
the growing season.

It is hoped to study in detail the environmental
factors In the various plant formations and associa-
tions on the Missouri River bluffs,

Abstract No. 280,

Costello, D. F. 1941,
grass range In the central Great Plains.
Dep. Agr. Leafl. 210. 6 p.

Pricklypear contre! on short-
u.s.

More than 5 million acres of range lands in east-
ern Coloradc and eastern Wyoming alone are infested
by pricklypear (Opuntia polyacantha) to a degree that
presents serious problems in range management, This
plant has always been present in the central Great
Plains, but in recent years it has increased on areas
previously infested and has spread to many thousands
of acres for the flirst time.

The pricklypear problem is primarily one of graz-
ing capacity. Not only do the plant's sharp spines
prevent the ytilization of the cactus by livestock,
but also by occupying space where grasses could grow
and by keeping livestock from the grasses and other
forage plants which grow within the cactus clumps,
pricklypear reduces the total amount of forage avail-
able. Furthermore, observations indicate that
pricklypear not only can withstand drought but can
compete successfully with native grasses in favorable
years. The only promise of relief from these infesta-
tions lies in some method of removal which can be
applied effectively and economicalty.
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Abstract No. 281.

Costello, D. F. 1942, Weight gains of cattle
strongly influenced by weeds and shrubs as well
as by grasses. Colorado Farm Bull. A{1):14-15.

The importance of weeds, shrubs, and secondary
grasses in reguiating gains in weight of cattle In
the Great Plains is becoming increasingly more evi-
dent as a result of studies on the Central Plains
Experimental Range, where grazing studies are conduc-
ted in cooperation with the Soil Conservation Service.
Grazing experiments on this area, located near Nunmn
in northeastern Colorado, have shown consistent
differences of 35 to 60 pounds in seasonal gain of
yearling Herefords grazed in a series of 12 pastures
of 320 acres each. These differences in gains between
pastures are not explainable on the basis of grazing
intensity, location of forage, or effect of feeding
during the winter. instead, they appear to be related
to the composition of the forage as determined by the
percentage of certain grasses, weeds, and shrubs 1n
the pastures.

The rancher should keep in mind that two kinds of
weed populations may appear on his pastures: (1} the
population composed largely of perennial weeds which
remain year after year and fluctuate in luxurlance
with variations in rainfall; and (2) the population
consisting principally of annual specles which domi-
nate in wet years and nearly disappear in dry years.
The latter generally are indicators of overgrazing,
while the former are normal components of the vegeta-
tion and indicate conservative use and a desirable
range condition.

The results of this study indicate that abandoned
fields which have a good cover of vegetation can
profitably be grazed simultaneously with adjoining
native blue grama ranges.

No data are avallable in the present study on the
effect of supplemental feeding in connection with the
use of ranges consisting of nearly pure grass stands.

Abstract No. 282.

Costelio, D. F. 1944,
on Colorado ranges.
Ext. Bull. 383-A.

Efficient cattle production
Colorado State Coll. Agr.
16 p.

As an aid to securing increased efficiency in
range cattie production, this bulletin presents some
of the latest results of investigations made In
Colorado by the Rocky Mountain Forest and Range
Experiment Station. These results have been obtalned
on shortgrass ranges and on ponderosa pine-bunchgrass
ranges and are applicable in general to most of the
plains and mountainous areas of the state. In addi-
tion to these research results, some of the important
items In ranch operation which should be checked
periodically are discussed.

Abstract No. 2B3.

tostello, B. F. 1944, important species of the major
forage types in Colorado and Wyoming. Ecol.
Monogr. 14:107-134,

In order to organize studies and plan the use of
range land effectively, it is common practice to base
observations of the plant cover on only the most

important species present. This selectivity is desir-
able and essential since critical analysis of the
entire plant population is ordinarily impossible or,
at least, impracticable.

The principte of selectivity of important species
in reference to studies of range forage is i[llustrated
by the work of many investigators.

Therefore, as this combined evidence indicates, it
is essential or, at least, highly desirable In dealing
with vegetation as forage to select the important
species and concentrate observations and conclusions
quite generally on these plants. As an aid in this
selection for the plant types of a single region, this
paper has besen prepared.

The data presented are based on numerous recent
forage inventories and range surveys in Colorade and
Wyoming where more then 2,000 plant species were
encountered and recorded. From these data and accom-
panying observations the following information for
each major forage type has been compiled: (1) the
most important plants; {2) the frequency of occurrence
and relative amount of forage produced by these plants;
and {3) a brief statement of the values of these
plants in developing range management plans. This
information Is of immediate use to range administra-
tors and should be of great value to ecologists and
range research workers in planning future work in this
area.

Abstract No. 28k,

Costello, D, F. 1944, Natural revegetation of aban-
doned plowed land in the mixed prairie association
of northeastern Colorado. Ecology 25(3):312-326.

Plant succession on abandoned fields in northeast-
arn Colorado proceeds through the following stages:
an initial stage characterized by Salsola kali
tenuifolia, Amaranthus retroflexus, Chenopodium album,
or other annuals; a forb stage conslsting of a large
variety of annual and perennial forbs and a few
grasses; a short-1ived perennial grass stage in which
Schedonmandus paniculatus, Hordsum Jubatum, Sporobolus
eryptandrus or Sitanion hystriz are uswally abundant;
a stage marked by dense stands of Aristida longiseta
or A, purpurea; and the fully developed mixed prairie
association, consisting of a mixture of shortgrasses,
mid-grasses, forbs, and shrubs.

in relatively undisturbed successions the initial
stage lasts from 2 to 5 years; the forb stage, from
3 to 6 years; the short-1ived perennial stage, from
L to 10 years; the Aristida stage, from 10 to 20
years. The transition to climax mixed prairie may
require from 10 to 20 years.

Drought cycles and wet years retard or accelerate
the rate of succession.

Other factors. markedly influencing the rate of
succession are topography, intensity and duration of
cultivatlon preceding abandonment, and grazing. Heavy
grazing maintains the forb and short-lived perennial
grass stages almost indefinitely.

Succession |s accompanied by an increase in com-
plexity of the floristic composition. As the various
plant species enter in the different stages, they tend
to remain so that the climax association contains a
\arge number of the species which have appeared In
earlier stages of the sere.
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Influents of considerable importance include kan-
garoo rats, jack rabbits and harvester ants. The
small mammals tend to reduce seed production of the
mid-grasses. Ants probably affect the seed supply and
their mounds provide a substratum for the entrance of
shortgrasses into the succession.

Abstract No. 285,

Costello, D. F. 1954, Vegetation zones In Colorado,

p. 3-10. In H., D. Harrington [ed.] Manual of the
plants of Colorado. Sage Books, Denver, Colorado,
666 p.

The elevational range in Colorado varies from 3386
ft at the lowest point in the southeastern plains to
14,431 ft at the top of Mount Elbert in the Rockies.
The difference in mean temperature within the state Is
equal to the difference between southern Florida and
Greenland. Annual precipltation varies from less than
8 inches in the low western valleys to more than 40
inches in the higher mountains.

Topographically, approximately two-fifths of Colo-
rado is level and rolling plains, while the western
three-fifths s a mixture of mountains, high mesas,
narrow valleys, and large upland parks. The San Luis
Valley in the southcentral portion of the state is an
extensive level basin, once covered by an inland sea.

Because of the extreme topographic relief In Colo-
rado, vegetation zones are sharply delimited and
easily recognized. The eastern plains are character-
ized in general by shortgrasses, but are interrupted
by extensive sand hills in which Artemisia filifolia
is dominant. The foothills at the western edge of
the plains support a shrubby mixture, predominantly
Cereocarpus montanus. Coniferous forest occurs gen-
erally between 6500 and 11,000 ft. Above the upper
timberline, bluegrasses, sedges, and various depauper-
ate willows give aspect to the alpine flora. Between
the lowest elevations and the mountain tops, these
plant communities can be observed:

Plains Area
Mixed prairie (mostly shortgrass discllimax)
Sand sagebrush
Semi-desert Area {mostly In western Colorado)
Greasewood
Saltbush
Sagebrush
Mountain and Plateau Area
Pinon-juniper
Mountain shrub (Guereus-Cercocarpus-Amelanchier)
Ponderosa pine-Douglas fir {inciuding the
following)
Mountain parks, aspen, sagebrush
Spruce-fir {including the following)
Mountain parks, sagebrush, aspen, lodgepole
pine
Alpine

Abstract No. 286.

fostello, D. F., and G. T. Turner. 1944, Judging
condition and utilization of short-grass ranges
on the central Great Plains. U.$. Dep. Agr.
Farmers' Bull. 1949. 21 p.

Greatest possible livestock production on western
ranges is more essential now than ever before. But
maximum livestock production requires adequate range

forage or other feed at all times. Because of the
relatively high grazing value of the central Great
Ptains, it is especially important to keep the range
in Tts best possible condition at all times, year
after year. For each range, this involves such
questions as: is the range in good shape and growing
all the forage It can over the years? Are the impor-
tant forage plants grazed too closely or are they so
utilized that they are able to spread and produce
their maximum next year and the year after? |s the
forage production above or below normal this year? Is
there enough forage on the range to carry the live-
stock through the growing season?

This bulletin aims to give ranchers of the central
Great Plains a basis for judging the condition and
utilization of shortgrass ranges, to help them attain
maximum sustained production of forage and livestock.

Abstract No. 287.

Cotton, J. 5. 1905.
of Washington.
26 p.

Range management in the state
U.S. Bur. Plant Ind. Bull. 75,

Owing to the greatly lowered carrying capacity of
ranges in the State of Washington, investigations were
bagun In the spring of 1901 to determine, if possible,
what steps must be taken to preserve these ranges and
what methods should be used to bring the badly over-
grazed areas back to their original state of
productivity.

Abstract No. 288.

Couey, F. M.
Montana.

1946. Antelope foods in southeastern
J. Wildlife Manage. 10. 367 p.

Stomach samples from 24 prong-horned antelope
{(Antilocapra americana) In Carter County, Montana,
were collected during the hunting seasons of 1944 and
1945, mainly during September and October; a few were
obtained in November and December. !nformation is
needed to determine the food habits of antelope, about
which there is considerable controversy.

Each sample consisted of a pint of stomach con-
tents; this was partly washed in a piece of burlap to
get rid of the stomach juices, and then dried in paper
envelopes. The foods were classified and visual esti-
mates made as to volume on a percentage basis.

Abstract No. 289.

Coupland, R. T. 1950. Ecology of mixed prairie In
Canada. Ecol. Monogr. 20(4):271-315,

Six well-defined communities of the Stipa-Boutelcua
association are described on the basis of data from 92
relatively undisturbed sites in southern Saskatchewan
and Alberta. Detalled studies were made in four Grass-
jand research areas. By the point-transect methed,
both basal area and percentage composition of the vege-
tation were ascertained. List quadrats were used to
ascertain the relative abundance of subdominants. The
Stipa-Bouteloua, Bouteloua-Stipa and Stipa-Agropyron
communities occur on loam soils in different parts of
the brown and dark-brown soil zones and on different
parts of the same slope where relief is pronounced.

The Agropyron-Muhlenbergia community is subclimax on
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eroded soils. The Agropyron-Koeleria type occurs on
heavy solls of lacustrine origin. The Bouteloua-
Agropyron type occupies clay loam, solonetzic soils.
The ecology of each of the principal grasses, forbs,
and shrubs is discussed, Grasses and sedges compose
84.5 to 94.8% of the basal cover. S§ix species are
dominant in the climax, namely, Stipa ecomata, S.
spartea var. curtiseta, Bouteloua gracilis, Agropyron
dasyetachywn, A. smithii, and Koeleriz cristata.
Thirteen other grasses and four sedges are character-
istlc. Forbs and shrubs compose 5.2 to 15.5% of the
cover in different communities. The most abundant
forbs are Artemisia frigida, Phlox hoodii, Malvastrman
coceineum, Pulsatilla ludovieiana, Gutierresia
diversifolia, Solidago glaberrima, S. dumetorum,
Sideranthus spinulosus, Chrysopsis villosa, Potentilla
spp., Artemisia gnaphalodes, and A. pabularis. Rosa
spp. and Artemisiac cana are the most common shrubs.
Four seasonal aspects were observed. Subclimax vege-
tation of the area is described.

Abstract No. 290,

Coupland, R. T. 1952, Grassland communities in the
western Canadian prairies-climax and subclimax.
Int, Grassiands Congr., Proc, 6:625-631.

The grassland formation of North America has been
divided into slx associations by Clements and his
associates. These subdivisions are based on the domi-
nant genera of the climax vegetation, as Influenced by
climate, particularly by the distribution and amount
of precipitation, Ffortunately, stands of undisturbed
or slightly disturbed grasstand have been, and in some
areas still are, sufficlently frequent to permit a
reconstruction of the characteristics of native plant
communities.

The Canadian portion of the northern Great Plains
Is occupied by two of the associations defined by
Clements. These are the mixed prairie (Stipa-Bouteloua
association}, which lies west of the 100th meridian,
and the true prairie (Stipa-Sporobolua assoclation),
occupying the grassland area farther eastward. These
communities are represented in the Canadian prairies
by large expanses of grassland. In addition, the
Festuca scabrellc association occuples the areas bor-
dering the mixed prairie on the west and north. These
three grassland associations, as they are expressed in
western Canada, will form the basis of the present
discussion.

Although characterization of the climax community
is of value in planning for utilization and management
of vegetation and in Tndicating potential land use,
the importance of the study of secondary succession in
disturbed areas must not be overlooked. Subseres occu-
py the greatest percentage of land area in almost all
parts of the North American grassland. For this
reason consideration is given here to successions
resulting from various types of disturbance.

Abstract No. 291,

Coupland, R, T, 1958. The effects of fluctuations
in weather upon the grasslands of the Great Plains.
Bot., Rev, 24:274-317.

The purpose of this review is to discuss the
effects of fluctuations in weather upon the native
steppe grasslands of the Great Plains of North America,

While the conflicting reports of early expeditions
suggest, and the experiences of settlers confirm,

that variations in weather are characteristic of the
region, detailed information concerning their effects
on the native vegetation has been obtained only during
the past third of a century. Previously, quantitative
methods of measuring grassland vegetation were in the
developmental stage, and the number of grassland
investigators was small, Since stands of undepleted
native vegetation were still abundant, study in the
early part of the century was concerned with the
characteristics of the plant cover without much con-
sideration to the extent of change from causes other
than overgrazing. The possibility of major changes

in floristic composition resulting from variations in
weather was probably discounted because of the long-
lived pereanial habit of the climax dominants. In
supporting the theory that the vegetation was in
equilibrium with the climate, some workers may have
minimized the extent of variations possible.

Studies of the native grasslands of the Great
Plains were continuing at the time of the inception
of widespread drought in 1933, thus presenting an
oppertunity to examine the effects on the vegetation
of this elght-year catastrophe., While many of these
investigations were originally designed to study the
influence of grazing animals, reaction to drought
could often be separated because of its major effects
and the presence of a moderately grazed or ungrazed
treatment in the experiment. it is upon the reaction
to the drought of 1933-40 that this review is mainty
based.

Abstract No. 292.

Coupland, R. T. 1959. Effects of changes in weather
conditions upon grasslands In the northern Great
Plains, p. 291-306. In H. B. Sprague [ed.]
Grasslands. Amer. Ass, Advance. S5ci. Pub. No. 53.
{Symp. on Grasslands, December 27-30, 1956, New
York City).

Recent extensive studies in 48 stands of grassland
throughout a 250-mile-long section of mixed prairie in
the brown soll zone of Saskatchewan and Alberta show
that since 1944 the weather has not interfered with
continued increases of the species formerly occupying
only the more sheltered locations. From 1950 to 1954
the growing seasons favored this increase with precipi=
tation about 20% above average, mean temperatures 3 to
to 5°F below average, and 16% lower evaporation.

The mixed (mid and short) grass cover of ungrazed
to moderately grazed ranges has responded remarkably
to these changes in environment. Since 1944 the per-
centage of the soil surface occupied by grasses has
doubled. The proportion of the grass cover contrib-
uted by the two principal species of dry situations
(Stipa comata and Bouteloua gracilis) has dec!ined
from 62% in 1944 to 40% in 1955-56, while the portion
of the forage yield furnished by these species has
declined from 54 to 2B%. The two principal species
of more favored locations (Stipa spartea var.
curtigeta and Agropyron dasystachyum) have increased
from 15% to 31% in percentage composition and from 29%
to 50% in proportion of the forage contributed.
Calculated yielding capacity of these ranges has in-
creased on the average by 137%, Changes in botanical
composition have been greatest in areas intermediate
in moisture relations, while yield increases have been
greatest in areas where the basal cover In 1944 was
relatively sparse (in the moistest and driest areas).
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These cbservations suggest that the extent of
fluctuations in species composition occurring within
vegetation in equilibrium with the climate is much
greater in grassland than in forest and is probably
greatest in parts of the grassland adjacent to the
farest zone, but where droughts are of sufficient
~.equency to prevent invasion of tree species.

Abstract No. 293.

1953, The fes-
Ecology 34{2):

woupland, R. T., and T. C. Brayshaw.
cue grassland in Saskatchewan.

386-405,

Quantitative data are presented concerning the
composition and structure of the fescue grassland in
Saskatchewan. On the basis of an analysis of these,
the grassiand of the Cypress Hills and the northern
fringe of the aspen grove region in Saskatchewan is
apparently part of the Festuea scabrella association
in southwestern and central Alberta. In these areas,
which are Vimited to the more moist black soils,
FPestuca scabrella occupies 55% of the basal cover
provided by herbs. The principal subdominants are
Agropyron subsecundum, Agropyron trachycawlum,
Danthonia intermedia, Heliototrichon hookeri, Koeleria
eriatata, Muhlenbergia richardsonis, Stipa spartea
var. curtiseta, and Carex spp. The principal forbs
are Cerastium arvense, Achillea millefolium, Galium
boreale, and Anemoneg pateng. In the Cypress Hills,
the presence of an abundant shrub, Potentilla
fruticosa, is characteristic,

The spermatophytes In the Festuca scabrella asso-
ciation occupy 14.1% of the soil surface. The grasses
comprise 69,0% of the non-shrubby layers, Sedges are
abundant, occupying 24.2% of the herbaceous cover,
but are not dominant because of their dwarf habit and
short season of growth.

The grassland associated with most of the aspen
grove region in Saskatchewan is a transitional type
between the Festuca scabrella association and the
Stipa-Agropyron faciation of the mixed prairie (Stipa-
Bouteloua association). This zone is about 40 miles
wide. In this area Stipa spartea var. curtiseta is
codominant with Festuea seabrella in the northern
dark-brown soils. With penetration of the black soil
zone a rapid transition to the Fegtuca scabrella asso-
ciation takes place until Festuca finally becomes the
only dominant. Within the transition zone many asso-
ciated species are those typical of mixed prairie.
Notable among these are Solidago glaberrima and
Artemisia frigida.

The modifications in the vegetative cover associ-
ated with depressions and the proximity of groves of
Populus tremuloides are characterized. Within the
transition zone, a slight increase in moisture causes
a shift to the typical Festuca scabrella community.

The distribution of the root systems of Festuca
scabrella, Stipa spartea var. curtiseta, and Koeleria
eristata is described in relation to depth and soil
horizon.

The conclusion is reached that the Festuca
scabrella community of Alberta and western Saskatche-
wan cannot be considered to be allied to any of the
six grassland associatlions previously described in
North America and should therefore be considered as
a seventh association of the grassland formation.

Abstract No. 294,

Coupland, R. T., N. A, Skoglund, and A. J. Heard.
1960, Effects of grazing in the Canadian mixed
prairie, Int. Grassland Congr., Proc. 8:212-215,

Only three reports have previously appeared on
the effects of grazing in the Canadian Mixed Prairie.
These are supplemented by the present study, in 1952
and 1953, of eight natural pastures in relation to
the adjoining climax vegetation. The principal
effects of grazing were a decrease in the proportion
of the more highly productive mid-grasses, an increase
in low-growing grasses and sedges, a decrease in cover
of grasses and sedges as a whole, a reduction in pro-
tective mulch, a decrease in the rate of infiltration
of water into the soils of fine texture, a reduction
in seed supply in soils, and some evidence of reduced
rcot production, An attempt was made to apply to
these grasslands the ecological methods of range eval-
uation used in the USA., Difficulties arose due to the
great abundance, in the climax, of Increasers which
also comprise the latest stages of degradation. A
suggestion is made that the rating of range condition
in this area should be based onty on the proportional
survival of decreasers under grazing.

Abstract No. 295.

Coupland, R. T., and R. E. Johnson. 1965. Rooting
characteristics of native grassland species in
Saskatchewan. J. Ecol. 53:475-507.

The purpose of this study was to examine the
nature and extent of development of underground parts
of each of the principal species of native grassland
of southern Saskatchewan, to discover the extent of
variation of root development of each species effected
by differences in climate and microclimate, and to
interpret these findings in relation to the relative
competitive ability of these species in various habi-
tats. The root systems of 914 plants of 56 species
were examined by the trench-bisect method in 27 exca-
vations along a transect 300 miles long. This is the
first report of the nature of the root system for 33
of these speciles,

No differences were evident In the depths of the
dominant grasses of different soil zones (climates).
However, when the same species was considered along a
climatic gradient, there was a definite trend among
both grasses and forbs toward deepest penetration in
the drier climate of the brown soil zomne and least in
the black soil zone. In the exposed positions at the
top of knolls many species were more shallowly rooted
than on the slopes, while few were more deeply rooted.
However, no difference was shown between the depth of
rooting of the same species on mesic slopes and xeric
slopes in the same locality, while the species associ-
ated with them {but not present in both habitats)
tended to be deeper in the xeric positions of south
slopes and tops of knells, and shallower in the more
mesic habitats of north exposures and lower slopes.
Some species developed more deeply in sand, particu-
larly if they were of mesophytic nature, while more
xerophytic species tended to have superficial develop-
ment of the root system in sand. Lateral roots of
species of forbs were more abundant and longer in
sandy soll than in loam soil, while for grasses no
di fference was noted.

..65-



Abstract No. 296,

Couptand, R. T., and G. M. Van Dyne [ed.]. 1970.
Grassland ecosystems: Reviews of research.
[Proc. September 1969 Meeting PY Grassltands
Working Group, International Biological Programme,
Saskatoon and Matador, Saskatchewan, Canada).
Range Sci. Dep. Sci. Ser. Ho. 7. Colorado State
Univ., Fort Collins. 208 p.

These are the proceedings of the second meeting
called by PT Section for discussions under the grass-
tand theme of IBP. The first meeting was held, also
in Saskatoon, in September 1967 for the purpose of
discussing methodology and agreeing on the nature of
the research programme. The purpose of the present
meeting has been to discuss progress in IBP grassland
studies to date and to arrange for Increased Inter-
national coordination within this theme.

The meeting was comprised of one day of sessions
on the campus of the University of Saskatchewan at
Saskatoon and three days at the Matador Field Station
at Matador, Saskatchewan, of the Canadian IBP. Eighty-
six persons attended the meeting, many of these being
from countries outside Canada. PT Section assisted in
travel costs for a limited number of participants,
while the Canadian Committee for the iBP (CCIBP) pro-
vided for travel to and from the Field Station and
for accommodation and meals at and near the Station.
The working sessions were followed by a visit to the
Pawnee Site in Colorado of the US IBP Grassland Biome
study by several participants from overseas.

Abstract No. 297.

Cowan, £. T. 1959.
eight states of the Great Plains.
Service, Bozeman, Montana. 8 p.
Mimeo. Rep.).

The range grasshopper problem in
USDA, Agr. Res.
{Unnumbered

The flgures presented In this report were compiled
for the purpose of providing a base for evaluation of
control and future research in the range grasshopper
problem. Range grasshoppers are of economic impor-
tance in all of the 17 natural grass states of the
west; but because the available records concerning
populations and species complex were confined to the
central and northern Great Plains, all other western
states were excluded from this study.

Abstract No. 298.

Cowan, |. R., and J. H. Troughton. 1971, The rela-
tive role of stomata in transpiration and
assimilation. Planta 97{h):325-336,

The ways in which transpiration and assimilation
depend on stomatal aperture are compared, It is shown
that transpiration and assimilation are equally sensi-
tive to change of stomatal aperture when the internal
resistance to assimilation is equal! to an effective
resistance to evaporation which exists because of the
coupling of heat and vapor exchanges between leaf and
atmosphere, Generally the ratio of transpliration to
assimilation changes with stomatal aperture in a man-
ner which is determined by the relative magnitude of
these resistances and on temperature. Some possible
implications in relation to the optimal behavior of
stomata are discussed.

Abstract No. 299.

Cox, M. B. 1952.
the soil,

Recording the intake of water into
J. Soil and Water Conserv. 7(2):79-80.

infittration of water into the soil with concen-
tric ring infiltrometers has been studied by
scientists since the 19th century. The rate of water
entering the soil was obtained by recording both the
time and amount of water drawn from a calibrated
bottle, but this report shows how these measurements
can be made with a rain gage.

The instrument consists of the concentric rings,
two-carburetor floats, a ten-gallon oil drum, and the
recording rain gage. Accurate rates of infiltration
were obtalned for periocds of time as great as 60
hours. A distinct advantage of this equipment is the
use of the rain gage for the recording instrument,

No altering of the gage is necessary.

Abstract No. 300.

Coyne, P. I., and €. W. Cook. 1971. Seascnal carbo-
hydrate reserve cycles in eight desert range
species. J. Range Manage. 23{6) :43B-444,

Delineation of seasonal carbohydrate reserve
cycles in important range plants is fundamental to
development of a physiological index to proper season
and intensity of range use. Carbohydrate reserves
were studied with relation to growth stage of eight
desert range plants in northern Utah. Most species
showed definite seasonal trends. Results indicated
that maximum plant vigor in relation to carbohydrate
reserves depends upon reserve storage sometime at the
end of the growth period.

Abstract No. 301.

Craddock, G. W., and C. K, Pearse. 1938. Surface
runoff and erosion oh granitic mountain soils of
idaho as influenced by range cover, soil distur-
bance, slope, and precipitation intensity. U.S.
Dep, Agr. Circ. No. 4B2. 24 p,

During 1934 and 1935, four of the important
herbaceous range cover types on this portion of the
watershed were selected for study and their relative
effectiveness In controlling run-off and erosion under
conditions of soil disturbance, slope, and rainfall
intensity was determined. To overcome the difficulty
of making such tests under natural conditions of pre-
cipitation, a specially designed rain-making apparatus
was employed. This report presents an analysis of the
data collected. The studies were designed to yield
information concerning this particular problem area,
but the results and principles brought out, as well
as the experimental technigue employed, should be of
value in coping with similar range-watershed problems
elsewhere. .

Abstract No. 302,

Crafts, E. C. 1938.
range grasses.

Height-volume distribution in
J. Forest. 36{12):1182-1185,

The relation of height to herbage volume (or air-
dry weight) of 11 important southwestern range grasses
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was studied by clipping at various heights. A similar
concentration of herbage volume was found for all
species at the lower heights; degree of utilization

of the forage cannot be inferred directly from the
percent of total height that is grazed. Line charts
relating height to volume for eight species are given,

Abstract No. 303.

Creighton, P, D. 1971. Nesting of the Lark Bunting
in north-central Colorado. U.S. IBP Grassland
Biome Tech. Rep. No. 68. Colorado State Univ.,
Fort Collins. 17 p.

Despite its local abundance on the shortgrass
prairies of the plains states, there is relatively
little information recorded of the nesting ecology of
the Lark Bunting, Calamospiza melanoccorys. Bailey and
Niedrach (1965) did present a general description of
this species in Colorado, and secondary information
on the Lark Bunting is best summarized by Baumgarten
(1968) ; but even this contribution draws on prelimi-
nary, fragmentary, and often conflicting data, i.e.,
Cameron {1908), Langdon (1933) and Roberts (1936).
Current field study Information is presented here to
clarify and to enlarge upon various aspects of nesting
Lark Buntings, such as parental roles of sexes, nest-
ling foods, and growth rates of young.

Abstract MNo. 304.

Creighton, P. D. 1971. Progress report, work on
bird feeding and nesting behavior at the Pawnee
Site. U.S. IBP Grassland Biome Tech, Rep. No. 67.
Colorado State Univ., Fort Collins. 40 p.

The research scope during the summer of 1970 was
changed from a specific study of the Lark Bunting
(Calamospiza melanocorys) to a multispecies approach
involving, in addlition, McCown's Longspurs
{Rynchophanes mecownii), Chestnut-collared Longspurs
(Caleariue ornatus) and Horned Larks (Evemophila
alpestris). The Inter-relationships of these species
were investigated in the field along two lines: (a)
are there temporal segregations of breeding cycles,
and {b) is there a spatial distribution of these
songbirds?

Laboratory studies were initiated with young of
each of the four species to determine daily growth
rates, amount of foods consumed, and selection of
food sizes. ‘

Abstract No. 305.

Cressler, L. 1942, The effect of different intensi-
ties and times of grazing and the degree of
dusting upon the vegetation of range land in west
central Kansas. Kansas Acad. Sci., Trans. 45:
75-91.

This study was made to determine the effect of a
number of different kinds of treatments upon the
native vegetation of central and western Kansas., The
different intensities of grazing were the most sig-
nificant. That, with the different rainfall for the
different parts of the region, produced a definite
vegetative cover.

Abstract No. 306.

Crockett, J. J. 1960. Effects of intensity of clip-
ping on three range grasses from grazed and
ungrazed areas In west-central Kansas. M.S.
Thesis. Fort Hays Kansas State College, Hays.

A number of studies concerning the effects of
frequency and/or intensity of clipping on vigor of
range grasses have been made. Additionally, some
studies have been carried out concerning the effect
of actual grazing on vigor. However, few of these
studies have been done in the mixed prairie and few
have attempted to study the effect of intensity of
clipping on plants that had previously been subjected
to different degrees of utilization. It was the pur-
pose of this problem to study these factors and try
to relate the results with the results of previous
investigations.

Abstract Neo, 307.

Culler, R, C. 196t. Hydrology of the upper Cheyenne
River Basin. U.S. Geol. Surv. Water-Supply Paper
1531A. 135 p.

The objective of this investigation was to deter=
mine the effect on runoff of the many stock reservoirs
in the Cheyenne Rlver basin above Angostura Dam. As a
first step it was necessary to determine, within rea-
sonable timlts of accuracy, the number of reservoirs
in the basin, the storage capacity, the drainage area,
and the water loss from each. A sampling method was
adopted because the size of the basin, 9,100 square
miles, prohibited examination of all reservoirs within
the dralnage area. Forty-nine sample areas of §
square miles each were selected as a 5% sample of the
955 complete quarter townships within the basin above
Angostura Dam. All reserveirs located within the
sample quarter townships were surveyed.

A network of observation reservoirs was operated
during the four runoff seasons from 1951 to 1954. The
number of reservoirs observed ranged from 48 to 57 and
produced a total of 212 station-years of record. A
complete record for each cobservation reservoir is in-
cluded in this report.

An analysis of the cbservation-reservoir records
permitted the computation of volume of annual inflow
to reservolrs In all parts of the basin, volume of
inflow retalned by reservoirs, and volume of retained
inflow depleted by evaporation and seepage. Complete
computations were made of one each of the two types of
runoff preducing storms, typical of the Cheyenne River
basin,

Water retained by reservoirs is subjected to two
major types of depletion--evaporation and seepage.
Water evaporated from the water surface constitutes a
complete loss chargeable against the reservoirs; but,
because seepage may contribute in some degree to
ground-water recharge, reservoir loss from this source
may in part be recovered. The collected data per-
mitted a fairly comprehensive analysis of the
variations of runoff and storage within the basin.
Based on this analysis, estimates of losses chargeable
to the reservoirs range from 19,000 acre-feet in a dry
year to a maximum of 80,000 acre-feet in a very wet
year. Discharge from the basin ranges from 50,000 to
180,000 acre-feet.



Abstract No. 308.

Currie, P, 0., and D, L, Goodwin. 1966. Consumption
of forage by black-tailed jackrabbits on saltt-
desert ranges of Utah. J. Wildlife Manage. 30{2):
304-311.

Preference and consumption of forage by the black-
tailed jackrabbit (Lepus californicus) and the
probable levels of competition between jackrabbits and
domestic sheep were studied on salt-desert rangelands
from March 195% through May 1960, Grasses, forbs, and
shrubs were grazed by rabbits in early spring.

Grasses were preferred throughout late spring and
summer, and shrubs throughout late fall and winter.
Principal shrub species consumed were whitesage
(Furotia lanata}, shadscale (Atriplex confertifolia),
saltsage (4, nuttallii), and big sagebrush (Artemigia
tridentata). Whitesage and saltsage were most readily
grazed during the fall and winter. Shadscale and
whitesage were preferred early in spring before grass
growth began. This preference order closely resembled
that for domestic sheep, and during winter when sheep
normally graze these ranges, 5.8 jackrabbits consumed
or wasted an amount of forage equal ing the food
requirement of 1 sheep for an eguivalent period of
time.

Abstract No. 309.

Curtis, J, T. 1955.
Ecology 36(4):558-566.

The prairies of Wisconsin were studied from pres=-
ence lists in 157 remnant stands on varied topographic
sites in 34 counties covering about 22,000 square
miles. In 57 of the stands, quadrat frequencies based
on 20 quadrats each 1 m were also determlned. Soils
were analyzed for volume-weight, moisture-helding
capacity, pH, and available nutrients. Several groups
of iIndicator species were chosen for high percent of
occurrence in a topographic type. An index for each
stand was calculated from the relative occurrence of
each indicator group and a weighted summation of
values., When the stands were arranged by the index,

A prairie continuum in Wisconsip.

all species, both indicators and nonindicators,

formed smooth curves of occurrence, with a peak in
some restricted point of the stands. Some species

had broad amplitudes of eccurrence while others were
narrowly limited. No groups of species of similar
behavior were found. The entire species complement
formed a continuous series, from species growing best
in the wettest sites to those growing best in the
driest sites. As a result of this spread in species
behavior, the stands themselves formed a continucus
series, or vegetational continuum, with no discrete
community entities present. When the stands were
grouped into classes based on water-retaining capac~
ity, and the percent presence calculated for each
species for each class, the resulting curves showed
the same retations as before. Mo significant correla-
tion between species composition and any scil nutrient
could be demonstrated in the range studied.

Abstract No. 310.

Cwik, M. J. 1970. lidentification of insects and
denslty determinations of the stomach contents of
small mammals. U.S. IBP Grassland Biome Tech.
Rep. MNo. 53. Colorade State Univ., Fort Collins.
10 p.

This report presents a microanalytical method for
(1) insect identification in small mamma! stomachs
and (2) visual estimates of the stomach contents in
terms of the relative densities of the insects posi-
tively identified and the total plant:animal ratio.
Identification of insects by their fragments was veri-
fied by T. 0. Thatcher, CSU entomologist; P. H.
Baldwin, CSU ornithologist; and use of reference vials
of specific Insect fragments. Stomachs used were of
the thirteen-lined ground squirrel (Spermophilus
tridecemlineatus arenicola Howell), Ord's kangaroo rat
(Dipodomys ordii luteolus Goldman), northern grass-
hopper mouse (Onychomys leucogaster arcticepe Rhoads),
prairie deer mouse (Peromyscus maniculatus osgoodi
Mearns). These animals were trapped at the Pawnee
National Grasslands and surrounding areas, located in
northeast Colorado.



Abstract No. 311,

Dahl, B, E. 1963. Soil moisture as a predictive
Index to forage yield for the Sandhills range
type. J. Range Manage. 16(3):128-132.

The principal grasses of the area are Bouteloua
gracilis, Calamovilfa longifolia, and Stipa comata,
and the average annual rainfall is approximately 17
inches {range 10 to 27 inches). Correlation data for
a b-year period are given for herbage production dur-
ing various parts of the growing season and various
soil moisture and rainfall parameters, Significant
positive correlations were cbtained between early
spring production, May 1 to June 20, and rainfall of
previous 2 years, and between production from May 1
to August 7 (96% of the total in five of the years
studied) and depth of visibly moist soil on April 15,
These correlations were increased by combining these
two parameters.

Abstract No. 312,

Dahlman, R. C., and C. L. Kucera. 1965, Root produc-
tivity and turnover in native prairie. Ecology
46 :84-89.

Quantitative measurements of root systems on a
seasonal basis for a 3k-inch profile in Central
Missouri Prairie ranged from 1,449 g/m? prior to
resumption of growth in the spring te 1,901 g/m2 at
the end of the growing season. Underground parts in
the upper 2 inches of the profile varied from 48% of
the total quantity in April to 60% in July. Over 80%
of the root mass occurred in the A; horizon, or the
top 10 inches of the profile. Annual ihcrement in
the A horizon or surface 10 inches was 429 g/m2. In
the A; horizon, 10 to 18 inches, the measurement was

40 g/m? and In the By horizon, 18 to 30 inches, 41 g/m2.

These values were approxImately 25% of the maximum dry
matter measurement for each profile level, suggesting
a turnover for the root system as a whole every 4
years. Variations in turnover for different parts of
the root system were indicated, however, as shown by
an annual loss of 22.8% for rhizomes, and 40.8% for
roots in the 0~ to 2-inch zone. Decomposition con-
stants showed a marked decrease with depth ranging
from 4.3% in the A; horizon to 0.8% in the B, horizon.
Estimated time required to reach 99% organic matter
equilibrium under present conditions of production

and breakdown was 110, 420, and 590 years for the A;,
A, and B, horizons, respectively, Increasing time
values would be expected with increasing depth as the
reduction in annual increment was proporticnately
greater at lower levels in the profile than that for
the tota! root-humus product.

Abstract No. 313.

Dahiman, R. C., and C. L. Kucera. 196B. Tagging
native grassland vegetation with Carbon-14.
Ecology 49:1199-1203.

Techniques using a plastic tent to contain €140,
gas over herbaceous vegetation were effective for
applying a tracer to Missouri tallgrass prairie. The

grasses incorporated 67 to 41 uCi of Cl%/m2 from a
single exposure to 151 pCi of Cl1%0,/m?2 for 6 hours on
clipped and unclipped areas, respectively. Regener-
ated shoots, which had been clipped 6 weeks earlier,
possessed eight times higher specific activity than.
unclipped shoots (0.134 vs. 0.017 uCi/g of carbon in
foliage blomass). The root systems of both areas
possessed over 50% and the roots of mature vegetation
as much as 85% of the assimilated C!* remaining in
the plant bicmass B weeks after tagging, thus illus-
trating the tendency for food reserves to accumulate
in underground storage organs late in the growing
season. Specific activities in the root systems were
similar {0.02 vs. 0.016 uCi/g C) for both revegetated
and mature areas and were adequate for study of later
translocation, transfer to soil, and in situ decompo-
sition of organic material in soil.

Abstract No. 31k,

Dale, T. 1947. When drought returns to the Great
Plains., U.S. Dep. Agr. Farm Bull. 1982, 14 p.

It is because of the threat of another dust bowl
that thls bulletin is written. We learned a lot about
controlling wind erosion during the long drought of
the thirties. Thils bulletin points out some of the
methods that proved successful then. It tells about
some of the things that farmers and ranchers are doing
now to prevent another dust bowl and take some of the
hazards out of plains farming.

Abstract No, 315.

Dalrymple, R. L., and D. D, Dwyer. 1967. Root and
shoot growth of five range grasses. J. Range
Manage. 20:141-145,

Five range grasses were studied at relatively
young ages, Sideoats grama had the most rapid root
and shoot Increase and produced the most quantity.
Root growth of all species was initially rapid. Root:
shoot ratios were consistently above 1.0 for all
grasses,

Abstract No. 316,

Daniel, H., A, 1935. A study of certain climatic
factors that may affect crop yields in the high
plains of Oklahoma. Panhandle Agr. Exp. Sta.,
Panhandle Bull., 57. 10 p.

A study was made of the seasonal evaporation, mean
maximum, mean minimum and mean temperature, average
daily annual wind velocity, and total rainfall at
Goodwell, Oklahoma.

The daily seasonal evaporation of water from an
open tank was compared to wheat yields grown on fal-
fow soil during the last 10 years and a negative
correlation was found to exist. Very little relation
was found between milo grain vields grown on heavy
silt loam soils and seasonal evaporation.
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Although the data reported did not show a very
close relation hetween crop yields and seasonal rain-
fall, the six years' yield data obtained from land
continuously planted to wheat seemed to be more
closely related with this factor than either the yield
from milo or wheat grown on fallowed soil.

Data were obtained which showed that the mean
annval temperature was gradually increasing and that
the total rainfall from 1930-34 was 2.46 inches less
than the average from 1915-1%9 at Goodwell, Oklahoma.

Very little change was found in the wind velocity
during the last 10 years.

Abstract No. 317.

Dano, L. 1952, Cottontail rabbit (Sylvilagus
audubonii baileyi) populations in relation to
prairie dog (Cynomys ludovieionus ludovieianus)
towns. M.5. Thesis. Calorado State Univ., Fort
Collins. 132 p.

Cottontail rabblits of the Auduboni group and the
black-tailed prairie dogs share the same ecological
habitat, the broad, treeless prairie known as the
Great Plains. In this region, vegetative cover suwit-
able for cottontails is sparse or lacking; therefore,
rabbits use deserted burrows of other animals for
protection. A great number of the avaitable burrows
on the plains are those excavated by prairie dogs.
These gregarious rodents, which are about the size
of cottontails, live in colonies called towns, and
their burrows often number 50 per acre.

The principal obJective of this investigation was
to determine what Influence prairie dog towns have
upon ¢ottontail rabbit popuiations.

This study was based on a comparison of the cotton-
tail rabbit population density, In and around prairie
dog towns, with the abundance of cottontails on com-
parable areas without prairie dogs or their burrows,
Eleven prairie dog towns selected for the study were
designated study areas, and the eleven areas to which
they were compared were called check areas.

Abstract Ne. 318.

Dansereauw, P. 1857.
perspective. Ronald Press, New York.

Biogeography; an ecological
394 p.

The scope of this bock extends across the fields
of plant and animal ecology and geography, with many
overlaps into genetics, human geography, anthropology,
and the social sciences, Al)l of these together form
the domain of biogeography.

The principal objective is to provide senior and
graduate students in these fields with a new synthesis
of the environmental relationships of living organisms,
it is my hope that the book's comprehensive approach
will alsoc gain an audience of natural scientists,
geographers, and social scientists in search of an
ecological inventory.

To illustrate some of the many ways in which 1iv-
ing organisms are adapted, and to provide a review
of the kinds of environment and the variety of re-
sponses, can only be done within the framework of a
consistent ecological approach and methedology., The

plan of the book and its essential preoccupations
foilow certain implications:

1. The floristic group {or element} and the
vegetation zone to which a species or a community
belong have, In the course of time, conditioned their
adaptation, often more narrowly or more broadly than
the present environment seems to allow.

2. The plant association, as defined, is a truly
adaptive unit which bears internal cohesion structur-
ally and floristically.

3. The factors of the habitat, taken in their
actual conjunction, exert the only real! limiting
power upon Individual organisms and whole communities.

4. Ecological processes are everywhere at work,
and tend to develop a series of equilibria which
present various degrees of stability. These processes
may be inhlblted or accelerated.

Abstract No. 319,

Darland, R. W., and J. E. Weaver. 1945. Yields and
consumpt lon of forage in three pasture-types:
An ecological analysis. Nebraska Conserv. Bull,
27:1-76.

Monthly and seasonal yields and consumption of
forage were ascertained in 3 grazing types in a level
lowland pasture on silt loam soil near Lincoln, Ne-
braska, About one-third of this 50-acre native
bluestem meadow (mostly Andropogom furcatus) had been
covered with dust during drought, and such areas were
populated by almost pure stands of western wheatgrass
(Agropyron smithii). Three years of grazing had per-
mitted the spreading of Kentucky bluegrass (Poa
pratensis) to form a distinct and extensive bluegrass
type, Yields in each type were obtained monthly by
handclipping the vegetation in 15 portable exclosures,
each 29 sq ft in area. Consumption was ascertained
by subtracting the weight of the ungrazed forage in
the 29-sq-ft grazed control plot from the amount pro-
duced In the exclosure. An exclosure consisted of
four 7-ft steel! posts, bolted together at the top but
spread 5 or 6 ft apart at the base, and heavy woven
wire. This highly productive pasture supported 45
head of yearting steers in 1943 and approximately the
same number in 1944. Yields of the cool season wheat
grass, which grew scarcely at all during summer, far
exceeded consumption during the first half of the
grazing season, but thereafter consumption was nearly
equal to or exceeded current yield. Total consumption
of this coarse and only seasonally palatable grass was
1.33 and 1.4 tons during the 2 years, respectively, or
58% and 39% of the yield, In the much overgrazed and
rapidly declining bluestem type, yield of forage was
exceeded after July by the amount consumed. Total
consumption was high, 2.86 and 2.26 tons per acre, or
B0.8 and B6.2% of the yield during 1943 and 1944, re-
spectively. 1in the closely grazed bluegrass type
yields in May and June and even in the relatively cool
month of July {1943) considerably exceeded consumpticn.
There was no increase of consumption in fall simply
because there was no excess of bluegrass, so close was
the grazing. Total consumption, 1.68 and 1.65 tons,
respectively, averaged 91.2% of the yield. Summer
cypress (Kochia scoparia) along the banks of a stream
was consumed at the rate of 1.6 tons per acre in June
and July and 0.8 ton in August and September. Too
early removal and too close utilization of the forage
of big bluestem (and other native species associated



with it) resulted in the rapid replacement of
prairie by bluegrass and a consequent reductlion of
about 35% in the annual yield of forage.

Abstract No. 320,

Davidson, R. L. 1969. {nfluence of soil moisture
and organic matter on scarab damage to grasses
and clover. J. Appl. Ecol. 6:237-246,

Second-instar larvae of a melolonthine and a rute-
line scarab species in a pot experiment with three
temperate grasses and Trifolium repens were found to
damage roots in proportion to the root density. Al
plant specles suffered equal root damage, which was
significantly affected by scil moisture {partly be-
cause of the depth of feeding induced by moisture
gradients) and by the addition of manure {partly
through the mechanical effect on intake by the soil-
ingesting larvae). These unexpected responses made
the assessment of the relationship between root damage
and plant vigor impossible.

The root/top ratios of grasses average 1.8 over
all levels of soil fertility in grasses without scar-
abs, and 0.9 where scarabs were present, suggesting
that 50% of the roots were redundant within the
experimental conditions. On this basis the calculated
depression of foliage yleld agreed with the actual
damage . which varied between 85% and 16%.

In clover the critical root-top ratic in the
presence of scarabs was around 0.4, whereas without
scarabs it varied between 3.0 at low fertility and 0.3
at high fertility. The varying proportlion of redun-
dant roots explains the disproportionate reduction of
foliage yield in clover.

The relationship between scarab larvae and damage
to pastures is more complex than earllier work has
suggested. Both the pltant and the scarab component
of this relationship respond in various ways to envi-
ronmental factors, and the results of empirical
experiments may be misleading,

Abstract No. 321,

Davis, D. I., K, M. Barth, C. S. Hobbs, and H, C.
Wang, 1970. Relationship between forage intake
and gains of grazing steers, J. Range Manage.
23(p):452-454,

Based on a study utilizing total feces collection
to estimate forage intake of grazing animals, the
"animal gain--forage intake' relationship can be im-
proved by removing a maintenance factor from the
intake estimates. These data indicate that differ-
ences in digestible dry matter intake explained much
of the variation in body weight gain of steers grazing
both tall fescue-iespedeza and orchardgrass-clover
pastures.

Abstract Mo, 322,

DeBano, L. F. 1969. Observations on water repellent
soils in western U.5., p. 17-29. In Proc. Symp.
Water-Repellent Sofls, May 6-10, 1968, Univ.
California, Riverside.

Water-repelient soils are not a new phenomenon and
have been reported as early as 1910. The earlier
observations also alluded to the possible role of
water-repellent soils in the management of agricul-
tural lands.

Water-repellent or nonwettable soils appear to be
widely distributed throughout the western part of the
United States, Sampling of such soils in the west has
not been as intensive as that made in southern
California. The prevalence of water-repellent soils
and their effect on surface run-off make the phenom-
enon important to the hydrology of various wild land
areas.

Water repellency can be found under a variety of
vegetation types, including both tree and brush spe-
cies; it can also be found on both burned and unburned
watershed areas, although it is most conspicuous on
burned watersheds,

Future research on the distribution of water-
repellent soils would include a more complete survey
of the wild land areas in western United States.
Such a survey would give a more accurate appraisal
of the extent of water-repellent soils and their
possible hydrologic importance.

Abstract No, 323,

Dee, R. F., T. W. Box, and E., Robertson, Jr. 1966.
Influence of grass vegetation on water intake of
Pullman silty clay loam. J. Range Manage., 19(2):
17-79.

Water infiltration rates varied under different
plant communities. The soil under blue grama absorbed
8.4 inches of water In a 2-hour period compared with
5.6 inches for windmill grass, 3.8 inches for annual
weeds, and 2,1 inches for buffalo grass. High posi-
tive correlations existed between water intake and
the amount of standing vegetation, litter, and litter
and vegetation combined,

Abstract No, 324,

Deters, M. E., and H. Schmitz. 1936. Drought damage
to pralrie shelterbelts in Minnesota. Minnesota
Agr. Exp. Sta. Bull. 329. 28 p.

In the spring of 1934, the Pivision of Forestry in
cooperation with the West Central and Northwest substa-
tions undertook a study of the conditions of the
shelterbelts in western and southern Minnesota. The
determination of the extent to which trees in the
region had dled was not the only, or the chief, objec~
tive of the study. Interesting and important though
these data may be, it was felt that the effect of the
drought upon tree planting in the prairie region might
be regarded as-a great natural experiment, not as
well controlled as may be desired in scientific work,
but nevertheless one from which might be obtained the
information necessary to develop sound principles and
practices for tree planting in the prairie region.

The trees that remain in the region have been sub~-
jected to a most severe test, and the survival figures
in a general way furnish a satisfactory basis for the
choice of tree species and planting and cultural
practices,
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Abstract Mo. 325.

Dhillon, B. S., and N. H. E. Gibson, 1962. A study
of the Acarina and Collembola of agricultural
soils. I. Numbers and distribution in undis-
turbed grassland. Pedobiology 1:189-209.

The populations of Collembola and Acarima inhabit-
ing the soil of an old meadow were studied during a
period of 14 months and the results compared with
those of earlier investigations made in similar
habitats.

Attention is drawn to the differences in the
species composition of the soil fauna of agricultural
grass fields in Great Britain, even in those of appar-
ently similar character. Comparison of the literature
shows the identity of the dominant species to differ
in almost every field studied. This diversity is most
marked in the Acarina, where few species have been
recorded from more than one field. JIsotoma
{Collembola=-lsotomidae) and Coccupodes {Acarina-
Eupodidae) were overwhelmingly the dominant genera in
the present investigation. An unusual feature was the
virtual absence of Oribatei, which was possibly re-
lated to the comparative dryness of the soil.

The populations of both Collembola and Acarina
fluctuated with time and marked differences occurred
in the patterns of variation shown by different
species. These patterns differed from those found by
most other investigators in that they showed no regu-
jar seasonal rhythm. There was no evidence that the
changes as a whole bore any simple relationship to
the fluctuations of soil temperature, moisture, pH,
or organic content.

Al species of Collembola were more numerous in
the top 3 inches (76 mm) of the soil than at greater
depths, but Onychinrus armatus and, especially,
Folsomia spinosa differed from the other species
studied in being frequentty found at depths of between
3 and 9 inches (76 and 229 mm). Among the mites, the
Rhodacaridae were exceptional in being most numercus
at the lower levels while Rhisoglyphus echinopus and
the Parasitidae were the most strictly limited to the
upper layers. The vertical distribution of the fauna
showed an overall similarity to the distribution of
pore space in the soil.

Significant changes in the vertical distribution
of almest all species occurred from time to time and
showed no seasonal regularity. These changes took
place at depths where soil conditions were compara-
tively stable and could not be related to any
variations in the soil water, temperature, pH, or
grganic content.

it is suggested that in the soil of fully estab-
lished grass fields under British climatic conditions,
temperature and humidity are likely to exert an over-
riding influence only near to the surface and that, at
lower levels, the numbers and distribution of Acarina
and Collembola are more likely to be determined by the
cumulative influence of small changes in several soil
factors.

Abstract No. 326,

Dice, L. R, 1930.
abundance of birds.

Methods of indicating relative
Auk 47{1):22-24,

The author suggests a method of keeping lists by
hal f~hours in the field and by habitats, so that the
percentage abundance of the various species can be
computed,

Abstract No. 327.

bick, E. 1943.
D. Appleton-Century Co., Inc., New York.

The sod-house frontier, 1854-1890,
550 p.

The present volume is an attempt to depict the
1ife of the common man on the cutting edge of the
frontier Tmmediately following the date when it leaped
across the Missouri River into Kansas and across the
Red River into the vast domain now known as North and
South Dakota. My purpose has been to relate the story
of how the resldents of the settled regions to the
East left their old homes, journeyed to the new land,
and conquered the obstacles incident to making new
homes. The struggle was a heroic one and brings into
view the dominant characteristics of the race.

The sources are largely newspapers, biographies
and autobiographies, diaries, personal interviews,
monographs, and material such as historical society
collections and local histories.

Abstract No. 328,

Dickinson, C. E. 1972. Pawnee Site plant live~dead
separation. U.S. IBP Grasstand Biome Tech. Rep.
No. 140. Colorado State Univ., Fort Cotlins. 18

p.

For species which were not easily separated in the
field, a reconnaissance procedure was used to separate
aboveground plant biomass into a this year's growth
and a previous year's growth fraction. Checks were

made by mechanical and hand sorting methods. A com-
plete data listing is included.

Abstract No. 329.

Dickinson, €., and J. Leetham. 197f. Aboveground

insects on the Pawnee Site, 1970. U.S. IBP Grass-
land Biome Tech. Rep. No. 123. Colorado State
Univ., Fort Collins. 9 p.

Biweekly aboveground Insect samples were collected
on the Pawnee Site from April through October 1970,
Numbers and weights of insects by taxa were recorded
in the Grassland Biome data bank. Principal groups
present were ants (Formicidae} and leafhoppers
(Cicadellidae).

Abstract No, 330.°

bDickinson, C. E., and C. V. Baker,
field plant list.
No. 139.
P

1972. Pawnee Site
U.S. Grassland Biome Tech. Rep.
Colorado State Univ., Fort Collins. &b

This paper gives a series of cross referenced
plant code lists for plants occurring on the Pawnee
Site, Recent synonyms are given, as are longevity,
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seasonality, and class of plant. Included are alpha-
betical lists by code, scientific and common name, as
well as presence lists by grazing treatment and repli-
cate. A standardized coding procedure is described,
One section of the report provides room for field
notes for individual users,

Abstract Ne. 331.

Dickinson, C, E., T. 0., Thatcher, and M, K, Campion.
1972, Statistical analysis and grouping of short-
grass prairie insect biomasses. U.S. IBP
Grassland Biome Tech. Rep. No. 32, Colorade State
Univ., Fort Collins. 16 p.

The purpose of this study was to determine which
insects or groups of insects account for the greatest
variation in insect biomass on the shortgrass prairie
for the purpose of energy-flow modelling as a part of
a grassland systems ecology study. A principal compo-
nent analysis utilizing family and adult or preadult
grouping enabled us to segregate out the family-life
stage of four Insect taxa from a field of 77. These
were adult darkling beetles {Tenebrionidae), adult
ground beetles (Carabldae), and both adult and pre-
adult grasshoppers (Acrididae)., Regression analysis
was used where simultaneous data were avallable from
data-sharing participants in the program in order to
interrelate important factors associated with abun=
dance of thase I[nsects. Darkling beetles were
correlated to ptant blomass present two weeks previous,
litter two weeks previous, and darkling bestle biomass
two weeks previous. Ground beetles could only be
weakly correlated to total precipitation for two
weeks previous.

Abstract No. 332.

Dick-Peddie, W. A. 1966, Changing vegetation patterns
in southern New Mexico. New Mexico Geol. Soc.,
16th Field Conf., (Socorro, New Mexico), Guide
Book 16:234-235,

The vegetatlon of southernt New Mexico has been
described many times. 1t has been classified as
"desert grassland,"” "desert shrub-grassland ecttone,"
Ysemi-desert," "Chituahuan desert,' “creosote-tarbush
type,'t and others. Some of these classifications are
merely synonyms, but others Indicate differences of
opinion regarding either "what was' or "'what is" the
#cology of the vegetation. This article will examine
and evaluate some of these views on the vegetational
ecology of southern New Mexlico. In the light of some
tecent investigations, the author will submit addi-
tional opinions about this problem.

Abstract No. 333.

Dick-Peddie, W. A., and W. H, Molr., 1970,
tion of the Organ Mountains, New Mexico.
Sci. Dep. Sci. Ser. No, b.
Fort Collins. 28 p,

Vegeta-
Range
Colorade State Univ,,

Cover, constance, and the distribution of major
specles along ordination axes are given in the four
vegetation zones between 5,200 and 9,000 ft elevation
in the Organ Mountains. The zones are recognized as
upper desert grassland, savanna and woodland, chapar-
ral, and deciduous oak woodland. Dominant shrub

species have individualistic modes of distribution
that are strongly controlled along open slopes by
elevation and slope exposure. The generally steep
slopes and microtopographic variation within stands
on open slopes produce a large measure of stand
heterogeneity which contributes to vegetation in
intergradation between zones.

Abstract No. 334,

Diebold, C. H, 1951. Soil layers causing runoff from
hardland wheat fields in Colorado and New Mexico.
J. Soil Water Conserv. 6(4):202-209.

A portable infiltrometer was used to simulate a
storm of 2 inches in 1 hr on hard-land wheat soils
possessing medium-textured surface soils in eastern
Colorade and eastern New Mexico. Length of cultiva-
tion, tillage pans, chiseling when dry and chiseling
when wet are related to runoff. Formulas are pre-
sented for predicting infiltrometer intake rates using
core intake rates, the unfilled storage below field
capacity, and 80% of the temporary storage. Under
present conditions with a tillage pan, 1imiting layers
affecting intake rates are confined to the surface ft.
Volume weight, stability, swelling, effective pores,
and structure appear to be the most important factors
influencing the Intake rates of the medium- and
moderately heavy-textured layers studied.

Abstract No. 335,

Dinkel, €. A., J. A. Minyard, F. R. Gartner, G. §S.
Harshfield, A. L. Musson, and W. R, Trevillyan.
1958. Agricultural research at the Antelope Range
Field Station. South Dakota Agr. Exp. Sta. Circ.
1‘40- 30 P-

In the fall of 1946, at the request of livestock
men of western South Dakota, representing the Western
South Dakota Sheep Growers' Association, the Coopera-
tive Wool Growers' of South Dakota, the Black Hills!'
Protective Association, Harding County Livestock Im-
provement Association, South Dakota Purebred Sheep
Breeders Assocliation, and the South Dakota Stock-
growers' Association, the Game, Fish and Parks
Commission entered intc an agreement to permit the
South Dakota State College Agricultural Experiment
Station to use the Antelope Range Preserve as a live-
stock experiment field station for range research in
problems dealing with beef cattle, sheep, and antelope.
Representatives of the organizations formed an advi-
sory council to assist in developing the station and
suggesting problems that needed research study.

The original advisory committee and the animal
husbandry department research men compiled a 1ist of
2! major problems that would be suitable for develop-
ment at the Antelope Range Field Station, although not
all of these could be handled at once. Actual
research work-was started in 1947. The first experi-
mental livestock with which the ranch was stocked were
sheep, but within the first year a cow herd was added.
0f the 21 problems suggested, parasitism in sheep,
stocking rate and rotational grazing studies with
sheep, supplements for wintering pregnant ewes, and
beef cattle breeding research were the ones undertaken
and upon which sufficient data have been collected to
warrant publlication of the results. Many of these
studies are still underway.



One of the early goals was to discover basic infor-
mation on compatibility of sheep and antelope grazing
on the same range in respect to carrying capacity of
the range, parasites common to both species, and the
host parasite interrelationships. Unfortunately this
work has yielded little information because of diffi-
culties in handling antelope either in captivity or
under controlled conditions on range pastures. The
other experiments have been carried forward and the
results to date are reported in this bulletin.

Abstract No. 336.

Dirschl, H. J. 1963. Food habits of pronghora in
Saskatchewan. J. Wildlife Manage. 27(1):81-93.

Food habits of the pronghorn {Antilocapra ameri-
cana} in the Matader and Cypress Hills regions of
Saskatchewan were studied by analysis of the rumen
contents of 49 specimens collected at monthly inter-
vals over a full annual cycle, plus 42 rumen samptes
from animals killed during the 1960 hunting season.
Grasses were found to predominate in April; forbs
from May to July; deciduous browse, August to
October: and evergreen browse, November to March.
Cacti and grain crops were minor items. Pronghorns
were dispersed throughout the available range during
the growing season, while in the winter they were
concentrated In areas where sagebrush (Artemisia cana)
and creeping juniper {Juniperus horizontalis) grew,
indicating that antelope distribution is correlated
with food distribution and that the abundance of these
two key food items on the winter range is a prime fac-
tor in the carrying capacity of range units, Chemical
analyses made of food plants at intervals throughout
the year revealed a positive correlation between their
protein content and the degree to which they were
utilized by pronghorns., Pliants having the highest
protein levels were the preferred foods in all seasons.

Abstract No. 337.

Dittberner, P. L. 1971. Soil nutrient-plant nutri~
ent relationships, Pawnee Site. U.S. IBP
Grassland Biome Tech, Rep. No. 122, Colorado
State Univ., Fort Colltins. 34 p.

This investigation was initlated to study the soil
nutrient-plant nutrient relationships of blue grama
(Bouteloua gracilis {H.B.K.} Lag. ex Steud.) and wheat
(Triticum gestivum Z.). This report includes method-
ology of data collection and the results of chemical
analysis for the soil samples.

Abstract No. 338.

Dix, R. L, 1958. Some slope-plant relationships in
the grasslands of the little Missouri badlands of
North Dakota. J. Range Manage. 11:88-92,

The roles of slope and exposure in determining the
species composition of some grassland types in the Bad-
lands of the Little Missouri River of North Dakota
were investigated. Four stands, differing in slope
and exposure, were selected as study areas; the stands
had slopes and exposures of: 16° E, 8° E, 3° W, and
11° W,

The stands were sampled by the frequency method
employing 40 1/4-m¢ quadrats per stand. Slopes and
exposures were also measured., Similarity coefficients
between the stands were calculated and an ordination
of stands established.

The behavior of the dominant species along this
ordination indicated that it was based upon a moisture
gradient, Blue grama and western wheatgrass, species
of the more xeric Great Plains, were found to be more
important at one end of the gradient, while little
bluestem, slide-oats grama, and plains mubly, species
of the more mesic midwestern prairies, were more impor-
tant at the opposite end of the ordination. This
ordination also correlated with apparent soil water,
total number of species which occurred in the quadrats
and in the total frequency per stand.

The relaticnships between the stands appeared not
to be successional, since the species composition of
the stands was based principal ly upon physiographic
and edaphic factors.

Abstract No. 339.

Dix, R. L. 1960. The effects of burning on the mulch
structure and species composition of grasslands in
western North Dakota. Ecology L1:49-56.

This paper reports the results of a preliminary
quantltative study of the species composition, herbage
production, and mulch structure on natural grasslands
following fire of known age in western North Dakota.
Partner pairs of stands, one burned and the other un-
burned, were sampled. |In three pairs of such stands,
the species composition was determined by employing
Lo 1/4 m® quadrats in each stand, and the surficial
organic matter was clipped and segregated.

Abstract No. 340.

Dix, R. L. 1964, A history of biotic and climatic
changes within the North American grassland, p.

71-90. In D. J. Crisp [ed.] Grazing in terrestrial
and marine environments. Blackwell Sci. Pub.,
Oxford. 322 p.

The many causes or influents which were and are
responsible for the origin and maintenance of the
North American Grassland are discussed according to
the following categories: physiographic, climatic,
biotic, and historical. Emphasis is placed on the
Great Plains and Central Lowlands regions of this vege-
tation type and the time scale is that of the geologlist
and archeologist.

Physiographic and climatic changes in the North
American Grassland through Tertiary, Pleistocene, and
Recent time are briefly outlined, and the origins and
time sequences of the development of the major vegeta-
tional units are treated. The original grassland is
believed to have formed Zm situ in the Central Great
Plains area from Arcto-Tertiary and Neotropical-
Tertiary stock in late Oligocene or Miocene. Changes
in physiography, and more particularly in climate,
encouraged the rapid evolution of plant species in
this area, and many modifications in this grassiand
occurred through late Tertiary, Pleistocene, and Re-
cent time, particularly in the woodland-grassland
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tension zones. The origins of the midwestern prairie,
coastal prairie, desert plains grassland, and northern
plains grassland are traced.

A brief review of the historical period in the
North American Grasslands, up to the present century,
is presented.

Abstract No. 341,

Dix, R. L., and R. G. Beidleman [ed.]. 1969. The
grassland ecosystem: A preliminary synthesis.
Range Sci. Dep. Sci. Ser. No. 2. Colorado State
Univ., Fort Collins. 437 p.

This report represents most of the written cutput
of the information synthesis project in the first 15-
month segment of the Grassland Biome studies in the
United States' contribution to the International Bio-
logical Program. As noted herein, some papers were
not available in time for this report, but they will
be produced later in a supplement. The papers were
presented in five workshops in an order different from
their sequence here.

This report is based on our initial grassland
Biome studies which were supported by the National
Science Foundation {Grant GB-7824) and the Atomic
Energy Commission,

Abstract No. 342.

Dix, R. L., and R, G. Beidleman [ed.].
grassland ecosystem:
A supplement,
Supplement.
110 p.

1970. The

A preliminary synthesis.
Range Sci. Dep. Sci. Ser. No, 2

Colorado State Univ,, Fort Collins,

This report includes two papers which were not
available last year to be published with the 437-page
volume containing other papers from the information
synthesis project. The paper by Thomas was presented
at the fourth workshop held in Woodland Park, Colorado,
and the paper by Lewis was presented at the fifth
workshop held at Buckbhorn Mountain, Colorado. Thomas®
paper represents a review on amphiblans and reptiles
as a particular type of consumer in the grassland
system, Lewis' paper is an overall review and integra-
tion of the other papers on producers, and especiallty,
it contributes special new information at that trophic
level. The papers are numbered according to the page
after which they fit in the overall volume.

These papers were part of our initial Grassland
Biome studies which were supported by the National
Science Foundation (Grants GB-7824 and GB-13096) and
the Atomic Energy Commission,

Abstract No. 343.

Dodd, J. D,, and H, H, Hopkins. 1958. Yield and
carbohydrate content of blue grama grass as

affected by clipping. Kansas Acad. Sci., Trans.
€1(3):280-287.

During recent years revegetation of marginal lands
in the Great Plains has received considerable emphasis.
Research has been done as to several of the factors
affecting establishment, but the effects of varying

intensities of grazing on new stands have not been
thoroughly studied. Any system of grazing that per-
mits frequent removal of herbage and thus retards
manufacture and storage of carbohydrates may result
in depletion or destruction of the grass. This is
particularly true of recently seeded ranges. !t is
imperative that grasses store sufficient food during
the growing season to carry them through the winter
and to produce initial growth in the spring.

This experiment was designed to determine the
influence of different intensities of clipping on the
yield of herbage and carbohydrate content of roots
and crowns of newly seeded stands of blue grama
(Bouteloug gracilis).

Abstract No. 344,

Dodd, J. D., and G. L. Van Amburg. 1970. Distribu-
tion of Cesium-134 in Andropogon scoparius Michx.
clones in two native habitats. Ecology 51(4}):

685-689,

Cesium=134 distribution in native Andropogon
seoparius clones and in single tillers indicates that
each clone consists of a group of tillers each acting
as individual plants. Two zones of concentration
occur: the upper 5 cm of the roots and the inflores-
cence, including the florets. Cesium transport from
the follage to the upper portion of the roots occurs
with fall dormancy. With the initiation of spring
growth the mineral is exported from the roots to the
expanding leaf blades. Cesium activity within the
plants growing on the Helden-Hunt clay soil decreases
more with time than in plants growing on Tabor fine
sandy loam,

Abstract No. 345.

Doncho, H. 5. 1971. Dispersion and dispersal of
white-tailed and black-tailed jackrabbits, Pawnee
National Grasslands. U.S. 1BP Grassland Biome
Tech. Rep. No. 96. Colorado State .Univ., Fort
Collins. 52 p.

Dispersion, dispersal, and density were measured
on populations of black-tailed (Lepusz ealiformicus)
and white-tailed {Lepus townsendii) jackrabbits on a
10.75 sq mile area of native shortgrass prairie. ATl
mammal scient!{fic names used in this report are from
The Mammale of North America by E. R, Hall and K. R.
Kelson (1959), Dispersion information was obtained
from a tagging-recapturing program and spotlight
counts. Sample size amounted to 136 tagged hares.
Black-tails outnumbered white-tails three to one and
occupied most of the study area. White-tails occupied
a smaller range, mostly overlapping the black-tailed
jackrabbit range. Dispersal was measured by a radio
telemetry technique which allowed remote monitoring of
instrumented hare locations. Individuals of both
species exhibited ovate occupation areas {of approxi-
mately 640 acres) which did not appear to change in
size or location from season to season. Of 28 hares
instrumented, six remained active, 14 were lost from
radio contact, and eight died from various causes.
Density was estimated from counts made on 4.25 sq mile
drive plots. The spring (April) and fall (November)
counts indicated 33 hares per sq mile and 93 hares per
sq mile, respectively. Aerial mapping of hare tracks
in snow revealed the greatest hare activity in low
shrubby areas with activity gradually diminishing
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toward higher open grassy areas. Trapping and
telemetry failed to show correlation between hare dis-
tribution and pastures grazed by cattle at light,
moderate, and heavy intensities.

Abstract No. 346,

Dort, W., Jr. 1959, Geomorphology of the southern
Great Plains in relation to livestock production.
J. Range Manage. 12:292-295.

The present physical environment of the Great
Plains is largeiy the product of past geologic and
geomorphic events., An understanding of the processes
involved helps to explain the occurrences of differ-
ent kinds of soils, land forms of various aspects,
and ground water supplies. The actual pattern is far
more intricate than broad generalizations suggest,
Even a single rangeland unit may well contain differ~
ent soils, different land forms, different water
supplies, and therefore require different range
management practices.

Abstract No. 347.

Dortignac, E. J. 1951. Design and operation of the
Rocky Mountain infiltrometer. Rocky Mountain
Forest and Range Exp. Sta., Fort Collins,
Colorado, Paper No. 5. 68 p.

The Rocky Mountaln infiltrometer originated from
the type FA developed by the Flood Control group of
the Scil Conservation Service. This modified Infiltrom-
eter is considerably different from the FA, about the
only similarity being that it employs a type F nozzle
and the plot frame area approximates 2.5 sq ft. The
writer has used this instrument since 1946 and added
numerous revisions and modifications. Al equipment
~ has been streamlined and lightened for ease in hand-
“ling and carrying. In addition, a plan for placement
of equipment on the 1i-ton truck simplifies and speeds
up repeated loading and unloading of equipment, allow-
ing a greater number of samples per unit time.

Another innovation is the use of this instrument for
measurement of rates of erosion in addition to infil-
tration rates. This infiltrometer can be used
successfully for this latter objective though the
standard deviation of measurement is greater than for
infiltration rates, These larger variations are no
doubt associated with variations in slope and rain
intensity. Whereas these factors do not influence
water-absorption rates it has been demonstrated that
they do influence erosion losses. Working with a
single soil type, Putnam silt loam, under laboratory
conditions, soil losses from a saturated soil in~
creased as the 0.7 power of the slope percent and the
2.2 power of the rain intensity.

Abstract No. 348.

Dortignac, E. J., and L. D. Love. 1960. Relation
of plant cover to infiltration and erosion in
Ponderosa Pine forests of Colorado. Amer, Soc.
Agr. Eng., Trans., 3{1):58-61.

The Rocky Mountain infiltrometer was used to eval~-
uate infiltration and erosion of the most common
vegetation cover types found in the ponderosa pine
forests of (olorado. Almost 750 tests were conducted

at the Manitou Experimental Forest under grazed condi-
tions, One-third as many tests were made elsewhere in
the South Platte River watershed and on the Roosevelt
National Forest, west of Loveland, Colorado.

On the basis of these tests it was found that
infiltration rates varied with cover type. Large pore
space of the upper 2 inches of the soil and the quan-
tity of dead organic materials were the two properties -
that accounted for most of the variation In infiltra-
tion rates among cover types.

Erosion indices also varied with cover type, but
soil origin and the amount of exposed or bare soil
were the main factors affecting erosion.

Infiltration rates increased 1.31 inches per hour
in grassland and 1.01 inch per hour in pine-grass
after 14 years of protection from grazing at Manitou
Experimental Forest.

Infiltration and erosion indices measured with
the infiltrometer in the range pastures were compared
with rates computed from adjacently located runoff
plots. Even though measurements were made at differ—
ent locations in the Manitou Experimental Forest,
infiltration and erosion determined with the infiltrom-
eter compared favorably with results obtained on
runoff plots for similar plant-soil conditions.

Criterla are proposed for determining satisfactory
infiltration rates and acceptable quantities of
erosion in the ponderasa pine forests of Colorado
utilizing results from infiltrometer tests and runoff
plots.

Abstract No., 349,

Dortignac, E. J., and L, D. Love. 1961. Infiltration
studies on Ponderosa Pine ranges of Colorade.
Rocky Mountain Forest and Range Exp. Sta., Fort
Collins, Colorado, Paper 59. 34 p.

During the years 194% through 195%, infiltration
studies were conducted on six contiguous range pas-
tures at the Manitou Experimental Forest. Other
investigations were carried out on the Elk Ridge Allot-
ment of the Roosevelt National Forest during 1950.

Both areas are representative of the ponderosa pine-

" bunchgrass ranges of the Colorado Front Range.

During the course of the investigation, infiltrom-
eter plots were located at random within the three
cover types of pine~Titter, pine-grass, and grassland.
Infiltration was measured through the use of the Rocky
Mountain infiltrometer, a portable 'rainmaker'" by
applying rain at the rate of 4.0 to 5.0 inches per
hour on a 2.5-sq-ft plot for a 50-minute duration.
Infiltrometer tests were made on plots prewetted 6 to
24 hours before the final wet run was conducted, ex-
cept for the years 1952 and 1954, when rainfall was
applied on dry soil for 50 minutes followed by tests
on wet seil 15 to'22 hours later. Most of the analy-
ses and results presented were based on infiltrometer
tests on prewetted scoils. However, the same basic
relationships between infiltration rates were obtained
whether infiltration rates on wet or dry surface soils
were used. Information was collected on vegetation
and soil properties that might in any way affect or
be related to infiltration.

The main purpose of the present study was to iso-
late and evaluate vegetation and scil influences on

..76_



infiltration on granitic derived soils of the ponder-
osa pine-bunchgrass range of the Colorado Front Range.

Abstract No. 350.

Doughty, J. L. 1943, Report of investigations. Soil
Res. Lab., Swift Current, Saskatchewan. Canadian
Dep. Agr. Exp. Farms Service. 63 p.

The subject matter in this report deals, in gen-
eral, with the soil and climatic conditions found in
the prairie areas of Manitoba, Saskatchewan, and
Alberta, and particularly with the brown and dark
brown soil zones. The climatic conditions prevailing
over most of these areas are low rainfall, low humid-
ity, and high evaporation. Particular attention has
been given to the conservation and use of sojl water
and the factors contributing to soil erosion by wind,
The frequent occurrence of years of low rainfall when
crop production s hazardous and soil drifting is
prevalent, emphasizes the importance of these
problems.

Abstract No,. 351.

Doughty, J. L. 1954. Progress report 1948-1954,
Soil Res., Lab., Canadian Dep. Agr. Exp. Farms
Service. 46 p,

The Soil Research Laboratory is located at Swift
Current, Saskatchewan, and is associated with the Field
Husbandry, Soils, and Agricultural Engineering Division
of the Central Experimental Farm, Ottawa, Ontario.

The present report is the fourth issued from the
Laboratory and deals particularly with the period
1948-54, though frequent reference is made to earlier
work in connection with long-term projects. For a
more detailed discussion of certain problems, the
reader is referred to the published papers as set out
in the list of references.

The laboratory program includes studies of soil
problems arising in the prairie provinces, though
owing to location, many of the projects have dealt
particularly with the soils and climatic conditions
of southwestern Saskatchewan which is in the Brown
Soil zone.

Water is the first limiting factor in crop produc-
tion in the Brown Soil zone and for this reason
particular attention has been given to projects deal-
ing with the conservation and use of soil water. This
involves such factors as amount and distribution of
precipitation, temperature, wind velocity, sunshine,
kind of crop, and type of soil. Laboratory, tank, and
field experiments have been conducted to determine the
importance and interrelationship of these factors. A
closely related problem is the movement of water in
unsaturated solls.

Data will be presented showing the effect of field
shelterbelts on wind velocity, evaporation, snow
accumylation, soil water, and crop yield.

Soil erosion by wind must always be guarded
against, Considerable time was spent prior to 1948
in the determination of the principles governing soil
drifting. Owing to the importance of this problem,
brief reference will be made to the previcus work.
More recently, work has been started dealing with soil
erosion by water which is of particular importance in

certain areas due to the nature of the topography and
soil. There s a natural division in this problem,
one phase dealing with excess water due to rapid pre-
cipitation and the other, water from thawing snow,

The prairie farmers are becoming more concerned
about crop rotations and the use of fertilizers for
it is realized that the popular wheat-fallow rotation
is not in keeping with soil conservation practices. .
Data showing the effect of cultivation on the nitregen
and organic matter content of the soil will be pre-
sented, Reference is made to the use of commercial
fertilizers. Saline soils are a problem in the irri-
gated areas and have been the subject of investigation.

Since the publication of the third report the pro-
gram of the Laboratory has been enlarged to include
soil microbiology. Particular attention 1s being
given to problems related to soil organic matter and
nitrogen.

Abstract No. 352.

Douglass, A. E,
growth.
17t p.

1919. Climatic cycles and tree
Carnegie Inst. Washington, Pub. 289,

The collection of an enormous amount of material
onh tree-rings, the development of methods of cross-
dating, and the establishment thereby of a system of
chronology represent a continued effort toward a
knowledge of our past. The correlations of tree-rings
with solar and terrestrial data and the intercorrela-
tions of these not only illuminate the past, they
offer hope of some future and greater success in fore-
casting phenomena of scientific importance and,
perchance, of immediate significance to man.

So much of the work on cycles which has been done
in the past and published with high hope has been
found wanting by subsequent investigators, that the
scientific world has today a somewhat justifiable
scepticism of the validity of similar new work. The
author and the Carnegie Institution offer this data
and these findings to the critical examination of
others to ascertain in how far they may become estab=
lished in that general consensus which is science and
afford a basis for further advances into the mathemat-
ical difficulties of cycle analysis, into the
perplexing problems of scientific induction therefrom
and into those fields of science in which the realiza-
tion of our present hopes seems bound up with a fuller
comprehension and utilization of these methods.

Abstract No. 353.

Downes, R. W, 1970, Effect of light intensity and
leaf temperature on photosynthesis and transpira-
tion in wheat and sorgham. Australian J. Biol.
Sci. 23(4):775-782.

Wheat stomata offered less resistance to water and
carbon dioxide diffusion than sorghum stomata at light
intensities of 0.06 and 0.26 cal/cm?/min (400-700 mm),
but resistances were comparable at 0.56 cal/cm?/min.
Consequently, transpiration rates were higher in wheat
than in sorghum, except at the high 1ight levels, in
leaf chamber experiments described here. Rates of
photosynthesis were higher in sorghum than in wheat ,
with the greatest difference at high light Tevels.
This resulted in a greater efficiency of dry matter
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production relative to water use in sorghum. Tran-
spiration rate increased with increased temperature in
both species. Photosynthesis was independent of
temperature in wheat and in sorghum under low light
conditions, but otherwise photosynthesis increased
with temperature in sorghum, In both species, effi-
ciency of water use decreased as temperature increased
at all light intensities. Water vapor concentration
difference between the intercellular spaces and the
alr was comparable in wheat and sorghum and increased
with temperature. The carbon dioxide concentration
difference -between air and intercellular spaces was
substantially greater in sorghum than in wheat and
increased with leaf temperature., Maximum values were
obtained at the intermediate 1ight level in sorghum.

Abstract No. 354.

bownhower, J. F., and E. R. Hall.
gopher in Kansas.
Misc. Pub, 4h4:1-32.

1966. The pocket
Kansas Univ., Mus. Natur. Hist.

The aims of the study here reported on were the
following:

1. Learn why the pocket gopher does not occur in
southeastern Kansas.

2. Learn how much (volume and weight) soil per
acre a pocket gopher deposits on the surface
of the ground in the course of one complete
year,

3. Record some other information obtained inci-
dental to work on aims 1 and 2 because it is
new or because it is thought to be otherwise
pertinent.

4. Provide directions on the best method for
removing plains pocket gophers from areas
where they are unwe)come.

Abstract No. 355.

Doxtader, K. G. 1963. Estimation of microbial
bifomass in soil on the basis of Adenosine Triphos~-
phate measurements. Bacteriol. Proc., 14 p.
(Abstr.).

The measurement of adenosine triphosphate (ATP)
was investigated as a potential means of estimating
microbial biomass in soi). ATP was quantitatively
determined by use of firefly luciferin-tuciferase
enzyme system. As Jittle as 6 x 10 * uG of ATP was
detected when a liquid scintiliation counter was used
to measure light emission from firefly extracts. ATP
measurements were made on pure cultures of bacteria,
actinomycetes, and fungi freshly isclated from soijl.
For the first two groups of microorganisms, there was
a high correlation between ATP levels and numbers of
cells, as determined by plate count techniques; in
addition, the ratio of ATP to carbon content and dry
weight of viable cells was fairly constant under the
cultural conditions employed. Corresponding relation-
ships for fungal species were more variable. To
determine ATP levels in the microfloral fraction of
the total biomass of soil organisms, the microbial
cells were isolated, collected on membrane filters,
and extracted, and the extracts were analyzed for ATP.
The data obtained in this study permitted the estima-
tion of soil microfloral biomass and a comparison with
biomass values obtained by other methods.

Abstract Mo. 356,
Doxtader, K. 6. 1969. Microbial biomass measurements
at the Pawnee Site: Preliminary methodology and
results. U.S, IBP Grassland Biome Tech. Rep. No.
21. Colorado State Univ., Fort Collins. 16 [

This report describes studies of microbial form
and function at the Pawnee Site of the Grasstand Biome.
program of the U.S. International Biological Program.
The major objective of the investigations was to
develop sampling and analytical procedures for the
estimation of microbial biomass. A secondary area of
interest was to measure microbial respiratory activity
in soil, with the aim of relating this to microbial
biomass values.

Research was conducted in two related areas: (1)
direct estimation of microbial biomass in soil and (2}
development of an ATP assay as an indirect measurement
of biomass,

Abstract No. 357.

Dragoun, F. J., and A. R. Kuhlman. 1968. Effect of
pasture management practices on runoff. J. Soil
and Watar Conserv. 23(2):55-57,

Onsite surface runoff was reduced and soil water
was increased by light versus heavy grazing, contour-
furrowing versus no treatment and eccentric disking
Versus no treatment. Contour furrowing was definitely
the most effective means of conserving rainfatl and
reducing surface runoff. Compared with the untreated
plots, contour furrowing conserved an average of 1.2
inches of preclpitation more annually. The resulting
increase in soil water, however, did not produce
better stands of perennia? grasses. Good grazing
management and more intensive pasture renovation meas-
ures, such as reseeding and fertilization, were needed
to improve intermediate and tall grass production,

Basal area surveys indicated a decline in vegeta-
tive density between 1939 and 1941. Average density
ranged from a high of 33% to 3% on individual plots,
The remainder of the soil surface was bare. Plot
treatment had no consistent effect on the decline in
perennial vegetation. By 1961 perennial grass stands
were similar to those in 1939. Buffalograss and blue-
grama grass were typical successors when the better
intermediate grasses declined as a result of over~
grazing, The basal area of perennial grasses on the
nonfurrowed and contour-furrowed plots was 3.7 and 4.7
times greater, respectively, in 1961 thanm in 1941,

Abstract No. 358.

Dregne, H. E., and H. J, Maker, 1955, Fertility
levels of New Mexico scils. New Mexico State
Univ.,, Agr. Exp. Sta. Buli. 396. 11 p.

Several thousand soil samples collected in New
Mexico were analyzed for pH, soluble salts, organic
matter, available phosphate, exchangeable potassium,
and lime,

Most of the irrigated scils are alkaline, particu-
larly in the Rio Grande Valley and Luna County. In
only one area, in western Catron County, are the soils
acid, and even there the acidity is stight.
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Soils with the highest average in organic matter
content are found in the mountaingus counties, except
for Chaves and Union counties. The lowest organic
matter levels are found in the eastern and south-
western counties where higher temperatures contribute
to a more rapid oxidation of organic matter, The
relation between organic matter and other soil charac-
teristics is varied,

The amounts of available phosphate in the surface
soils vary in the different sections of the state.
Eastern New Mexico soils have the lowest average
values; the highest averages are found in the south-
western corner of the state, and the soils in Lincoln
County and north central New Mexico are also high in
available phosphate.

Exchangeable potassium levels are quite high in
most counties. Mora County has the lowest level, and
nine counties have Intermediate levels.

Most surface soils in the irrigated areas of the
state contain some free lime. The largest amounts are
found in soils of the Pecos Valley, the Tularosa Basin,
and the Sacramento Mountain valleys.

Excessive salt may be a problem in the Pecos
Valley, the Tularosa Basin, the Rio Grande Valley, and
the San Juan Valley. The average salt levels in many
counties are low, but most irrigated areas of New
Mexico have potential problems with salt accumulations.
Wherever poor drainage occurs, salt is a hazard,

Controlled field tests are in progress to relate
soil test results to fertilizer response and to evalu-
ate the differences reported in this bulletin.

Abstract No. 359,

DuBois, A, D., 1935.
spurs on a Montana prairie.

Nests of horned larks and long-
Condor 37{(2):56-72.

This report contains many detalls about 141 nests*
in Teton County east of the Rocky Mountains. A}l
three species apparently excavate a holiow in which is
built a nest of dried grass with a lining of softer
parts of grass or other material. The excavated earth
is thrown to the eastward of the horned lark's nest
and is more or less covered with little pieces of sun-
baked mud which may have lichens or moss on them.
Otocoris alpestris leucolaema® and Rynchophanes
mecownit nest on dry uncultivated ground where the
grass is short and scanty, but frequent use is made
of a weed or tuft of taller grass to hide the nest
partially. Both species have two broods of three or
four each, the horned lark nesting from April through
June and the McCown longspur from early May into July.
Calearius ornatus has the same nestling season as the
latter but a clutch of four or five eggs and possibly
only one brood. It selects slightly moist land where
the grass is taller.

Abstract No. 360.

Duddington, C. L. 1963. Predacious fungi and soil
nematodes, p, 298-304. In J. Doekson and J. Van
Der Drift [ed.] Soil organisms. North Holland
Publ. Co., Amsterdam, 453 p,

Predacious fungi attack microscopic animals,
including nematodes, in decomposing organic matter-

and Tn soil. Some are internally parasitic, while
others capture their prey alive by means of various
trapping devices, They are common in most soils, but
until recently little has been known of their activi-
ties under natural conditions. Attempts are being
made to use them for the biological control of plant
pathogenic nematodes.

Abstract No. 361.

Duley, F. L. 1939. Surface factors affecting the
rate of intake of water by soils. Soil Sci. Soc.
Amer., Proc. 4:60-64,

During the last two seasons tests have been made
on the intake of water by certain Nebraska scils under
a variety of surface conditions. Water has been ap-
plied artificially by sprinkling, and intake has been
calculated as the difference between the application
and the runoff,

It appears from these studies that the principal
question invoived in the intake of water in Nebraska
soils Is the condition of the immediate surface and
the circumstances that may affect surficial changes.
So far as our studies have gone the thin compact layer
which forms on the surface of bare soils during rains
has had a greater effect on intake of water than has
the soil type, slope, moisture content, or profile
characteristics. If we would maintain a high rate of
intake of water by a soil we must make sure that the
immediate surface is in condition to absorb water
rapidly. !t seems that this may be done in practice
by maintaining a cover of crop residue on the surface.

Abstract No. 362,

Duley, F. L., and O, E. Hays. 1932. The effect of
the degree of slope on runoff and soil erosion.
J. Agr. Res. 45(6):349-360.

Determinations of runoff and erosion were made by
means of water applied to soil artificially to simu-
late rainfall.

In one case a tank, which could be tilted so as to
vary the degree of slope of the surface, was filled
with soil and used to study the effect of slope on
runoff and erosion.

In another test the plots were placed at different
angles on a hillside so that the slope ranged from
level to that of the steepest part of the hill. By
properly locating the plots large variations in soil
profile could be avoided.

The results from the two methods checked very well
and indicate that the one to be used will depend on
the type of problem to be studied.

The runoff was found to increase rapidly as the
slope Increased from 0% to about 3% grade. The in-
crease in runoff was then very slight for each percent
of increase In slope.

The soil eroded increased very gradually until the
slope was about 4%, then the increase was found to be
more rapid up to about 7 to 8%, after which there was
a still greater Increase in the rate at which the soil
was removed from the plots.
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The amount of runoff water required to erode 1 Ib,
of soil decreased rapidly as the slope increased from
1% up to about 10%, after which the decrease was grad-
ual and slight. In some cases the water required to
erode 1 Ib. of soil was less for the 0 and 1% slopes
than for a 2% slope.

Soil erosiveness is shown to depend not merely on
the physical properties of the sofl, but alsc on the
degree of slope and possibly on several other factors,
A silty clay loam gave greater erosion on the lower
slopes whereas a sandy soil gave more erosion than
did the silty clay loam on steep slopes.

The results obtained on large plots in Missouri
and Texas have been shown to correspond reasonably
well with the results obtained in these tests. This
would tend to indicate that small plots having water
applied artificially may be used for studying a large
number of problems in connection with soil erosion.

Abstract No. 363.

Duley, F. L., and L. L, Kelly. 1939. Effect of soil
type, slope, and surface conditions on intake of
water. Nebraska Agr. Exp. Sta. Buli. 112, 16 p.

Applications of water were made to soils by sprink-
ling 1/200 acre plots. Determinations of infiltration
and runoff rates were made on different soil types
found in eastern Nebraska. The effects of different
degrees of slope and rates of application of water,
as well as the initial soil water content, were
also determined.

The results indicate that the rate of infiltration
taking place on any soil type may be varied between
wide limits simply by changing the surface tillage,
crop, or crop residue, or by repeating the application
of water. This makes it difficult to arrive at any
figure that might be used as an infiltration rate
characteristic of any given soil. There may be far
greater variation between the rates obtained under
different surface conditions on a single soil than
would be shown by different scils having the same
surface conditions. This may make it necessary to
think of inflltration rates characteristic of surface
conditions rather than of different soils.

Claypan soils like the Pawnee clay loam and Butler
silty clay loam absorbed large quantities of water
within a short peried of time whenever the surface was
protected by means of a straw mulch. This would indij-
cate that the heavy layers in these subsoils probably
did not retard infiltration to such an extent that
they would likely have any appreciable effect on run-
off under climatic conditions prevailing in Nebraska.

The breaking down of soil structure, by the com-~
pacting effect of the rain and the assorting and
rearranging of the soil particles by running water
forming a compacted layer at the immediate surface,
appears to be the principal reason for the low infil-
tration rates on cultivated land. The formation of
this semi-pervious Tayer, often only a few millimeters
thick, was largely prevented by a covering of straw
or by a growing crop.

The rate of infiltration remained at a relatively
high level for a considerable period on the various
soils when the surface was kept open by means of dense
crop or crop residue. On bare soils the infiltration

rate was reduced to a very low point and tended to
approach approximately a common level on all the soils
tested.

Abstract No. 364.

Duley, F, L., and L, L, Kelly. 1941. Surface condi-
tion of soil and time of application as related to
intake of water. U.S. Dep. Agr. Circ. 608. 30 p.

This circular reports an infiltration study of
eight soils in southeastern Nebraska. Complete data
for plots on only two so0ils are given: Marshall silt
toam (heavy subsoil) and Lancaster sandy loam. Rates
of intake under different surface conditions were wide
and differed at successive applications. fIn determin-
ing intake rate no attempt was made to prevent lateral
seepage into the soil beneath the 6-inch plot bounda-
ries, The Intake rate recorded is the difference
between the rate of application and the rate of runoff.
Tests on bare cultivated, straw-covered, and grassed
plots (on Marshall silt loam) show the intake of water
before the infiltration rate became relatively con-
stant to be greater on the straw covered and grassed
plots than on the bare plots and the final rate of
intake on the straw-covered plots to be greater than
on either the bare or grassed plots. Final rates on
straw-covered and bare plots ranged from 1.90 to 0.21
inches per hour on Marshall silt Joam and from 1.36 to
0.32 inches per hour on Lancaster sandy loam. The low
intake rate on bare plots is attributed to the forma-
tion of a compact layer on the surface of the sojl.
Application of water to a plot from which the straw
cover had been removed after a test giving a final
intake rate of 1.24 inches per hour resulted in a
final intake rate of 0.44 inches per hour. The drop
is attributed to & change in surface condition rather
than 'wetness'' of the soil. On the grassed plot the
final intake rate ranged from 1.63 inches per hour to
0.42 inches in five tests on three consecutive days.
The amount absorbed during the first test was 8,95
inches, and the final rate, at the end of the three
hours, was 1.63 inches per hour. On the day following
the last of the five tests the grass was clipped and
swept off the plot and a 3-hour test at approximately
the rate of application used in the previous test was
made. During this test, 2.09 inches were absorbed;
and the final rate was 0.63 inches per hour.

Abstract No. 365.

Duley, F. L., and C. E. Domingo. 1943. Effect of
water temperature on rate of infiltration.
Soil Sci. Soc. Amer., Proc. 8:129-131.

Water at temperatures of 40°, 70°, and 110°F was
appiied by sprinkling to soil in a iaboratory
infiltrometer 16 x 72 inches in size. The water
temperature was changed during the course of a given
test after the infiltration rate had become essentially
constant. The effect of water temperature was noted
by any break in the infiltration curve after a change
in water temperature. The infiltration rates of water
at 40° and 70°F were not significantly different.
Water at 110°F gave a consistent but slight increase
in the infiltration rate over water at 40°F. The
increase was not proporticnal to change in viscosity,
indicating that other factors affecting intake may
overbalance the effect of change in viscosity.
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Abstract No. 366.

Duley, F. L., and C. E. Domingo. 1943. Reducing the
error in infiltration determinations by means of
buffer areas. J. Amer. Soc. Agron. 35{7):595-605,

The error encountered In measuring infiltration
rates on small plots, due to subsurface Tateral move-
ment of applied water was corrected by using a large
plot (0.016-acre) and surrounding it with & buffer
area and a pre-wetted zone. These precautions were
taken to avoid escape of air from beneath the plot
and consequent loss of water by lateral movement.
Small plots unprotected by these buffers gave much
higher intake rates. Moisture determinations indi-
cated that the water applied to the test plot
penetrated vertically into the soil; thus the amount
absorbed was assumed to represent the possibilities
for intake if rain were falling over a wide area
under similar conditions.

Abstract No. 367.

1949, Effect of
Nebraska Agr. Exp. Sta.

Duley, F. L., and C. E. Domingo.
grass on intake of water.
Res. Bull. 159. 15 P,

Infiltration tests were made on a number of grass-
land scils by means of a 16- by 72-inch sprinkler type
infiltrometer. Earlier work has shown that results
with infiltrometers may be higher than the infiltra-
tion from natural rainfall. However, the small
infiltrometer has been of vaiue for comparing differ-
ent conditions or treatments.

Tests were made on native meadow and range pasture
land in & moist subhumid to dry subhumid climate.

The various types of grasses tested were effective
in inducing a high intake rate of water into the soil.
However, the total cover, including Tive grass and
assoclated litter, was more significant than the kKind
of grass or the type of soil.

An area of tall grass and also a forest area near-
by gave very high intake rates.

Tests made in a dune sand area showed that the
grass present had a marked effect on Infiltration.
The intake on sandhi1] soil without either the grass
or the grass roots on the surface was very much less
than where the grass was present. This sandy land
with native grass gave Infiltration rates simllar to
those obtained on a heavier cultivated soil when it
was protected with a straw mulch.

On an area affected by overfiow deposits and tramp-
ling by animals, the intake rate on bluegrass land was
reduced to a very low point,

Abstract No. 368.

Dunford, E. G. 1954. Surface runoff and erosion from
pine grasslands of the Colorado front range.
J. Forest. 52(12):923-927,

These two studies were designed to examine the
results of grazing and forest disturbances on runoff
and erosion. The objective has been to estabiish
limits on the intensity of such uses In Front Range
watersheds,

Abstract No. 369,

Durrell, L. W., R. Jensen, and B, Klinger. 1950.
Polsonous and injurious plants in Colorado.
Colorado Agr. Coll. Ext. Bull. h12-A. 80 p.

It Is the purpose of this bulletin to describe
and illustrate the poisonous or injurious plants of
the state that they may be recognized and that areas
infested with them may be avoided, A summary of the
available knowledge concerning poisonous properties
of plants is also given, with remedial measures where
these are known.

Abstract No. 370.

Dusi, J. L. 1949. Methods for the determination of
food habits by plant microtechniques and histology
and their application to cottontall rabbit food
habits, J. Wildlife Manage. 13(3):295-298,

Because histological food habits techniques
already Tn existence were not easily applied to many
animals whose food habits necess|tate histological
analysis, the writer attempted to develop other basic
microtechniques for making these studies.

Methods for the preparation of reference micro-
scope slides and photomicrographs and for the mounting
and study of food habits slides are given.

Figures Tl1lustrate histological methods and some
of the striking differences in plant epidermal cells
upon which food identification s based,

Abstract No, 371.

Dwyer, D. D. 1958. Competition between forbs and
grasses, J. Range Manage. 11:115-118,

The purpose of this study was .to determine the
loss In weight suffered by big bluestem (andropogon
gerardi) as a result of competition from both rhizoma-
tous and taprooted forbs.

Abstract No. 372.

Dyck, G. W., and R, E. Bement. 1971. Herbage growth
rate, forage intake, and forage quality in 1970
on heavily and Tightly grazed blue grama pastures.
U.5. IBP Grassland Biome Tech. Rep. No. 9%, C(olo-
rado State Univ., Fort Collins. 15 p.

Herbage growth rate, forage intake, and forage
qual ity were measured on heavily and lightly grazed
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pastures during the summer of 1970. When a growth
opportunity occurred, herbage growth was more rapid

on the lightly grazed pasture, Forage intake by indi-
vidual non-fistulated heifers was greatest on the
lightly grazed pasture. Heavily and lightly grazed
pastures did not differ significantly in forage
quality.

Abstract No. 373.

Dye, A, J., and W. H. Moir, 1971. €0; exchange over
shortgrass sods. U.S. IBP Grassland Biome Tech.
Rep. No. 81. C(olorado State Univ., Fort Collins.
13 p.

Progress to October 1970 consisted mainly of im-
proving the experimental design of an instrumentation
system for monitoring carbon dioxide exchange in
plants under field conditions. Initlal results are
presented for both the open flow and compensating
systems. Ambient carbon dioxide concentrations are
presented as a seasonal decline from a high of 328 ppm
CO; in April to 322 ppm in September.

Abstract No. 374,

1946. The vegetation of the Fort
Ecol. Monogr. 16{1}:1-29,

Dyksterhuis, E, J.
Worth Prairie.

The present research, extending over the period
1939-1944 , deals with the quantitative relations be-
tween the principal species under various influences
of the environment, The principal species and their
percentages of coverage over the broad area were first
determined. This provided a base from which to ob-
serve and evaluate deviations. Deviations that were
found to be important and recurring included those
associated with history of use, relief, and time of
year.

Abstract No, 375.

Dyksterhuis, E. J,
Cross Timbers,

1948, The vegetation of Western
Ecol. Monogr. 18(3):325-376.

The boundary of the western cross timbers of Texas
and its major divisions are shown. The area includes
a main belt of sandy soils with gentle relief devel~-
oped upon Cretaceous outcrops covering 2,436,000 acres,
and a fringe of rocky and gravelly soils with rough
relief developed upon Pennsylvanian cutcrops covering
1,680,000 acres. Both divisions have a sparse over-
story of Quercus stellata and Q. marilandica. Basic
knowledge of the climate, geology, and scils of the
area is summarized. Grazing influences, cultivation,
crops, and erosion are considered in relation to use
of the land and vegetation since settlement, Sample
plots at 350-yard intervals along 76 mites of cross-
country transects, as well as hundreds of plots on
scores of tracts selected for special study, were
analyzed during 9 years. They provide data on cover-
age by species. These data are supplemented by those
acquired at monthly intervals. In the order of de-
creasing relative coverage, the species or groups are
ranked as foliows: annual forbs, 19%; Buchloe
dactyloides, 9%: the 2 ocaks, 73%; annual Aristida Spp.,
6%; Bouteloua hirsuta, 5%; and some 20 other species,
each composing less than 5 but over 0.5% of total
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coverage. Buchloe dactyloides is four times as abun-
dant in the latter. The oaks, Papsalum eiliatifolium,
annual Aristida spp., Bouteloua hirsuta, Andropogon
saccharoides, and Smilar bonancz are far more abundant
in the main belt. Some 30 species with coverage of
over 0.3% in one division show different or virtually
no coverage in the other, Physiognomy of the vegeta-
tion is associated with certain classes of soils.
Floristically there are four broad types of vegetation.
They are the Quercus-Smilgr type of podzolic soils,
the Quercug-FProgopis type of immature reddish prairie
soils, the Prosopis type of mature reddish prairie
soils, and the old-field type of podzolic soils that
have been cleared, cultivated, and abandoned because
of erosion. Coverage of over 0.2% is reported for
some 50 specles occurring in one or more of the types.
Species and their relative coverage differ greatly by
types. Climax or original vegetation, as determined
from relicts, consisted of the mid-grass, Andropogon
scoparius, as the major dominant and with the 2 tall-
grasses, Sorghastrum nutans and 4. Furcatus, as lesser
dominants., Species composition of relict original
vegetation is reported. Differences between vegeta-
tion of the different soils are much greater now than
they were originaliy. Andropogon sCoparius was a
universal dominant of the climax, but in the grazing
disclimax the oaks predominate on podzolic soils,
annual forbs on immature reddish prairie soils, and
Buehloe dactyloides on mature reddish prairie soils.
Grazing by domestic livestock was the primary cause

of the modification of cross timbers vegetation.
Grazing coactions were determined by monthly studies
of both grazing animals and range vegetation under
three intensities of grazing. Different species com=
posed an important part of the diet of livestock on
lightly, moderately, and heavily stocked range land.
Broad implications in range management are discussed.
Autecological studies of 14 grasses are reported.
Included are studies of Andropogon seoparius,
Sorghastrum nutans, Bouteloua hirsuta, B. curtipendula,
Sporobolus asper, Buchloe dactyloides, Aristida spp.
of the Group Purpureae, Paspalum ciliatifolium, Stipa
leucatricha, Andropogon saccharoides, Cynodon daetylon,
Panicum sopibnerioum, 5 perennial species of
Eragrostia, and Andropogon termarius. The course of
range degeneration in the main belt and its effects on
floristic composition of both overstory and understory
were determined. Secondary succession on abandoned
fields is described and shown to vary depending upon
degree of grazing disturbance, proximity of a source
of seed of successionally higher species, and the
degree of erosion at the time the field was abandoned.
A subsere on an old field with ordinary degree of era-
sion, protected from grazing, and adjoining a source
of seed, reached the final stage in 14 years. There
are typically four stages, namely, the weed stage,

the annual Ariatida stage, the Andropogon termarius
stage, and the 4. scoparius or final stage. The 4.
ternarius stage is sometimes omitted. Subseres on

old fields protected from grazing are commonly ar-
rested in the Aristida stage because seeds of the

next stage are lacking. This was proven by simply
scattering seeds of climax grasses in bands several
yards wide. On such bands the climax grasses com-
pletely eliminated annual Aristidg species through
moisture competition within 4 to 7 years and volun~
teered in the adjacent unseeded bands of Aristida.
Included are notes on: 13 species that did not go
dormant in winter at this latitude and 10 that did;

9 with prominent winter rosettes and 5 common winter
annuals; time of germination of 22 species; time of
flowering of 133 species; and time of mature fruits

on 39 species. The "'l imax-problem' of the transition
area between forest and prairie is discussed in



relation to climate, soils, grazing, and fire. It

is concluded that the area is within a grassland cti-
mate though density of the stand of oaks has increased
under overgrazing to a point where the landscape now
approaches that of forest or woodland rather than the
original savannah.

Abstract No. 376,

Oyksterhuls, E. J. 1958. Ecological principles in
range evaluation, Bot. Rev. 24(4}:253-272,

Utilizing many cited researches, along with wide-
spread experience of the Soil Conservation Service,
the synthesis of a new system of range evaluation,
based on guantitative ecology, was reported by
Dyksterhuis in 1949. Since then there have been
amptifications and some modifications among acceptable
postulates resulting from experience of many rangemen
and from advances in ecology, especially those dealing
with theory. Rangemen and ecologists should find
continued development and refinement of this range
evaluation procedure possibie if it is founded soundly
upon ecological principles. Yet, there are several
limitations in practical application. Acceptable
refinements Tn applied range ecology are dependent
upon refinements in range management that are economi-
cal and acceptable by stockmen. Modern soil survey
information is lacking in many range areas and not all
rangemen are able to identify and map soil~groups such
as those previously named. Data to properly estab-
lished gradients of precipitation and temperature are
lacking in many mountainous areas. Many, if not most,
ecologic descriptions of vegetation in the literature
stress climatic and biotic but not edaphic features.
Relicts of climax vegetation have not been found as
yet or reestablished in certain types of sites, making
it necessary to assume a climax vegetation for them
from establishing gradation along environmental gradi-
ents. Finally, application of ecological principles
in range evaluation is limited by the ecological know-
ledge that professional rangemen have. There is
increasing acceptance and use of ecological precepts
among rangemen, associated with an increasing number
of active ecologists who: ({a) seek to be understood
by non-ecologists, {b) acknowledge that acceptable
examples of climax vegetation may be found or reestab-
lished in the absence of large influent animals such
as the bison, {c) recognize that biological data may
be useful even though inexact or not subject to exact
mathematical expression; (d) discern but endeavor to
reconcile polyclimax and monoct imax viewpoints, (e)
make it clear that grassland is not necessarily a
stage im succession to forest, and (f) accept fire as
a part of the environment under which natural grazing
lands were evelved and as closely related to ciimate,
hence to a degree a part of climax conditions, particu-
larly of climax grasslands, rather than an unrelated
phenomenon. There is increasing awareness: (a) that
evaluation of range communities must encompass not
only organisms but also the physical factors of the
environment, with the whole viewed as representing
either dynamic equilibrium or imbalance between living
and non-living features (i.e., of ecosystems); {b)
that there is parallelism between gradation of climax
vegetation and gradients in climate and soil (i,e., of
continual); (c) that differences in environment not
reflected in different phenotypes may be reflected in
different gerotypes {i.e., of genetics); (d) that cur-
rently climax vegetation is a product of genetic,
geolegic, and climatic history as well as of current
environment (i.e., of interpretive plant geography) ;
(e) that environmental factors produce organic

responses while acting collectively, changing through
the seasons and years, with action of each factor
modified by other factors (i.e., of halocpenotic envi-
ronment}; and (f) that discoveries of parallelism
between elements of physical environment and natural
vegetation, though not interpretable simply as cause
and effect, provide exceedingly useful data for many
purposes including (i) evaluation of different kinds
of range land when based on differences in kind or
amount of climax vegetation and {ii} evaluation of
different kinds of range cover that may occupy each
of these kinds of land in range subseres.

Abstract No. 377.

Byksterhuis, E. J. 1964,
yields in climax by sites.
Conserv. Service. 8 p.

Estimated total-annual-
U.S. Dep. Agr. Soil

This data is a mere second step in a process of
improvement of range estimates. The process may be
expected to continue through decades.

The method of successive approximations is appli-
cabte in a problem of this king. There can be Tittle
progress without such recording of data, though criti-
cism and correctness are expected and necessary.

The data do have two merits worthy of note. (1)
They are based upon an ecological and consistent con-
ception of how the range Tandscape of a vast region
can be subdivided for practicatl range management., {2}
The estimates submitted by fieldmen were uniformly of
total-annual-yields, including all growth of leaves,
non-woody stems, twigs, inflorescences, and fruits, to
ground-line; but, excluding bark and wood production
(except current twigs) of trees and shrubs, and exclud-
ing all materials of previous production years.

The yield from all herbaceous species, only, is
considered to be 'Herbage yield"; while yield from
woody species is segregated as '"Woody-plant yield''--
these two together constituting "Total-annual-yield."
This properly Teaves out any consideration of "forage
yield" and 'usable forage' until a specific kind,
time, and intensity of grazing on a specific tract,
have been stipulated.

Therefore, it was possible to prepare a table
based on the combined clipping studies and experience
of range conservationists in five states. Their re=-
sults were Interpolated and extrapolated, using plain
or semi-logarithmic cross-section paper in straight-
line or curved projections, to best fit points
provided, unti! a yield in <limax had bean predicted
for every type of range site likely to be encountered
in a named state, even though some sites are currently
regarded as too limited in area to justify mapping.

Abstract No. 378,

Dyksterhuis, E, J., and E. M, Schmutz. 1947. HNatural
mulches or "litter" of gqrasslands: With kinds and
amounts on a southern prairie. Ecology 28(2):

163-179.

Recent impcrtant findings concerning effects of
surficial mulches and types of studies on plant
mulches or litter are reviewed. The meager literature
and Tack of classification of surficial organic matter
of grasslands are pointed out.
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Abstract No. 379.

Eckert, R, £., Jr., G. J. Klomp, J. A, Young, and
Raymond A, Evans. 1970. MNitrate-nitrogen status
of fallowed rangeltand soil. J. Range Manage.
23(6) :4h5-447,

Nitrate-nitrogen (NO3N) accumulated in the soil
during the spring, summer, and fall of a fallow year.
NOsN levels in the surface 6 inches in fall, 1967 and
1968, were similar and averaged 43 1b./acre on the
atrazine fallow, 27 1b./acre on the mechanical fallow,
and 5 1b./acre on the check. Above average precipita~-
tion during the winter of 1968-69 resulted in less
NO3N in spring 1969 compared to spring 1968. A
comparison between the 2 years at one location showed
the following NO3N levels in the surface & inches:
spring 1968--atrazine fallow 30 tb.facre, mechanical
fallow 29 1b./acre, and check 13 1b./acre; spring

1969--atrazine fallow 5 1b./acre, and check 2 1b. /acre.

Abstract No. 380.

Edmonds, F. H. 1950. Geology and its relationship to
soils in Saskatchewan. Univ. .Saskatchewan Soil
Surv., Rep. 13:202-233.

In Saskatchewan the mineral constituents of the
soil are geologic deposits of Recent and Pleistocene
Age. Recent and Pleistocene deposits have been de-
rived from older formations and thus there is a
retationship between the soils and the rocks under-
lying the country. In a few localities the sail has
been formed directly from the weathered material of
the underlying rocks. These materials are called
Residual. More comvonly, the soil has been derived
from rock debris which has been transported by ice,
water, or wind in recent geoloagic times. These
materials are called Transported. Often the material
has been transported long distances; thus much of the
mineral matter on the Saskatchewan prairies has been
brought by ice from the north and the characteristics
of the soil have been influenced by the type of rock
found in the north.

While for much of geological time the region now
known as Saskatchewan has been dry land, it has on
several occasions been submerged. Deposits of 1ime-
stones, sands, and muds formed at times of submergence
contribute to the soils. The accumulation and spread
of ice over the area in fairly recent geological times
resulted in the formation of unconsolidated materials
known as “glacial drift," and these glacial deposits
are of the utmost importance as soil-forming materi-
als, and their topographic features have an important
bearing upon agriculture. Since glaciation was an
event of paramount importance to the Canadian West ,
it will be discussed in more detail than the other
phases of the Geological History.

Abstract No. 381.

Edwards, €. A., £, B. Dennis, and D. W. Empson. 1967.
Pesticides and the soil fauna: Effects of aldrin
and DOT in an arable field. Ann. App). Biol. 60:
11-22.
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Aldrin dust (3 cwt of 14%/acre) or DDT dust (2 cwt
of 5%/acre) was applied to small plots replicated four
times, and four plots were untreated. A)] plots were
kept fallow for one year. $oil samples were taken at
2 to 3 monthly intervals and the fauna extracted by a
flotation method. The insecticides did not affect
Lumbricidae, Enchytrasidae, or Nematoda. Nearly 100
species of arthropods were found, and the greatest
effects were those of DDT on mesostigmatid mites and
of aldrin on entomobryid or isotomid Collembola and on
Pauropoda. Most species of Collembola increased in
DDT-treated plots, apparently because mesostigmatid
mites were reduced. In terms of biomass Coleoptera
and Biptera were most affected. Both insecticides
killed more pests than predators or beneficial animals.
The effects of the insecticides were greatest during
late summer or autumn.

Abstract No. 382.

Egoscue, H. J. 1960. Laboratory and field studies of
the northern grasshopper mouse. J, Mammal. 41:
99-110.

Nethods for maintaining a laboratory colony of
northern grasshopper mice are given. In captivity
this species bore 3 to 6 Titters {average 5.09)
annually; litter sizes ranged from 1 to 6 {average
3.54). Puberty in females was not attained until the
mice were at least 160 days of age. Breeding habits
and behavior of the northern grasshopper mouse in cap-
tivity are compared with several other cricetids from
western Utah, A list of small mammals associated with
the northern grasshopper mouse in two selected areas
is included, together with data on habitat.

Abstract No. 383.

Ehlig, €. F., and W. R. Gardner. 1964. Relationship
between transpiration and the internal water rela-
tions of plants. Agron. J. 56:127-130.

Below 2 characteristic diffusion pressure deficit
value for each plant, the transpiration rate was pro-
portional to the potential transpiration. Above this
value, the transpiration rate tended to decrease, rap-
idly at first and then more slowly, with Increasing
OPD. The relative rate of water loss from initially
turgid detached leaves decreased very markedly with
decreasing water content at a water content of about
90% of that at ful) turgar and corresponding to a DPD
of about 10 to 15 bars.

Abstract No. 384,

Ehrenreich, J. H. 1959. Effect of burning and clip-
ping on growth of native prairie in lowa. J.
Range Hanage. 12:133-137.

Effects of burning and clipping were studied on
growth of some dominant and principal subdominant
grasses and forbs on a mesic native prairie In north-
eastern lowa. Burning about the first of March had
no apparent adverse effects on natjve vegetation, but



did inhibit growth of Kentucky bluegrass. Prairie
plants began growth 2 to 3 weeks earlier on burned
areas and praduced more and taller flower stalks than
on unburned areas. Earlier growth and greater seed-
stalk production probably results from higher soil
temperatures in early spring where litter has been
removed by burning., Although there were more flower
stalks on burned areas, there was no significant
difference in total yields due to burning.

Clipping four times during the growing season did
more harm to plants than clipping only once at the
end of the growing season, A 79% reduction in yield
was obtained from 2 consecutive years of frequent
clipping compared to only 16% reduction from 2 consec-
utive years of clipping at the end of the season.

Clipping at the end of the growing season appears
to be the best way to get maximum sustained yield.

Abstract No. 385,

Ehrenreich, J. H., and J. M. Aikman. 1957. Effect
of burning on seedstalk production of native prai-
rie grasses. lowa Acad. Sci., Proc. 64:205-212.

A survey of vegetation was carried out in August
1956 in adjacent burned and unburned sections of prai-
rie. Plants were cut, and 3 bundles of each species
5 sq inches in cross-section were collected from
burned and unburned areas. The grasses collected were
Sporobolus heterolepis, Andropogom escoparius and 4.
gerardii (the dominant species}), Elymus canadensis and
Sorghastrum nutane. In all except E, canadensis, burn-
ing considerably increased the number and fength of
flower stalks, decreased the welght of leaf blades and
increased the weight of leaf sheaths produced without
affecting the photosynthetic area, increased the ratio
of flower stalks to leaves, and increased the dry
weight per bundle of plants. Earlier growth and con-
sequent increases in carbohydrate availability may
have encouraged the differentiation of flower stalks.
The growth of E, canadensis was practically unaffected
by burning. For all species from both burned and un-
burned areas, percentage seed germination was very
Tow, probably because the seed was not sufficiently
mature. Seed of A. gerardii and 5. nutans from burned
areas germinated better, and seed of E. canadensis
worse, than that from unburned areas. Seed of 4.
scopariue from unburned areas did not germinate. No
germination occurred in S, heterolepis seed.

Abstract No. 386.

Eklund, L. 1970. |Insect seeds studies on the Pawnee
Grasslands. Southwestern and Rocky Mountain Div.
Amer. Ass. Advance. Sci., April 22-23, Las Vegas,
New Mexico.

In August 1968 two species of insect larvae were
found destroying the seeds of two thistle species on
the Pawnee grasslands. Data collected from May to
October 1969 has shown that an average of 65% of the
seeds were destroyed in one species and 75% in the
other. Infestation of the seedheads occurs in the
first species of thistle in early June, shortly after
the seeds have set. The second species of thistle
sets seeds in mid-July, and a second generation of
insects infest these at approximately the same time.
The insects continue to eat the seeds until late
September or early October, and at this time they
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pupate. 95% of the seedheads are damaged In the first
species and B4Y in the second species. Preliminary
data has shown that each insect consumes approximately
50 seeds over a single season. The data have also
given biomass estimation of the insects and estimates
of overall efficiency and possibly a new species of
insect,

Abstract No, 387.

Elias, M. K. 1935, Tertiary grasses and other prai-
rie vegetation from the High Plains of Nerth
America. Amer. J, Sci. 29(169):24~-33.

Husks of grasses and nutlets of Boraginaceae have
been collected in great numbers from late Tertiary
formations in over 20 localities in and near Nebraska.
The succession of floral zones, which proves to be
invariably the same, can be tied to horizons in which
some of the best known vertebrate remains have been
found and are middle Miocene to middle (and probably
upper) Pliocene. These grasses and husks wil] be
valuable as index fossils. STIPIDIUM is erected to
include Lithospermum foseilium aristatum Berry and
many new but as yet undescribed species. This new
genus is referred to subtribe Stipeae of the tribe
Agrostideae as is also Berrioshloa which, due to
incorrect orientation of husks, was formerly classed
ameng the Hordeae. Stipidium n. sp. and Berriochlox
n. sp. are figured.

Abstract No. 388,

Elias, M. K, 1942, Tertiary prairie grasses and
other herbs from the High Plains. Geol. Soc.
Amer, Spec. Paper 41. 176 p.

Seeds of the late Tertiary prairie grasses are
fairly common throughout the most arid parts of the
prairie states, The most common among these fossil
seeds show close relation to the most typical modern
prairie grass: the spear-grass or Stipa, which has
world-wide distribution. The oldest knawn ancestor
of this grass was found in the Harrison formation of
lower Miocene in western Nebraska.

Another prairie grass, a millet (Pamicum), and
one of its kin (Setaria) appeared here only in the
Pliocene, when the prairie was also invaded by numer-
ous forage herbs, ancestors of modern Lithospermum,
Krynitakia, Lappula, which are now also very common
among the forbs of the plains.

The preservation of the protective covers of the
fossil seeds is so nearly perfect that some fine
morphologic details, previously undescribed for
Stipeae, were for the first time detected on the
fossil Stipidium and subsequently on some species of
its living descendant, Stipa.

Comparatjve study of the fossil and living forms
reveals evolutionary trends of the seeds of the prai-
rie grasses. The rather small and general ized Miocene
ancestor gave rise to greatly diversified Pliocene and
Recent species. The seeds of these include small and
very large, very slender, and very stout forms, all of
them variousiy adapted for protection against drought
and for more efficient dispersal.

Abundance, good preservation, and rapid ecologic
and evolutionary changes make grass seeds the best



index fossils for subdivision of the continental late
Tertiary racks.

Abstract No. 389,

Eltison, L., and E., J. Woolfolk. 1937. Effects of
drought on vegetation near Miles City, Montana,
Ecology 18(3):329-336.

The extensive drought of 1934 was severely felt
in southeastern Montana. U.S5. Weather Bureau data for
Miles City show 1934 to have been the driest year in
the entire 57 years' record. Summer rainfall was only
3.53 inches, 37.9% of average, and temperatures were
exceptionally high. It seems likely that the effects
of this dry season on the native vegetation were aggra-
vated by the preceding series of dry years.

Injury to woody plants is to be observed near
Miles City in stands of pine, juniper, cottonwood,
sagebrush, and other species. The 1934 diameter
growth in many individuals was less than for any other
year. The tops of some were partially or completely
killed back, depending on the site. Some like
Artemisia cana were able to regenerate from below
ground more or less successfully in 1935, but others
|ike Artemigia tridentata died when the tops were
killed. The result has been readjustment and redefi-
nition of consociatlion boundaries in many places.

The drought, beyond stunting the herbaceous
vegetation in 193k, probably affected that of the
following year. Phenological observations on
Agropyron smithii and Bouteloua gracilie Indicate that
flowering in the spring of 1935 was retarded and
lessened. Injury to herbaceous vegetation, from the
records of charted quadrats, was very great. The most
important decreases between 1933 and 1935 were, based
on the figures for 1933: Bouteloua gracilie 5%,
Agropyron smithii 74%, Buchloe dactyloides 79%, Stipa
comata 62%, and Carex filifolia 12%., In surprising
contrast s the increase in area of Poa secunda of
179%; and although the established plants of Stipa
comata suffered heavy decrease from the drought, a
large number of deep-rooted seedlings were observed
to be coming up in 1935.

The decrease of forage is more than a one-year
loss, for, as the record shows, the favorable season
following the drought failed to restore the perennial
vegetation to anywhere near its former condition. In
the agricultural economy of the region, the likelihood
of recurrent droughts and slowness of vegetative re-
covery are fundamental restrictions to the size of the
human population. Failure to recognize them has al-
ready resulted in much loss and suffering and the
abandonment of great numbers of homes. It seems
fairly evident that the population, to be in eco-
logical balance with this environment, should be no
greater than can use the ranges lightly enough to per-
mit recovery and accumulate a forage reserve against
future droughts.

Abstract No. 390,

Eliison, W. D., and W. H. Pomerene. 194k,

applicator. Agr. Eng. 25{6):220.

A rainfall

During the summer of 1939, experimental work which
would lead to the construction of a rainfall applica-
tor was started at the Goshocten, Ohio, project of
the U.S. 50il Conservation Service.
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The service requirements, as agreed upon at that
time, were that the applicator should be suitabie for
applying rainfali of different drop sizes, drop veloci-
ties, and at various intensities, Apparatus was to be
constructed in such a way that these rainfall factors
could be varied one at a time and studied as indepen~
dent variables,

Decision on size of applicator was based an plot
sizes previously used on the project. Many plots § x
6 ft had been used, and the 6 x 7-ft size was chosen
50 that it would overlap by ¥ ft the edges of the § x
6-ft plot.

Abstract No. 391.

Ely, C. A. 1970. Hid-winter bird count for 1969.
Kansas Ornithol. Soc. Bull. 21{1):1-8.

Twenty=-one midwinter bird counts were taken by
members of the Kansas Ornithological Society between
20 December 19639 and 6 January 1970. This Is about
average coverage for the past 10 years. However, the
total number of individuals recorded (2,720,085) was
more than 10 times the previous high of 228 56k in
1953. The presence af large blackbird roosts at the
Cheyenne Bottoms Waterfowl Management Area (Great
Bend) and at Kingman State Lake {Kingman} were largely
responsible for the high 1969 count. Most count
groups fortunate enough to miss bad weather reported
higher count totals than in recent years.

The total number of species recorded (126) also
exceeds the previous high of 125 in 1965. Counts for
the past 10 years have averaged about 111 species (ex-
cluding Harlan's Hawk) and have varied from 98 in 1961
to 125 in 1965. Eight species were recorded on the
midwinter count for the first time: Whistling Swan
{Junction City); Lesser Yellowlegs, Semipalmated Sand-
piper, Western Sandpiper, Boat-tailed Grackle, Avocet
{all Great Bend); Sprague's Pipit (Udal1); Dickcissel
(Lawrence).

As in 1965 the unusually high numbers were proba-
bly the result of unseasonally warm weather and open
water at the beginning of the count period. Groups
making counts near the end of the period generally had
bad weather and less success. Topeka, for example,
recorded 45 species on count day but missed 17 other
species seen during the count period. Great Bend had
the largest number of species (72), the most individu-
als and five of the eight species new to the count .

Abstract No. 392,

Ely, C. A., and M. C. Thompson. 1971. Distributional
notes from southwestern Kansas. Kansas Ornithol.
Soe. Bull. 22(3):9-11.

The authors, accompanied by various students, have
made numerous trips to southwestern Kansas, but only a
few of the more significant findings were published,
ATl visits were short (one to three days), and most
were made between mid-April and mid-May. Unless other-
wise stated, all observations were in raparian habitat
along the Cimarron River near Elkhart, Morton County,
or along the Arkansas River near Syracuse, Hamilton
founty. A number of the 193 species recorded provided
observations pertinent to studies of Kansas bird dis-
tribution. Specimens are in the collections of Fort
Hays Kansas State College (FHKSC} or Southwestern
tollege (sC).



Abstract No. 393.

Emerson, F. W. 1932. The tensian Zone between the
grama grass and pifion-juniper associations in
northeastern New Mexico. Ecology 13(4):347-358,

The pifion-juniper association occupies an inter-
mediate position between the mortane forests and the
shortgrass plains, appearing most often in rocky
places such as the edges of mesas. The Jjuniper is
found to be the pioneer of the two specles, followed
by pifion and occasionally other shrubby plants.

Studies are reported of soils, root systems,
rainfall, evaporation rates, temperature, and seed
dispersal. Soils in which the pifion-juniper associa-
tion thrives, vary from fine adche to outcrops of
limestone, sandstone, and igneous gravels. The
grasses are always poorly developed in the woodland
soils. The combined effects of the condition of the
stand of grasses and the efficiency of the agents of
dissemination appear to be responsible for the loca-
tion of the woody plants. Soil character and
geological formation are only indirectly important
as they control the growth of grasses.

Roots of the pifions and junipers assume both hori-
zontal and vertical positions in any scil they can
penetrate. Both sets of roots are found to be capable
of active absorption. In rocks lying horizontally,
the taproots develop very little, being replaced by
laterals that follew the seams in the rocks., Grass
roots are mostly in the first foot of soil in direct
competition with the horizontal roots of the trees
and with all of the roots of tree seedlings., This is
probably a principal reason why the woody plants fail
to establish themselves in close stands of grass.

Differences in rainfall are too slight and fluctu-
ating to be responsibile for the differences in
vegetation. Rains seldom affect soil water below the
roots of grasses and the horizon
The vertical roots of trees may reach a continuous
supply of moisture that follows the deep rock strata.

Woody plants are found to grow in clumps well
separated from each other. On level ground the seed~
lings practically never develop except near shelters
of some kind. On hillsides, on the other hand, they
establish themselves
This proves that their usual position with older trees
is not an obligate shade relation. Seeds dropped by
birds and buried by rodents explain the presence of
most of the seedlings under the adults and the conse-
quent grouping into ¢lumps.

Abstract No. 394.

Enderson, J. H.
Colorado.

1965. Roadside raptor count in
Wilson Bull. 77{(1):82-83.

Incidental to a curr
Prairie Falcon (Falce me
of all raptors seen in a
extending south from For

ent long-term study of the
wicanue), | have kept records
70-mile-wide plains area
t Collins to Colorado Springs,
Colorado, immediately east of the Rocky Mountains,
Raptors were counted from an automobile cruising
county roads on grazing and wheat land. A]l observa-
tions were made before noon on days when the wind was
slight. A total of 12 counts was made in the periods
from late September to February 1962-63 and 1963-64,
involving 1,675 miles of travel during the count
periods.

tal roots of the trees.

in open places below parent trees.

Abstract No. 395,

Enevoldsen, M. E. 1967. The effect of range site and
range condition on the growth and development of
western wheatgrass. M.S. Thesis. South Dakota
State Univ., Brookings. 149 p.

During the 1964 growing season, studies in the
growth and development of western wheatgrass were
conducted at the Cottonwood Range Field Station,
Cottonwood, South Dakota. The objectives were to
determine the effect of range site and range condition
on: (1) shoot length and leaf development, (2) seed-
stalk production, (3) shoot and leaf condition, (&)
height and location of the apical meristem, and (5)
total available carbohydrate concentrations in western
wheatgrass rhizomes. In a lightly grazed summer-use
pasture in good range condition, two sampling areas
were selected~-one in a small drainage-way with silty
clay loam soils, the other on a gently sloping upland
with silty soils. In a heavily grazed summer-use
pasture in poor range condition, s gently sloping
upiand with silty clay soils was chosen, comparable
to the upland in good range condition.

Abstract No. 396.

Enevoldsen, M. E., J. K. Lewis, and L. D. Kamstra.
1966. Studies in the growth and development of
western wheatgrass. South Dakota Agr. Exp. Sta.
A. S. Ser. 66-10. 11 p,

Enevoldsen, M, E,, J. K. Lewis, and L. D. Kamstra.
1966. Studies in the growth and development of
western wheatgrass. Presented at the 10th beef
cattle field day, April 20.

Western wheatgrass is one of the most important
range grasses in the northern Great Plains. Detailed
knowledge of its pattern of growth and development Is
needed in order to make sound grazing management
decisions,

Plants on the clayey upiand in poor range condi-
tion emerged about a month later than those on
comparable soils and slope In good range condition.
After May 14, plants on the good range grew most rap-
idly during June when precipitation was greatest,
especially from June 11 to June 25. This was true
regardless of emergence date. However, in the pasture
in poor range condition, maximum growth occurred from
May 14 to May 28 and then declined very sharply. The
additional water in the drainage way produced more
rapid growth than the lightly grazed upland. Growth
ceased at all locations by July 13 with the advent of
hot weather. This was true regardless of emergence
date. The average maximum plant height was 6.3, 8.8,
and 10.2 inches, respectively, on the upland in poor,
the upland in good, and the drainage way in good con-
dition, Plants which emerged later grew more slowly
for a shorter period of time. The average maximum
plant height was 7.2, 7.9, and 10.2 inches, respec-
tively, for plants emerging June 1-15, May 1-15, and
April 1-15. Some new plants emerged in the drainage
way between August 15 to August 31; however, measure-
ments on these plants are not shown.

The average maximum rate of Jeaf development was
slightly more than one leaf in 2 weeks. This rate of
development occurred in early May on the pasture in
poor range condition but declined rapidly. In the
pastures fn good range condition, leaf development
remained at a maximum until July 13. Leaf development



was more rapid in those plants which emerged early in
the spring. Leaf development was essentially stopped
in all areas by July 13.

Abstract No. 397.

Enevoldsen, M, E., and J. K. Lewis. 1967, Effect of
range site and range condition on the height and
location of the growing point in vegetative shoots
of western wheatgrass. South Dakota Agr. Exp.
Sta., A, S. Ser. 67-11:40-47.

Western wheatgrass elevates the growing point of
vegetative shoots above the ground surface very early
in the growing season. The shoot apex is elevated
earlier and higher on taller shoots from good range
condition than on shorter shoots from poor range con-
dition. Early in the season, extra run-in water in
the drainage-way in good range condition had little
effect on shoot apex elevation @5 compared with the
uptand in good range condition. However, later in the
season the more favorable moisture in the drainage-way
resulted in continued shoot elongation and continued
elevation of the apical meristem. information con-
cerning the growth and development of key management
species 15 needed to understand their reaction to graz-
ing and is hecessary for the preparation of sound
grazing management plans.

The height of the growing point can be predicted
with fairly good accuracy by early summer on pastures
in high range condition from Mmeasurements of shoot
length and leaf number,

Abstract No. 398.

Engel, Robert L., and Terry Vaughan. 1966.
golden eagle association. J. Hammal, 47.

A coyote~
43 p,

Coyotes {Canis latrane)} are known to associate oc-
casionally with other predators or scavengers. The
present paper describes an observation (made by Engel)
of an association between the golden eagle (4quilg
chryseatos) and coyotes. The observation was made on
the shortgrass prairie at the Central Plains Experi-
mental Range, 9 miles N and 3 miles E of Hunn, Weld
County, Colorado. The vegetation of the area is domj-
nated by blue grama (Bouteloug gracilis}, buffale
grass (Buchioe dactyloides), pricklypear cactus
(Opuntia polyacantha), and saltbush {Atriplex
canescens ) .

Abstract ilo. 399,

tngelking, €. T. 1969, Comparison of two static
prongharp antelope herds in southern Hew Hexico.
H.S. Thesis. Hew Mexico State Univ. 121 p.

This study was conducted to determine some behayv~
ior patterns of pronghorn-antelope {antilocapra
2ericana) and to determine what factors were respon-
sible for the static condition of these herds.

The herds under study are located on the Jornada
Lel lMuerto Plains, 23 miles north of Las Cruces, Hew
Hexico, and on Fort Stanton, approximately 5 mijes
2ast of Caplitan, Hew Mexico,
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Behavior studies included sexual , ingestive, elim-
inative, bedding, and individual and social behavior
patterns, [nterspecies relationships of pronghorns
and how fences influenced distribution and movement
was also studied. As g result of these behavior
studies, several management practices have been recom-
mended for pronghorn antelope.

It was concluded that both herds were gradual 1y
increasing. The slow growth-rate of the Jornada prong-
horn population was attributed to inferior forage as a
result of low precipitation levels. A combination of
poaching and forage availability was thought to be the
cause for the slow grewth-rate of the Fort Stanton
population,

Abstract No. 400.

England, C. M., and E. L. Rice. 1957. A comparison
of the solil fungi of a tall-grass prairie and of
an_abandoned field in central Oklahoma. Bot. Gaz.
118:186-190.

1. The soil fungi of two grassland piots in cen-
tral Oklahoma were compared during 1952, Species
numbers were determined for each of 9 months in an

abandoned field and a prairie.

2. The average number of fungi per gram (based
on the total number of colonjes per plate) was greater
in the field plot throughout the year. The difference
in numbers between plots was greatest in early summer
and winter and teast in spring and late summer. Num-
bers in both plots were lowest in summer and highest
in spring.

3. Usually a greater number of species was found
in the abandoned field. The average percentage of
species common to both plots was 35,2, A greater num-
ber of species was found in the abandoned field only
(average 37.4%) than in the prairie only (average

k. Although a few species appeared with a high
frequeny throughout the year, most species were of
seasonal or sporadic occurrence. This means that the
species composition of each plot changes from season
to season and, to a lesser degree, from month to
month. Some definite differences were found between
the fungous populations of the two plots on a monthly
or seasonal basis, These differences included varia-
tions in the Principal species of the two plots and
the presence of species which occurred in high numbers
in only one of the plots.

5. Individuals of a species did not have a Pojs—
son (random) distribution.

Abstract No., 401,

Epstein, E., W. J. Grant, and R, A. Struchtemeyer,
1966. Effect of stones on runoff, erosion, and
soil moisture. Sojl Sej. Soc. Amer., Proc. 30(5):
638-640.

Studies on a caribou silt loam at Presque Isje,
Haine, were conducted to determine the effect of stones
on runoff, erosion, and soil water. The three treat-
ments consisted of a controi, stones over 3.8 em in



diameter removed, and stones over 3.81 cm removed,
crushed, and reincorporated into the soil, Removing
the stones increased sofl and water losses over a
b-year period. Infiltratinn and soil water was de-
creased as a result of siune removal. Crushing and
returning the stones resulted in soil losses similar
to that obtained under normal! soil conditions. Dur-
ing 1961-1964, 20 storms produced 75% of the total
soil loss and about 55% «f the total runoff.

Abstract No. 40z.

Evanko, A. B., and R. A. Peterson. 1955. Comparisons
of protected and grazed mountain rangelands in
southwestern Montana. Ecology 36:71-82,

Comparisons of five areas, each with parts open
to and protected from grazing, were made in the l|daho
fescue-bluebunch wheatgrass type in southwestern
Montana. Various elements of the vegetation and
water absorption by the scils were measured to deter-
mine effects of grazing and protection treatments,
Measurements which could have been affected directly
by current grazing, such as height growth and yield,
were restricted to ungrazed plants. Detailed findings
from the study are reviewed.

Abstract No. 403.

Evans, 0. D., D. Kirkham, and R, K. Frevert. 1951.
Infiltration and permeability in soil overlying
an impermeable layer. Soil Sci. Soc. Amer., Proc.
15:50-54,

As a preliminary step in the establishment of a
controlled drainage experiment, where a small field
would be tiled and flooded, an experiment was per-
formed to gain pertinent information regarding the
quantity of water needed for the flooding operation.
At the same time, characteristics of water flow in a
soil with an impermeable layer were studied. The soil
in question was a Winterset silty clay loam which is
a loessial derived soil with an impermeable layer at
a depth of 150 to 200 inches. It was found that on
this type of soil approximately 0.20 cubic feet per
hour seeps out laterally per linear foot of border of
a ponded region. The permeability of this soil was
measured to a depth of 43 ft. Large unexpected and
unexplained variations in permeability were observed.
The dissipation of pressure from a large cylinder was
measured horizontally and verticaliy and was found to
be essentially horizontal. A smooth flow net could
not be drawn from the field data so a theoretical case

similar to the field case was solved and the flow net
is presented. A discussion on permeability and infil-
tration rate relationships is also given.

Abstract No, 404,

Evans, R, A., and J. A, Young. 1970. Plant litter
and establishment of alien annual weed species in
rangeland communities. Weed Sci. 18:697-703.

Plant litter that covers the soil surface acts as

a layer of insulation moderating temperature and mois-
ture and creating favorable microsites for germination
and the establishment of annual weed species in range-
land communities. Litter cover is an important factor
in successlon among annual species which culminates in
dominance by downy brome (Bromus tectorwm L.) and
medusahead (Taeniatherun asperun (Sim.) Nevski) in
these communitles.

Abstract No. 405.

Everson, A. C. 1969. Replacement of native plant
communities with introduced communities and its
impact on ecosystem function, p. 261-267. In R.
L. Dix and R. G. Beidleman [ed.] The grassland

ecosystem: A preliminary synthesis. Range Sci.
Dep. Sci. Ser. No. 2. Colorado State Univ., Fort
Collins.

Native plant communities have been replaced with
introduced plant communities throughout the history
of man. The primary objective of the replacements
has been to supply a greater quantity, quality, and
variety of foodstuffs for human and domestic 1ivestock
consumption, Sometimes the community replacement has
been gainful; sometimes it has not been successful.
Results of the replacements, until recent years, have
usually been measured only in yield of human food prod-
ucts or forage per unit of area. Within the last two
decades the role of all biotic populations and all
abiotlc factors within the complex ecosystem and the
impact of community replacement on function of the
ecosystem have received attention. After commun i ty
replacement the original abiotic factors assume
different dimensions. The biotic populations are
subjected to a new environment, and there is a dynamic
response. Respective biotic populations may decrease
or increase. The ultimate objective of replacing
native plant communities with introduced communities
is to make the most efficient use of solar energy
and maximum use of all climatic and edaphic
characteristics.



Abstract No. 406.

Fagan, R. E., and R. D, Pettit. 1971. Herbage
dynamics studies at the Pantex Site. U.S. [BP
Grassiand Blome Tech. Rep. No. 78, Colorado
State Univ., Fart Collins. 40 p.

Herbage biomass has been sampled at Z-week
intervals for aboveground biomass and at monthly
intervals for belowground biomass at the Pantex, U.S.
IBP, Site since June 15, 1970, Hand clipping of
aboveground biomass with fieid separation of the major
species, blue grama (Bouteloua gracilis), plains
prickly pear (Opuntia polyacantha), ilttle barley
(Hordeum pusillum), and pepperweed {Lepidium spp.},
was the sampling technique used. A “Bull" hydrau-
lically operated soil corer was used for root biomass
studies.

Twelve aboveground and belowground plots were
sampled in each of three treatments~--ungrazed, moder-
ately grazed, and grazed 1969/ungrazed 1970. Brushes
were used to sweep all plots for litter collection,
Root cores were pulverized by hand, then washed, to
obtain belowground biomass.

Blue grama and prickly pear made up from 70 to 90%
of the total aboveground biomass. Maximum aboveground
biomass--362 g/m?--was found in the grazed 1969/un-
grazed 1970 treatment on July 13. The least biomass,
likewlse, was found on this treatment on August 24,
when only 80 g/m® were recorded. At all clipping
dates (except one} least bijomass was found on the
ungrazed site, Higher biomass on the grazed sites
was attributed to the increased quantity of prickly
pear found on these treatments.

Maximum litter accumulation was found on the un-
grazed site, where approximately 30% more was found
than on grazed sites. Up to 154 g/m2 of litter were
present on the ungrazed site on June 23; however, only
90 g/m? were collected on August 10,

Root biomass estimates indicate more roots to be
present in the grazed than ungrazed treatments. A
maximum of 352 g/m? was found In the grazed 1969/un-
grazed 1970 treatment on June 30. Least bjomass came
from the ungrazed treatment on June 30, when only 399
g/m? was found.

Precision of all data collected was very poor,
Standard errors in many cases exceeded the means.
Modifications of sampiing techniques and increased
sampling intensitv should correct this in 1971,

Abstract No. 407,

Fenneman, N, M. 1931, Physiography of the western
United States. McBraw-Hill Book Co., Inc., New
York 594 p

The central theme of the work is the land forms
of western United States and how they came about.

't may be assumed that geclogists and gecgraphers
have equal interest in land forms, but the quality of
their interests is very different. To the geclogist
land forms are a kind of final product, the end of a
story. To the gecgrapher they offer a beginning, a

point of departure. To the former, land forms depend
on all the physical processes of geclogy. To the
latter, they depend on nothing; almost everything
else depends oh them in some measure.

According to the above-made statement of our
central theme this book is mainly geological. It
treats land forms as effects, not as causes. But
before doing so, or while doing so, it js necessary
to devote a large share of space to the description
of forms as they are. Such descriptions have equal
interest to the geographer. Moreover, to a writer
who shares the geographic interest there is a constant
temptation to clothe these land forms with |;fe by
pointing out their influence on climate and 1ife and
habitation and civilization. No attempt has been made
to resist this impulse; but, on the other hand, there
is no attempt to treat such matters systematically or
symmetrically for all parts of the territory.

Abstract No. 408.

Fernaid, M, L. 1950.
Book Co., New York.

Gray's manual of botany. Amer.

1632 p.

By the time the present edition is off the press
42 years will have elapsed since the publication of
the seventh edition. This epoch has been one of fun-
damental changes, both in understanding of plants and
in the requirements of the International Rules of
Botanical Nomenclature. As was well recognized, Gray
and Watson were not primarily active field-students of
our flora. Gray was almost overwhelmed by the endless
collections sent him for critical study from all parts
of the continent, as well as from eastern Asia, by his
active {largely unassisted) part in teaching and in
the development of the then appreciated and fruitful
Botanic Garden, his philosophical and editoria?l
writing, and his trenchant reviews and appreciative
biographica! notes. He depended on others, rarely
more than one or two from each of a few states, for
material from the "Manual -range." Watson's fleld-work
had been on the western side of the continent during
the survey by the Clarence King Exploring Expedition.
When he became Curator of the Gray Herbarium {then the
Harvard Herbarium, including all groups of plants),
his extra-curatorial activities were little concerned
with the plants growing about him, but with detailed
bibliegraphic work and menographic studies covering
groups of broad geographic areas, Coulter's brief
period of field-work, likewise, had been chiefly in
an area far removed from the range covered in the
Manual. Robinson took over from Watson extensive
study of the Mexican flora, based on collections of
others, the continuation and editing for a time of
unfinished monhographic studies by Gray and, later,
monographic studies of large genera of Mexico or South
America. Physically unable to carry on extended
field-work, his parsonal familiarity in the field with
most plants of the northeast was necessarily limited.

Abstract No. 409,

Ferrel, C. M., and H. R. Leach. 1950.
of pronghorn antelope of California.
Fish Game 36{1):21-26.

Food habits
California
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Fifty-six antelope stomach samples were obtained
from hunter kills taken in Lassen and Modoc Counties
during the seasans of May-June 1942 and August -
September 1949,

Analysis of this material revealed aver 98% of the
food consumed to be browse and forbs. Common sage-
brush was the most important single item taken. Ffew
species of browse plants were utilized, but forbs were
eaten in great variety. Grass was a minor item in the
diet,

Abstract No. 410,

Ferrell, J. 1956, Grazing ruins shelterbelts. South
Dakota Agr. Coll. Ext. Service Circ. Leafl. 176.
2 p.

Grazing animals can destroy a tree planting as
certainly as fire. The only difference is that graz-
ing takes a little longer. Studies in South Dakota
and in other states prove that tree plantings start to
go downhill as soon as livestack is turned into them.
This applies to both young and old plantings.

Damage is caused by packing the soil, browsing
and breaking branches, and rubbing against the trees.
Kilting off the lower limbs and underbrush allows wind
and snow to blow through the shelterbelt. Loss of
lower leaves, branches, and underbrush allows sun to
bake the soil and wind to sweep leaf litter out of the
planting.

Importance of leaf litter is shown by a state-wide
survey of South Dakota tree plantations made in 1935.
Those plantings with a ground cover of leaf mld had
66% of their trees living; those with a cover of weeds,
51%; and those covered with grass, 46%.

Abstract No. 411,

Findley, J. §. 1956. Mammals of Clay County, South
Dakota. Univ. South bDakota Biol. Pub. 1:1-45,

Clay County, South Dakota, lies in the extreme
southeastern corner of the state. The county is
bounded on the south by the Missouri River which
separates Nebraska from South Dakota and on the east
by Unien County, South Dakota, which separates Clay
County from lowa by a distance of 10 to 18 miles.
The county seat, Vermillion, is the home of the
University of South Dakota.

Studies of the mammals of Clay County were carried
out from August 1954 to June 1955. In the course of
this time approximately 200 specimens of mammals were
collected and added to the permanent research collec-
tions of the Zoology Department and the University
Museum. These specimens and data associated with them
form the basis of the present report. In addition,
over LO0 residents of the county were questioned on
matters concerning local mammals with special emphasis
on the economic importance of varijous species. To
support these data and specimens use was made of the
collection of the University of Kansas Museum of
Hatural History. The use of this collection enabled
me to make accurate subspecific identifications of
specimens from Clay County where this identification
was in doubt. -’

The purpose of the study is to provide an accurate
1ist and description of each kind of wild mamma |
occurring in Clay County together with comments on
abundance, ecological distribution, economic impor-
tance, and taxonomy.

Abstract Mo. L12,

Finnell, H. H. 1928. Effect of wind on plant growth.
Amer. Soc. Agron. J, 20:1206-1210.

1. A portion of the tender foliage was actually
destroyed by wind whipping.

2. Deformation of the main stem was marked in
early growth stages.

3. Rate of growth as measured by height of plant
was immediately reduced.

4. Time of maturity was increased by wind about
10 days in a 60-day growing period.

5. Yield of dry matter was reduced 48.8% by wind.

6. Total water requirements per pot did not vary
significantly,

7. Water requirements per unit of dry matter pro-
duced were approximately doubled by exposure of plant
and pot to wind.

8. The number of secondary branches formed was
apparently increased 42.8% by wind.

Abstract No, 413.

Finnell, H. H. 1948,
Amer, 179(2):7-11.

The dust storms of 1948, Sci.

The dust bow!l is developing on the arid western
plains, west of the land of the Oakies. Its cause is
not primarily drought, although below-average rainfall
(as measured at Amarillo, Texas) during the past three
years may accelerate the disaster. The major cause is
the great war-time plow-up of marginal soils. After
two or three crops the soil begins to break down.

This year's outbreak of dust storms along the Texas-
New Mexico line was the harvest of the quick decline
of stability of the sandy soils.

Wili 2 new cycle of dust be permitted to blow
itself out? It need not. We have learned from the
dust storms of the past that with scientific controls
they can be stopped. It took the lessons of the 30's
to drive home the truth that dust storms are less an
act of nature than a product of ruthless farming.

The answer to the blizzards of dust was eventually
found in that vast acreage of farmed land that stayed
put 1n spite of the winds. Experiment tn field exper~
ience demonstrated that land could be kept safely in
cultivation even in the high-hazard areas of wind ero-
sion provided only that a cover of vegetation was
maintained continuously on the land. The ideal way
i5 to use the residues of productive crops, leaving
a stubble of stalks and straw to tide ovar the soil
from one crop to another. It is surprising to observe
how small a quantity of the amount of litter it takes
to protect the land against a b0-mile=per-hour wind.
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Abstract No. 414,

Finnel!, H. H. 1949.
Great Flains. U.S, Dep. Agr. Circ. 820.

Land use experience in southern
18 p.

The limitations of land must be recognized clearly
before good judgment in land use choices can be used.
For the areas represented in this study they may be
sunmarized as fol lows:

Experience has proved that shallow, moderately
sandy and deep, loose sand-hill soils of gentle slope
or steeper cannot be kept productive under cultivation
anywhere in the 14- to 20-inch rainfall belt.

Shallow-depth hard lands, both flat and sloping,
have failed in all areas of less than 18 jnches aver-
age rainfall. Nearly level medium-depth moderately
sandy lands, on the other hand, stood up well with
suitable practices under rainfall as low as 16 inches.

Medium-depth hard lands have a fair to good record
of performance throughout the territory sampled, but
beiow 17 inches of rainfall a program of alternate
cultivation and restoration under sod would be re-
quired to avoid the unbearable losses sustained
heretofore. This brings out the question as to how
long class IV lands may be safely kept in cultivation.
Experience indicates that the hard lands of this class
go into an unmanageable condition somewhat more slowly
than the sandy lands.

In any event the signs of overuse, such as diffj-
culty of maintaining crop residues and difficulty of
getting crop stands, should be promptly heeded., The
length of safe periods of cultivation must necessarily
vary both with soils and with climatic conditions.
Deep loamy sands with 18 to 20 inches of rainfall of-
fer fair possibilities of maintaining fertility and
stability against wind erosion by the use of manure
crops in the rotation.

Deep, nearly level hard lands, the best of the
High Plains wheat soils, can be farmed with appropri -
ate precautions wherever found, But in this study
they do not occur in sample areas having less than 16
to 18 inches of rainfall,

At the same time, the cost of indulging in care-
less mistakes, which induce serious wind erosion
unnecessarily on good lands, has been shown to be
astonishingly high. Results show that the productiv=-
ity of high-capability lands can be as seriously
affected by topsoil removal as that of low-capability
tands.

Special attention should be given quickly to the
gently sloping tands already under cultivation in
areas subject to water erosion, that is to say, those
having anywhere above 17 inches average rainfall, 1if
these lands are to be saved from abandonment, terrac-
ing with contour farming is imperative. Specifically,
these practices apply to medium-depth gently rolling
hard lands of which there were 86,760 acres in culti-
vation in the 20-county area of the Joel survey. The
same urgency applies to the shallow, gently rolling,
moderately sandy lands, but in this case permanent
retirement to grass is the thing needed. Until re-
cently 222,500 acres of these soils were being farmed.

No new sloping hard lands should be brought under
the plow for cultivation on either a temporary or per-
manent basis without the protection of terracing and
contour tillage. Otherwise they are just as sure to
be put out of production by water erosion as are the
low=capability lands of the arid belt by wind erosion,
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Abstract No. %15.

Finzel, J. E. 1964. Avian populations of four
herbacects communities at various elevations in
southeastern Wyoming. Condar 66(6}:496-510.

A study of bird poputations in four open areas in
southeastern Wyoming was carried out from the summer
of 1958 through the summer of 1960. The Cheyenne
area, a slightly rolling shortgrass plains, was at an
elevation of 6400 ft. The Laramie area was mixed-
grass prairie at an elevation of 7350 ft. The Pole
Mountain area, located on a dissected plateau, was
B500 ft in elevation and was transitional between
plains and coniferous forest. Libby Flats, an alpine
meadow on a high plateau, was 10,500 ft in elevation.

On each of the four areas, two 20~acre plots were
staked out In acre blocks. Bird censuses were conduc-
ted by use of a plot census method. Densities were
expressed as average numbers of individual birds pres-
ent per census and pairs per 100 acres during the
breeding season. Bird populations were considered in
terms of prebreeding, breeding, postbreeding, and win-
ter seasons, with main emphasis being placed on the
species of birds that were residents on the four areas.

Abstract No. 416,

Fisser, H. G. 1969. Plant pattern and distribution
in ecosystems and relationships to function, p.
183-196, In R. L. Dix and R, G. Beidleman [ed.]
The grassland ecosystem: A preliminary synthesis.
Range Sci. Dep. Sci. Ser. No. 2. Colorado State
Univ., Fort Collins.

Historically, distributional aspects of vegetation
on a multitude of levels were evaluated on a subjec-
tive basis, with little emphasis given to factors
responsible for observed characteristics of location
or functions inducing variations in dispersat. The
contention for the analysis of pattern lies with the
implication that the distribution of the organisms may
be utiltized to evaluate the forces responsible for
non-random dispersion. FPattern thus becomes a legiti-
mate object of ecclogical investigation if used to
determine causative factors in plant distribution, or
as an ald In the establishment of tolerance ranges.

Quantitative analyses of intracommunal distribu~-
tion characteristics emphasized that random
distribution was the exception rather than the rule.
The form of vegetation pattern can be related to two
general classes of non-randomness : contagious and
regular. in most cases analyses of distribution prop-
erties have shown that contagious distributions are
the most common.

The term pattern may imply repeatability, but it
does not necessarily imply uniform repeatability,
since the factors causing non=random plant dispersions
need not repeat themselves uniformly over geographic
space. The evaluation of vegetation distributional
form must be conducted in light of the kinds of pos-
sible causative factors and their form of pattern as
reiated to the configuration of plant dispersal.

For the detection of non-randomness by applica-
tion of mathematical expectations, early workers
utilized the Poisson and binomial distributions with
2 great number of modifications. Analysis for associ-
ation has been conducted to determine the existence of
similar biological groups and the degree to which they
shared similar ecological amplitude to environmental



forcing functions. Common analytical procedures for
association testing are the contingency and correla-
tion analyses. A rather new and promising development
in the description and analysis of organism dispersion
criteria has been the use of multivariate analysis.

By integration of many forms of quantitative data, the
derived ecologically meaningful groups lead to a tech-
nique for determination of pattern causality more
sensitive than earlier procedures. Studies to evalu-
ate patterns and their causal relations seem doomed

to failure if not incorporated into an integrated
systems analysis approach.

Abstract No. 417.

Fisser, H. G. 1969. Preliminary report of methodol -
ogy and results for analysis of plant pattern
subproject research on the Pawnee Site. U.S. IBP
Grassland Biome Tech. Rep. No. 9. Colorado State
Univ., Fort Collins. 65 p.

Distributional forms and dispersion characteris-
tics of Opuntia polyacantha were examined in areas
subjected to three grazing treatment rates (light,
medium, and heavy), Determinations of non=randomness
were made from comparisons of observed numbers of
indlviduals per quadrat to the expected number per
quadrat derived from a Poisson series. Frequency data
were obtained from transects of 256 contiguous deci-
meter square quadrats in 30 m x 30 m study plots
within each grazing treatment. The anatysis of vari-
ance technique applied to the frequency data gave an
estimate of the clump sizes within each treatment.
Mean area of clumps for the light, medium, and he avy
grazing treatments were: 4, 16, and 128; 4 and 128;
and 8, 32, and 128 DM, respectively.

Abstract No. 418.

Fisser, H. 6. 1970. Distribution of plant biomass
to plant organs. Plant Spec. Meeting, Desert
Biome, U.S. IBP, Proc. p. 3b-42 and 110-115.

Fisser, H. G. 1970. Distribution of plant biomass
to plant organs. U.S. IBP Desert Biome Plant
Spec. Meeting, January 3, Las Vegas, Nevada,

We are often prone to use such terms as ecosystem,
dynamics, and productivity with little thought to what
they constitute semantically and empirically. In a
discussion concerned with the distribution of biomass
to plant organs, we must consider the complexities of
the entire biological cycle in the ecosystem. A broad
concept of this cycle may be described as constituting
the uptake of elements from the soil and the atmos-—
phere by living plants, biosynthesis involving the
formation of new complex compounds, and the return of
elements to the soil and atmosphere with the litter
fall including both above and belowground constitu-
ents, of part of the organic matter or with the death
of the crganism.

The biological cycle must be viewed, in addition,
as an Intricate, polycyclic process comprising cycles
differing in duration and effect on the environment.
Periods of cycles may be designated as intraseasonal ,
seasonal, annual, long-term, and secular, (i) Whether
we should be at all interested in the long-term and
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secular phases with respect to the IBP Desert Biome
Program Is conjectural at this point. (ii) A problem
that soon becomes evident In our work with energy
transfer and distribution of biomass is that related
to definition of the various organic components pres-
ent in the ecosystem.

Abstract No. 419,

Fisser, H. G, 1970. The IBP and jts implications
for natural resource management . Wyoming Game
and Fish Comission Biologists Meeting, June 24,
Lander, Wyoming.

In brief, this speech reviewed the International
Biological Program and its implications for natural
resource management. General administrative organi-
zation of the IBP and its basic intent, the United
States Program and more specifically the grassland
and desert biomes were discussed.

Abstract No. 420,

Fisser, H. G. 1970. Significance of plant patterns
in ecosystem functioning. U.S. IBP Grassland
Biome Annu. Rev. Meeting, November 14, Fort
Collins, Colorado.

The spatial arrangement of plant individuals, and
indeed all biolegical individuals, is not a haphazard
situation and random distribution is seldom observed.
That patterns exist in nature is not questioned, and it
is readily accepted that the dispersal characteristics
of any and alt species occur as a function of a multi-
tude of both biological and physical environmental
factors. In essence then, bioTegical patterns, which
exist in reality, are significant to the evaluation of
ecosystem processes and functions, because these spa-
tial arrangements are expressions of given sets of
environmental conditions, dynamically perpetuating
and modifying through time Patterns, or perhaps a
better term would be spatial arrangements, are thus
a legitimate object of ecological investigation,
especially those refated to ecosystem function and
process studles, if utilized to define furctional
relationships of environmental factors and biological
tolerance limits.

Abstract No. h421.

Flake, L, D. 1969. A study of rodents in northeast-
ern Colorado. U.S. IBP Grassland Biome Tech. Rep.
No. 15. Colorado State Univ., Fort Collins.

29 p.

Although there have been numerous studies on small
mammal populations, few have had simultaneously avail-
able extensive information about the environment.
Selected for intensive ecosystem analysis, the Pawnee
Site in northeastern Colorado provides a unique oppor-
tunity to study smail mammals. Data are available
concerning a number of biotic and abiotic factors in
the environment that may be related to small mammal
populations., Further, rodents other than the northern
pocket gopher and plains pocket gopher have received
little attention in eastern Colorado.



Abstract No. 422,

Flake, L. D. 1971. An ecological study of rodents in
a shortgrass prairie in northeastern Colorado.
Pth.D. Diss. Washington State Univ., Putiman. 103
p. (Advisor: Vincent Schultz).

Four rodent species (Dipodamys ordii, Omyechomys
leucogaster, Peromyscus manteulatue, and Spermophilus
tridecemlineatus) were studied on the shortgrass prai-
rie of northeastern Colorado during 1969 and 1970 in
conjunction with the Intermational Biclogical Pro-
gram's grassland biome studies. Three half-section
pastures (intensive study pastures) subject to long-
term cattle grazing at light, moderate, and heavy
intensities, respectively, were live trapped to deter-
mine possible effects of grazing on rodent populations.
Traps within each pasture were stratified into the
three main soil types (Vona and Ascaton sandy loam,
Midway-Renohill complex, and undifferentiated bot tom=-
land soils) to examine rodent abundance and distribu-
tion in relation to these soils. Live-trap data also
provided information on sex ratios, annual population
cycles, and population levels between years., Rodents
were snap trapped in areas adjacent to the intensive
study pastures and used for estimating litter size
{embryo counts), reproductive seasons (presence of
embryos, placental scars, and mean testis length),
and sex ratios. Stomachs of snap-trapped rodents
were collected and food habits examined using micro-
scopic techniques. Habitat relations, reproduction,
and food habits were emphasized in this study.

Abstract No. 423,

Flake, L. D. 1972. Food habits of four rodent spe-
clies on a shortgrass prairie in Colorado. U.S.
1BP Grassland Biome Preprint No. 36. Colorado
State Univ., Fort Collins. 33 p.

Food habits of four rodents (Pipodontys ordii,
Onychomys leucogaster, Peromyscus maniculatus, and
Spermophilus tridecemlineatus) of a shortgrass prairie
ecosystem in northeastern Colorado were studied during
1969 and 1370 through microscopic analysis of stomach
contents. Mean percent volumes of animal matter in
diets of rodent species over the entire study were as
follows: 5. ordii (4.4%), O. leucogaster (73.9%), P.
maniculatus {39.0%), and S. tridecemlineatus (44.0%).
The greatest amount of seasonal variation in percent
volume animal matter in the diet was in P. manioulatus.,
Animal matter in the diets of all four species was
composed almost entirely of arthropods with a few
vertebrate parts present. Arthropods commonly identi-
fied in the diets included Coleoptera adults, Lepidop-
tera larvae, Coleoptera larvae, and grasshoppers
(except in D. ordii). Plant matter in the diets of
all species included leaves, stems, and flowering
parts of various species of grasses, sedges, forbs,
and shrubs, unidentified seeds, and tissaes of mosses,
tichens, and fungi. Seeds were by far the most common
type of plant matter in diets of D. ordii and P.
nanieulatus while plant matter in . tridecemlineatus
and 0. leucogaster was more equally divided between
seeds and non-seed parts of grasses and sedges, and
forbs. Much seasonal variation in types and relative
amounts of different kinds of plant and animal matter
was noted.

Abstract No. 424,

Fleharty, £, D. 1972. Some aspects of small mammal
ecology in a Kansas remant prairie. Second Annu.
Midwest Prairie Conf., Proc. (In press).

The four most numerous small mammals species
(Sigmedon hispidus, Peromyscus maniculatus,
Retthrodontomys megalotis, and Mierotus ochrogaster)
were studied by live-trapping from April 1965 through
February 1969. Sigmodon and Percmyscus populations
generally oscillated from high densities in the fall
and early winter to low densities in the spring and
early summer. Microtus densities peaked in spring and
early summer and attained a low point in the fall and
winter white Reithrodontomys attained highest trap-
pable densities in the winter and spring with a low in
the fall. All species underwent an 85 to 95% turnover
in & months,

The highest ecological densities in animals per
acre per favored habitat attained were 26.5 (sigmodon),
18.2 {Peromyacus), 9.6 (Reithrodontomys), and 2&.7
(Mierotus), Exclusive boundary strip male home ranges
averaged larger for Sigmodon and Peromyscue but smaller
for Reithrodontomys and Mierotus. However, based on
greatest distance traveled, males of all Species
tended to be more nomadic than females.

Sigmodon preferred habitats with a dense under-
growth and a protective overstory as found primarily
in the Andropogon gerardi/Koehia scoparia/lHelianthus
annmuus community. Peromyscus preferred tall to mid-
height grass areas found in the Andropogon gerardi
and 4. gerardi/A. scoparius/B. curtipendula community.
Microtus preferred areas of dense ground cover found
tn the Buchloe dactyloides/B. surtipendula/Sporobolus
asper, A. gerardi, and A. gerardi/d, seoparius/B,
curtipendula communities and generally exhibited a
negative preference for communities preferred by
Sigmodon .

Vegetational ctipping remains, resulting from
Sigmodon hispidus activity, were collected and ana-
lyzed for vegetational composition, dry weight, and
calorie content over a one-year period. Sigmodon
clipped 315.05 kg of vegetation on the Study area.
This amounted to 136.4 x 10% kcal. Grasses (mainly
Andropogon gerardi, A, seoparius, and Bouteloua
curtipendula) accounted for 54% of the vegetation
clipped, Ambrosia peilostachya and Kochia scoparia
40%, and Helianthus annuus 6%. Some 72% of the clip-
pings occurred in the fall (September to November) .

The amount of clipped material/rat/month varied
from zero in May to 1.3 kg in October. The amount of
materiai clipped may not be solely dependent on a high
Sigmodon density or activity, but possibly also on the
condition of the vegetation and nest building activi~
ties of the rat. Of the net primary production in
this area during the study period, 0.4% was clipped
by Sigmodon.

Abstract Ne, 425,

Fleharty, E. D., and K. Andersen. 1964,  The meadow
vole, Microtus pemnsylvanicus (0rd) in Kansas.
Kansas Acad. 5ci., Trans. 64(1):129-130.



Twenty-six specimens of the meadow vole, Microtus
pennsylvanicus (Ord), were obtained by us in Jewell
County, Kansas. Three specimens were taken on June
20, 1963, and 22 were captured on November 1, 1963
south of the Republican River at R6W, T2S, SWi Section
4. One meadow vole was taken north of the Republican
River at RéW, T1S, Section 5 on September 27, 1963.

To our knowledge this constitutes the first known
record for the meadow voie in Kansas. This species
has been recorded in northern Missouri, south central
and southwestern Nebraska, and in eastern Colorado.
The nearest locality is & miles N, 2 miles E of
Hastings in Adams County, Mebraska. The collecting
sites in Kansas represent a range extension of approx-
Imately 55 miles south southeastward of the Nebraska
locality.

Abstract No, 426.

Fleharty, E. D., and D, R. Ittner. 1967.
locality records for some Kansas herptiles.
western Natur. 12:199-200.

Additional
South-

Recently increased collecting in parts of Kansas
has added to our knowledge of the geographic distri-
bution of certain species. Although not all records
tisted herein are extensive range additions they
should serve to fiil in some gaps In the distribution
of the species listed. All specimens are preserved
in the Museum of the High Plains, Zoology Department,
Fort Hays Kansas State College, Hays.

Abstract No. 427.

Fleharty, E. D., and D. L, Stadel. 1968. Distribu-
tion of Peromyscus leucopus (woods mouse) in
western Kansas. Kansas Acad. Sci., Trans. 71:231-
233.

The affinity of Peromyscus leucopus (Rafinesque)
for a wooded habitat in Kansas has been noted by many
workers. Thus, in the more arid regions of western
Kansas this species has a dendritic distributionat?
pattern being limited primarily to the riparian
communities,

P. leusopus 1s absent from many countlies In west-
central Kansas and shows no additional localities in
western Kansas. Collecting since 1962 has revealed
the presence of the woods mouse in many counties
heretofore unrecorded. These distributional county
records are probably due more to extensive and inten-
sive collecting In favorable habitats rather than in
any major movement of the woods mouse into the area,

The presently known distribution of Peromyscus
leucopus suggests that it probably occurs in most of
the favorable habitat throughout western Kansas. How-
ever, such habitat is not always avallable even along
water courses, and as a result these mice have a dis-
continuous distribution. Most notable among the
Peromyscus leucopus collected was a single lactating
female in Wallace County. This locale Is approximate~
ly 50 miles west of the nearest recorded population
in Gove County.

Three subspecies, P. 1, aridulus Osgood, P, 1.
noveboracensis (Fisher), and P. 1. tormillo Mearns,
occur in Kansas. Cursory examination of pelage color
indicates that subspecific designations may be as
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shown. We emphasize that these are tentative
assignments, and additional work is planned on the
subspecific affinities of p, Leucopus populations in
western Kansas,

Abstract No. 428.

Fleharty, £, D., and L. E. Olson. 1969. Summer food
habits of Mierotus ochrogaster and Stgmoden
hispidus. J. Mammal. 50:475-486 .

Stomach contents were analyzed for 97 Microtus
ochrogaster haydenii and 86 Sigmodon hispidus texianus
to determine what plant species were utilized, the
effect of plant availability on diet, and the degree
to which both species utillized identical foods. Based
on percent volume consumed, Sigmodon utilized Triticum
aestivum, Kochia scoparia, Sporobolus asper, Bromus
Japonicus, Rumex crispus, and Xandhium commne the
most during June and July from two areas. In the same
areas, Mierotus concurrently found 5. asper, K.
scoparia, Bouteloua gracilie, B, Japonicus, R. erispus,
and Digitaria sanguinalis the most palatable. Availa-
bility of plants was found to be an influencing factor
on what was eaten, but certainly was not the only fac-
tor, because many plant species that were not dominant
were seemingly selected on the basis of thejr growth
stage and palatability. Although the same species of
plants comprised most of the food eaten by the two
rodents, it is likely that competition existed for
space rather than food, as ample food was available
throughout the study.

Abstract No. 429.

Fleharty, E. D., and J. R, Choate. 1972. Bioener-
getic strategies of the cotton rat, Sigmodonm
hispidus. J. Mammal. (In press).

Bioenergetic strategies of hispid cotton rats on
a relict grassland in west-central Kansas were asses-—
sed for the period December 1967 through November 1968,
Less than 1.0% of the yearly net primary production of
the grassland was ingested by cotton rats. O0Of the
energy assimilated throughout the year, all but 2.2%
was utilized in maintenance. Energy flow channeled
into secondary production ranged from a low of -2.4
keal/ha per day in January to a high of 22.6 in
September. Accordingly, population density was at
a Tow of 8.8 rats/ha in April, but increased to 19.4
by September. Seasonal fluctuations in relative
amounts of energy utilized in secondary production
probably refiect physiological adaptations to with-
stand adversities of climatic seasonality.

Abstract No. 430.

Fleharty, E. D,, M, E. Krause, and D. P. Stinnett.
1972. Body compesition, energy content, and
lipid eycles of four species of rodents, J.
Mammal. (In press),

Gross body composition, energy content, and lipid
cycles of Peromyscus manioculatus, Reithrodontomys
megalotis, Sigmodon hispidus, and Microtus ochrogaster
were studied. Ash values for aduits ranged from 14.2
to 16.1% of dry body weight, and water content varied
from 61.5 to 74.2%. Lipid content ranged from a low
of 14.6% dry body weight in M, ochrogaster to a high



of 25.6% in S. hispidus. Annually, kilocalories per
gram live weight averaged 1.61 in P. mantoulatus,
1.65 in R. megalotis, 1.74 in 5. hispidus, and 1.42
in M, ochrogaster. Energy content of subadults and
adults of 5. hispidus differed significantly during
summer, autumn, and winter; no such differences were
noted for age categories of the other species. The
four species exhibited three different types of lipid
cycles: in both P. manioulatus and R. megalotieg,
lipid content was lowest in summer and highest in
winter; in 5. hispidus, the lowest readings were in
spring and the highest in winter; in M, ochrogaster,
tipid content fluctuated on a monthly basis but
exhibited no annual cycle, |t is postulated that
annual lipid cycles reflect the Zoogeographic history
of the species and might thus serve as a measure of
physiological adaptation to climatic conditions unfike
those that existed at the respective times and places
of evolution of the four species.

Abstract No, 431,

Fleharty, E. D., and M, A. Mares. 1972, Habitat
preference and spatial relations of Sigmodon
hispidus on a remnant prairie in west-central
Kansas. Southwestern Natur. (in press).

During a 47-month 1ive-trap study conducted in a
remant grassland in west-central Kansas, Sigmodon
hispidus preferred habitats with dense undergrowth
and protective overstory and used less favored habi-
tats primarily when population densities were high.
Seasonal home ranges based on the exciusive boundary-
strip method averaged significantly larger (p < 0.01)
for mates (0.96 acre)} than for females {0.54 acre).
Males were more nomadic than females, but both sexes
traversed smaller areas during periods of high density
than during low density. Ne indication of territorial
defence was evident.

Abstract No. 432.

Fleharty, E, D., M, A. Mares, and J. R. choate. 1972,
Population fluctuations in Sigmodon hispidus:
Factors influencing a "crash.' Amer. Mid]and
Natur. {In press).

A population of Sigmodon hispidus inhabiting a
remnant grassland in west-central Kansas, near the
northern limit of the range of the species, was live-
trapped from April of 1965 through February of 196%9.
Until 1968, the population exhibited a pronounced
annual cycle of abundance, varying from most abundant
in autum to least abundant in spring. Annual de-
clines began at the time of normal cessation of
breeding with the onset of winter, and were augmented
by harsh winter weather. Monthly ecological densities
ranged from 0.0-65.5 rats/ha in the favored habitat.
Population turnover was 92% complete in 6 manths. In
1968 the population continued to exhibit the seasonal
pattern of fluctuation until autumn, but then under-
went a ''erash' that completely decimated the
population. Environmental and biotic factors that
might have influenced the crash included normal autum-
nal cessation of breeding coupled with predation,
parasitism, and severe weather conditions. The
balance between adverse winter weather and physiclogi-
cal and behavioral adaptations to survive suboptima)
weather conditions probably is Targely responsible for
the location of the northern timit of the geographic
range of 5. higpidus.
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Abstract Ne. 433.

Fletcher, J. E., and W, P. Martin., 1948, Some
effects of algae and molds in the rain-crust of
desert soils. Ecology 29(1}:95-100.

1. An Infestation of the rain-crust of some
desert soils by algae and molds is described.

2. Algae present were all Cyanophyceae of the
genera: Oseillatoria, Nodularia, Microcoleus, Nostoe,
and several members of the family Chroococcaceae.
Molds identified by hyphal transfers to Czapek's agar
were Rhizopus, Mucor, and probabiy Botrytis.

3. Rain-crust stabilization by microorganisms
made possible its removal for mechanical analyses.
Sitt and clay contents increased and sand content
decreased over a comparable depth of soil just below
the crust indicating that a mechanical sorting and
rearrangement of the particles had taken place to form
the rain=-crust and not a mere packing.

4. Increases of as high as 300% in organic carbon
content and 400% in nitrogen content occurred in the
crusts where microbial growth had been extensive., The
largest increases in nitrogen were in the crusts con-
taining the nitrogen-fixing algae, Nostoc. The free-
living, aerobic, nitrogen-fixing Azotobacter were not
present in any of the soils tested.

5. It {s believed from ob
that the microfloral
proves infiltration,
the establishment of
desert conditions.

servational evidence

invasion of the rain-crust im-
decreases erosion, and aids in
plant seedlings under rigorous

Abstract No. 434,

Flinders, J. T. 1971. Diets and
rabbits within a shortgrass ecosystem. Ph.D,
Diss. Colorado State Univ., Fort Collins. 7% p.
{Advisor: Dick Hansen).

habitats of jack-

This study considers the dlets selected and the
feeding habitats occupied by black-tajled {Lepus
califormieug) and white-tajled {Lepus towmsendis)
Jackrabbits, In sympatry, within a shortgrass ecosys~
tem in northeastern Colorado. Black-tailed jackrabbits
immigrated into the study area orior to the turn of
the century and now outnumber white-tailed jackrabbhits
by about five to one.

Microscopic analysis of stomach contents indicated
that western wheatgrass (Agropyron smithii) was the
most common food in the annual diets of both hares.
Each hare behaved differently in selecting cultivated
crops as food; alfalfa (Medicago sativa) was the
second most Important food item in the annual diets of
black-taited jackrabbits; and winterwheat (7»iticum
aegtivun) was the second most important food item in
the annua) diets of white-tajled jackrabbits.

There was 53% similarity in the percent dry-weight
and compesitlon of plant species in the mean 2-year
diets of these hares. There was 57% similarity in the
percent dry-weight and compasition of plant species in
the mean 2-year feeding habitats of the two species of
Jjackrabbits, Annual diets of black-tailed jackrabbits
corresponded more closely to the availability of food
plants in their feeding habitats then did the annual
diets of white-tailed jackrabbits to the avatlability



of food plants in their feeding habitats. Thus, white-
tailed jackrabbits are slightly but significantly more
selective as ''primary consumers' than black-tailed
jackrabbits.

From these data it is proposed that black-tailed
Jackrabbits are more efficient than white-tailed jack-~
rabbits in foraging for food and thus, potentially,
have a competitive advantage, White-tailed jackrab~
bits now occupy a smaltl segment of the overall feeding
habitat of jackrabbits, and the herbage in this seg-
ment is not strongly compatible with the annual diets
normally selected by black-tailed jackrabbits.

Abstract No, 435,

Flinders, J. T., and R. M. Hansen. 1971.
estimate for censusing rabbits and hares.
IBP Grassland Biome Preprint No. 17,
State Univ., Fort Collins. 11 Pe.

An area-
u.s.
Colerado

The area-estimate method is a refinement of the
flush census method for determining densities of
wildlife populations. It was developed to study popu-
lations of black~tailed and white-tailed jackrabbits
and desert cottontail rabbits on the shortgrass prai-
rie of northeastern Colorado. The late December 1970
population densities for these leporids, respectively,
were 18.4, 3.5, and 6.6 per square mile. Black-tailed
jackrabbits and cottontail rabbits showed significant
clumping (P = ,05) In some transects {approximately
112 acres or 45.3 ha/transect). All leporids demon-
strated high fideiity to the 10 transects that were
censused on three consecutive nights. The area-
estimate method is a fast, repeatable, field method
for obtaining statistically dimensioned estimates of
population density.

Abstract Ne, 436.

Ftinders, J. T., and R. M. Hansen. 1971, Diets and
habitats of jackrabbits within a shortgrass eco-
system. U.S. IBP Grassland Biome Tech. Rep. No.
98. Colorado State Univ., Fort Collins. 53 p.

Black-tailed (Lepus californicus) and white-tailed
(Lepus tounsendiz) jackrabbits play a large role in
the utilization of vegetation within the shortgrass
ecosystem, They affect the occurrence, abundance, and
distribution of vegetation within their habitats.

Both hares demonstrated a high degree of prefer-
ence for certain plant species. Westemrn wheatgrass
(Agropyrom smithii Rydb.) was the most highly pre-
ferred plant by both species of jackrabbits. Four
plant species comprised greater than 50% of the diets
of hares for each season of the year. A total of 83
plant species were identified in the combined diets,
and a total of 120 plant species were found in the
combined habitats of the two species of jackrabbits.
Fifteen plant species were intrinsic to the diets and
15 intrinsic to the habitats of black-tailed jack-
rabbits; 12 plant species were intrinsic to the diets
and 10 intrinsic to the habitats of white-tailed
jackrabbits.

Abstract No. 437.

Flinders, J. T., and R. M. Hansen. 1971, Diets and
feeding habitats of jackrabbits within a short-
grass ecosystem. U,S. IBP Grassland Biome
Preprint No. 22. Colorado State Univ., Fort
Collins. 75 p.

This study considers the diets selected and the
feeding habitats occupied by hlack=-talled (Lepus
californicus) and white-tailed (Lepus townsendii)
jackrabbits, in sympatry, within a shortgrass
ecosystem in northeastern Colorado. Black-tailed
jackrabbits immigrated into the study area prior to
the turn of the century and now outnumber white-tailed
Jackrabbits by about five to one.

Abstract No. 438.

Flinders, J, T., R. M. Hansen, and T. E. Lines. 1971.
The chromogen method applied to determining diges-
tion In wlld jackrabbits. U.S. IBP Grassland
Biome Preprint No. 15. Colorade State Univ., Fort
Collins. 6 p.

This study was to determine if the chromogen
technique would yield acceptable estimates of the
coefficients of digestion of free roving white-tailed
Jjackrabbits. Winter wheat and other grasses made up
93% of the April diets of these hares. The mean
coefficient of digestion was 34%, and this compares
closely with coefficients determined for penned domes-
tic rabbits on diets of grass hay.

Abstract No. 439,

Floate, M. J. §. 1970. Decomposition of organic
materlals from hill soils and pastures. II. Com-
parative studies on mineralization of C, N, and P
from plant materials and sheep feces. Soil Biol.
Biochem. 2:173-185,

Four plant materials obtained from Nardus and
Agrostic-Festuca hill pastures, and the shesp feces
derived from these materials, were incubated at 30°C
for pericds up to 12 weeks. The evolution of €0, and
the production of mineral nitrogen and phosphorus were
measured: 10 to 202 and 30 to 55% of the original
carbon was evolved as C0, from feces and plant materi-
als, respectively. Of the total original nitrogen, up
to 8% was mineralized from feces, and up to 25% was
mineralized from plant materials. Grass from monthly
cut treatments decomposed more rapidly than annually
accumulated grass, and mineralization was greater from
Agrostis-Fegtuca than from Nardus. More than half of
the nitrogen which was mineralized was evolved as NHj.
Throughout most of the fncubation period plant materi-
als immobilized phosphorus while between 3 and 34% of
the total phosphorus In feces was mineralized. The
results are discussed in relation to the role of
sheep in the soil-plant-animal nutrient cycle.



Abstract No. 440,

Floate, M. J. S. 1970. Decomposition of organic
materials from hill soils and pastures. III. The
effect of temperature on mineralization of C, N,
and P from plant materials and sheep feces. Soll
Biol. Biochem, 2:187-196.

Plant materials obtained from Nardus and Agrostig-
Festuca hill pastures and the sheep feces derived from
these materials were incubated for periods up to 12
weeks at 30°, 10°, and 5°C. The amounts of €05
evolved from plant materials were reduced from an
average of 40X of the original € content at 30° to 25%
at 10°C, and 12% at 5°C. For feces the corresponding
amounts were 16% (at 30°C), 4% (at 10°C), and 2% (at
5°). Of the original total-N in plant materials, the
mean amount of 5.4% was mineralized at 30°C while at
10°C and 5°C only 0.9% and -0.3%, respectively were
mineralized. The largest amounts of mineral-N {up to
i0%2) were produced from feces at 10°C. Phosphorus
mineralization was reduced from a mean vatue of 0.2%
of the original total-P in plant materjals at 30°C to
~27% at 10°C and -41% at 5°C. For feces the corres-
ponding values were 10% at 30°C, 2.5% at 10°C and -12%
at 5°C. The significance of these results Is dis~
cussed in relation to nutrient re-circulation and the
annuat cycle of hill soil temperatures.

Abstract No. 441,

Flory, E. L. 1936. Comparison of the environment and
som: physiological responses of prairie vegetation
and cultivated cormn. Ecology 17(1):67-103.

This study deals with a comprehensive comparison
of the environments and certain physiological res-
ponses of native prairie vegetation and cultivated
corn at Lincoln, Mebraska, during three consecutive
growing seasons. Six years of cultivating listed corn
after breaking the sod of the Lancaster loam increased
the volume weight of the s0il, decreased porosity 12%
and retarded the rate of percolation 42% or more. This
resulted in greatly increased runoff and erosion.
There was a closer relationship between precipitation
{mean annual 27.8 inches) and available soil water at
all depths in the prairie of Andropogon scoparius than
in the field, Available moisture at all depths to &4
ft was usually greater in the field until tasseling of
the corn, after which moisture was nearly always
greater below 2 ft in the prairie. Monthly production
of dry matter In prairie showed a ciose relationship
to percent of yearly precipitation for the month.
Mean day temperatures in the prairie averaged 3.9°F
lower than in the cornfield and during very hot wea-
ther 7°F lower. Average daily temperature ranges were
26°F and 38°F, respectively. Maximum daily tempera-
ture by weeks was sometimes 10 to 11°F higher in the
field. Average daily humidity was 4.6% higher in
the prairie. Differences between average daily maxi-
mum and minimum humidities were 43.2% in the field but
only 34,5 in the prairie. Under maximum foliage
development 1ight intensity at the scil surface was
51% in the cornfield and 5% in the prairie, Evapora~
tion losses were much less in the grassland. Soil
temperatures at 3-inch depth averaged 8.2°F lower in
the prairie and at 8-inch depth 2.2°F lower. Thus a
cover of prairie grass is a great stabilizer of envi-
ronmental factors. Leaf surface per sq ft of soil at
maturity of prairie vegetation was 950, 1,050, and
1,014 sq inches during three consecutive years. Haize
developed a maximum of 546 and 467 sq inches of leaf
surface per unit area of soil. Average daily loss of

water (transpiration + soil evaporation) per sq ft of
prairie for the three seasons was 1.46 |b, Average
dally transpiration loss of plants per sq ft of sojl
surface averaged .59 1b in the prairie and .39 b in
the cornfield. Total amount of water used or jlost in
the production of 1 g of dry matter in the prairie was
1,376 g; in the cornfield it was 786 g. In the prai-
rie about 32% of this was lost in runoff and surface
evaporation, in the cornfield about 65%. Approximate-
ly 52% more dry matter was produced per sq ft of soil
in the cornfield than in the prairie.

Abstract No, 442,

Fly, C. L. 1946. Natural agricultural resource areas
of Kansas. Soil Conserv. Kansas, Kansas State
Board Agr. Rep. 65:126-195,

Primarily an agricultural state, with 94% of her
area devoted to cropland, grassiand, or woodland use,
Kansas has 25 physically distinct agricuitural areas
within her borders. Some of the nation's most produc-
tive Jands are included. The soils are as variable
as the rocks from which they originated and the ¢li~-
mate under which they developed. All but three of
the great soil groups of the United States are
represented.

The 25 distinct agricultural resource areas of
Kansas which resulted and are described here are
delineated on the basis of theijr physical characteris-
tics--topography, geology, climate, and soils. Their
characteristics and present use, and the problems of
use, conservation, and management are discussed under
headings which are identical to the area and sub-area
titles on the map.

Abstract No. 443,

Fraley, L. P., and F. W, Whicker. 1970. The effect
of ionizing radiation on a shortgrass plant stand.
Southwestern and Rocky Mountain Div. Amer., Ass.
Advance. Sci., April 22-23, Las Vegas, New Mexico.

An 8750 Ci Cesium-137 source was installed in a
shortgrass plant stand on the Central Plains Experimen-
tal Range near Fort Collins, Colorado. The exposure
rate varied from at least 650 R/hr to less than 10
mR/hr. The effect of the fonizing radiation on the
community structure during the growing season was
studied using density and frequency measurements.

The effect on development of individual species was
studied using a phenological index. The radiation had
a significant effect on the diversity index with the
exposure rate that resulted in a value 50% of control
changing from 54 R/hr after 10 weeks exposure to 28
R/hr after 24 weeks exposure. Similar results were
obtaired using coefficient of community calculations.
The phenological index data were analyzed for three
species: Bouteloua gracilis, Opuntia polyacantha, and
Tradeseantia occcidentalis, representing a resistant,
moderately resistant and sensitive species, respec-
tively. These data indicate that delay in plant
development can be a very sensitive indicator of
radiation damage. The exposure rate that resulted in
a detectable delay was approximatety one-tenth that
which resufted in death, Comparison of the overatll
results with studies in other plant communities indij-
cates that the shortgrass plains plant community is
amontg the most resistant to ionizing radiation.
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Abstract No. 444,

Francis, R, C. 1971, A study of the weight estimate
method of botanical analysis as a double-sampling
procedure. Southwestern and Rocky Mountain Div.
Amer. Ass. Advance. Sci., April 21-24, Tempe,
Arizona.

The weight estimate method of determining plant
standing crop, by species, was applied to data from
the Pawnee Site of the IBP Grassland Biome. The proce=-
dure was evaluated as a double sampling technique for
reducing the variance, for a fixed cost, of the esti-
mate of aboveground plant biomass, by species, over
the standard plot clipping procedure. Two statistical
estimators were used. In addition, a computer simula-
tion model of the estimation procedure was developed
in order to study the distributional properties of the
two double sampling estimators.

Abstract No. h45.

Francis, R. C., C. V. Baker, G. M, Van Dyne, and J. D,
Gustafson., 1971. A study of the weight estimation
method of botanical analysis. U.S. IBP Grassland
Biome Tech., Rep. No. 117. Colorado State Univ.,
Fort Colifns. 147 p,

The weight estimate method of determining standing
crop by species is reviewed and applied to data from
the Pawnee Site of the IBP Grassland Biome. The pro-
cedure is evaluated as a double sampling technique for
reducing the variance for a fixed cost of the estimate
of aboveground plant biomass by species, over the
standard plot-clipping procedure. Two statistical
estimators (regression and ratio) are used. In addi-
tien, a computer simulation model of the estimation
procedure is developed in order to study the distriby~-
tional properties of the two double sampling
estimators. Double sampling is effective in reducing
the variance of the estimate in a majority of the
cases tested.

Abstract No. LL6.

Francis, R, €., and M, Campion. 1972. Statistical
analysis of intraseasonal herbage dynamics in a
variety of grassland communities. U.S. IBP
Grassland Biome Tech. Rep. No. 141. Colorade
State Univ., Fort Collins. 142 p.

Intrasite comparisons of aboveground plant biomass
were made using data from the 1970 field season.
Ordinations were made using analysis of variance and
principal component analysis in an attempt to reveal
the structural components of the herbage biomass
across the grassland. The nine sites analyzed were
Bison, Bridger, Dickinson, Cottonwood, Hays, Jornada,
Pantex, Pawnee, and Osage.

Abstract No., 447,

Franco, C. M., and A. C. Magalhaes. 1965, Techn iques
for the measurement of transpiration of individual
plants, p. 211-224. In F, E. Eckardt [ed.] Method-
ology of plant eco-physiclogy, UNESCO, Paris.

531 p.

The authors discuss the different ways of measur-
ing transpiration: the gravimetrical method utilized
by potted plants, the gasometrical method, and the
method of rapid weighing.

Abstract No, 448.

Franklin, W. T. 1969.
soils at the Pawnee Site.
Biome Tech. Rep. No. 30.
Fort Collins. 10 p.

Mineralogy of representative
U.S. IBP Grassland
Colorado State Univ.,

This report gives the results of particle size
fractionations of soil samples taken to characterize
the mineralogy of soils within the Pawnee Range Site.
The objectives of the work are to identify and quan-
tify the mineral types in the clay, silt, and sand
fractions. The results will furnish basic information
for moisture and nutrient cyeling studies. The results
also pertain to the characterization of sediment move-
ment in a microwatershed area.

Abstract No. 449,

Franks, J. W., and H, H. Hopkins.
pressions in a mixed prairie.
Trans, 57:48~54,

1954k, Upland de-
Kansas Acad. Sci.,

The purpose of this study was to compare vegetation
and various soil properties on ordinary mixed-prairie
upland and upland depressions.

Buehloe dactyloides and Bouteloua gracilis each
occupied about half the total basal area of 60% on
ordinary upland. In the depressions basal area was
reduced to 23% and Buchloe dactyloides furnished 93%
of the perennial cover. Several amnuals and short-
lived perennials were also important. Yield of grass
during 1953 was 1,619 and 698 air~dry pounds per acre
on the upland and depressions, respectively.

The upland soll profile was deeper and better
developed than the depression profile. Comparative
percentages of clay in the A horizon was 35 in the
former and 45 in the latter. Aggregate stability was
relatively poor in the depressions. Volume-weight was
1.17 on the upland and 1.26 in the depressions. This
alone is probably of little significance, but when
added to other unfavorable factors, including slow
permeability and tendency of the soil te puddle when
wet and to become hard and c¢racked when dry, the de-
pression soil is not a good habitat for either Xeric
or hydric plants,

Abstract No, 450.

Franzke, C. J., and A. N, Hume.
areas in South Dakota.
Sta. Bull. 361. 46 p,

1942. Regrassing
South Dakota Agr. Exp.

The findings of this bulletin indicate that it is
practicable to take measures which will promote the
reestablishment of grass in locations comprising a con-
siderable part of the three outlined areas of South
Dakota. Attempts at regrassing therefore become a
feasible project in smaller or larger scale operations
of land management.
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Regrassing must obviously be brought about with
the use of species that are adapted to the conditions
of growth within the specific area. It is indicated
herein that the number of species is indeed small,
confined largely to the familiar native grasses, wes-
tern wheatgrass, blue grama, buffalo grass, feather
bunchgrass, side-vats grama, big and little bluestem,
sand dropseed, Sandberg biue, and June grass,

Introduced species {proved well adapted for many
conditions} are bluegrasses, smooth brome, crested
wheatgrass, Russian wild-rye, and intermediate wheat-
grass. Eight detailed illustrations are included
which may serve to make characteristics of the pre-
dominant species familiar and more recognizable,

In addition to discussing adaptability of these
species, cultural methods are described both from the
standpoint of observation and experiment. The object
of cultural methods is to provide optimum conditions
of germination and growth. A firm seed bed for seed-
Ing grasses and residue covers for protection against
wind erosion and soil incrustation is necessary.

The drilling of grass seed is superior over broad-
casting of seed due to the fact that this method
insures placing of seed at an even depth with shallow
covering.

As a general rule warm-season grasses should be
seeded in the spring. Optimum conditions for germina=
tion and growth of cool-season grasses {s more
difficult to determine. It is not attempted, there-
fore, to state an invariable time based Oh season when
cool -season grasses should be seeded.

Abstract No, 451,

Free, G. R., G. M. Browning, and G. W. Musgrave. 1940.
Relative infiltration and related physicat charac-
teristics of certain soils, U.s. Dep. Agr. Tech.
Bull. No. 729. 51 p.

This study was designed to determine the relative
infiltration of 68 soils and related characteristics.

The relative infiltration of s6il in situ was de-
termined by the tube method. The data are from 68
sites scattered from Georgia to Oregon and from HNew
York to Hew Mexico, These sites include soils having:
a wide range of texture and representative of most of
the great soil and parent-material groups. They are
representative also of most of the c¢limatic provinces
of the United States.

Samples from each site were forwarded to a central
laboratory, where certaln important soil characteris-
tics were determined.

Abstract No. b52,

Free, G. R,, and V. J. Palmer. 1940. Interrelation=
ship of infiltration, air movement, and pore size
in graded silica sand. Soil Sei. Soc. Amer, ,
Proc., 5:390-398.

Pore size and pore-size distribution are generally
considered the most important factors governing the
rate of entrance of water into soils. There Is also
widespread belief that the movement of soil air is
important in the infiltration process. This laboratory

study, using six grades of silica sand ranging in
equivalent grades from 0.061 to 0,719 nm., was a pre-
liminary investigation of this problem to determine
interrelationships between infiltration, air movement ,
and size of pore, Comparisons were made of the rates
of entrance of water into the various grades of sand
when the containers halding the sands were open at the
base and when they were closed, and alse when the sands
were alr dry and when they were moist. The effects of
rate and evenness of the application of water also

were studied. Rates of infiltration were affected by
pore size in both apen and closed containers, but the
magnitude of rates and uniformity of trends varied
greatly under the two conditions. In containers

closed at base there must be release of entrapped air
upwards before penetration of water can proceed except
by slow capillary action. The time required to
entirely wet the various grades of sand in open con-
tainers ranged from approximately 1 min to nearly 2 hr
and in closed containers from 15 min to 55 hr. Pres-
sures of air compressed below the downcoming water
ranged from 13.6 to 104 cm of water, al though the

total height of the test columns of sand was only 57
cm, Ease and time of release of entrapped air were
dependent on pore size, initial moisture content of

the sand, and rate and evenness of the application of
water. Based upon the principles and trends evidenced,
1t seems possible to predict those conditions in
natural field soils which should make air of practical,
or of lesser, importance in the infiltration process.

Abstract No. 453.

Free, J. C., R. M. Hansen, and P, L, Sims. 1970,
Estimating dryweights of foodplants in feces of
herbiveres. J, Range Manage. 23:300-302.

The dry weight composition of foodplants was esti-
mated by a microscope technique for esophageal samples
from steers, fecal samples of steers, and feca!l samples
from sheep fed on the esophageal samples. Perennial
species of foodplants forming more than 5% of the diets
could be identified and quantified by the analysis of
100 microscope fields at 125 power magnification. The
diagnostic features of fragile forbs were not as promi-
nent in feces as they are in non-digested plants.

Abstract No. 454

French, N. R. 1976. chronic low-level gamma irradia-
tion of a desert ecosystem for five years, p.
1151-1165. 7In A. Grauby [ed.] Actes du sympos i um
internationale de radioecologie. Centre d'etudes
nucleaires de cadarache dy 8 au 12 Septembre 1969,

Populations of vertebrate animals, certain
and pltants have been studied in three enclosed 8-ha
areas located in the Mojave desert. They were enclosed
by a fence to prevent rodents from entering or leaving
the study areas. One area was irradiated almost con-
tinuously at a dose rate of 80 to 500 mr/hr.  Animal
populations were examined by capturing, marking, and
releasing individuals. Plants were examined for growth
and for production of leaves, flowers, fruit, and
seeds. The life span of the population of pocket mice,
Perognathus formosus, in the irradiated area was
shorter than in the other areas. No difference was
detected in the numbers of a small Yizard, Uia
stansburiana, that survived from year to vyear.

Females of a larger but less numerous species of
lizard have become sterile in the irradiated area.

insects,
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All vertebrate animais in the irradiated area have
received expasures of 1 to 2 r/day. Certain species
of plants have produced fewer flowers and fruits in
the irradiated area. Plants have received exposures
of 4 to 7 r/day. Although wild populations of small
mammals are surprisingly sensitive to damage from
chronic low-level radiation exposure, they are evi-
dently able to persist under these conditions. There
may be certain compensating mechanisms that become
operative when the population is subjected to radia-
tion stress,

Abstract No. 455,

French, . R. 1970. Field data collection procedures
for the Comprehensive Network 1970 season
{Revised). U.S, IBP Grassland Biome Tech. Rep.

Wo. 35. Colorado State Univ., Fort Collins, 37 p.

One of the primary objectives of the comprehensive
network is to obtain data from a variety of grassland
types which will permit testing of the method and
results of models emanating from the effarts at the
intensive site. A second and egqually important objec-
tive is to evaluate function and structure of the
grassland ecosystem under various environmental condi~-
tions. Yo achieve these objectives a series of sites
was selected through the cooperative efforts of sci=-
entists at a number of universities and research
institutions. Each of these sites fulfills a minimum
set of requirements that are necessary in order to
obtain comparable information from the different
environments represented,

If the objectives of the comprehensive network
program are to be attained, then it is essential that
the work at different sites be as nearly comparable
as possible. Only if this plan is followed can com-
parisons of the function and structure of the grassland
ecosystem under widely differing environmental condi-
tions be made. Likewise, the general ity of the
ecosystem model and the comparative value of results
from the investigations at the intensive site will
hinge on the applicability of these data obtained from
the comprehensive network sites. For these reasons,
the methods and techniques are being spelled out in
detail in this manual.

Abstract No. 456,

French, N. R. [Cocrdinater]. 1971, Basic field data
coltection procedures for the Grass!land Biome 1971
season. li.5. IBP Grassland Biome Tech. Rep. MNo.
85. Colorade State Univ., Fort Collins, 87 p.

This report comprises an outline of techniques
and methods that will be used in the data collection
of the Comprehensive Network during the 1971 collecting
season., Participants at the intensive site (Pawnee)
are also attempting to incorporate these procedures
a5 a subset of their own activities. Sample field
data sheets are alsc included to indicate the manner
of data collection and the basic format of data in the
information storage and retrieval system. This report
is an outgrowth of Tech. Rep, Ho. 35, "Field data
collection procedures for the Comprehensive Network
1970 season.'" Participants met to revise the former
report in individual groups during the month of
December: producers, invertebrates, small mammals,
and decomposers. A joint meeting in January with
representatives from each group further refined the
plans and procedures and included discussion of abiotic

measurements, avian studies, and laboratory analytical
procedures. Outlined herein are the collectian proce-
dures, preliminary analytical procedures, and data
collection procedures for evaluating above and below-
ground plant biomass, litter, litter accumulation,
invertebrate sampling, small mammal sampling, bird
investigations, studies of decomposers, micrometeor-
ological data acquisition, and laboratory analysis
requirements,

Abstract No. 457.

French, N. R. [Ed.}. 1971.
structure and function
Dep. Sci. Ser. No. 10.
Collins., 387 p.

Preliminary analysis of
in grasslands. Range Sci.
Colorado State Univ., Fort

One of the accomplishments of the U.S. IBP Grass-
ltand Biome program has been the assembly and storage
in readily retrievable form of data sets collected
with both temporal and procedural simultaneity from
several major grassland types. This required the
efforts of approximately 90 scientists and as many
research assistants and graduate students. It is they
who have provided the main Intellectual and investiga-
tive drive to the program, It is their efforts that
have made possible the following analyses and synthe-
ses. Comparisons among the differemt grassland types
of the biotic responses to ablotic variables provide
not only important structural definition of the grass-
land ecosystem but also are of great value in guiding
the modelling effort under the Systems Analysis group
of the program; through this they help define further
experimental effort required in the field. For this
reason, even though the data are considered preliminary
and hence any conclusions must be tentative, it was
considered Important to digest the results of the
first season of full field effort.

To accomplish this a few individual participants
in the program were requested to explore and analyze
certain types of available data. This was ho mean
task, as each individual was given the responsibility
of compiling and summarizing information resulting
from the full season's effort of many investigators,
To undertake analysis of data collected by your col-
leagues and present your results and conclusions, not
only to them but also to the scientific community,
requires a considerable degree of temerity. Fortu-
nately, the individuals selected for this task
responded, almost without exception, in a conscien-
tious and generous manner. The following pages are
the results of their efforts. Assistance and stimula-
tion were also provided by the American Institute of
Biological Sciences which, through its director, Dr.
John R. Qlive, invited these results to be presented
as a symposium during their 1972 annual meeting as a
portion of the program of the Ecological Society of
America, arranged by the program chairman, Dr. William
5. Osburn, Jr. These meetings were held at Colorado
State University during August and September 1971,

The results presented in this report represent a
progress report rather than conclusions. They are
recorded here for the dissemination of this informa-
tion among the participants in the program, upon whose
data it is based. Considerable effort has been de-
voted to ascertain that ariginal data were properly
evaluated and interpreted. To this end the authors
of the papers have been in close contact with those
who generated the data. The editor and the authors
assume responsibility for any errors and misinterpre-
tations that remain.
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Abstract Ho. 458.

Small mammal studies in the U.S.
Ann. Zool. Fennici 8:48-53.

French, R. R. 1971.
IBP Grassiand Biome.

The Standard Minimum grid is used both for live
trapping and removal trapping. Several methods of
population estimation are applied to the data. Of
those tested, the Jolly procedure gave best estimates
based on live trapping, and the Hansson method gave
best results from removal trapping. Results are based
upon a test of the procedures conducted in two large
enclosures with known population densitles of rodents.

Abstract No, 459.

French, H. R., R. McBride, and J. Detmer. 1965. Fer~
tility and population density of the black-tailed
Jackrabbit. J. Wildlife Manage. 29(1):14-26.

Data on reproduction of the black~tailed jackrabbit
(Lepus califormicus) In southeastern ldaho, collected
by autopsy of specimens from 1955 through 1960 and
data on movements and longevity, obtained by marking
and releasing live animals, show that, as the popula-
tien increased, the length of the. breeding season
apparentty decreased, and there was a decline of popu-
lation reproduction, measured by the average number of
embryos per mature female. In a population decline,
the opposite occurred. !t is concluded that reproduc-
tion of the jackrabbit population is controlled in
density-dependent fashion through frequency of preg-
nancy of females and to some extent through litter
size. Litter size and frequency of pregnancy seemed
to vary independently. Litter size in 1956-60 was
maximum in May, and this timing appears to be innate.
Frequency of pregnancy among females generally was
maximum at least 1 month earlier. During the 1957
and 1960 seasons, when the onset of breeding was da-
layed, maximum frequency of pregnancy coincided with
maximum litter size, resulting in apparent compensa-
tion for the late start. Comparison of these results
with those from studies of the jackrabbit In Cali-
fornia, Kansas, and Arizona indicates a shorter
breeding season in regions with more severe winter
climate and an inverse correlation between litter size
and length of breeding season. Marked hares were
seldom retrieved at a distance greater than £ mile
from the release point, indicating a home range of
less than 40 acres. Dispersal movements to greater
distances are estimated to affect approximately 18%
of the population. The greatest distance moved by an
animal was 28 miles in a 17-week period. Seasonal
movements involved short distances, but might result
in dense local concentrations. In a winter population,
approximately two-thirds of a marked cohort disappeared
from the population each week. Over a longer period
approximately 3.5% of a marked cohort remained after
1 vyear.

Abstract Ho. 460,

Frolik, A. L., and W. 0. Shepherd. 1840. Vegetative
composition and grazing capacity of a typical area
of Hebraska sandhill range land. Hebraska Agr.
Exp. Sta. Res. Bull. 117. 39 p.

A vegetative survey of a typical sandhill range
area was conducted In the eastern part of Cherry
County during 1937. The survey covered a total of
114,759 acres, including the land of the Valentine
Migratory Waterfowl Refuge.

The vegetation of the five major range types of
grassland was mapped on a scale of 6 inches to the
mile. The survey was conducted according to a modi-
fied combination of the two commonly accepted methods
of vegetative analysis used by range examiners. These
two methods are the ocular reconpaissance method and
the square-foot-density or point-observation-plot
method. Composition as to density and as to productiv-
ity and livestock carrying capacity were determined.
The types were identified and designated as follows:
dune sand vegetation (D}, dry valley or bunchgrass of
dry meadows (M3), wet phase of tallgrass meadows (M1},
dry phase of tallgrass meadows or transition type
(M2}, and saltgrass or alkali meadows (M1D} .

Total vegetative density and camposition of each
of the types were computed by determining the percen-
tage of ground cover contributed by the foliage of
each species.

The productivity of each type was evaluated by
determining its forage factor (species composition
x utilization rating » density). The percentage con-
tribution of each type to the total productivity of
the area was calculated. The livestock carrying ca-
pacity of each type was obtained by calculating the
number of forage acres {number of surface acres x
forage factor) and dividing this figure by a forage
acre requirement per animal month, The latter was
determined by a supplemental study of a number of
pastures whose capacities were establshed by use
records,

Abstract No. 461,

Fry, J. C., and A. B, Leonard.
geology of Kansas,
99. 230 p.

1952. Pleistocene
State Geol. Surv. Kansas Bull,

Deposits of Pleistocene age underlie much of the
surface of Kansas. They contain more than 60% of the
state’s ground-water supplies, most of our sand and
gravel and volcanic ash, and important deposits of
ceramic materials, This report presents data on the
general geology of Kansas Pleistocene deposits and is
intended to serve as background for work by the
Geological Survey and others on the utilization of
these many materials and as an aid to soil scientists
in their study and mapping of surface soils in Kansas.

A brief summary of the geologic processes that
have produced the Pleistocene deposits is followed by
a review of principles governing the classification
and correlation of sedimentary strata. Stratigraphi-
cally, Kansas Is the transition region joining three
provinces: (1) the area of continental glaciation to
the northeast, (2) the area of fluviatile and eclian
deposits to the west and souttwest, and (3) the Ozark
province to the southeast. Kansas possesses represen=
tative deposits of each Pleistocene Stage with glacial
deposits of Hebraskan and Kansan Ages. The Kansan
Stage is appropriately the most extensive in Kansas,
and the Wisconsinan Stage is characterized by exten~
sive loess deposits. All Pleistocene stages in Kansas
contain abundant faunas of fossil mollusks and more
than 100 species are listed from more than 200
localities,

A review of the drainage history of Kansas dge-
scribes the progressive evolution of the present stream
pattern from a general southern drainage that existed
in the central and west during early Pleistocene time.
The existing landscape of Kansas is a result primarily
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of geologic processes operating during Pleistocene
time.

Abstract No. 462,

Frydendall, M. 1961. Occurrence of Peromyacus
teucopus aridulus in EVlis County, Kansas with
some notes on their activities, Kansas Acad. Sci.,
Trans., 64{1):36-40.

For the first time white-footed mice were taken
in Ell1s County, Kansas. The five trapping areas
netted a total of 52 white-footed mice. The purpose
of this investigation was to study their distribution
in various areas in Ellis County. No extensive study
was carried out as to their density or life histories.

The capture of white-footed mice in Ellis County
should increase interest for further study of their
distribution along the streams in western Kansas.
However, further trapping is needed to complete their
distributional pattern in the mixed prairie region
and to extend the previously established range.

Abstract No. h63.

Fudge, J. F., and G. S. Fraps. 1944, The chemical
composition of forage grasses from the Gulf Coast
prairie as related to soils and to requirements
for range cattle. Texas Agr. Exp. Sta. Bull. 644,
39 p.

Sufficient phosphoric acid {phosphorus) for best
results Is frequently not supplied to grazing animals
by forage grasses grown on the soils of the Gulf Coast
Prairie. Protein in the forage may be insufficient
for best results at times, especially when the grass
is old or dried up. Sufficient lime (calcium) is
supplied by nearly all forages.

Fertilization of pastures can increase the protein
and phosphoric acid content of the grasses, as well as
increase the ylelds. The grass which grew after mow-
Ing contained more phosphoric acid and protein than
unmown grass available at the same time.

Chemical analyses were made of 1,140 samples of
different species of forage at various stages of
growth from nearly 100 locations in the Gulf Coast
Prairie of Texas. The chemical composition of the
samples varied widely with differences in species,
stage of maturity, and location. Protein and phos-
phoric acid decreased markedly with advancing maturity,
crude fiber and nitrogen free extract in general in-
creased slightly, and changes in 1ime were irregular,
Protein and phosphoric acid in nearly all of the
samples ranged from fair to very deficient. As the
plants became older, the proportion of samples which
were deficient or very deficient in protein and phos-
phoric acid increased markedly. At the mature stage
of growth, 92% of the samples were deficient in pro-
tein, and 96% were deficient in phosphoric acid, Very
few of the samples were deficient in 1jme. Johnson,
Dallis, and Bermuda grasses were in general higher in
protein, phosphoric acid, and lime than were the prin-
cipal native species sampled.

Soils which contained relatively high percentages
of nitrogen, active phosphoric acid, and active ]ime
produced young grass which contained higher percen-
tages of protein, phosphoric acid, and lime than were

found in grass produced on sails which contained lower
amounts of these constituents. The relation of the
composition of the soils to the composition of forage
at intermediate and mature stages of growth was not

so clear as for young forage.

Abstract No. 464,

Fudge, J. F., and G. S. Fraps. 1945. The chemical
composition of grasses of northwest Texas as re-
lated to soils and to requirements for range
cattle. Texas Agr. Exp. Sta. Bull. 669. 56 p.

Young grasses from ranges in northwest Texas usu-
ally contaln sufficient phosphoric acid for range
cattle, but the more mature grasses are frequently
deficlient in phosphoric acid and are sometimes defi-
cient in protein. Practically all of the grasses
contain sufficient |lime for range cattle.

Chemical analyses were made of 1,916 sampies of
different species of grasses at various stages of
growth from more than 100 locations in northwest Texas.
The chemical composition of the various grasses ac-
cording to species, stage of maturity, and location
are presented, Protein and phosphoric acid decreased
markedly with advancing maturity; crude fiber and
nitrogen-free extract usually increased slightly;
changes in 1ime were small and irregular. As the
plants became older, there was a marked increase in
the proportion of samples which were deficient in
protein and phosphoric acid for range cattle, Protein
was sufficiently high for range cattle in over 99% of
the young grasses, but was deficjent in 73% of the
mature grasses. Phosphoric acid was deficient in 34%
of the samples of young grass and in 91% of those of
mature grasses. Lime was not deficient in any samples.
In general, protein, phosphoric acid, and nitrogen=-
free extract were higher, and lime and crude fiber
were lower in short grasses than in tall grasses,

There was no relation between total nitrogen in
the soils of this area and the percentage of protein
tn the grasses. Soils which contained relatively
high percentages of active phosphoric acid and Time
produced grasses which contained higher percentage of
phosphoric acid and 1ime than grasses produced on
soils which contained Tower amounts of these constitu~
ents. Thls relation between composition of the soils
and the composition of the grasses was more pronounced
in the young grasses than in grasses at the intermedi-
ate or mature stages of growth. Other factors besides
the composition of the sail affected the percentages
of protein, phosphoric acid, and 1ime in the grasses,

Abstract No. 465,

Fuller, H. J, 1348, Carbon dioxide concentration of
the atmosphere above !Nllinois forest and grassland.
Amer. Midland Natur. 39:247-249.

The results of this investigation suggest that,
at near-soil atmospheric levels in forests under a
condition of low 1ight intensity, carbon dioxide is
present in such concentrations that it is not the
Timiting factor in photosynthesis, but that light
intensity probably sets the maximum rate of this
process. This aspect of the carbon dioxide-1ight-
photosynthesis relationship, which is common |y
over-looked in instruction in general botany and
plant physiology, deserves greater emphasis.
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Abstract No. 466.

Fults, J. L. 1938. Blue grama grass for erosion
control and range reseeding in the Great Plains
and a method of obtaining seed in Targe lots.
U.S. Dep. Agr. Circ, 402. 7 p.

Until recently, the use of blue grama (Bouteloua
gracilts (H.B.K.) Lag.) in range reseeding and for
reseeding abandoned cultivated lands was discouraged
because it was believed good clean seed could not be
obtained at a reasonable cost.

Harvesting trials with horse-drawn and motor-
driven bluegrass seed strippers at North Platte,
Nebraska, in October 1934 and at 0'Neill, Nebraska,
tn August 1935 have shown that these machines can be
economically used to harvest the tops of blue grama.

Threshing trials were made with a btuegrass thresh-
ing machine, a hammer mill and fanning mill, and an

ordinary grain separator. Seed with a purity of 19
and 94% was obtained from a bluegrass thresher at a
cost of 79 cents a pound. Seed harvested on a Targe
scale was most economically threshed in an ordinary
grain separator, aft