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Great Basin Experiment Station 
Completes 60 Years 

WENDELL &I. KECKl 

Director, Technical Writers’ Semites, Ogden, Utah. 

Highlight 
The Great Basin Experimental 

Range in central Utah completes 60 
years of continuous ecological research 
in 1972. Scientists at this experiment 
station have pioneered research in 
watershed management, range manage- 
ment, climatology, and plant ecology. 
Great Basin Experimental Range will 
be the locale for the Society’s summer 
tour for 1972. 

At the distance of 60 years, one 
is tempted to speculate whether Dr. 
Arthur W. Sampson, director of the 
newly established Utah Experiment 
Station, had any idea of the far- 
reaching significance of the work 
he was starting. Could he or any- 
one else have guessed that forth- 
coming experiments and studies 
conducted in Ephraim Canyon and 
on the high Wasatch Plateau would 
eventually lead to establishment of 
a science of range management? Or 
that rangeland would someday be 
recognized as a national resource 
with multiple values, to be pro- 
tected and managed rather than 
taken for granted and exploited? 
Or that one day there would be an 
international professional society of 
men vitally interested in range pres- 
ervation and improvement? Such 
speculation is interesting and in- 
conclusive, but it may lead to reali- 
zation of why the Forest Service and 
the Society for Range Management 
are both giving public recognition 
this July to the 60 years of contin- 
uous research carried on at Great 
Basin Experimental Range.2 

lFormerly editor for the Intermoun- 
tain Forest and Range Experiment 
Station, Ogden, Utah. All photos are 
by the author. 

2 The name “Utah Experiment Station” 
was changed officially to “Great Basin 
Experiment Station” in 1918. Since 
then several names have been used, 
but Forest Service personnel and nu- 
merous SRM members know it best 
as the Great Basin Station. 

Establishment 

The Station was created in 1912 
by administrative decision of For- 
ester Henry S. Graves. The site for 
the headquarters in Ephraim Can- 
yon was selected in June of that 
year. The first buildings were a 
residence for the director, an office- 
laboratory building, a residence for 
assistants, and a barn. All these 
buildings except the assistants’ resi- 
dence, which burned in 1935, are 
in use today. Two additional resi- 
dence-dormi tory houses were built 
in 1933 as Civilian Conservation 
Corps projects, and other storage 
and service buildings have been 
added as needs arose. 

The Station was established in 
response to numerous urgent re- 
quests to the Secretary of Agricul- 
ture for a study to determine causes 
of summertime floods that started 
on mountain watersheds and seri- 
ously damaged farms and rural 
communities in several areas of the 
West. These mud-rock floods had 
been especially severe in canyons 
along the Wasatch Front, and their 
frequency and destructiveness were 
increasing. Ephraim Canyon sus- 
tained several destructive floods 
between 1889 and 1910. Manti 
Canyon, a few miles to the south, 
flooded many times between 1888 
and 1902; but it was closed to graz- 
ing for several years following cre- 
ation of the Manti Forest Reserve in 
1903 and has had no serious flood 
since then. Robert V. R. Reynolds’ 
bulletin “Grazing and floods: a 
study of conditions in the Manti 
National Forest, Utah” (1911) at- 
tributed these floods to prolonged 
overgrazing of the mountain pla- 
teau above the heads of these can- 
yons. 

Climatic Studies 
Climatic studies started early in 

the life of the Utah Experiment 
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Station, and records of tempera- 
tures and precipitation have been 
continued until the present. In his 
report of the Station’s first year of 
work, Director Sampson wrote: “In 
order to propose experimental work 
intelligently one of the essential and 
initial steps is to study the con- 
ditions which control vegetation, 
stream flow and the like.” As a 
preliminary to the studies of ero- 
sion on the Wasatch Plateau, 
measurements and records of the 
temperatures of air and soil and of 
precipitation and soil moisture were 
made at 10,000 feet. These records 
are the basis for the first major 
studies of climate in this particular 
area; they had immediate and di- 
rect bearing on erosion studies, and 
over the long term they were part 
of the important plant studies in 
the revegetation phase of the range 
program. 

In 1913 Director Sampson set up 
meteorological stations at elevations 
of 7,100, 8,700, and 10,000 feet in 
the heart of the oakbrush, aspen-fir, 
and spruce-fir associations, respec- 
tively. At these stations major 
environmental factors (air tempera- 
ture, sunshine, precipitation, evap 
oration, barometric pressure, and 
wind velocity) were recorded so 
that the climatic characteristics of 
each type-zone were well known. 
Records of temperature and precip- 
itation have been continued until 
the present (Fig. 1). 

Watersheds A and B 
Among all the numerous experi- 

mental studies at the Great Basin 
Station, the best known and possi- 
bly the most significant was the 
study of Watersheds A and B (orig- 
inally called Erosion Areas).3 These 
two watersheds, covering 11 and 9 
acres, respectively, were established 
in 1912 near the summit of the 
Wasatch Plateau. Their vegetal 
cover was poor, and they were in 
an area subject to the typical brief 

3For a full account see Richard 0. 
Meeuwig. 1960. Watersheds A and 
B-a study of surface runoff and ero- 
sion in the subalpine zone of central 
Utah. J. Forest. 58:556-560. 
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but intense summer st”rms that 
often produced floods. The treat- 
ments applied t” these two water- 
sheds were essentially manipula- 
tions ol vegetal cover. They 
extended through 40 years. There 
has heen no runoff from summer 
storms since 1953, and the vegeta- 
tion has improved from a sparse 
stand of low-value herbs to a good 
stand of palatable grasses and forbs 
(Fig. 2). Erosion and sediment 

production on both watersheds are 
negligible. 

The studies on XYatersheds A and 
B have shown conclusively that 
wmmer floods are a direct result 
of reducing plant rover below mini- 
mum amounts recluired to prevent 
excessive runoff from high-intensity 
summer storms. This means, in 
turn, that wherever vegetal cover 
has been severely depleted by what- 
ever means, contour trenching and 
seeding probably should be used to 
restore satisfactory watershed con- 
ditions. 

Apart from the importance of 
the information developed by this 
long-term experiment and demon- 
stration, we mut reckon other 
things that make this study “ut- 
standing. One is the length of con- 
tinuous observation required. An- 
other is the length of continuous 

climatic records available from this 
study-60 years’ duration. Vegeta- 
tion has been surveyed periodically 
through six decades. Surface runoff 
and the resulting sediment have 
been measured since 1915 and sum- 
mer storm intensities have been 
recorded since 1919. The tremen- 
dous mash of recorded data is in- 
valuable to anyone studying the 
environment of the Intermountain 
region. But most important is the 
happy fact that only the oldest 
residents in valley towns today can 
remember any mummer flood roar- 
ing down from the mountaintop. 

The problem of summertime 
floods was soon demonstrated to be 
a problem of watershed manage- 
ment; and this was clearly shown 
t” be relawd to faulty range “lam 
agement and grazing practices. As 
Sampson, C. L. Forsling, and their 
wccess”rs continued to probe the 
varied needs of range plants for 
moisture, sunshine, and nutrients, 
they developed growing awarenw 
of the complexity of range. These 
men boon realized that mountain- 
top range areas suffered from two 
types of serious damage: valuable 
forage species 11x1 been killed wt, 
and several inches of valuable top 
soil had been washed or blown 
away. Of these, the loss of topsoil 

was the m”r(: serious, but it may 
not have been realized then. 

Plant Studies 
Need for vegetal cover on these 

lands was demonstrated by the 
treatments on ~\~atersheds A and 
B. But how to rat”re plant cover 
to virtually bare ground, then how 
to maintain it, and finally how to 
graze these areas and still preserve 
soil stability and lxoductivity- 
these were knotty and continuing 
problem,, and not all the answers 
have been found yet. In fact, it 
sometimes seemed that solution of 
one problem brought forth a host 
of new ones that also required solv- 
ing. 

Sampson early began a series of 
studies of plant vigor, to learn how 
plants survived under various in- 
tensities of grazing. He started 
other experiments t” determine 
whether overgrazed areas could re- 
seed tlwmselves or wllcther they 
required artificial restoration. If di- 
rect seeding were resorwd to, what 
species were best adapted to high- 
elevalion ranges? \Vhen should 
they be l>lanted? TVhat cultural 
methods should be used? First at- 
tention was given to native species, 



but in recent years numerous exotic 
species have been tested for adapt- 
ability. 

Presence of several poisonous 
plant species-notably tall larkspur 
(Delphinium bnl-beyr)-was always 

a nuisance, sometimes it plague, on 
western rzqes. In 191!) Earl Storm 
reported ;4nnual losses of 6,000 
cattle and 16,000 sheep within Na- 
tional Forests due to eating poison- 
OllS plants. Salll]‘sO”‘s study to 
determine feasible methods for 
eradicating larkspur sl~owed that 
the growing plant stored its food 
chiefly in its roots and collar; hence, 
grubbing the plants an inch or two 
below the ground surface gave rea- 
sonably good control. His study 
provided essential bnck,ground for 
plant food studies made 20 years 
later by E. C. McCarty and Ray- 
mond Price. 

Aspen Studies 

Aspen dominates several million 
acres of higll-elevation bummu 
range in the Rocky Mountain and 
Intermountain regions. The abun- 
dant undergrowth furnishes ron- 
siderable corer and forage for wild- 
life and livestock, but early studies 
showed that grazing in this type 
must be carefully controlled to ns- 
sure adequate reproduction of the 
aspen. Interest in aspen range con. 
tinned, and many years later Jack 
Major, IValter Houston, and .Lin- 
coin Ellison resumed research on 
nspen. They were interested in the 
production of forage in openings 
in aspen forat as well as witllin 
the aspen stand itself. 

Sampson studied aspen silvicul- 
ture in his investigation of tbt 
effect of grazing upon aspen rc. 
production. F. S. Baker made far 
lllo*e &bOIate studies, and hi> 
major publication on the subject, 
which appeared in 1!)2.5, was the 
first one to describe the phenology, 
growth, form, root systems, and the 
climatic, moisture, and soil require- 
ments of the species. Baker and 
other early workers recognized that 
the aspen type is perpetnated by 
fire and that naturally wcurring 
fires have enabled many bite5 to be 

165 

occupied by aspen for extremely 
lorlg perioda. In the absence of fire, 
aspen is succeeded by conifers. 

The only other major silvicul- 
tural project of current interest was 
the study by Kaker and C. F. Kors- 
tian of the so-called “pineless belt” 
tllilt ertcmls from wat central hlon- 
tana southwesterly to the Gulf of 
California. This belt, several hun- 
dred miles wide in xxne places, is 
not devoid of pine, but it naturally 
supports virtually no ponderosa 
(Pinus pomh om-or western yel- 
low pine, as it was formerly called. 
It is a brushlam] belt that runs 
through some of the usual habitat 
of ponderosa, and the Great Basin 
Station is well within the belt. 
Baker and Korstian carefully stud- 
ied <limate, soil, and other factors 
that might i~ount for absence of 
ponderosa. Their plantations in 
Epbraim Canyon had counterparts 
on the eaht side of the \Tasatcb Pla. 
ten”, and they set out scattered 

plantings from southern Idaho 
south to the Cedar City area. Many 
pine trees tlley planted in Epbraim 
Canyon can be seen today along 
the roadside (Fig. 3). They are 
from 30 to 50 feet bigb, have diam- 
eters of 8 to 10 inches, and look 
reasonably thrifty; but close inspec- 
tion of the planted areas reveals no 
regeneration. Baker and Korstian 
concluded that deficiency of rain- 
fall in July and August plus the 
generaliy calcareous, heavy, fine- 
grained soils of the brushlands corn-- 
bined to prevent natural reproduc- 
tion of ponderosa in this belt. 

Game Range Restoration 

Other work at the Great Basin 
Station over the years 1121s inclnded 
studies of climatic phenomena, the 
effects of rodent populations, vari- 
ous deferred- and rotation-grazing 
schemes, food storage cycles in 
plants, induced snowdrifting, and 
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adaptability of hundreds of species 
of range plants for “se in restoring 
depleted range areas. Since 1955 
m”ch of the research at Great Basin 
has been in the game range restora- 
tio” project sponsoredcooperatively 
by the Utah Division of Wildlife 
Resources and the Intermountain 
Forest and Range Experiment Sta- 
tion. This research has bee” corn-- 
plex because of the varied character 
of the environment. Some winter 
range areas in the desert receive less 
than 8 inches of rainfall annually 
whereas some mountaintop areas 
receive more than 60 inches. Grow- 
ing seasons vary from 120 days in 
some valleys to only 70 days in the 
spruce-fir zone. Terrain varies from 
fairly flat to steep, and soils are 
derived from a variety of parent 
materials. 

Intensive trials of forbs, shrubs, 
and grasses and of planting systems 
have been conducted in Ephraim 
Canyon at the lower and upper 
edges of big-game winter range. I” 
addition, numerous grasses have 
bee” tested in plantings at the sum- 
mit of the Wasatch Plateau (Fig. 4). 
Species that have shown promise 
of adaptability have been tested 
further at more than 50 outlying 
sites over Utah. Study of forbs and 
shrubs has been stressed because far 
less has been published about them 
than about grasses. This project, 
directed by A. Perry Plummer, has 
given substantial results, which 
have bee” applied in unusually 
short time. Successful restoration 
programs have already been com- 
pleted on more than 120,000 acres 
in Utah alone. Several other land- 
managing agencies in Utah and 
neighboring States have adopted 
these treatments directly or with 
minor local adaptations. 

KECK 

Ecology and Environment 
In much less than a decade the 

word “ecology” has emerged from 
relative obscurity to common usage 
-not always with very precise mean- 
ing. Likewise, “environment” has 
suddenly achieved popularity and 
well-nigh universal “sage. Many 
persons seem to believe that both 
these terms and the research they 
refer to are as new as their current 
widespread “sage. But environ- 
mental and ecological studies have 
been progressing for 60 years at 
the Great Basin Station. Research 
pioneered and carried cut there has 
touched every aspect of range man- 
agement including the development 
of the science itself. Indeed, the 
term “range science” is heard today 
with increasing frequency. The 
early plant studies developed into 
rather elaborate investigations of 
fundamental plant behavior that 
greatly extended the scope of early 
ecological knowledge. 

What happened in the develop- 
ment of range management was 
rather closely paralleled by studies 

of watersheds and their manage- 
ment. The studies on Watersheds 
A and B established the necessity 
for having certain minimal vegetal 
cover on high-elevation watershed 
to prevent flooding after brief, in- 
tense summer storms. Principles 
derived from the experiments on 
the Wasatch Plateau were demon- 
strated effectively by Reed W. 
Bailey and others in treatment of 
the Davis County watersheds after 
disastrous mud-rock floods in the 
1930’s. 

Continuing ecological studies at 
the Great Basin Station have had 
ilnportant “se in National For- 
est administration-in determining 
grazing capacity of allotments, in 
deciding when grazing on forest 
lands may safely start in spring and 
summer, and when it must be 
stopped in autumn. Much of the 
research at Great Basin could be 
classified appropriately as “basic” 
or “fundamental,” but every study 
has been oriented to practical “se. 

From the foregoing account it 
should be apparent why the Forest 
Service and the Society for Range 
Management are combining efforts 
to celebrate 60 years of progressive 
service at the Great Basin Station 
headquarters late in July. At that 
time the Forest Service will offici- 
ally open a self-guiding conserva- 
tion tow of designated stops along 
the Ephraim Canyon road. A 
plaque honoring Dr. Sampson will 
be unveiled near the office-labora- 
tory he built in 1913. Ephraim 
Canyon will be the locale for the 
SRM Summer Tour for 1972. Par- 
ticipating members are assured n 
scenic and informational treat as 
they are conducted through this 
historically rich area in central 
Utah. 

Spec;aMs in Qualify N AT I V E G R A S S E S wheatgrasses l ~luestems l Gramas l Switchgrasses l Lovegrasses l Bufialo l and Many Others 
we grow, hatueat, $wocess these seeds Native Grasses Hnwested in ten States 
Your Inquiries SHARP BROS. SEED CO. Phone 398-2231 
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Reindeer Ranching in Canada1 

GEORGE W. SCOTTER 

Research Scientist, Canadian Wildlife Service, 
Department of the Environment, Edmonton, Alberta. 

Highlight 

Of five attempts to develop reindeer ranching in Canada, the Mackenzie 
Delta herd is the only one still in operation. That herd was established to 
supplement the region’s wildlife resources and to improve the Eskimos’ economic 
condition by creating a number of viable native-owned herds. All of the native- 
owned herds, established from the nucleus herd, eventually reverted to govern- 
ment ownership. The reindeer operation has not proven to be economically 
viable. Game ranching with native animals in northern Canada may offer the 
best potential for conversion of vegetation into meat. 

Reindeer husbandry, one of the 
oldest known means of livelihood 
in the arctic and subarctic regions 
of Eurasia, can be traced back to 
the ninth century, when the Lapps 
began herding reindeer (Skuncke, 
1969). Reindeer husbandry was con- 
fined to Eurasia until the late 
1800’s. 

Between 1891 and 1902, 1,280 
reindeer (Rangifer tarandus) were 
imported into Alaska from Siberia. 
They were introduced by Dr. Shel- 
don Jackson, first superintendent of 
education in Alaska, to supplement 
the coastal Eskimos’ food supply, 
derived from sea and land mam- 
mals. Reindeer numbers reached 
640,000 by 1930, but were reduced 
to about 25,000 by 1950, because 
of range deterioration, poor herd- 
ing practices and disputes about 
ownership (Brady, 1968). An in- 
fluenza epidemic in 1918 resulted in 
much confusion about ownership of 
the reindeer, so community- and 
association-owned herds were en- 
couraged. Individual herdsmen 
then became less interested in the 
reindeer. 

At present there are about 40,000 
reindeer in Alaska: half of them 
privately owned, half government 
owned or in feral herds. State and 
federal agencies are expending con- 

l Based on pap ers presented at the 24th 
Annual Meeting, Society of Range 
Management, Reno, Nevada, Febru- 
ary 17, 1971; and the Conference on 
Productivity and Conservation in 
Northern Circumpolar Lands, Ed- 
monton, Alberta, October, 1969. 

siderable effort to develop an 
economically profitable operation. 
Lantis (1950), Hanson (1952), De 
Leonardis (1959), Nygard (1965) 
and Brady (1968) provide addi- 
tional history of the reindeer in- 
dustry in Alaska. 

The apparent success of reindeer 
introductions in Alaska stimulated 
interest in similar introductions 
into Canada. 

Labrador Experiment 

Dr. W. T. Grenfell, supported by 
the Boston Transcript and Canada 
Department of Agriculture, pur- 
chased 300 reindeer in Norway. 
They were brought, with three 
Lapp families to herd them, to 
Cremeliere, near St. Anthony, New- 
foundland, in 1908 (Grenfell, 1919). 
The herd increased to about 1,300 
by 1912, but its Lapp herders, dis- 
couraged by the unfavorable cli- 
mate and low pay, returned home. 
Lacking proper care, the herd de- 
creased. But poaching, indifference, 
and ignorance of the local people 
also contributed to its decline. 

Grenfell was in France during 
the First World War and upon his 
return only 230 reindeer could be 
found. The experiment had failed, 
but Grenfell remained enthusiastic 
about establishing a viable reindeer 
industry in Canada. In 1918, with 
assistance from the Canadian Gov- 
ernment, about 150 of the remain- 
ing reindeer were captured and 
taken to Rocky Bay on the north 
shore of the St. Lawrence River. 
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The reindeer were subsequently 
moved to Anticosti Island, where 
they were allowed to run wild, but 
they did not thrive, probably be- 
cause suitable forage was lacking 
(Tilton, 1965). The last reindeer 
reported on the island was seen in 
1949 and the animals are believed 
to be extinct there (Cameron, 1958). 

Earlier, in 1911, the Department 
of the Interior bought 50 head of 
reindeer from Grenfell. The ani- 
mals were driven and transported 
by ship, rail, horse-drawn wagons, 
and scows from St. Anthony, New- 
foundland towards their destination 
in the Great Slave Lake region of 
the District of Mackenzie (Hedlin, 
1961; Inglis, 1969). Deaths and 
straying throughout the journey 
caused a great decline. The herd 
was reduced by 1916 to a single 
reindeer which the herder ate; thus 
ending an experiment costing more 
than $60,000. 

Hudson’s Bay Reindeer Company 

In May 1919, the Canadian Gov- 
ernment appointed a Royal Com- 
mission to investigate the possibil- 
ities of reindeer and musk-oxen 
(Ouibos moschatus) herding in the 
arctic and subarctic regions of 
Canada. Before the report was 
completed, V. Stefansson resigned 
from the commission, applied for 
and was granted grazing privileges 
on more than 100,000 square miles 
of southern Baffin Island. He then 
persuaded the Hudson’s Bay Com- 
pany to set up a subsidiary, Hud- 
son’s Bay Reindeer Company, of 
which he was a director and techni- 
cal adviser (Stefansson, 1964). S. T. 
Storkerson was hired to study the 
grazing prospects on the leasehold 
and reported enthusiastically on the 
vegetation and its suitability for 
reindeer. 

Representatives of the Hudson’s 
Bay Reindeer Company went to 
Norway to purchase reindeer, and 
on October 13, 1921 the ‘Nascopie’ 
sailed with 627 reindeer and six 
Lapp herders. Seventy-seven rein- 
deer died before arrival in Amad- 
juak Bay on November 1. On land- 
ing, the reindeer scattered in all 
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directions in search of food. The 
herders rounded up only 260 ani- 
mals. 

The reindeer did n”t find forage 
of the quality ;#rrd in the quantity 
Storkerson so optimistically re- 
ported, for he had evidently mis- 
taken mosses for lichena. The rein- 
deer lichens, so important in winter, 
were very scarce, and the reindeer 
had t” forage ““a large areas. By 
the summer of lY23, only 181 rein- 
deer remained in tl~e Ilerd. In the 
fall, the last of the Lapp herders 
returned to Norway. In the winter 
of 1924-25 most of the herd disap- 
peared. On May 27, 1927 the graz- 
ing permit of tlx Hudson’s Ba) 
Reindeer Company was rancelled 
and the enterprise officially con- 
cluded. Regun with high hopes, the 
Haffin island experiment ended a 
total failure, and cost !$ZOO,OOO 
(Stefansaon, 1964). 

Officials of the Hudson’s Bay 
Company blamed the lack of feed- 
ing grounds; Stefansson blamed in- 
efficient herding and management. 
The originators “F this scheme as- 
aumed that good caribou country 
would make good reindeer range 
country. They forgot that though 
the two species eat the same kinds 
of forage, one can *“am free in 
search of food while the other, if it 
is t” be of any use t” its owners, 
must be kept on a limited range, 
rich enough to allow herding. Even 
the best management of reindeer on 
Baffin Island where the animals 
were set ashore would probably not 
have forestalled failure of the herd, 
because forage was t”” sparse to sup- 
port the herd in a limited area. 

Mackenzie Delta Experiment 

The Koyal Commission report 
(Rutherford et al., 1922) recom- 
nxnded that small experimental 
reindeer herds be established in 
several places. Thus in April, 1926, 
A. E. Poraild, assisted by his brother, 
was appointed to make a general 
botanical reconnaissance of nortll- 
western Canada with special refer- 
ence to reindeer pasture and other 
gcnernl conditions which would be 
important to future reindeer hus- 

bandry. Poraild (1929) concluded 
that the arctic coast and Eskimo 
I.akes regions of the District of 
Mackenzie had a carrying capacity 
for at least 250,000 reindeer while 
the Great Bear Lake basin could 
support 300,000 more. 

In 1929 the Canadian govern- 
ment and the Lomen Reindeer 
Company of Alaska agreed on the 
delivery of 3,000 reindeer t” the 
Mackenzie River delta. The de- 
livery was completed in 1935, after 
a drive whit h took six winters and 
five smnmers (Miller, 1935; LOInen, 
195.1: Scatter, 1966). The final tally 
was 2,882 reindeer, comprising 1,498 
does, 611 bucks, and 273 steers. 
Only 10 percent of the animals were 
from the original herd; YO percent 
had been born on the trail. Thi, 
was fewer than the 3,000 animals 
agreed on, but the birth of 800 
fawns within a few weeks more than 
made up For the short delivery. 

This reindeer venture wa) in- 
tended to improve the economic 
plight of the native people by sup- 
plementing tl,e herds of barren- 
ground caribou (Knn&ev- tnrnndus 
g’ocnln,l,liczrs) and “thcr wild 
mammals which had dwindled, as 

they had elsewhere, after traders 
arrived in the Arctic and firearms 
were introduced (Fig. 1). Wild 
mammals had been the principal 
livelihood al the Fskimos. Shortage 
of game forced them to res”rt to 
trapping so tlxy could obtain 
money to buy food and other neces- 
sities. The Eskimos’ economic con- 
dition, therefore, varied with the 
fluctuating supply of fur-bearing 
animals and the price of pelts. 

The Reindeer Preserve 

The Reindeer Preserve, near 
Inavik, N”rthwest Territories, is 
bounded by the Beaufort Sea on the 
north, the Mackenzie River on the 
west, and the Anderson River on 
the east. The preserve was 6,600 
square miles when it was estab- 
lished in 193.3. It was enlarged to 
18,000 aqua-e miles in 1952. Sug- 
gested areas lor summer, winter, and 
spring-fall grazing are show in Fig 
Llre 2. 

Ve~elnlion.~~lackay (lYF3) de- 
bribed, in detail, the major ,ge”- 
gl-aphic regions of the prexrve. 
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FIG. 2. Map of the Reindeer Preserve showing the suggested areas for summer, winter 
and spring-fall grazing. 

The northern portion of the Rein- 
deer Preserve, including Richards 
Island, the Pleistocene Coastlands, 
the northern portion of the Fluted 
Plains, and the northern part of 
the Anderson River Uplands, lies 
within the tundra zone. The south- 
ern portion is in the boreal forest 
zone (Fig. 3). The general vegeta- 
tion sequence from north to south 
is “. . . tundra; tundra with scrub 
willow and ground birch; scrub 
willow and ground birch; woodland 
and tundra with much scrub willow 
and ground birch; open woodland; 
and continuous woodland . . . .” 
(Mackay, 1963). 

In the poorly drained tundra 
area, several communities and mi- 
crocommunities occur in close as- 
sociation. They may be only a few 
square feet in size, but they are 
scattered over large areas. Tundra 
polygons, mounds, hummocks, 
ponds and lakes occur frequently. 
Tussock communities are domi- 
nated by sheathed cotton-grass (Eri- 
ophorum vaginaturn), with dwarf 
shrubs and sedges occurring in 
varying degrees of abundance. The 
composition of stands varies con- 

siderably. Polygons support a dense 
carpet of lichens, including Cetraria 
nivalis, C. cucullata, and Cladonia 
spp. Sphagnum spp. and other 
bryophytes cover the depressions 
between polygons. Mournful sedge 
(Carex lugens) is the most common 
of several sedge species occurring in 
many communities on the tundra. 
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Salt-marsh sedges (Carex salina and 
C. subspathacea) occur in dense 
mats along seashores subject to 
flooding at high tide. 

The better drained parts of the 
tundra support dryas (Dryas in- 
tegrifolia), white heather (Cassiope 
tetragonu), willows (Sulix urcticu 
and S. gluuca), and grasses (Poa 
spp., Trisetum spicutum and Arc- 
tagrostis lutifoliu). 

Open woodlands comprise most 
of the area east of the Inuvik- 
Campbell Lake region; continuous 
woodlands, as mapped by Mackay 
(1963), occur in the southwesterly 
fringe of the preserve. White spruce 
(Piceu glauca) and black spruce (P. 
mariana) predominate most upland 
sites. Black spruce dominates mus- 
keg terrain, also. Paper birch 
(Betula resiniferu), larch (Larix 
laricina), and balsam poplar (PO@- 
lus balsamifera) are dispersed on 
favorable sites. Several lichens, in 
association with sedges, grasses, and 
various ericaceous shrubs, comprise 
much of the cover among the trees. 
These lichens, especially Cladonia 
alpestris, C. arbusculu, C. mitis, 
and C. rangiferinu, are a major 
winter forage for reindeer (Fig. 4). 

Willows (Sulk spp.), ground birch 
(Betnla glandulosa), alder (Alnus 
crispa) and ericaceous shrubs are 
characteristic shrubs occurring in 

FIG. 3. A reindeer herd on the winter range within the taiga forest zone. (Photo by 
R. F. Nowosad.) 
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the transitional zone between tree 
line and tundra. Several sedges, 
grasses, and lichens thrive in associ- 
ation with the shrubs. Fires have 
burnt part of the open woodland 
and shrub communities, especially 
between the Caribou Hills and 
Kugaluk River. 

Climate.-The coastal area of the 
Reindeer Preserve lies in the arctic 
zone, the southern portion in the 
subarctic (Mackay, 1963). The mean 
annual total precipitation is low, 
ranging from 6 inches at Tuktoyak- 
tuk to 11 inches at Inuvik. Fog is 
common in summer, especially 
along the coast. Mean tempera- 
tures in July and August are only 
about 50 F. Winters are long and 
cold with snowfall increasing in- 
land from the coast. 

Carrying capacity 

Without the benefit of maps or 
aerial photographs, Porsild (1929), 
estimated the Arctic Coast in north- 
western Canada would support 
250,000 reindeer. The Reindeer 
Preserve no,w takes up about one- 
third of that area, so, based on 
Porsild’s estimate, it should sup- 
port approximately 85,000 reindeer 

(Hill, 1967). P orsild (1936) esti- 
mated the original preserve of 
6,600 square miles would indefi- 
nitely support 25,000 reindeer, 
Clarke (1942) estimated 50,000 ani- 
mals. 

The preserve was tripled in 1952 
to 18,000 square miles. S. B. Johans- 
son, a former herd manager, esti- 
mated in 1965 it would carry 30,000 
reindeer. Scatter (1968) studied 
range conditions and trends in 1965 
and 1966 and agreed with Johans- 
son’s estimate, provided good range 
management practices were em- 
ployed and all 18,000 square miles 
utilized. Only about one-quarter of 
the preserve has been under inten- 
sive use. 

Estimates of carrying capacity 
have been too high, partly because 
the time required by lichens for 
recovery from grazing was not con- 
sidered. In Sweden, Skuncke (1969) 
concluded that reindeer need 8 to 
10 times more range than was pre- 
viously calculated. 

Fires have burned over many 
square miles of open woodland and 
scrub vegetation between the Cari- 
bou Hills and Kugaluk River. If 
the preserve’s carrying capacity is 
to be maintained, fires on the 

winter range must be controlled. 
One major fire could destroy the 
basis of the whole reindeer opera- 
tion. The area is becoming more 
accessible to fishermen and tourists, 
and the risk of fire is increasing. 

Oil exploration on the preserve 
has expanded rapidly and its ef- 
fects on carrying capacity and move- 
ment of reindeer can only be con- 
jectured. If the best practices are 
employed, the effects should be 
minimal and temporary. 

Management of the Herds 

The original plan of the reindeer 
experiment was to set up a govern- 
ment-owned main herd from which 
smaller herds would be formed, as 
numbers permitted. The smaller 
herds would be turned over to suit- 
able Eskimo herdsmen, each as- 
signed to particular winter and 
summer ranges. As these herds in- 
creased, their holders would repay 
the number of animals they had 
been given. The herds would even- 
tually become self-supporting units. 
These objectives were never 
reached. 

Between 1938 and 1954, six 
Eskimo-owned herds of about 1,000 
animals each were established. Most 
of these herds increased in numbers 
for a few years, declined, and finally 
reverted to government ownership. 
The owners of the two herds first 
formed were killed in a boating 
accident in 1944 and their herds 
were amalgamated under govern- 
ment supervision. The last Eskimo- 
owned herd was returned to the 
government in 1964. 

The reasons for the failure of the 
reindeer experiment were many and 
complex. Lantis (1954) suggested 
that the Eskimos’ resisted reindeer 
herding because few could be en- 
thusiastic about the monotonous 
tasks of reindeer herding. To 
change a hunter into a herder 
would mean changing not only his 
life style but also his whole psy- 
chology. Most Eskimos were un- 
willing to turn from hunting and 
trapping and a settled community 
life to become mere followers of 
reindeer. In the late 1950’s, more 



rewarding employment, such as 
wage labor and more remunera- 
tive trapping, became available. 
These were seasonal and did not 
have to be carried on throughout 
the year to be profitable. 

Sonnenfeld (1959) suggested that 
the inland Eurasian herders, who 
originally hunted wild reindeer, 
could make the transition to herd- 
ing domesticated reindeer because 
they were accustomed to following 
animals. He speculated that rein- 
deer ranching might have been 
more successful among inland Eski- 
mos in Alaska than among the 
coastal Eskimos who lived in per- 
manent settlements for a good part 
of the year. The same theory could 
perhaps be applied to the Eskimos 
of the Mackenzie Delta. 

Predation, poaching, and disease, 
such as footrot and an undeter- 
mined weak-bone ailment that oc- 
casionally afflicts the herds, were 
among other minor problems. 

The Mackenzie reindeer opera- 
tion suffered from attempts to apply 
‘Lappish’ practices. Many animal 
husbandry and range management 
techniques employed in Scandina- 
via are years behind those employed 
in livestock operations in North 
America. Some unfavorable prac- 
tices are close herding, unsatisfac- 
tory herd structures with a high 
ratio of males to females, and poor 
breeding methods. The assumption 
that the Laplander’s pastoral prac- 
tices were suited to the Canadian 
reindeer operation is certainly ques- 
tionable. The Fennoscandian rein- 
deer operation has itself been 
plagued with problems (Scatter, 
1965), although the adoption of 
modern practices is improving the 
outlook for the industry. 

The Canadian reindeer operation 
has lacked effective direction partly 
because some of its managers have 
not had experience with livestock 
or wildlife management, partly be- 
cause a coherent, practical policy 
was not set; partly because of a lack 
of biological data. The lack of 
funds and the great distance to the 
decision making body in Ottawa 
were also major problems. 
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FIG. 5. Estimated total number of reindeer in all herds at the Reindeer Preserve at 
the end of the year, 1935 to 1968 [data taken from Krebs (1961)) Hill (1967)) and 
the files at the .Reindeer station]. _ 

From 1960 to 1968 the reindeer 
project was in the hands of a pri- 
vate contractor who, it was hoped, 
would put it on a self-supporting 
footing. But costs exceeded rev- 
enues by a ratio of 3 to 1, during 
the entire period. 

Often herding was casual from 
1963 until 1968, with the animals 
occasionally observed from the air, 
when the contract was terminated. 
During that time, the reindeer pop- 
ulation decreased from 8,400 to 
about 2,800 animals. Preobrazhen- 
skii (1968) suggested that free and 
semi-free grazing should not be 
used in Russia, but Maki (1966) 
noted that intensive reindeer hus- 
bandry is giving way to more ex- 
tensive methods in Finland. Casual 
herding with only sporadic super- 
vision was discredited by the results 
obtained in Canada. 

The Canadian Wildlife Service 
assumed responsibility for opera- 
tions in April 1968. It proposes to 
make scientific studies of the ani- 
mals and their ranges, and to de- 
velop management techniques that 
will ensure a high yield of meat at 
reasonable cost. The eventual goal 
of the Department of Indian Affairs 
and Northern Development is pri- 
vate ownership, preferably by na- 
tive people. As in the past, the 
project will be heavily subsidized 
for the next few years. However, 
with added biological management 

and research the feasibility of con- 
tinuing the operation as a viable 
economic industry will be tested. 

Growth and Decline of the Herds 

Numbers increased from 2,382 
when the reindeer were delivered 
in 1935 to 9,347 in 1942. The totals 
have since fluctuated between 5,000 
and 9,000 (Fig. 5). The population 
was estimated at 2,800 from aerial 
counts in 1967. 

Between 1935 and 1969 some 
65,000 reindeer fawns were born on 
the preserve. Annual fawn crops 
have ranged from 815, born after 
the herd’s arrival in 1935, to an 
estimated 3,700 in 1966 (Fig. 6). 
Some estimates in recent years, like 
the one in 1966, are questionable, 
since the fall herd count in 1967 
was under 2,800. The proportion 
of fawns in the herd has ranged 
from 24 to 35 percent. 

From 1935 to 1969, about 29,000 
reindeer were slaughtered, ranging 
from none in 1935 to 1,786 in 1955 
(Fig. 6). Natural losses, including 
straying, have accounted for 30,000 
animals, ranging from 70 in 1940 to 
2,738 in 1945 to 5,600 in 1967. 
Excluding the apparent large loss 
in 1967 which may be due to errors 
in population estimates made while 
the reindeer were managed under 
contract, losses have been as high 
as 36 percent of the herd in one 
year. Krebs (196 1) and Hill (1967) 
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give more details on the population 
dynamics of the herd. 

Future of the Herd 

The possibility that reindeer 
herding will become a viable in- 
dustry in the Mackenzie Delta re- 
gion cannot be totally dismissed. 
Hill (1967) estimated the potential 
local market for reindeer meat was 
150,000 pounds in 1967, increasing 
to 210,000 to 280,000 pounds by 
1977. He calculated that a herd 
maintained at 30,000 reindeer could 
produce a sustained yield of over 
l,OOO,OOO pounds per year. Certain 
economies in operation could be 
expected as the size of the reindeer 
operation increased. The avail- 
ability of fresh, moderately priced 
reindeer meat has undoubtedly con- 
tributed to the economy of the 
delta. In addition, the industry has 
provided employment for local 
people. 

The economic feasibility of the 
reindeer project can be assessed only 
after we know more about the yield 
of the herd under improved tech- 
niques, the possible impact of 

higher meat prices and the possi- 
bility of exports to southern mar- 
kets. It is certainly biologically 
possible for reindeer to thrive on 
the preserve -they have lived and 
reproduced there for more than 
three decades. 

Game Ranching 

A game-ranching type of caribou 
operation should be considered as a 
more economical alternative. Cari- 
bou are now on the increase in the 
area, so we must ask if there is any 
advantage in game-ranching rein- 
deer-an introduced species. Rein- 
deer were introduced not to replace 
a native animal, but to supplement 
dwindling herds of caribou and 
other wildlife. The Royal Commis- 
sion report advised restraint in 
establishing reindeer herds or in 
granting reindeer leases in areas 
where conflict with caribou might 
be introduced. In addition, Ruther- 
ford, McLean and Harkin (1922) 
wrote, “Altogether apart from the 
proposed introduction of domestic 
reindeer the vast herds of wild 
CARIBOU which undoubtedly still 

exist in the interior mainland area 
. . . constitute a valuable national 
asset, the importance of which, if 
properly dealt with, can be enor- 
mously enhanced. . . .” In recent 
years, the Canadian reindeer in- 
dustry has been little more than a 
game management operation. 

The fact that an exotic species 
is replacing a native one on the 
preserve has caused insufficient con- 
cern among biologists and ecolo- 
gists. Hall (1963) wrote, “Introduc- 
ing an exotic species is a destructive 
action resulting from the ignorance 
of well-meaning persons. . . . Intro- 
ducing exotic species of vertebrates 
is unscientific, economically waste- 
ful, politically short-sighted, and 
biologically wrong.” The same 
statement should perhaps be ap- 
plied to reindeer on the preserve. 

Game-ranching caribou could 
provide natives with an activity 
more in line with their traditional 
pursuits. It could supply local 
areas with fresh meat at competitive 
prices and by-products, such as skins 
and hoofs, that could be used for 
handicrafts. Caribou has been an 
unreliable food source in northern 
areas because of large fluctuations 
in numbers. Research and modern 
game management may prevent 
this. Kelsall (1968) stated that the 
caribou herd north of Great Bear 
Lake, which includes those animals 
infringing on the Reindeer Pre- 
serve, have been consistently under- 
utilized. He suggested that proper 
management could increase the har- 
vest so that export might be al- 
lowed. Pearson (1971) suggested that 
harvesting and marketing caribou 
from the Porcupine herd, a large 
international herd distributed in 
northern Alaska, Yukon Territory 
and the northwestern fringe of the 
District of Mackenzie, might be 
considered. We should give priority 
to gaining sufficient knowledge of 
caribou in the northwestern District 
of Mackenzie and the northern 
Yukon to support sound manage- 
ment recommendations. 

Discontinuing the reindeer proj- 
ect may not be politically feasible, 
as it would give rise to strong local 
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protest but, in the long term, game- 
ranching with caribou may be 
ecologically and economically more 
feasible. 

Native Animals Versus Reindeer 
in Other Areas of Northern 

Canada 

In other areas of northern Can- 
ada, caribou and other native ani- 
mals, such as moose (Alces alces) 
and musk-oxen, may offer the best 
potential for converting northern 
vegetation into commodities for 
consumption by man. Such animals 
provide meat, hides, hoofs and 
other products useful to the indige- 
nous and other residents of the 
North, without the constant atten- 
tion, skills, and expense required 
to raise domesticated animals. If 
wildlife attractions are properly 
promoted, non-resident sport hunt- 
ers and other tourists may well put 
enough cash into the economy, 
through the purchase of licenses, 
hiring of guides, accommodation, 
and meals, to more than compen- 
sate for the lack of revenue from a 
reindeer industry. 

In Africa and other countries 
native ruminants generally use na- 
tive forage more efficiently than do 
introduced animals. Klein (1970) 
believed that the wild populations 
of caribou and musk-oxen offer the 
best potential for conversion of 
vegetation into a usable product in 
northern Alaska. 

Conclusions and Summary 
Reindeer husbandry was intro- 

duced into Canada with great ex- 
pectations but its history has been 
rather inauspicious. Reindeer were 
first introduced into Labrador 
under the direction of Dr. Grenfell, 
but an initial increase in animal 
numbers was followed by failure. 
Transplants from that herd to Anti- 
costi Island and to the Great Slave 
Lake region were both unsuccessful. 

Introduction of reindeer to Baf- 
fin Island, by the Hudson’s Bay 
Reindeer Company, was an almost 
immediate and dramatic failure. 
Lack of forage and inefficient herd- 
ing and management were blamed. 

The most successful attempt at 
reindeer husbandry in Canada has 
been in the Mackenzie Delta where 
a herd was established to supple- 
ment wildlife resources by creating 
a number of viable native-owned 
herds. 

A reindeer industry is biologi- 
cally feasible, as proven by the 
maintenance of the reindeer herds 
there for 35 years, but it has been 
a social and economic failure for 
several reasons. Few Eskimos were 
interested in the monotony of rein- 
deer herding-by 1964 all the na- 
tive-owned units had ceased opera- 
tions. Too little consideration was 
given to modern animal husbandry 
and range management practices. 
And, as if that were not enough, 
some managers were inexperienced, 
funds were limited and the decision- 
making agency was thousands of 
miles away in Ottawa. Within the 
last decade, the reindeer were man- 
aged under contract almost as a 
game-ranching operation but the 
number of animals declined mark- 
edly, presumably because of stray- 
ing, until 1968 when the Canadian 
Wildlife Service took over manage- 
ment. 

The reindeer in the Mackenzie 
Delta region are using forage that 
caribou might otherwise use. Cari- 
bou numbers are increasing in the 
area, and maintaining a reindeer 
herd is less justified now than when 
the animals were first introduced 
here. Whether an introduced spe- 
cies should be allowed to replace a 
native animal is questionable. The 
cost of operating the reindeer in- 
dustry may not be worth the actual 
or potential benefits since caribou 
may provide the same products at 
lower cost. 

Native animals in other areas of 
northern Canada may offer the 
best potential for converting vegeta- 
tion into usable products. Under 
free-ranging conditions, they select 
the highest quality forage available 
to them to meet their nutritive re- 
quirements. By comparison, rein- 
deer are at a marked disadvantage 
because they must be confined to be 
of greatest value to their owners. 
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Grazing Return Following Sagebrush Control 
in Eastern Oregon1 
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Highlight 

In the 17 years following chemical brush control of a 40-acre big sagebrush- 
bunchgrass range, grazed during or after seed maturity of the principal grasses, 
yearling days of grazing increased 1.9 times as much and per acre beef gains 
were 2.3 times that prior to brush control. Total herbage production averaged 
227 lb./acre prior to treatment and 681 lb./acre in the years following treat- 
ment. The internal rate of return derived from the beef returns of this study 
and estimated costs was in excess of 50%. Brush return was slow during the 
first decade following treatment but is now rapidly approaching pretreatment 
numbers and dispersion characteristics. 

Two decades ago a number of 
researchers (Elwell and Cox, 1950; 
Doran, 1951; Cornelius and Gra- 
ham, 1951; Hull and Vaughn, 1951; 
Hull, et al., 1952; Hyder, 1953) were 
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FIG. 1. Photos taken in 1970 inside the treated 40-acre pasture (Irft and right) and of the adjoining untreated arca (center photo). 

The pasture was sampled in 1950 
and annually thereafter, prior to 
grazing, for herbage yield and spe- 
cies composition. The grazing 
capacity was based upon 50% utili- 
zation or 300 lb./acre residue re- 
maining of forage species, which- 
ever was the least with an allowance 
of 20 pounds of air dry forage/ 
animal/day. Downy bromegrass 
(Bromus tectorum L.) was consid- 
ered nonforage along with broad- 
leaf weeds; the latter contributing 
less than 10% of the total yield in 
most years. 

Grazing extended over a 15. to 
SO-day period, mostly in August and 
less often in July. Yearlings grazed 
the pasture at the outset of this 
study but other classes of animals 
were used in some of the later years. 
In all years except 1968, the animals 
were individually weighed in and 
out of the pasture following an 
overnight shrink, off feed and 
water. 

Because old herbage accumula- 
tion made species separation of the 
yield harvest difficult, stocking pres- 
sure was intentionally increased in 
1963 to graze off current growth of 
downy brome and accumulated 
herbage. Mature cows were used in 
September 1968 to clean the pasture 
a second time. 

We treated the brush in 1952 
with 2 lb. of 2,4-D (2,4-dichloro- 
phenoxy acetic acid) in 20 gallons 

of water/acre, applied with a boom- four years thereafter. We counted 
type sprayer mounted on a 1.5 ton 
truck. Two areas, inaccessible to 

big sagebrush plants under and 
over 6 inches tall in circular 200 ft2 

the truck, one of approximately one 
acre and another of 0.6 acre were 

plots on a uniform 1 chain (66 ft) 
grid. 

not treated. No measurement of 
brush killed was taken, but a visual 
estimate of mortalitv in 1953 was 

Results and Discussion 
Herbage yield fluctuations were 

in excfx of 90%. 
Samples to estimate return of 

closely dependent upon the amount 

brush were taken in 1959 and every 
of precipitation received in the crop 
year (Fig. 2). The opportunities to 
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Table 1. Crop-year precipitation (inches) (Sept. 1 to June 30), month of graz- 
ing, animal numbers and weight (lb.), daily gain (lb,), and gain per acre 
(lb.) for a 40.acre pasture treated for brush control in 1952. 

Year PPt Month No. Wtl ADG Gain/acre 

Pre-spray 

1950 
1951 
1952 

7.5 Aug. 
11.3 Aug. 
11.4 Aug. 

Avg. 10.1 

Post-spray 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
196S4 

14.0 
8.4 
5.9 

14.3 
13.0 
15.8 

5.8 
9.2 
7.0 
7.5 

13.5 
10.5 
12.5 
7.7 

11.4 
4.9 

1969 

Avg. 

Aug. 
Aug. 
Aug. 
Aug. 
Aug. 

July 
July 
July 
July 
Aug. 
Aug. 

July 
Aug. 
Aug. 
Aug. 
Aug. 
Sept.5 
Aug. 

7 318 
14 613 
15 625 

12 552 

90 598 
32 672 
12 627 
55 680 
45 616 
38 620 
12 677 
15 619 
10 648 
10 768 
39 728 
17 637 
31 685 
50 747 
33 717 
20 - 

131 - 
14 89g6 

31 684 

1.092 6.1 
0.58 5.6 
0.74 8.4 

0.80 6.7 

0.62 17.6 
1.37 21.9 
1.18 9.9 
0.53 20.0 
0.43 13.6 
0.88 24.2 
1.80 16.2 
0.95 10.0 
0.87 6.0 
1.41 10.5 
0.34 8.8 
2.70 21.0 
1.22 18.9 
2.0S3 29.0 
0.76 14.4 

- - 
- - 

0.69 4.1 

1.05 15.4 

6 Replacement heifers used in this year. 

utilize this relationship on semi- 
arid ranges have been presented 
(Sneva and Hyder, 1962a; and 
Sneva and Hyder, 196213). Follow- 
ing brush control, herbage yield 
ranged from 100 to 1,200 lb./acre 
and averaged three times as much 
as was produced prior to brush 
control (681 vs 227 lb./acre). 

Carrying capacity (yearling days 
of grazing) increased from an aver- 
age 360 to 658 days, 1.8 times as 
much. Fluctuations in carrying 
capacity also depended upon the 
amount of precipitation received 
(Fig. 2) but they were also al- 
tered considerably by the varying 
amounts of nonforage plants pres- 
ent, principally downy bromegrass. 

another range 

gains are not 

This grass, after brush control, var- 
ied annually from 1 to 59% of the 
total herbage yield. Thus, in some 
years stocking was computed on less 
than half of the total herbage pro- 
duced. 

No measurements of actual range 
utilization were made during the 
course of this study. A stocking 
rate, to achieve 50% utilization of 
forage species, was employed in all 
years except 1953, 1956, 1957, 1958, 
and 1967; in those years utilization 
was heavier, varying from 54 to 68%. 
In 1963 and 1968, stocking was in- 
tentionally increased to clean up 
the old accumulated herbage, 
mostly downy bromegrass, that was 
making species separation difficult. 

Utilization of current season growth 
in 1963 and 1968 may have ap- 
proached 100%. 

Nonforage plants (principally 
downy bromegrass) contributed ap- 
proximately 32% of the total herb- 
age yield over the 17-year period. 
Utilization estimates based upon 
total herbage production would be 
considerably lower than those based 
on production of forage species. 
Stocking rates over the 17 years 
have been at a level that should 
have provided for optimum ecologi- 
cal development. Further, stocking 
levels should not have depressed 
animal gain, except in one of the 
two years of planned heavy grazing. 

Grazing on this mature forage 
did not produce high daily gains in 
most years (Table 1) but should 
have provided for minimum graz- 
ing impact on the grasses. The in- 
crease in post-spray daily gain re- 
sulted, primarily, from those years 
in which grazing occurred during 
July when nutrient quality was 
higher. The extremely low daily 
gain of 0.34 lb./day resulted from 
a planned, heavy stocking pressure 
that forced animals to graze downy 
bromegrass as well as herbage car- 
ried over from previous years. 

Beef production per acre in- 
creased 2.3 times following brush 
control (Table 1). The beef pro- 
duced varied from 4.1 to 24.2 lb./ 
acre, with higher gains associated 
with earlier grazing periods. This 
suggests that greater returns might 
be obtained by earlier grazing in 
all years; however, this would most 
likely enhance the rate of brush 
return. 

Beef gain per acre does not tell 
the complete story of this pasture 
following brush control. The aver- 
age weight of the animals was 130 
lb. heavier toward the end of the 
study than at the beginning; thus, 
more forage was consumed for 
maintenance requirements of the 
heavier animals in the later years. 
Soil surface protection by litter and 
soil enhancement by organic mat- 
ter additions have likely increased 
because, on the average, more herb- 
age remained after grazing follow- 
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FIG. 3. Big sagebrush plants per 200 ft2 
under 6 inches and over 6 inches on 
treated areas after brush control in 
1952, and under 6 inches and over 6 
inches on untreated areas. 

ing brush control than was 
duced prior to brush control. 

pro- 

The fact that brush will increase 
on treated range in the intermoun- 
tain area is seldom questioned. The 
rate of brush return in this pasture 
is shown in Figures 3 and 4. Data 
collected in 1959 indicated no 
border effect due to the three sides 
of this pasture being adjacent to 
mature big sagebrush. The increase 
in young sagebrush by 1959 is ap- 
parently the progeny of plants 
missed at the time of treatment. 
Brush numbers and distribution in- 
creased exceedingly slowly until the 
mid ‘60’s. By 1967, 15 years after 
treatment, the number of sagebrush 
6 inches or less in height on the 
treated area approached the num- 
ber of mature sagebrush (6 inches 
or taller) present on nontreated 
areas. In 1967, these small plants 
were well distributed throughout 
the 40 acres, occupying about 70% 
of the plots sampled. Their con- 
tinued growth and eventual domi- 
nation of this pasture will, most 
likely, depend upon the amount of 
precipitation received in the com- 
ing years. 

The results of this study do not 
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FIG. 4. Percent of plots occupied by big 
sagebrush under 6 inches and over 6 
inches tall on treated areas after brush 
control in 1952, and under 6 inches and 
over 6 inches tall on untreated areas. 

permit generalizing about the eco- 
nomics of big sagebrush control. 
However, the results obtained can 
be compared with those of other 
studies. For this purpose the in- 
ternal rate of return from this study 
has been computed. Neilsen (1967) 
defines this rate as, “That rate of 
return which makes the discounted 
income stream over the life of the 
project equal to the rate at which 
money can be borrowed . . . . .” 

Table 2 presents the pertinent 
information needed to compute the 
internal rate of return. Neilsen’s 
cost estimates were used for fencing, 
water development, and nonuse. 
These differ from his in that they 
are prorated to a 17-year return. 
Annual cost for spraying was set at 
$Z.OO/acre since 25,000 to 40,000 
acres of big sagebrush in Harney 
County, Oregon have been treated 
annually in the past 10 years for 
not more than $Z.OO/acre. The esti- 
mate for additional annual operat- 
ing costs is an approximation based 
on values presented in Neilsen’s 

Table 2. Per acre costs and returns 
of brush control for computing the 
internal rate of return. 

Item 

Initial cost of spraying 

Annual cost of spraying 

Additional annual 

Value 

$2.901 
0.05 

operating cost o.292 

Total annual cost 0.34 

Additional annual income 2.1g3 

Net additional annual income 1.84 

1 Includes initial costs of fencing, water 
developments, and nonuse prorated to a 
1 ‘I-year life. 

2Estimated as 10% of initial cost. 
3 8.7 lb. of beef/acre (from Table 1) valued 

at $0.25/lb. 

table. The $2.18 additional income 
is derived from the annual beef re- 
turn per acre from the demonstra- 
tion reported herein and valued at 
$025/lb. 

The internal rate of return for 
the above exceeded 50%. Neilsen’s 
estimate for chemical brush control 
with meadow fertilization to bal- 
ance the operation was 36%. Both 
of these estimates of return are high 
compared with rates for borrowed 
money. These internal rates of re- 
turn confirm what many ranchers 
and range managers have come to 
realize--that chemical brush control 
brings an exceptional rate of return 
on the investment. 

The productive length of this 
brush control demonstration (17 
years, and with the end not yet 
reached) contrasts to that reported 
by Johnson (1969). Brush return on 
these 40 acres has been slower than 
that which he recorded. A longer 
life expectancy of brush-controlled 
areas in the Great Basin area might 
be expected because of the more 
intense summer drouth which may 
slow brush establishment. It also is 
noted that the stocking rate and 
the season of grazing during these 
17 years has been controlled to 
favor ecological development of the 
grasses. 

This study suggests that even 
when managed for minimal ecologi- 
cal impact that the brush will re- 
turn. Thus, chemical brush control 
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is not a permanent management tides for improving California forest 
feature but rather is a tool that ranges. J. Range Manage. 4:95-100. 
creates a holding action against DORAN, CLYDE W. 1951. Control of 
brush domination similar to that orange sneezeweed with 2,4-D. J. 
caused by wild fires prior to white Range Manage. 4: 1 l-15. 
man’s entry onto the western range. ELWELL, HARRY M., AND MAURICE B. 

The duration of brush control can Cox. 1950. New methods of brush 
be extended to several decades as control for more grass. J. Range 

is evidenced in this study but may 
Manage. 3:46-51. 

also be shortened by management 
HULL, A. C., JR., AND W. T. VAUGHN. 

and by the frequency of years favor- 
1951. Controlling big sagebrush 

able toward brush seedling estab- 
with 24-D and other chemicals. J. 

lishment following treatment. 
Range Manage. 4: 158-164. 
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Highlight 

It is estimated to take from 20 to 40 years for overgrazed ranges in the rough 
fescue and ponderosa pine zones to recover to excellent range condition when 
fully rested. Little change in plant composition took place inside exclosures, 
placed on poor condition range, in less than 10 years following fencing. It 
took longer for the sites to progress from poor to fair condition than from 
fair to good condition. The main plants to increase with protection were 
bluebunch wheatgrass and rough fescue. The main species to decrease were 
Sandberg bluegrass, low pussytoes, and rabbitbrush. 

Data on the number of years rest 
necessary for recovery of range 
types after depletion from grazing 
in the Pacific Northwest are mea- 
ger. Such info’rmation would be 
valuable in assessing the relative 
merits of resting vs. seeding for 
range improvement, and of grazing 
rotations and related management 
practices. 

In southern British Columbia a 
number of exclosures to exclude 
livestock were constructed on de- 
pleted ranges, mostly during the 
1930’s, by staff of the Canada De- 
partment of Agriculture Research 
Station, Kamloops, and the British 

l Received May 8, 1971. 

Columbia Forest Service (Fig. 1). 
The senior author has been observ- 
ing these exclosures since 1948, 
while the junior author was active 
in range research in the area during 
the period 1935-1947 and estab- 
lished three of the exclosures. In- 
formation gathered at the time of 
fencing varied from general obser- 
vations and species lists to establish- 
ment of permanent quadrats. In 
most instances, however, the num- 
ber of quadrats was too few to 
provide a statistically significant 
sample, so these data have simply 
been used to supplement other 
observations. Most exclosures were 
visited periodically from the time 
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of fencing until 1959, and observa- 
tions made on the vegetation. 

In 1959 and 1960 the vegetation 
was sampled inside and outside of 
these exclosures using the canopy- 
coverage technique (Daubenmire, 
1959). The canopy cover class of 
each species of herb and small 
shrub was recorded in 50 frames 
(20 by 50 cm) located 0.5 m apart, 
along a 25 m transect. Sampling 
was repeated in 1968 and 1969. 
Herbage yields were determined by 
clipping five 9.6 ft2 plots to ground 
level at each site. Range condition 
at each site was judged following 
the classification of McLean and 
Marchand (1968). 

This study is an attempt to evalu- 
ate the effects of complete rest on 
four exclosures in the ponderosa 
pine zone and three in the rough 
fescue grasslands (Fig. 1). Tisdale 
(1947) has described the grassland 
zone in southern British Columbia. 

Plant nomenclature follows 
Hitchcock et al. (1955-1969). The 
soils are classified according to the 
Canadian classification (Soil Survey 
Committee of Canada, 1968). Amer- 
ican classification equivalents were 
determined as closely as possible 
and are given in brackets. The 
plant community nomenclature fol- 
lows that of McLean (1970) and is 
essentially that used by Dauben- 
mire (1970) in Washington. 
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Highlight 

It is estimated to take from 20 to 40 years for overgrazed ranges in the rough 
fescue and ponderosa pine zones to recover to excellent range condition when 
fully rested. Little change in plant composition took place inside exclosures, 
placed on poor condition range, in less than 10 years following fencing. It 
took longer for the sites to progress from poor to fair condition than from 
fair to good condition. The main plants to increase with protection were 
bluebunch wheatgrass and rough fescue. The main species to decrease were 
Sandberg bluegrass, low pussytoes, and rabbitbrush. 

Data on the number of years rest 
necessary for recovery of range 
types after depletion from grazing 
in the Pacific Northwest are mea- 
ger. Such info’rmation would be 
valuable in assessing the relative 
merits of resting vs. seeding for 
range improvement, and of grazing 
rotations and related management 
practices. 

In southern British Columbia a 
number of exclosures to exclude 
livestock were constructed on de- 
pleted ranges, mostly during the 
1930’s, by staff of the Canada De- 
partment of Agriculture Research 
Station, Kamloops, and the British 

l Received May 8, 1971. 

Columbia Forest Service (Fig. 1). 
The senior author has been observ- 
ing these exclosures since 1948, 
while the junior author was active 
in range research in the area during 
the period 1935-1947 and estab- 
lished three of the exclosures. In- 
formation gathered at the time of 
fencing varied from general obser- 
vations and species lists to establish- 
ment of permanent quadrats. In 
most instances, however, the num- 
ber of quadrats was too few to 
provide a statistically significant 
sample, so these data have simply 
been used to supplement other 
observations. Most exclosures were 
visited periodically from the time 
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of fencing until 1959, and observa- 
tions made on the vegetation. 

In 1959 and 1960 the vegetation 
was sampled inside and outside of 
these exclosures using the canopy- 
coverage technique (Daubenmire, 
1959). The canopy cover class of 
each species of herb and small 
shrub was recorded in 50 frames 
(20 by 50 cm) located 0.5 m apart, 
along a 25 m transect. Sampling 
was repeated in 1968 and 1969. 
Herbage yields were determined by 
clipping five 9.6 ft2 plots to ground 
level at each site. Range condition 
at each site was judged following 
the classification of McLean and 
Marchand (1968). 

This study is an attempt to evalu- 
ate the effects of complete rest on 
four exclosures in the ponderosa 
pine zone and three in the rough 
fescue grasslands (Fig. 1). Tisdale 
(1947) has described the grassland 
zone in southern British Columbia. 

Plant nomenclature follows 
Hitchcock et al. (1955-1969). The 
soils are classified according to the 
Canadian classification (Soil Survey 
Committee of Canada, 1968). Amer- 
ican classification equivalents were 
determined as closely as possible 
and are given in brackets. The 
plant community nomenclature fol- 
lows that of McLean (1970) and is 
essentially that used by Dauben- 
mire (1970) in Washington. 
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Exclo~urr Locations....x 

KAMLOOPS 

mon species were cheatgrass 
(Bromus tectorum), Junegrass (Koe- 
leriu cristutu), and yarrow (Achilleu 
millefolium). 

FIG. 1. Map of southern British Columbia showing exclosure locations. 

Results closure was fenced in 1931. It lies 

Fescue Grassland Zone 

Lundbum exclosure 
This site is located in the rough 

fescue-eriogonum (Fest uca sea brella- 
Eriogonum heracleoides) habitat 
type about 4 miles southeast of 
Merritt. The soil is a medium tex- 
tured Dark Gray Chernozem (Hap- 
loboroll). The one-half acre ex- 

on a level, exposed hilltop at 3,500 
feet elevation. The area was and 
is subjected to heavy spring and 
fall grazing. 

Records at time of fencing indi- 
cate that the site was dominated 
by Sandberg bluegrass (Pou sund- 
bergii), low pussytoes (Antennuriu 
dimorpha), and dwarf fleabane 
(Erigeron compositus). Other com- 

Twenty-nine years after fencing 
(Table 1) there was five times the 
foliage cover of bluebunch wheat- 
grass (Agropyron spicutum), rough 
fescue and Kentucky bluegrass (Pou 
prutensis) inside the exclosure as 
compared with that outside. There 
was also a marked decrease in the 
amount of Sandberg bluegrass, low 
pussytoes, and dwarf fleabane. Over 
the next 8 years there was a con- 
tinued increase in the cover of blue- 
bunch wheatgrass, rough fescue and 
Kentucky bluegrass. At the same 
time there was a continued decrease 
in the frequency of Sandberg blue- 
grass, low pussytoes, and cheatgrass. 
During this period there was rela- 
tively little change in the vegetation 
of the grazed area. 

Average herbage production dur- 
ing the period 1959 to 1966 showed 
a 98% greater yield inside the ex- 
closure compared with outside 
(Table 2). 

Table 1. Changes in canopy cover (%) and frequency (%) of selected species on three exclosure sites in the rough 
fescue zone, 1959 to 1968. (The symbol T represents coverage values less than .6%/o). 

Species 

Lundbum 

Inside Outside 

1960 1968 1960 1968 

Hamilton 

Inside Outside 

1960 1968 1960 1968 

East Mara 

Inside Outside 

1959 1968 1959 1968 

Decreasers 
Bluebunch wheatgrass 
Rough fescue 

13/44 19/50 3/36 6/30 
25/54 39/70 4/26 T/2 

17/72 15/50 5/22 4/20 
26/70 52,‘90 l/2 l/4 

Increasers 
Balsamroot 
Dwarf fleabane 
Junegrass 
Kentucky bluegrass 
Low pussytoes 
Pasture sage 
Rockcress 
Sandberg bluegrass 
Umber pussytoes 
Y arrow 

l/8 T/2 7/52 9/74 
15/92 15/68 15/98 22/92 
13/28 18/48 T/4 3/8 

l/20 T/4 7/88 9/68 

00 T/6 6/74 4/20 
16/92 17/72 3/14 13/78 

00 00 2/44 11/72 

1 O/68 4/30 38/98 38/100 
00 00 T/2 5/14 

6/48 11/70 7/54 7/58 

12/98 9/66 36/100 42/100 
5/56 2/14 T/2 5/30 

1 O/90 18/92 3/30 5/54 

Invaders 
Cheatgrass 
Dandelion 
Stickseed 

4/24 l/4 2/26 3/12 
13/68 l/18 l/ 2 T/6 

Total No. Species 28 29 23 25 17 29 20 26 

13/42 7/34 11/34 7/40 
76/100 76/100 7/30 l/12 

8/36 8/42 2/22 2/14 

21/82 13/70 50/100 40/94 

00 00 2/24 l/16 
T/8 T/2 l/56 2/34 
1 O/82 6/54 23/98 21/88 

00 00 T/2 5/48 
T/18 00 3/94 lo/72 

38 25 30 33 
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Hamilton exclosu,_e 

This 2% acre exclosure, about 16 
miles east of Merritt, is located in 
the rough fescue-eriogonum habitat 
type. The soil is a Black Cherno- 
zem (Haploboroll), sandy loam in 
texture. The exclosure was fenced 
in 1931. It lies on a 4% south- 
easterly slope at 3,800 feet elevation. 
The exclosure is about 150 yards 
from a lake, and the area was heav- 
ily grazed prior to 1931. The vege- 
tation in this general area was 
badly damaged by pocket gophers 
during the drought of the 1930’s. 

Records at time of fencing indi- 
cate that the site was dominated 
by Sandberg bluegrass, low and 
umber pussytoes (Antennaria um- 
bl-in&), and dwarf fleabane. June- 
grass and yarrow were common hut 
only a small amount of bluehunch 
wheatgrass was present. 

Twenty-nine years after fencing 

(Table 1) there was a much greater 
cover of rough fescue, bluehunch 
wheatgrass, and Junegrass inside the 
exclosure, compared to an abun- 
dance of dwarf fleabane and Sand- 
berg bluegrass outside. A review of 
earlier observations suggests that 
vegetation on the grazed area had 
not changed appreciably. Nine 
years later the C”YW of rough fescue 
inside the exclosure had doubled, 
while the proportion of umber 
pussytoes, dandelion (Tnraxacurn 
officinale), and Sandberg bluegrass 
had decreased. There were indica- 
tions of further deterioration in the 
grazed range during the same 
period with an increase in both low 
and umber pussytoes. 

The 4.year average herhage yield 
shows a 73% greater production 
inside the fence as compared with 
outside following 32 years of pro- 
tection (Table 2). 

Table 2. Herbage yields (lb./acre, dry weight) on three exclosure sites in 
the rough fescue-eriogonum habitat type, 1959 to 1966. 

Lundbum Hamilton East imra 

YEa* I”kk Outside Inside Outside 1”Sid.Z Outaide 

1959 872 510 ,150 398 
1960 988 4”” 890 564 1702 854 
1961 1156 488 771 368 924 526 
1963 834 618 
1964 802 394 95x 4% 
1965 796 438 762 406 
1966 832 594 578 354 

Avg. 915 463 778 449 1055 538 

East Mara exclosure 

This exclosure is located in a 
stand of the rough fescue-eriogonum 
habitat type about 3 miles west of 
Kamloops. The soil is a medium- 
textured Black Chernozem (Haplo- 
boroll). The exclosure is one-half 
acre in size and was fenced in 1938. 
It lies on a 20% northeast slope at 
2,ROO feet elevation. The area was 
heavily grazed up to 1935 and is 
located about 200 yards from a 
homestead which was occupied 
until the mid 1920’s. At the time 
of fencing the area was dominated 
by Sandherg bluegrass, umber pussy- 
toes, and .Junegrass with ~“me big 
sagebrush (Artemisia tridcntatn) 
and gray rabbithrush (Ch+ysotl~om- 
nus nazcseosus). A few unthrifty 
bluebunch wheatgrass and rough 
fescue plants were also present. 

Observations made in 1940 and 
1950 suggest that considerable irn- 
provement took place in the first 
10 years after fencing. There was 
a marked increase in bluehunch 
wheatgrass and decrease in Sand- 
berg bluegrass. Between 1950 and 
1959, there was a striking increase 
in the proportion of rough fescue 
present. 

The data support these observa- 
tions, for 21 years after fencing 
(Table 1) the foliage cover of rough 
fescue was ten times greater inside 
the exclosure than in the grazed 
area (Fig. 2). In addition, the pro- 
portions of balsamroot (Bnlmmol-- 
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Table 3. Changes in canopy cover (o/o) and frequency (%) of selected species on three exclosure sites in the ponderosa 
pine zone 1959 to 1970. (The symbol T represents coverage values less than .6%). 

Snecies 

Skookumchuck West Mara 

Inside Outside Inside Outside 

1960 1970 1960 1970 1959 1968 1959 1968 

Dewdrop 

Inside Outside 

1959 1968 1959 1968 

llecreasers 
Bluebunch wheatgrass 25/72 55/96 7/26 13/62 36/58 45’80 B/32 12/72 58/98 57/100 28/74 27/74 

Rough fescue 6,‘36 20/48 00 T/2 

Increasers 
Rig sagebrush 34/74 31/72 38/82 37’78 
Junegrass 23/94 9/72 17/90 20/94 2/18 5/46 5/40 4/30 
Low pussytoes lo/94 T/24 26/98 B/58 T/22 T/2 l/70 5/46 
Needleandthread 17/74 Ii4 4/68 34/98 l/4 2i6 17/36 17/66 

Pasture sage T/2 2/34 3/12 T/2 
Gray rabbitbrush l/4 l/6 5/30 16/70 

Sandberg bluegrass 17/100 5/50 26/98 IO/94 15/92 22/96 27/98 39/96 

Total no. species 18 12 14 13 19 22 22 26 

rhixa sagittata) and bluebunch 
wheatgrass were also greater inside. 
On the other hand, the cover of 
Junegrass, Sandberg bluegrass and 
frequency of pasture sage (Arte- 
misia frigida), stickseed (Lappula 
redowskii), and rockcress (Arabis 
holboellii) was less inside than out- 
side. The coverage data also indi- 
cate relatively little change in the 
vegetation inside the exclosure over 
the past 9 years. Outside the ex- 
closure, however, the range declined 
in condition. There was a decrease 
in the cover of rough fescue and 
bluebunch wheatgrass and increase 
in needleandthread (Stipa corn&a), 
umber pussytoes, and dandelion. 

Herbage yields show an increase 
of 97% inside in contrast to outside 
the exclosure following 21 years of 
protection (Table 2). 

Ponderosa Pine Zone 

Skookumchuck exclosure 

This site, which is 25 miles north 
of Kimberley, belongs in the pon- 
derosa pine-bluebunch wheatgrass 
habitat type. The soil is a coarse 
textured Dark Brown Chernozem 
(Haplustoll). The l-acre exclosure 
was fenced in 1950. It is located at 
2,700 feet elevation on a level, 
stony river terrace in a grassland 
opening surrounded by open stands 
of ponderosa pine (Pinus ponder- 

osa) in slight depressions. The area 
had received heavy spring and fall 
grazing for many years. In 1950 the 
grazing management was adjusted 
to reduce the stocking rate and to 
delay the start of grazing in the 
spring. 

Records taken by the B. C. Forest 
Service at the time of fencing indi- 
cate that the area was dominated 
by Sandberg bluegrass and low 
pussytoes with smaller amounts of 
Junegrass and needleandthread. 
There appeared to be little blue- 
bunch wheatgrass and virtually no 
rough fescue on the site. 

Ten years after fencing there 
was considerably more bluebunch 
wheatgrass and rough fescue inside 
the exclosure as compared with the 
grazed area (Table 3) and much 
less low pussytoes and Sandberg 
bluegrass. By the end of the next 9 
years there was a still greater in- 
crease in the amount of bluebunch 
wheatgrass and rough fescue inside 
the exclosure and a marked de- 
crease in Sandberg bluegrass, 
needleandthread, and low pussytoes. 
There was also some improvement 
on the grazed area, as indicated by 
an increase in bluebunch wheat- 
grass and rough fescue and decrease 
in low pussytoes. 

Average herbage production 
(Table 4) indicated a 60% greater 

yield inside the exclosure as com- 

pared with that outside 15 years 
after fencing. 

West Mara exclosure 

This site is located in the pon- 
derosa pine-bluebunch wheatgrass 
habitat type about 3 miles west of 
Kamloops. The soil is a Dark 
Brown (Haplustoll) sandy loam. 

The one-half acre exclosure was 
fenced in 1936 and is located on a 
slight west-facing slope at 2,100 feet 
elevation. The area was heavily 
grazed up to 1935 and lies about 
100 yards from a homestead which 
was occupied until the mid 1920’s. 
It is now used as spring and fall 
range. 

Records taken at time of fencing 
indicate that the area was domi- 
nated by big sagebrush, low pussy- 
toes and Sandberg bluegrass with 
a small amount of bluebunch 
wheatgrass present. No trees oc- 
curred in the immediate area of 
the exclosure then nor have any 
become established. 

Data recorded in 1959 (Table 3), 
23 years after fencing, show that 
bluebunch wheatgrass plants inside 
the exclosure had over four times 
the foliage cover of those plants 
outside. Sandberg bluegrass on the 
other hand, had much greater cov- 
erage outside as compared with in- 
side. The poorer range condition 
outside was also reflected in the 
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greater frequency of low pussyroes. 
1n the 9 years following 1959 there 
was a marked increase in bluebunch 
u~heat,grass both inside and outside 
the exclosure, an increase in pasture 
sage inside and a decrease in low 
pussytoes. Rig sagebrush remained 
essentially unchanged in amcxmt 
both inside and outside. 

‘l‘he average herbage yield (Table 
4) indicated a 160% increase in pro- 
duction inside the exclosure over 
that outside after 23 years of pro- 
tection. 

The vegetation on this site, about 
3 miles northwest of Tranquille, 
belongs to the ponderosa pine-blue- 
bunch wheatgrass habitat type. The 
soil is a Dark Gray Chernozem 

(Hnploboroll) sandy loam. This 
one-half acre exclosure was fenced 
in 1935 and is located on a 4% 
south-facing slope at 2,100 feet ele- 
vation. The area has been heavily 
used as spring and fall range for 
about 40 years and was home- 
steaded prior to that time. If sup- 
ports an open stand of scrubby 
ponderosa pine (height, 50 feet; age, 
170 years). 

At the time of fencing the area 
was dominated by an open stand of 
ponderosa pine with an undercover 
of rabbitbrush, needleandthread, 
Junegrass, and low pussytoes. Some 
bluebunch wheatgrass was also pres- 
ent. 

General observations and limited 
quadrat data obtained in 1949 and 
1959 suggest that the greatest im- 

provemcnt took place in the 13 
years tolloxving 1936 and continned 
t” a lesser extent “YW the next 10 
years. During the initial period 
there was a marked increase in 
bluehunch wheatgrass. There was 
also a decrease in needleandthread, 
low pussytoes, and rabbitbrush 
(Fig. 3). 

The coverage data (Table 3) sug- 
gest no important changes in the 
next 10 years either inside or out- 
side the exclosure. There was, how- 
ever, an increase in the amount of 
rabbitbrush outside and of ,June- 
grass inside. 

The average herbage yield (Table 
4) indicates a 124% increase in pro- 
duction inside the exclosure as com- 
pared with outside. 

1959 
1960 484 150 
1961 462 218 
1962 424 238 
1963 390 272 
1964 296 I26 
1965 30F 264 
1966 408 266 
19fi7 294 151 
1968 452 151 
1969 674 448 

Avg. 411 201 421 257 

372 124 
476 I60 

472 I98 
344 124 
406 194 

426 272 3RO I64 
1324 74R 360 168 

640 192 
714 656 

414 I60 776 542 292 131 

214 I”4 
I96 94 
308 125 
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Table 5. Number of surviving plants of three range species inside the Dew- 
drop exclosure thirty-three years after tagging. 

Year of observation 
Species 1936 1947 1956 1963 1969 

Rluebunch wheatgrass 10 9 9 8 7 
Junegrass 10 5 4 3 1 
Rabbitbrush 10 NR 1 1 1 

As a special study in this ex- 
closure, ten well-established plants, 
presumably 2 or more years old, of 
bluebunch wheatgrass, Junegrass 
and rabbitbrush were tagged in 
1936. The object was to see how 
long the plants lived (Table 5). 

The clumps of wheatgrass listed 
as surviving have shifted and 
broken up greatly over the years 
and the centers have died. 

Princeton exclosure 

This exclosure is about one mile 
north of Princeton in the ponderosa 
pine zone. The soil is a Dark Gray 
Chernozem (Haploboroll) sandy 
loam. The area was fenced in 1937 
by the Canada Department of 
Transport. The area had been 
heavily grazed for at least 50 years 
and still is heavily used. It is lo- 
cated at 2,200 feet elevation on a 
level, stony river terrace. No data 
are available for the vegetation on 
the area at time of fencing but it 
is thought to have been dominated 
by cheatgrass as at present. 

Records taken in 1960 (23 years 
after fencing) indicate more blue- 
bunch wheatgrass and silky lupine 
inside the exclosure as compared 
with the grazed area. There was 
also less western needlegrass (Stipa 
occident&is), low pussytoes, shaggy 
fleabane (Erigeron pumilis), six- 
weeks fescue (Festuca occidentalis), 
and cheatgrass inside the exclosure. 

Ten years later the bluebunch 
wheatgrass had decreased and cheat- 
grass increased inside the exclosure 
because of gopher activity. Ground 
disturbance by gophers was greater 
inside the exclosure presumably as 
a result of protective cover for the 
rodents provided by old plant 
growth. 

Discussion 

Only approximate lengths of 
time for recovery in condition of a 
range can be assigned to these ex- 
closures because of slowness of 
change and infrequency of observa- 
tions. Even these data have proved 
useful as guidelines for range im- 
provement projects and for inter- 
preting the reaction of various 
species to grazing. In the rough 
fescue zone the Lundbum and 
Hamilton exclosures improved 
from poor to good condition within 
30 years and to excellent condition 
within the next 10 years. The East 
Mara exclosure progressed from fair 
to excellent condition within 20 
years. Bluebunch whea tgrass re- 
covered within the first 10 years 
while rough fescue made its greatest 
gains in the second decade. 

In the ponderosa pine zone the 
Skookumchuck exclosure advanced 
from poor to fair in less than 10 
years and to excellent condition 
within 20 years. There has also 
been some improvement in the con- 
dition of the grazed area as a result 
of improved range management. 
The Dewdrop exclosure progressed 
from fair to good in 13 years but 
reached excellent condition in less 
than 10 years more. The West 
Mara and Princeton exclosures ad- 
vanced from poor to fair condition 
within 23 years. West Mara ap- 
proached good condition in 33 
years. Princeton, however, retro- 
gressed to poor condition in the 
next 10 years. This deterioration 
is an example of what happens to 
some exclosures where they are sur- 
rounded by large overgrazed areas 
which favor destructive populations 
of rodents or other animals. 

On all sites most improvement in 
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the stands came about in the last 
10 years of protection, with rela- 
tively little improvement during 
the first 10 years. After 25 years of 
protection, increases in forage yields 
of 98, 73, and 97% occurred on the 
rough fescue sites, largely due to 
increases in the abundance of cli- 
max grasses. Increased yields inside 
the three ponderosa pine exclosures 
as compared with the adjacent 
grazed range were in the order of 
60, 160, and 124%. 

The main species to benefit from 
grazing protection on the fescue 
grassland sites were bluebunch 
wheatgrass and rough fescue. There 
was also some increase in yarrow 
on the three sites and increases in 
balsamroo t and Kentucky bluegrass 
on the one site each, on which they 
occurred. The main species to de- 
crease under protection were Sand- 
berg bluegrass, low pussytoes, umber 
pussytoes, dwarf fleabane and gray 
rabbitbrush. Annuals such as false- 
flax (Camelina microcarpa), stick- 
seed, pink microsteris (Microsteris 
gracilis), and cheatgrass were com- 
mon invaders on the adjacent heav- 
ily used range. 

In the ponderosa pine zone, blue- 
bunch wheatgrass increased with 
protection on all four sites, rough 
fescue on the two sites, and silky 
lupine (Lupinus sericeus) on the 
one site on which they were found. 
The site containing lupine was 
grazed heavily in the spring and 
there was little opportunity for 
that species to set seed. Sandberg 
bluegrass decreased in two exclo- 
sures and increased in the third; 
the latter presumably as a result of 
early spring grazing which reduced 
seed production. Low pussytoes, 
gray rabbitbrush, pasture sage, west- 
ern needlegrass, and shaggy flea- 
bane decreased with protection. 
Six-weeks fescue, stickseed, and pink 
microsteris were invaders on adja- 
cent heavily used range. Junegrass 
increased with protection on sites 
that had advanced from poor to 
fair condition. It decreased, how- 
ever, on sites which reached excel- 
lent condition. The species is fairly 
high in livestock preference and is 
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one of the first species to increase 
when range improvement starts. 

The differences among exclosures 
in time required for improvement 
are no doubt related to soils, cli- 
mate, competing species, and avail- 
able seed source. The longer time 
period required to progress from 
poor to fair condition than frocm 
fair to good has important implica- 
tions from both ecological and man- 
agement standpoints. Long periods 
of complete rest are not usually an 
economical acceptable form of range 
rehabilitation. One alternative is 
to graze only during the season 
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that is least damaging to the herb- 
age; i.e. moderate fall or winter 
grazing. The other is to seed to 
tame grasses, depending on cost in 
relation to expected yield increases. 
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more representative of forage consumed than are 
hand-collected samples (Van Dyne and Torell, 
1964). However, forage samples obtained from an 
esophageal fistula are changed by saliva and masti- 
cation. The amount of change in chemical com- 
ponents of forage eaten and collected by esophageal 
fistulae remains somewhat controversial. There- 
fore, we evaluated the extent of salivary contamina- 
tion in cattle-grazed forage collected at different 
seasons of the year. 

Consideration of the Problem 
Salivary contamination of esophageal-collected samples 

probably varies with the whole complex of factors influenc- 
ing rate and composition of salivary flow. The rate of 
salivary flow varies with different types of feed (Bailey 
and Balch, 1961) and with level of food intake (Putnam et 
al., 1966). The N (nitrogen) content of saliva varies among 
diets. In cattle (Bailey and Balch, 1961) and sheep (Lewis, 
1957), urea N levels in saliva varied with the level of am- 
monia produced by different diets. With low N intake, 
ruminants conserve N by reducing the excretion of urinary 
urea (Elliot et al., 1965), by recycling substantial amounts of 
urea N in saliva (Kay, 1966), and by direct infusion of urea 
from blood to the rumen (Houpt, 1959). 

Minerals are the primary contaminant in fistula forage 
samples. Several workers have compared feeds of known 
composition with samples of the same feed collected from 
esophageal fistulae of cattle and sheep (Table 1). The ash 
content of forage eaten increased about 1 to 4%. Ash 
contamination increased with an increase in dry matter or 
fiber content because dry and fibrous diets stimulated 
greater salivary flow (Kay, 1963). N and fiber percentages 
of forage generally were not changed by salivary contamina- 
tion (Table 1). 

Some of the controversy regarding salivary contamination 
arises from the calculation of constituent percentages on a 
dry matter as opposed to an organic matter basis. Since 
minerals are the main contaminant from saliva, percentage 
of organic constituents decrease with an increase in amount 
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one of the first species to increase 
when range improvement starts. 

The differences among exclosures 
in time required for improvement 
are no doubt related to soils, cli- 
mate, competing species, and avail- 
able seed source. The longer time 
period required to progress from 
poor to fair condition than frocm 
fair to good has important implica- 
tions from both ecological and man- 
agement standpoints. Long periods 
of complete rest are not usually an 
economical acceptable form of range 
rehabilitation. One alternative is 
to graze only during the season 

WALLACE ET AL. 

that is least damaging to the herb- 
age; i.e. moderate fall or winter 
grazing. The other is to seed to 
tame grasses, depending on cost in 
relation to expected yield increases. 
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Highlight 

The effect of saliva contamination on chemical composi- 
tion of forage collected from esophageal fistulated steers 
grazing sandhill grassland was studied over four different 
seasons. Salivary contamination of grazed forage signifi- 
cantly increased the ash component but did not change 
other chemical constituents calculated on an organic matter 
basis. The increase in ash attributed to saliva varied with 
species of plants and season of grazing. 

Placing esophageal fistulae in grazing animals 
advanced range and pasture nutrition research; 
forage samples collected from the esophagus are 
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more representative of forage consumed than are 
hand-collected samples (Van Dyne and Torell, 
1964). However, forage samples obtained from an 
esophageal fistula are changed by saliva and masti- 
cation. The amount of change in chemical com- 
ponents of forage eaten and collected by esophageal 
fistulae remains somewhat controversial. There- 
fore, we evaluated the extent of salivary contamina- 
tion in cattle-grazed forage collected at different 
seasons of the year. 

Consideration of the Problem 
Salivary contamination of esophageal-collected samples 

probably varies with the whole complex of factors influenc- 
ing rate and composition of salivary flow. The rate of 
salivary flow varies with different types of feed (Bailey 
and Balch, 1961) and with level of food intake (Putnam et 
al., 1966). The N (nitrogen) content of saliva varies among 
diets. In cattle (Bailey and Balch, 1961) and sheep (Lewis, 
1957), urea N levels in saliva varied with the level of am- 
monia produced by different diets. With low N intake, 
ruminants conserve N by reducing the excretion of urinary 
urea (Elliot et al., 1965), by recycling substantial amounts of 
urea N in saliva (Kay, 1966), and by direct infusion of urea 
from blood to the rumen (Houpt, 1959). 

Minerals are the primary contaminant in fistula forage 
samples. Several workers have compared feeds of known 
composition with samples of the same feed collected from 
esophageal fistulae of cattle and sheep (Table 1). The ash 
content of forage eaten increased about 1 to 4%. Ash 
contamination increased with an increase in dry matter or 
fiber content because dry and fibrous diets stimulated 
greater salivary flow (Kay, 1963). N and fiber percentages 
of forage generally were not changed by salivary contamina- 
tion (Table 1). 

Some of the controversy regarding salivary contamination 
arises from the calculation of constituent percentages on a 
dry matter as opposed to an organic matter basis. Since 
minerals are the main contaminant from saliva, percentage 
of organic constituents decrease with an increase in amount 
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of contamination when expressed on a dry matter basis, 
but may remain unchanged when expressed on an organic 
matter basis. The errors in interpretation with the dry 
matter basis are illustrated below: 

Dry matter basis Organic matter basis 

Constituent Clipped Esophageal Clipped Esophageal 

Ash (%) 8.0 11.0 - - 

Organic matter (%) 92.0 89.0 100.0 100.0 
Protein ((ro) 8.9 8.4 9.7 9.4 
Gross energy (kcal/g) 4.22 4.05 4.59 4.55 
Fiber ($%) 42.6 41.4 46.3 46.5 
Lignin (%) 5.7 5.3 6.2 6.0 

Most of the differences which appear in the data expressed 
on a dry matter basis are non-existent, or of much less 
magnitude when expressed on an organic matter basis. 
This very critical point appears to have been overlooked 
by several workers; thus, it is difficult to conclude whether 
some differences reported (Table 1) have any real meaning. 

Relatively little is known concerning salivary secretion 
by ruminants at pasture. Salivary flow by grazing cattle 
has received virtually no attention. Mrith sheep, Wilson 
(1963) found that salivary secretion varied with season on 
the same pasture. He estimated that daily flow rates could 
be as high as 30 liters on dry, mature forage. This estimate 
is two to five times greater than that presented by Kay 
(1963) for sheep fed hay and meal (6 to 16 l/day). Salivary 
flow increases during eating (Bailey and Balch, 1961); thus, 
the longer time spent grazing as opposed to eating harvested 
food (Graham, 1965) probably explains the greater salivary 
flow in grazing sheep. 

Increased saliva secretion by animals at pasture (as indi- 
cated by Wilson, 1963) coincides with water turnover com- 

parisons made with cattle (MacFarlane and Howard, 1966). 
The latter authors, using twin cattle with one member of 
each pair stall-fed and the other at pasture, found water 
turnover to be about three times greater in grazing cattle 
compared to those fed in stalls. 

Experimental Procedure 
The diets of cattle on eastern Colorado sandhill grassland 

were studied by collecting grazed forage from 8 esophageal 
fistulated steers during 5-day periods in June, July, Sep- 
tember and December. Details regarding climate in the 
area, the experimental pasture, forage collection procedure, 
and chemical and analytical methods were given by Wallace 
and Denham (1970). 

To determine the extent of saliva contamination in grazed 
forage the chemical composition of esophageal samples was 
compared with that of hand-collected forage during each 
sampling period. Esophageal samples were collected from 
a steer grazing mixed grass at the end of lead rope for 30 
minutes. The composition of the steer’s diet was duplicated 
as closely as possible by hand. The steer used in this manner 
was extremely docile and grazed normally with the other 
steers. 

Differences in chemical composition between paired 
samples collected in the above manner could be due to 
salivary contamination or imperfect duplication. To elimi- 
nate errors due to imperfect duplication of diet by clipping, 
unselected samples were collected by hand each period and 
divided into two parts. One part was soaked in fresh steer 
saliva for 1.5 hours and dried in a forced-air oven for com- 
parison with the unsoaked part as suggested by Cook (1964). 
Prior to soaking in saliva, the sample was passed four times 
through a Wiley mill with the screen removed to approxi- 
mate mastication. 

Table 1. Observed changes in forage samples collected from esophageal fistulae when diets of known composition 
were fed. 

Reference Location Diet 

Primary 
Other changes inI 

dietary sample 
Animal contam- 

class inant Increase Decrease 

Basis on 
com- 

parison 

Arnold et al. (1966) Australia 
Bath et al. (1956) California 
Campbell et al. (1968) Oklahoma 

Cundy and Rice (1968) Wyoming 

Hoehne et al. (1967) Nebraska 

Langlands (1966) Australia 

Lesperance et al. (1960) Nevada 

Lombard and Van Schalkwyk (1963) S. Africa 

McManus (1961) Australia 

Different fresh herbages Sheep 
Chopped alfalfa Sheep 
Fresh Bermuda grass or Cattle 
native pasture mix 
Alfalfa hay, haylage Cattle 
and silage 
Prairie sandreed and Cattle 
blue grama grasses 
Lucerne chaff and Sheep 
fresh herbage 
Different alfalfa Cattle 
and grass hays 
Different hays and Sheep 
fresh herbages 
Various roughages Sheep 

Ash 
Ash 
Ash 

Ash 

Ash 

Ash 

Ash 

Ash 

Ash 

None None 
None None 
None N, NFE, EE 

OM 
DM 
U 

None DM dig. DM 

Cl, P N, Ca, S. CHO U 

Na, P K, OM dig. OM 

CF, P GE, NFE U 

P NFE U 

None None OM 

lCF = crude fiber, NFE = nitrogen free extract, EE = ether extract, DM dig. = dry matter digestibility (in vitro), S. CHO = 
water-soluble carbohydrates, OM dig. = organic matter digestibility (in vitro), GE = gross energy. 

20M = organic matter basis, DM = dry matter basis, U = unspecified. 



186 WALLACE ET AL. 

Table 2. Chemical composition of mixed grass forage 
collected by animal and by hand in different seasons. 

Component1 
and sample 

Season 

collection June July Sept. Dec. Avg. 

Crude protein (%) 
Animal 13.7 7.6 5.8 4.1 7.8 
Hand 13.3 7.5 6.9 4.2 7.7 

Acid-detergent fiber (%) 
Animal 46.6 47.2 52.8 57.1 50.9 
Hand 45.9 49.0 51.5 56.9 50.8 

Lignin (%) 
Animal 4.9 5.1 8.5 9.2 6.9 
Hand 5.1 7.2 7.5 8.9 7.2 

Ether extract (%) 
Animal 1.4 1.6 3.0 3.0 2.3 
Hand 1.4 1.7 2.7 2.9 2.2 

Gross energy (kacl/g) 
Animal 4.40 4.56 4.53 4.67 4.54 
Hand 4.49 4.60 4.57 4.50 4.54 

Ash (%) 
Animal 8.0 7.5 9.5 10.4 8.8 
Hand 7.1 6.4 7.5 8.6 7.4 

IAll components except ash are given on an organic matter basis. 

Results and Discussion 
Salivary contamination by steers grazing mixed 

grass increased the ash content of forage signifi- 
cantly (P < 0.05) (Table 2). Furthermore, the 
amount of ash added by saliva increased with 
advancing plant maturity. Consequently, the con- 
centrations of all other constituents were expressed 
on an organic matter basis. In this way, forage 
eaten by animals differed from forage collected by 
hand only in ash content. 

In Table 3 comparisons in chemical composition 
were made between clipped herbage soaked in 
saliva and that left untreated. Differences in com- 
ponents other than ash were non-significant; and 
with ash the increases due to ensalivation followed 
trends similar to those shown in Table 2. The 
increase in ash content caused by saliva contamina- 
tion was about 1% greater when the forage was 
eaten by animals (Table 2) than when clipped and 
soaked in saliva (Table 3). 

Our results, like those of Wallace et al. (1972), 
indicate that the main discrepancy in chemical 
composition between actual diet samples and those 
simulated by careful hand-clipping may arise 
through salivary ash contamination and not 
through imperfect diet duplication. 

Dry matter content of clipped herbage varied 
from 38% in June to 90% in December, and of 
esophageal forage samples from 22 and 24%. Dry, 
mature forage had a greater absorbing capacity 
for saliva than less mature or green forage. Con- 

Table 3. Chemical competition of mixed grass herbage col- 
lected by hand and soaked in saliva in different seasons. 

Component1 Season 
and sample 
treatment June July Sept. Dec. Avg. 

Crude protein (%) 
Soaked 12.4 7.3 5.4 3.3 7.1 
Untreated 12.1 7.9 5.4 3.4 7.2 

Acid-detergent fiber (%) 
Soaked 48.0 52.1 54.1 52.6 51.7 
Untreated 49.2 52.0 53.8 53.2 52.0 

Lignin (%) 
Soaked 5.6 7.3 7.9 7.9 7.2 
Untreated 5.8 6.7 8.2 8.6 7.4 

Ether extract (%) 
Soaked 1.8 1.7 2.1 3.2 2.2 
Untreated 2.0 1.4 1.9 2.9 2.0 

Gross energy (kcal/g) 
Soaked 4.64 4.53 4.60 4.51 4.57 
Untreated 4.40 4.58 5.43 4.53 4.51 

Ash (%) 
Soaked 9.1 7.7 9.3 8.0 8.5 
Untreated 9.1 7.6 8.2 6.8 7.9 

lAl1 components except ash are given on an organic matter basis. 

sequently, the ash contamination by saliva in grazed 
samples increased with advancing plant maturity 
(Tables 2 and 3). A n increase in salivary flow with 
the consumption of drier forage (Wilson, 1963) 
was probably a contributing factor also. 

In July, September, and December salivary con- 
tamination also was evaluated by grazing blue 
grama (Bouteloua gradis). The amounts of ash 
contamination were consistently greater than when 
grazing the taller mixed grass. Increases in ash 
content of grazed forage over clipped samples were 
1.6, 3.6 and 4.3% for July, September and Decem- 
ber, respectively. The percentages of other chemi- 
cal components, expressed on an organic matter 
basis, were unchanged by salivary contamination. 

The large increases in ash content of blue grama 
forage collected from the esophageal fistulae during 
September and December are greater than ex- 
pected by salivary contamination alone, and intro- 
duce an additional type of contamination resulting 
from ‘grazing. The steers apparently consumed 
appreciable amounts of soil when grazing short, 
dry blue grama. Harris et al. (1967) also reported 
soil ingestion by cattle grazing short grass pastures. 

The problem of correcting for ash contamina- 
tion in grazed forage samples is not a simple one. 
The extent of such contamination appears to be 
related to maturity (or dry matter content) of herb- 
age and to rate and composition of salivary flow. 
Reliable estimates of salivary flow and composition 
are difficult to ascertain (Kay, 1966). Thus, the 
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logical approach in dealing with chemical data 
representing forage collected from esophageal 
fistulae is to express results on an organic matter 
basis. 

Summary 
We studied changes in chemical composition of 

cattle grazed forage brought about through ex- 
posure to saliva. As compared to hand clipped 
forage samples, those exposed to saliva contamina- 
tion were significantly higher in ash content. The 
increase in ash attributed to saliva was greater 
with mature, dry forage than with green, succulent 
forage; and it was higher on blue grama grass than 
on taller mixed grass. Other chemical constituents, 
expressed on an organic matter basis, were not 
changed by ensalivation. 

We demonstrated the need for reporting chemi- 
cal composition data of grazed forage on an organic 
matter basis and reviewed factors dffecting rate and 
composition of salivary flow in cattle and sheep. 
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Highlight 

Insecticides were sprayed experimentally at several sites on short-grass plains 
vegetation by the Agricultural Research Service (ARS), United States Depart- 
ment of Agriculture (USDA), to determine effectiveness for grasshopper (AC&%- 
due) control. Effects of the applications on resident wildlife were studied by 
the Denver Wildlife Research Center. Observations were also made on the 
effects of an operational range caterpillar (Hemileuca oliviue) control program 
with toxaphene. Direct effects on birds varied widely with the chemicals 
applied, spray rates, and conditions. Applications (in ounces of active ingredient 
per acre) that killed birds and resulted in significant population decreases 
were: Fenitrotbion (9.6 oz), BAY 77488 (4.6 and 9.3 oz), diazinon (5.0 to 8.0 oz), 
and toxaphene (16 oz). Applications that resulted in significant population 
decreases under some conditions, but without any observed bird mortality, 
were: Fenitrothion (6.3 oz), Baygon (3.0-4.0 oz), and Guthion (4.0 oz). Appli- 
cations without observed direct effects on wildlife were: BAY 77488 (2.5 oz), 
carbaryl (6.4 oz), malathion (6.8 oz), and Mobam (3.0 oz). Registration and use 
of pesticides for range grasshopper control should be limited to those that de- 
erade ranidlv in the environment, have the least direct impact on wildlife, and 
shave be& $oroughly field-tested. 

For over 50 years range grass- 
hopper outbreaks were fought with 
bran bait containing arsenic 
(Parker, 1952). About 1943, sodium 
fluosilicate replaced arsenic in 
many bait programs (Brown, 1951). 
By 1950, chlordane, toxaphene, and 
aldrin came into use in baits and 
as sprays and dusts (Parker, 1952). 
Other chlorinated hydrocarbons, 
such as dieldrin and heptachlor, 
soon followed. 

In 1965 the U. S. Department of 
Agriculture (USDA) and some of 
the Canadian provinces discon- 
tinued their recommendation and 
use of chlorinated hydrocarbons 
for range grasshopper control. The 
basis for this decision was (1) the 
occurrence of insecticide residues 
in meat and milk, (2) persistence of 
these insecticides in the environ- 
ment, and (3) adverse effects on 
fish and wildlife. Nevertheless, 

l Appreciation for cooperation and as- 
sistance with the field work is ex- 
tended to Fred Skoog, Frank Cowan, 
and C. C. Blickenstaff, ARS, USDA, 
Bozeman, Montana; field workers of 
the Plant Protection Division, ARS, 
USDA; and Douglas Hicks, Denver 
Wildlife Research Center, Bureau of 
Sport Fisheries and Wildlife. 

some privately financed rangeland 
spraying with chlorinated hydro- 
carbons has continued up to the 
present time and there has been 
governmental use of toxaphene for 
range caterpillars until recently. 

Replacement insecticides recom- 
mended by the USDA for grass- 
hoppers were malathion at 9.7 oz 
(8.0 fl. oz) per acre in an ultra low 
volume (ULV) application and car- 
baryl at 8.0 to 16 oz per acre in a 
water formulation (Agricultural 
Research Service, 1969). Coopera- 
tive studies by the Agricultural Re- 
search Service and the Denver Wild- 
life Research Center had shown 
both these treatments to be effec- 
tive against grasshoppers and of 
little direct hazard to upland wild- 
life at those application rates. Both 
chemicals are highly toxic and dis- 
ruptive in aquatic habitats, how- 
ever, and should not be sprayed on 
streams, lakes, or other wetlands. 
Since 1965, all of the USDA’s large- 
scale grasshopper control programs 
have used ULV malathion applica- 
tionse2 Carbaryl has not been 
sprayed on a large scale because of 

2 W. Watson, ARS, Denver, Colorado, 
personal communication. 
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formulation and handling prob- 
lems.3 This paper reports the re- 
sults of continuing research to find 
other grasshopper pesticides of low 
hazard to range wildlife. 

Study Areas and Methods 

Insecticides studied in the field 
tests were: 
BAY 774884 - phenylglyoxylonitrile 

oxime 0,0-diethyl phosphorothioate 
Baygon* - o-isopropoxyphenyl methyl- 

carbamate 
carbaryl - I-napthyl N-methylcarba- 

mate 
diazinon - 0,0-diethyl 0- (2.isopropyl- 

4-methyl-6.pyrimidinyl) phosphoro- 
thioate 

fenitrothion - O,O-dimethyl 0-(4.nitro- 
m-tolyl) phosphorothioate 

Guthion4 - O,O-dimethyl S-[4-0x0-1,2, 
3.benzotriazin-3(4H)-ylmethyl] phos- 
phorodithioate 

malathion - O,O-dimethyl S-( 1,2-dicar- 
bethoxyethyl) dithiophosphate 

Mobam - benzo [blthien-4.yl methyl- 
carbamate 

toxaphene - a mixture of chlorinated 
camphenes (67-69s combined chlor- 
ines) 

All insecticide applications were 
made with aircraft operated by or 
supervised by the ARS. 

Study areas were located in Mon- 
tana, New Mexico, and Wyoming 
(Fig. 1). Each area consisted of a 
group of 40., 80., or 160.acre plots 
sprayed experimentally by the Agri- 
cultural Research Service (ARS) 
Grasshopper Investigations staff. 
One exception was an area near 
Springer, New Mexico, where a 
block of 177,000 acres of blue 
grama (Bouteloua gracilis) grass- 
land was sprayed by the Plant Pro- 
tection Division of the ARS in an 
operational range caterpillar con- 
trol program. 

All of the study areas were char- 
acterized by flat to rolling topog- 
raphy and short-grass plains vegeta- 
tion. In addition to blue grama, 

3F. Skoog, ARS, Bozeman, Montana, 
personal communication. 

4Trade names of Chemagro Chemical 
Corp. Reference to trade names does 
not imply endorsement of commercial 
products by the Federal Government. 

5Trade name of Mobil Chemical Com- 
pany. 
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FIG. 1. Locations of study areas and kinds of pesticides sprayed. 

other common plant species in- 
cluded needleandthread (Stipa co- 
mata), buffalograss (Buchloe dacty- 
Zoides), upland sedges (Carex 
spp.), Junegrass (Koelaria cristata), 
western wheatgrass (Agropyron 
smithii), cheatgrasses (Bromus spp.), 
snakeweed (Gutierrezia sarothrae), 
fringed sagebrush (Artemisia frig- 
ida), and prickly pear (Opun tia 
spp.). Very few larger shrubs or 
trees were present other than oc- 
casional soapweed (Yucca glauca), 
chokecherry (Prunus virginiana), 
and skunkbush (Rhus trilobata), 
and a few cottonwoods (Po~ulus 
spp.) near ranch buildings and 
windmills. Average annual precipi- 
tation at the four study sites varied 
from 14 to 17 inches. Elevation 
ranged from 3,400 to 6,600 feet. 

Pre- and post-spray bird censuses 
were conducted on the sprayed plots 
and on similar plots that were not 
sprayed. Each census line was a 
straightline transect through the 
center of each plot. Transects on 
the 40-acre plots were %-mile long 
and on the SO- and 160-acre plots 
were %-mile in length. On the 

range caterpillar control area, l/2- 
mile long transects were located at 
several sites within the treated area 
and on untreated range outside the 
area. Bird census transects were run 
between sunrise and 10: 30 AM 

MDT to coincide with bird activity 
patterns. Censuses were not run in 
rain or snow or when wind velocity 
exceeded 12-15 mph. Half-mile 
transects were run in about 12 min- 
utes and X-mile transects in 6-7 
minutes. All birds seen within 150 
feet of either side of the line of 
travel were identified and counted. 
Transient flocks of 5 or more birds 
were recorded but not included in 
the statistical analysis. Bird census 
results were analyzed by the “t” 
test with an unequal number of 
observations (Snedecor, 1956). 

Small mammals were censused 
with Sherman live-traps on a few 
of the treated and untreated plots. 
Captured animals were individually 
marked with a toe-clipping system 
and released for recapture studies. 
Trap lines consisted of 50 traps at 
25 stations in a line, 50 feet between 
stations. Traps were usually set 3 

nights in the pre-spray period and 
3 nights in the post-spray period. 
Observations on larger mammals, 
such as rabbits, badgers, coyotes, 
antelope, and deer, were too limited 
for statistical tests. Usually only 
a few individuals were seen and 
they often ranged over several plots. 

Searches for dead animals were 
conducted along some of the census 
transects and in likely places such 
as around stock ponds and wind- 
mills. The most successful carcass 
searches were made with the help 
of a dog, but in most studies no 
dogs were available. 

In some cases, vegetation, insects, 
and vertebrates were collected from 
the plots for insecticide residue 
analysis by chemists at the Denver 
Wildlife Research Center. Guthion 
and diazinon samples were analyzed 
by gas chromatography with a flame 
photometric detector, carbaryl sam- 
ples by thin-layer chromatography 
with some confirmatory samples by 
gas chromatography, and toxaphene 
samples by gas chromatography. 
Vertebrates were analyzed as whole- 
body samples, less integument, ex- 
tremities, and gastrointestinal tract; 
insects and plants were analyzed as 
pools. Residues for vertebrates and 
insects are based on fresh weight; 
those for plants on air-dried weight. 

Bird species present on all study 
areas, in order of abundance, were 
the horned lark (Eremophila al- 
pestris), western meadowlark (Stur- 
nella neglecta), lark bunting (Cala- 
mospixa melanocorys), mourning 
dove (Zenaidura macroura), com- 
mon nighthawk (Chordeiles minor), 
killdeer (Charadrius vociferus), and 
sparrow hawk (FaZco sparverius). Of 
the total of 59 species observed, the 
next most common were the chest- 
nut-collared longspur (Calcarius 
ornatus), western kingbird (Tyran- 
nus verticalis), brown-headed cow- 
bird (Molothrus ater), long-billed 
curlew (Numenius americanus), up- 
land plover (Bartramia Zongicauda), 
Franklin’s gull (Larus pipixcan), 
vesper sparrow (Pooecetes gram- 
ineus), and Cassin’s sparrow (Aimo- 
phila cassiniz). Technical names 
follow the A.O.U. (1957). 
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Table 1. Bird census (number/ %-mile transect) results on BAY 77488, Baygon, 
and fentrothion test plots, Cascade County, Montana, 1969. 

Insecticide 
Spray rate No. of 

(oz/acre) counts 
No. of days 
post-spray 

Avg. number of birds 

Pre-spray Post-spray 

BAY 77488 
BAY 77488 
BAY 77488 
Unsprayed 
Baygon 
Baygon 
Baygon 
Unsprayed 
Fenitrothion 
Fenitrothion 
Unsprayed 

2.5 49 
4.6 61 
9.3 39 
- 70 
2.0 31 
3.0 37 
4.0 26 
- 70 
6.3 26 
9.6 24 
- 14 

l-9 
1-9 
l-9 
- 

l-7 
1-7 
l-7 

l-5 
l-5 
- 

23.1 19.3 
14.8 10.ll 
15.8 6.4l 
18.6 17.8 
16.4 16.9 
18.5 1o.52 
19.9 12.72 
18.6 17.8 
9.3 4.52 
9.1 3.3l 
8.3 7.3 

lDiffers from pre-spray, CY = 0.01. 
2Differs from pre-spray, a! = 0.05. 

Mammals observed on all study 
areas were pronghorn antelope 
(Antilocapra americana) and deer 
mice (Peromyscus sp.). Mule deer 
(Dama (Odocoileus) hemionus), des- 
ert cottontails (Sylvilagus audu- 
bonii), coyotes (Canis latrans), 
striped skunks (Mephitis mephitis), 
jackrabbits (Lepus californicus and 
L. townsendii), badgers (Taxidea 
taxus), grasshopper mice (Ony- 
chomys Zeucogaster), and thirteen- 
lined ground squirrels (Spermoph- 
ilus tridecemlineatus) were the 
next most common of 24 species 
recorded. Technical names are after 
Hall and Kelson (1959). 

Most of the 12 species of reptiles 
and amphibians were recorded on 
the New Mexico study plots. The 
great plains toad (Bufo cognatus), 
western box turtle (Terrapene or- 
nata), prairie rattlesnake (Cro talus 
viridis), and gopher (bull) snake 
(Pituophis melanoleucus) were also 
common to one or both of the 
northern study areas. Technical 
names follow Stebbins (1954). 

Results 

BAY 77488 

The chemical was sprayed by ULV 
application at 2.5, 4.6, and 9.3 oz/ 
acre on twelve 40-acre plots in 
Cascade County, Montana. Chest- 
nut-collared longspurs, horned 
larks, vesper sparrows and western 
meadowlarks were the most com- 

mon nesting birds on the plots. 
The 2.5 oz/acre rate did not ob- 
servably affect birds. The two 
higher rates of application caused 
some direct mortality and a signifi- 
cant decline in total birds (Table 1) 
and in all four of the most common 
species. The greatest decline oc- 
curred in the longspurs on the 9.3 
oz plots. The overall decrease in 
birds averaged 32% on the 4.6 oz 
plots and 59% on the 9.3 oz plots. 

Small mammals were live- 
trapped, marked, and released on 
one plot sprayed with 4.6 oz/acre. 
Eight deer mice and one sagebrush 
vole (Lagurus curtatus) were cap- 
tured in the pre-spray period. All 
were recaptured, alive and in ap- 
parent good condition one or more 
times in 5 days of post-spray trap 
ping along with additional deer 
mice and a Richardson’s ground 
squirrel (Spermophilus richard- 
sonii). 

BAY 77488 is not presently regis- 
tered for use on rang-eland. If 
registration is sought, further field 
study will be needed to confirm 
that the 2.5 oz/acre rate is of little 
hazard to wildlife. 

Baygon 

Baygon was studied at two loca- 
tions, Niobrara County, Wyoming, 
and Cascade County, Montana. In 
the first tests in Wyotming, no 
significant changes in numbers of 
birds (mainly horned larks) were 

found. However, some of the Bay- 
gon crystallized, the grasshopper 
kill was poor, and wildlife exposure 
was not representative. 

Further tests were conducted in 
Montana with an improved formu- 
lation at spray rates of 2.0, 3.0, 
and 4.0 oz/acre on ten 40-acre 
plots. Common birds were the same 
species as on the BAY 77488 plots. 
Total birds and two of the four 
major species (chestnut-collared 
longspurs and western meadow- 
larks) decreased significantly on 
plots sprayed with 3.0 and 4.0 oz 
Baygon/acre but not on those 
sprayed with 2.0 oz/acre (Table 1). 
The acute toxicity of Baygon 
(Tucker and Crabtree, 1970) to 
passerine and gallinaceous birds in- 
dicates a high potential for direct 
poisoning. Wildlife casualties ob- 
served on the Baygon plots were 
three dead nestling longspurs and 
one adult. Four active chestnut- 
collared longspur nests with eggs 
or nestlings were kept under ob- 
servation. All were abandoned or 
otherwise unsuccessful after the 
Baygon was sprayed. 

Five deer mice were live-trapped 
and marked pre-spray on the 3.0 oz 
Baygon plot. All were recaptured 
alive and norma in appearance 
two or three more times each in 5 
days of post-spray trapping. Re- 
sults of the bird observations indi- 
cate that more Baygon field tests 
are needed before it can be recom- 
mended for grasshopper control. 

Carbaryl and malathion 

Eight 160-acre test plots in the 
short-grass plains of Union County, 
New Mexico, were sprayed with 6.4 
oz/acre of carbaryl (Sevin@-4-oil 
formulation) or 6.8 oz/acre of mala- 
thion. The major species present 
were horned larks, western meadow- 
larks, Cassin’s sparrows, mourning 
doves, and white-necked ravens 
(Corvus cryptoleucus). No effects 
on birds were detected (Table 2). 
A complicating factor in this study 
was the effect of rainstorms total- 
ling 1.4 to 1.9 inches within 40 
hours after the plots were sprayed. 
Grasshopper kills were poorer on 
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these plots than on nearby carbaryl- 
and malathion-sprayed plots which 
did not receive any rain after treat- 
ment. The latter plots were not 
included in the wildlife observa- 
tions, however. 

In the post-spray period, small- 
mammal trapping on one of the 
carbaryl plots resulted in 25 re- 
captures of 18 apparently healthy 
deer mice, kangaroo rats (Dipod- 
omys ordii), hispid pocket mice 
(Perognathus hispidus), and grass- 
hopper mice. Larger mammals seen 
ranging across the sprayed plots, 
and not visibly affected, included 
black-tailed jackrabbits and prong- 
horns. Western box turtles, and 
lesser earless lizards (Holbrookia 
maculata) were also frequently seen 
on the plots before and after spray- 
ing. 

Two Cassin’s sparrows and seven 
rodents of three species were col- 
lected after the carbaryl application 
and analyzed for residues. One of 
the sparrows contained 1.4 ppm, 
but carbaryl was not found in the 
other samples above the detection 
limits of 0.5 ppm. 

We have studied carbaryl and 
malathion at several other sites in 
mixed vegetative types. Rates of 
application ranged up to 1 lb./acre 
for carbaryl and 9.7 oz/acre for 
malathion. No wildlife mortality 
has been observed in any of these 
tests, but significant decreases in 
bird populations due to emigration 
have occurred under some condi- 
tions. 

Diaxinon 

Technical diazinon was sprayed 
ULV at 5.0 to 8.0 oz/acre on twenty- 
four SO-acre test plots in Niolbrara 
County, Wyoming. Actual deposits 
of the chemical were slightly lower 
than the intended rates. Pre-spray 
bird counts averaged 26.6 birds per 
half-mile transect (Table 2); horned 
larks, western meadowlarks, lark 
buntings, and chestnut-collared 
longspurs were the most abundant 
species. The diazinon applications 
had a strong impact on the resident 
birds. Average birds per transect 
dropped to 11.1, a significant de- 

Table 2. Bird census (number/l/z-mile transect) results on plots sprayed with 
carbaryl, malathion, Guthion, diazinon, Mobam or toxaphene. 

Spray rate No. of No. of days 
Avg. number of birds 

Insecticide (oz/acre) counts post-spray Pm-spray Post-spray 

Carbaryll 6.4 28 l-7 11.8 13.1 
Malathion1 6.8 28 l-7 11.1 13.0 
Guthionl 4.0 40 3-8 18.7 11.42 
Unsprayed1 - 28 - 11.5 12.8 
Diazinon3 5.0-8.0 36 6-8 26.6 11.12 
Mobam 3.0 34 3-7 14.2 12.5 
I Jnsprayed3 - 8 - - 20.1 
Toxaphene4 16.0 18 8-14 33.6 15.05 
Unsprayed4 - 18 - 24.3 28.3 

lPlots located in Union Co., New Mexico, 1968. 
2Differs from pre-spray, cr = 0.01. 
sPlots located in Niobrara Co., Wyoming, 1966. 
4Plots located in Colfax Co., New Mexico, 1966. 
5 Differs from pre-spray, (y = 0.01 and from unsprayed area, a = 0.05. 

crease (a! = O.Ol), by 6 to 8 days 
post-spray. Eight dead birds, repre- 
senting all four major species, were 
found on the sprayed plots. Most 
likely only a small fraction of the 
dead birds were found because of 
the low probability of locating 
carcasses (Rosene and Lay, 1963). 
A dead pronghorn was also found 
on a sprayed plot. However, this 
animal had been seen limping with 
a shoulder injury of unknown 
origin prior to the spray applica- 
tion, and death may have been re- 
lated to the injury and only coin- 
cidental with the diazinon ex- 
posure. 

One carcass of each of the four 
bird species found dead was ana- 
lyzed for diazinon content; whole 
body residues ranged from 0.06 to 
0.57 ppm. Three deer mice cap- 
tured with snap traps contained 
0.10, 0.11, and 0.17 ppm diazinon. 
Muscle tissue from the dead prong- 
horn had 0.01 ppm. 

Because of the severe effects on 
birds, diazinon should not be 
sprayed for range grasshopper con- 
trol. 

Fenitrothion 

This chemical was sprayed ULV 
at two rates, 6.3 and 9.6 oz/acre on 
eight 4O-acre plots in Cascade 
County, Montana. Chestnut-col- 
lared longspurs were the most abun- 
dant resident birds, but horned 

larks, western meadowlarks, and 
vesper sparrows were also common. 
The average number of all four 
species of birds declined signifi- 
cantly within 5 days on all fenitro- 
thion-sprayed plots. Numbers of 
birds on similar plots left unsprayed 
showed no significant changes dur- 
ing the same period of time (Table 
1). Sick and dead birds were found 
on plots sprayed with 9.6 oz/acre 
but not on those sprayed at 6.3 oz. 

Laboratory tests with fenitro- 
thion have shown moderate to high 
acute toxicity to birds and un- 
usually severe cumulative effects 
with repeated exposures (Tucker 
and Crabtree, 1970). Future USDA 
plans are to test lower application 
rates (1.0 to 6.0 oz) for effectiveness 
against grasshoppers. Judging from 
available data, this chemical’s ef- 
fects on wildlife, even at lower 
application rates, should be 
thoroughly evaluated before opera- 
tional use is allowed on rangeland. 

Guthion 

Eight 160-acre plots in Union 
County, New Mexico, were sprayed 
ULV with 4.0 oz/acre Guthion. 
Horned larks, western meadowlarks, 
Cassin’s sparrows, and white-necked 
ravens were common resident bird 
species. Pre-spray bird counts aver- 
aged 18.7 per X-mile transect. Post- 
spray counts dropped to 11.4/tran- 
sect, a significant decrease (Table 2). 
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All of the common bird species, 
except meadowlarks, showed the 
post-spray decline. No sick or dead 
birds were seen on the study plots, 
indicating that their disappearance 
was probably due to emigration. 

Heavy rains of 1.4 to 1.9 inches 
fell on four of the Guthion plots 
within 40 hours after spraying. The 
decline in bird numbers was not 
nearly so great on these plots as it 
was on four plots that were sprayed 
after the rain. This suggested that 
the rainfall lessened the impact of 
the Guthion on resident birds on 
half the plots and reduced the over- 
all post-spray decline. 

There appeared to be no direct 
effect of the Guthion on small 
mammals. Only three grasshopper 
mice were marked in pre-spray 
trapping, and these were all re- 
captured, apparently in good con- 
dition, from 5 to 7 days post-spray. 
In addition, 15 new animals, in- 
cluding grasshopper mice, kangaroo 
rats, hispid pocket mice, and a 
spotted ground squirrel (Spermoph- 
ilus spilosoma), were marked and 
recaptured a total of 12 times after 
the spray. Western box turtles and 
lesser earless lizards were common 
residents of the Guthion test plots 
and were not observably affected by 
the spray. 

A few animal and vegetation 
samples were collected for Guthion 
residue analysis. One sample of 
blue grama, taken 10 hours after 
spraying, contained 89 ppm Gu- 
thion. Five later collections of 
grama and associated grasses and 
forbs taken from 34 to 120 hours 
after treatment contained 13 to 24 
ppm. Dead and dying grasshoppers 
collected the day of spraying had 14 
ppm Guthion. A Cassin’s sparrow 
collected 1 day post-spray contained 
2.2 ppm. Several other Cassin’s 
sparrows, lark sparrows (Chondestes 
grammucus), and horned larks taken 
at 5 to 6 days post-spray contained 
0.05 to 0.14 ppm. Two grasshopper 
mice taken 6 and 7 days post-spray 
had 0.48 and 0.30 ppm, but three 
collected 9 days post-spray did not 
contain any detectable Guthion. 

Guthion at 4.0 oz/acre appears 

more hazardous to wildlife than the 
insecticides in current use (mala- 
thion and carbaryl), but a lower 
rate of application or a different 
formulation could change this pic- 
ture. 

Mobam 

This insecticide was sprayed at 
3.0 oz/acre on sixteen, 80-acre test 
plots in Niobrara County, Wyo- 
ming. The most common birds on 
the plots were horned larks, western 
meadowlarks, and lark buntings. 
Pre-spray bird numbers were rela- 
tively low for the area, averaging 
14.2 per %-mile transect, apparently 
because of the generally poor con- 
dition of the vegetation. Bird 
counts dropped after treatment, but 
the decrease was not significant at 
the 0.05 level (Table 2). 

Mobam is only moderately toxic 
to birds in acute oral doses but 
has a high degree of cumulative 
action in chronic exposures (Tucker 
and Crabtree, 1970). It is not pres- 
ently a candidate for use on range- 
lands. Further field studies would 
be necessary to evaluate wildlife 
hazards if this compound is to be 
registered. 

Toxaphene 

Toxaphene, a chlorinated hydro- 
carbon insecticide, was sprayed on 
about 177,000 acres of blue grama 
grassland in New Mexico for con- 
trol of the range caterpillar. The 
toxaphene was applied at the rate 
of 1 lb. insecticide in % pint fuel 
oil per acre. This study differed 
from the others in that the spray 
application was an actual control 
operation rather than a field ex- 
perimen t. 

In the first week post-treatment, 
there was no change in bird num- 
bers on the census lines, and little 
or no mortality was observed. Dur- 
ing the second week post-spray, 
birds decreased significantly (Table 
2) in comparison with untreated 
grama rangeland in the same area. 
Three horned larks, two meadow- 
larks, one killdeer, one cowbird, 
and one mourning dove were found 
dead on the sprayed area. Analysis 

of the carcasses indicated toxaphene 
residues ranging from less than 0.1 
to 9.6 ppm. Toxaphene was not 
detected in four horned larks col- 
lected live before spraying, but 
ranged from 0.4 to 1.0 ppm in four 
horned larks and one meadowlark 
collected live 2 to 3 weeks post- 
spray. 

Four samples of range caterpillars 
contained from 7.2 to 34.0 ppm toxa- 
phene, and four post-spray samples 
of blue grama had from 6.7 to 51.6 
ppm. Of three deer mice and one 
grasshopper mouse collected on the 
edge of the sprayed area, only one 
contained detectable toxaphene, 
and it was only a trace. Seven 
months after the toxaphene appli- 
cation, two grass samples and four 
horned larks were collected for 
analysis.6 The grass samples (mostly 
blue grama) contained 5.5 and 8.3 
ppm toxaphene, while the horned 
larks had from 0.2 to 0.8 ppm. 

Conclusions from this study were 
that toxaphene at 1 lb./acre had a 
severe impact on the grassland 
fauna and ecosystem. No attempt 
was made to estimate total direct 
kill of birds because of the large 
area and limited observations, but 
the number must have been high. 
Probably of greater importance was 
the ultimate effect of the toxaphene 
residues on the hundreds of thou- 
sands of resident and migratory 
birds on the area that were not 
directly killed by their exposure. 
The long-term effects of the toxa- 
phene on wildlife populations and 
the grassland ecosystem are not 
known, but the persistence of 
the material in the environment 
coupled with its toxicity to many 
forms of life give it a high potential 
for disruption of grassland ecologi- 
cal relationships. 

Discussion 
With the exception of the toxa- 

phene investigation, field observa- 
tions in each of these studies were 
completed within two to four 
weeks. Thus, only relatively short 

6Personal communication from R. H. 
Hillen, Bureau of Sport Fisheries and 
Wildlife, Fort Collins, Colorado. 
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term, or direct, effects of the pesti- 
cide applications could be detected. 

The main criterion for determin- 
ing effects was a comparison of the 
average number of resident birds 
seen during several successive pre- 
and post-spray counts on established 
census lines located on sprayed and 
unsprayed plots. This offered the 
only practical method of obtaining 
adequate quantitative data with the 
resources at hand. Most grassland 
birds are not randomly distributed 
during breeding but are selective 
of their habitat and are territorial 
at that time (Cody, 1968; Wiens, 
1969). Because of their territorial 
behavior, daily counts of resident 
species on established transects will 
be quite consistent during breeding 
(Emlen, 1971). Thus, a significant 
change in bird numbers on sprayed 
plots, while similar unsprayed plots 
remain stable, indicates a response 
to the pesticide treatment. Accord- 
ingly, we feel that the census results 
of resident birds reported here are 
a valid first assessment of the rela- 
tive hazards of the chemicals and 
rates of application tested. 

Other criteria used in assessing 
effects of the pesticides included: 
(1) observations of sick birds show- 
ing signs of poisoning and (2) loca- 
tion of carcasses of dead birds. 
These criteria were generally of 
little value because of the inherent 
difficulties in observing sick birds 
and locating dead ones. Searching 
for small carcasses widely distrib- 
uted over a large area is a notably 
unreliable method for determining 
pesticide effects (Rosene and Lay, 
1963). Carcasses disappear rapidly 
because of scavengers (Davis, 1970) 
and decomposition. 

When the number of resident 
birds declines in an area following 
spraying, there is some question as 
to whether this is detrimental to 
the population. It is highly un- 
likely that nesting birds can simply 
emigrate to unsprayed areas with- 
out losses. One of the tenets of 
wildlife management is that suit- 
able habitat will already be fully 
occupied if “seed” populations of 
the species in question are present 

in the area. Secondly, even if 
unoccupied habitat were available 
for pesticide-displaced birds, there 
would be losses to predators and 
other stresses while they were seek- 
ing the new areas. Lastly, the 
harmful effects on nesting birds are 
self-evident. Eggs and nestlings are 
not mobile. Abandonment of nests 
means either a complete loss of 
reproduction for the year, or at 
best, a second nesting attempt. Re- 
peat nesting is generally much less 
successful than first attempts (Lack, 
1954). 

Grasshoppers are extremely im- 
portant to wildlife. They are nu- 
tritious, being particularly high in 
protein, are widely distributed, and 
are easily available. Grasshoppers 
are important in the diet of more 
than 120 species of birds (Martin 
et al., 1951) as well as for many 
other kinds of wildlife. Young birds 
and other animals are often highly 
dependent on grasshoppers during 
their early growth, including many 
species that primarily eat seeds and 
other plant materials when full 
grown. 

Despite the great utilization by 
wildlife, severe grasshopper out- 
breaks do occur. Whether present- 
day wildlife populations can ef- 
fectively suppress heavy infestations 
is questionable. In the 1930’s, 
flocks of 2,000 to 8,000 hawks, 
mostly Swainson’s (Buteo swain- 
soni), rough-legged (B. Zagopus), 
and ferruginous (B. regalis) hawks, 
were observed cleaning up large 
grasshopper concentrations on egg 
beds in Colorado and New Mexico 
(Wakeland, 1958). Similar cases of 
biological control of grasshoppers 
by other species of birds are re- 
ported by Wakeland and others. It 
is unfortunate that the most bene- 
ficial birds, such as many of the 
raptors and insectivorous species, 
have been those most severely af- 
fected by the world-wide cycling 
through the biosphere of DDT and 
related insecticides (Dustman and 
Stickel, 1969; Fyfe et al., 1969; 
Frost, 1969; Peakall, 1970; Porter 
and Wiemeyer, 1969; Rudd, 1969; 
and Stickel, 1968). 

Heavy grasshopper infestations 
can virtually destroy the vegetative 
cover (Parker, 1952). Infestations 
of 30 or more grasshoppers per 
square yard can be reduced to less 
than one in a few days with an 
effective pesticide application 
(Parker, 1954), greatly decreasing 
the damage to the vegetation. While 
the need for grasshopper control is 
evident in many situations, a more 
basic problem is to determine the 
underlying causes of outbreaks. 
There is some evidence that high 
populations occur more often on 
range in poor condition (Nerney, 
1958) and are related to drought 
(G unn, 1960) and overgrazing 
(Smith, 1958). If this is true, pre- 
vention of grasshopper damage by 
better range management would be 
more desirable ecologically than by 
spraying pesticides. 

The goal of range and wildlife 
managers should be (1) to reduce 
the potential for pest insect irrup- 
tions through improving range con- 
dition and (2) to utilize only rapidly 
degrading chemicals of low toxicity 
at the lowest possible rates when 
chemical control does become neces- 
sary. Total “ecological pest con- 
trol” may never fully be realized in 
the more arid, droughty parts of 
the western range, but a general 
improvement in range condition 
should benefit the resident wildlife. 
Hopefully, this would also signifi- 
cantly reduce the need for spraying 
insecticides on rangelands. 

Literature Cited 
AGRICULTURAL RESEARCH SERVICE. 1969. 

Grasshopper control. U. S. Dep. Agr. 
Farmers’ Bull. No. 2193. 11 p. 

AMERICAN ORNITHOLOGISTS’ UNION. 
1957. Check-list of North American 
birds. Fifth Ed. Lord Baltimore 
Press, Baltimore. 691 p. 

BROWN, A. W. A. 1951. Insect con- 
trol by chemicals. John Wiley & 
Sons Inc., N. Y. 817 p. illus. 

CODY, M. L. 1968. On the methods 
of resource division in grassland bird 
communities. The Amer. Nat. 102 
(924): 107-147. 

DAVIS, D. E. 1970. Evaluation of 
technics for measuring mortality. J. 
Wildl. Diseases 6:365-375. 

DUSTMAN, E. H., AND L. F. STICKEL. 



194 YOUNG ET AL. 

and plants. McGraw-Hill Book 

1969. The occurrence and signifi- 
cance of pesticide residues in wild 

co., 

animals. Ann. N. Y. Acad. Sci. 160: 
162-172. 

EMLEN, J. T. 

New York. 500 p. illus. 

197 1. Population den- 
sities of birds derived from transcet 
counts. Auk 88: 323-342. 

FROST, J. 1969. Earth, air, water. 
Environment 1 l(6): 14-33. 

FYFE, R. W., J. CAMPBELL, B. HAYSON, 
AND K. HODSON. 1969. Regional 
population declines and organo- 
chlorine insecticides in Canadian 
prairie falcons. Canad. Field-Natural- 
ist 83: 191-200. 

GUNN, D. L. 1960. The biological 
background of locust control. Annu. 
Rev. Entomol. 5:279-300. 

HALL, E. R., AND K. R. KELSON. 1959. 
The mammals of North America. 
(2v.) Ronald Press Co., N. Y., 1,083 
p. illus. 

LACK, D. 1954. The natural regula- 
tion of animal numbers. Oxford 
Univ. Press, London. 343 p. illus. 

MARTIN, A. C., H. S. ZIM, AND A. L. 
NEI,SON. 195 1. American wildlife 

Alien Plants in the Great Basin1 

NERNEY, N. J. 1958. Grasshopper in- 
festations in relation to range con- 
dition. J. Range Manage. 11:247. 

PARKER, J. R. 1952. Grasshoppers. p. 
595-605. In: Yearbook of Agricul- 
ture, 1952. Gov. Printing Off., Wash- 
ington, D. C. 780 p. illus. 

PARKER, J. R. 1954. Grasshoppers. A 
new look at an ancient enemy. U. S. 
Dep. Agr. Farmers’ Bull. No. 2064. 
40 p. illus. 

PEAKALL, D. B. 1970. Pesticides and 
the reproduction of birds. Sci. Amer- 
ican 222(4):72-78. 

PORTER, R. D., AND S. N. WIEMEYER. 
1969. Dieldrin and DDT: Effects on 
sparrow hawk eggshells and repro- 
duction. Science 165(3889): 199-200. 

ROSENE, W., JR., AND D. W. LAY. 1963. 
Disappearance and visibility of quail 
remains. J. Wildl. Manage. 27: 139- 
142. 

SMITH, R.-‘E. 1958. Natural history 
of the prairie dog in Kansas. Univ. 

RUDD, R. L. 1969. Pesticide kinetics 
in ecosystems disturbed by man. In: 
Man and his environment, inter- 
action and independence. (ed. by J. 
Y. Wang). San Jose St. Coll. 178 p. 

9 

JAMES A. YOUNG, RAYMOND A. EVANS, AND J. MAJOR 

Range Scientists, Plant Science Research Division, Agricultural Research 
Service, ZJ. S. Department of Agriculture, Reno, Nevada; and 

Ecologist, Botany Department, University of California, Davis, California. 

Invasion of alien annual plant Highlight 
Plant communities in the Great species influences all phases of wild- 

Basin are highly susceptible to invasion land research in the Great Basin. 
by hosts of alien annual species. 
Highly competitive native annuals did 

Similar invasions by the same or 

not evolve in the Great Basin to 
similar species have occurred in 

occupy a low seral situation created many other parts of the New 
by intensive grazing. The introduced World. However, the relative im- 
annual species have been the shadows 
of domestic livestock since the be- 

poverished flora of many plant 

ginning of agriculture. The alien an- 
communities of the Great Basin 

nuals have highly developed breeding makes it simpler to ascertain the 
systems which permit adaptation to impact of aliens. Our purpose in 
changing environments. this review is to bring perspective 

l Received June 14, 197 1. Cooperative 
to the biological import&rce-of this 

investigation of the Plant Science Re- invasion.2 

search Division, Agricultural Research 
Service, U. S. Department of Agri- 
culture and the Agricultural Experi- 
ment Station, University of Nevada, 
Reno, Nevada. Journal Series No. 
193. Paper was presented at the 1971 
Annual Meeting of the Society for 
Range Management, Reno, Nevada. 

21n order to maintain continuity to the 
flow of ideas being presented, we 
deleted literature citations except for 
those which introduced the concepts 
being presented. We realize that 
many contributions to the literature 
are not included. 

Kansas Museum Nat. Hist., Misc. 
Public. 16. 36 p. 

SNEDECOR, G. W. 1956. Statistical 
methods. Fifth ed. Iowa St. Univ. 
Press, Ames, Iowa. 534 p. 

STEBBINS, R. C. 1954. Amphibians 
and reptiles of western North Amer- 
ica. McGraw-Hill Book Co., Inc. N. 
Y. 529 p. illus. 

STICKEL, L. F. 1968. Organochlorine 
pesticides in the environment. USDI 
Fish and Wildlife Serv. Spec. Sci. 
Rpt.-Wildlife No. 119. 32 p. 

TUCKER, R. K., AND D. G. CRABTREE. 
1970. Handbook of toxicity of pesti- 
cides to, wildlife. U. S. Dep. of the 
Interior, Resource Public. No. 84. 
131 p. 

WAKELAND, C. 1958. The high plains 
grasshopper. U. S. Dep. Agr. Tech. 
Bull. No. 1167. U. S. Govt. Print. 
Off., Wash., D. C. 168 p. illus. 

WIENS, J. A. 1969. An approach to 
the study of ecological relationships 
among grassland birds. Ornith. 
Monogr. No. 8, Amer. Ornith. 
Union, Allen Press, Lawrence, Kans. 
93 p. illus. 

Original Vegetation 

The extent and character of the 
sagebrush association in pristine 
condition will probably never be 
known accurately (Ellison, 1960). 

It appears that native plant com- 
munities within the big sagebrush/ 
bunchgrass vegetation type are ex- 
traordinarily subject to invasion by 
alien annual species (Jardine and 
Anderson, 1919). 

Piemeisel (195 1) concluded that 
alien weeds in big sagebrush (A. 
trident&a Nutt.) communities are 
largely limited to entering voids 
in the native vegetation. Appar- 
ently, no highly competitive, native 
annual species have evolved to 
play a successional role in the low 
serial situations in these commu- 
nities. The number of individual 
native annual species occurring in 
these communities can be quite 
large, but rarely if ever, do native 
annuals dominate low seral com- 
munities in this vegetation type. 
In studies of the big sagebrush/ 
bunchgrass vegetation of an un- 



194 YOUNG ET AL. 

and plants. McGraw-Hill Book 

1969. The occurrence and signifi- 
cance of pesticide residues in wild 

co., 

animals. Ann. N. Y. Acad. Sci. 160: 
162-172. 

EMLEN, J. T. 

New York. 500 p. illus. 

197 1. Population den- 
sities of birds derived from transcet 
counts. Auk 88: 323-342. 

FROST, J. 1969. Earth, air, water. 
Environment 1 l(6): 14-33. 

FYFE, R. W., J. CAMPBELL, B. HAYSON, 
AND K. HODSON. 1969. Regional 
population declines and organo- 
chlorine insecticides in Canadian 
prairie falcons. Canad. Field-Natural- 
ist 83: 191-200. 

GUNN, D. L. 1960. The biological 
background of locust control. Annu. 
Rev. Entomol. 5:279-300. 

HALL, E. R., AND K. R. KELSON. 1959. 
The mammals of North America. 
(2v.) Ronald Press Co., N. Y., 1,083 
p. illus. 

LACK, D. 1954. The natural regula- 
tion of animal numbers. Oxford 
Univ. Press, London. 343 p. illus. 

MARTIN, A. C., H. S. ZIM, AND A. L. 
NEI,SON. 195 1. American wildlife 

Alien Plants in the Great Basin1 

NERNEY, N. J. 1958. Grasshopper in- 
festations in relation to range con- 
dition. J. Range Manage. 11:247. 

PARKER, J. R. 1952. Grasshoppers. p. 
595-605. In: Yearbook of Agricul- 
ture, 1952. Gov. Printing Off., Wash- 
ington, D. C. 780 p. illus. 

PARKER, J. R. 1954. Grasshoppers. A 
new look at an ancient enemy. U. S. 
Dep. Agr. Farmers’ Bull. No. 2064. 
40 p. illus. 

PEAKALL, D. B. 1970. Pesticides and 
the reproduction of birds. Sci. Amer- 
ican 222(4):72-78. 

PORTER, R. D., AND S. N. WIEMEYER. 
1969. Dieldrin and DDT: Effects on 
sparrow hawk eggshells and repro- 
duction. Science 165(3889): 199-200. 

ROSENE, W., JR., AND D. W. LAY. 1963. 
Disappearance and visibility of quail 
remains. J. Wildl. Manage. 27: 139- 
142. 

SMITH, R.-‘E. 1958. Natural history 
of the prairie dog in Kansas. Univ. 

RUDD, R. L. 1969. Pesticide kinetics 
in ecosystems disturbed by man. In: 
Man and his environment, inter- 
action and independence. (ed. by J. 
Y. Wang). San Jose St. Coll. 178 p. 

9 

JAMES A. YOUNG, RAYMOND A. EVANS, AND J. MAJOR 

Range Scientists, Plant Science Research Division, Agricultural Research 
Service, ZJ. S. Department of Agriculture, Reno, Nevada; and 

Ecologist, Botany Department, University of California, Davis, California. 

Invasion of alien annual plant Highlight 
Plant communities in the Great species influences all phases of wild- 

Basin are highly susceptible to invasion land research in the Great Basin. 
by hosts of alien annual species. 
Highly competitive native annuals did 

Similar invasions by the same or 

not evolve in the Great Basin to 
similar species have occurred in 

occupy a low seral situation created many other parts of the New 
by intensive grazing. The introduced World. However, the relative im- 
annual species have been the shadows 
of domestic livestock since the be- 

poverished flora of many plant 

ginning of agriculture. The alien an- 
communities of the Great Basin 

nuals have highly developed breeding makes it simpler to ascertain the 
systems which permit adaptation to impact of aliens. Our purpose in 
changing environments. this review is to bring perspective 

l Received June 14, 197 1. Cooperative 
to the biological import&rce-of this 

investigation of the Plant Science Re- invasion.2 

search Division, Agricultural Research 
Service, U. S. Department of Agri- 
culture and the Agricultural Experi- 
ment Station, University of Nevada, 
Reno, Nevada. Journal Series No. 
193. Paper was presented at the 1971 
Annual Meeting of the Society for 
Range Management, Reno, Nevada. 

21n order to maintain continuity to the 
flow of ideas being presented, we 
deleted literature citations except for 
those which introduced the concepts 
being presented. We realize that 
many contributions to the literature 
are not included. 

Kansas Museum Nat. Hist., Misc. 
Public. 16. 36 p. 

SNEDECOR, G. W. 1956. Statistical 
methods. Fifth ed. Iowa St. Univ. 
Press, Ames, Iowa. 534 p. 

STEBBINS, R. C. 1954. Amphibians 
and reptiles of western North Amer- 
ica. McGraw-Hill Book Co., Inc. N. 
Y. 529 p. illus. 

STICKEL, L. F. 1968. Organochlorine 
pesticides in the environment. USDI 
Fish and Wildlife Serv. Spec. Sci. 
Rpt.-Wildlife No. 119. 32 p. 

TUCKER, R. K., AND D. G. CRABTREE. 
1970. Handbook of toxicity of pesti- 
cides to, wildlife. U. S. Dep. of the 
Interior, Resource Public. No. 84. 
131 p. 

WAKELAND, C. 1958. The high plains 
grasshopper. U. S. Dep. Agr. Tech. 
Bull. No. 1167. U. S. Govt. Print. 
Off., Wash., D. C. 168 p. illus. 

WIENS, J. A. 1969. An approach to 
the study of ecological relationships 
among grassland birds. Ornith. 
Monogr. No. 8, Amer. Ornith. 
Union, Allen Press, Lawrence, Kans. 
93 p. illus. 

Original Vegetation 

The extent and character of the 
sagebrush association in pristine 
condition will probably never be 
known accurately (Ellison, 1960). 

It appears that native plant com- 
munities within the big sagebrush/ 
bunchgrass vegetation type are ex- 
traordinarily subject to invasion by 
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largely limited to entering voids 
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grazed kipukaa in southern Idaho, 
6 shrubs, 7 grasses, and 10 forbs 
were mentioned but the only an- 
nual was the alien, downy brome 
(Bromus tectorum L.) (Tisdale et 
al., 1965). In the description of 
a near pristine area in central 
Oregon, Driscoll (1964) recorded 
nine annuals of which three were 
aliens. The native annuals such 
as Orthocar+s tenuifolius (Pursh) 
Benth., Cryptantha ambigua (Gray) 
Greene, Lieanthus harkessii (Cur- 
ran) Greene, and six weeks fescue 
(Festuca octoflora Walt.) were pres- 
ent, but represented only a minor 
portion of this community. These, 
and all other available descriptions, 
show that native annual species are 
not abundant in undisturbed big 
sagebrush vegetation either quan- 
titatively or qualitatively. 

Successional Patterns 
In one century big sagebrush 

communities have known three con- 
ditions: pristine; unlimited exploi- 
tation by grazing and fire; and 
attempted complete suppression of 
fire and attrition by grazing as 
stand renewal processes. 

Pristine Succession 
Before the settlement by Euro- 

pean man of western North Amer- 
ica, big sagebrush was undoubtedly 
periodically destroyed in wildfires 
(Stewart, 1963) or defoliated by 
larvae of the moth Aroga websteri, 
but the perennial grass portion of 
the native communities probably 
benefitted from the reduced compe- 
tition (Blaisdell, 1953). Piemeisel 
(195 1) observed that in remote areas 
where seeds of alien species have 
not been carried by man’s activities, 
bare or poorly occupied soil is 
eventually taken over by native 
perennial species without a seral 
state dominated by annuals. 

The dominant native herbaceous 
seral species in big sagebrush/ 
bunchgrass communities are short- 
lived perennial grasses such as 
squirreltail (Sitanion hystrix (Nutt.) 

J. G. Sm.), and Sandberg bluegrass 
(Poe secunda Presl.) (Piemeisel, 
1945; Daubenmire, 1940; Hironaka 
and Tisdale, 1963). In co,njunction 
with short-lived perennial grasses 
the native root sprouting shrubs 
(Chrysothanmus nauseosus (Pall.) 
Britton, C. uiscidif Zorus (Hook) 
Nutt., Tetradymia canescens DC., 
Prunus andersonii Gray, and Guti- 
errezia saro t hrae (Pursh) Britton 
and Rusby) colonize burned big 
sagebrush communities (McKell 
and Chilcote, 1957). Some species 
of these shrubs persist in areas of 
recurring natural disturbances such 
as active dunes, washouts, and talus 
slopes. These native short-lived 
perennial grasses and root-sprout- 
ing shrubs must be very effective 
competitors in their successional 
situations because no alien species 
of this growth habit has become 
established over appreciable areas 
in big sagebrush/bunchgrass vege- 
tation. C. viscidiflorus is also suffi- 
ciently competitive to invade dense 
downy brome stands. This native 
shrub can also invade stands of the 
alien, but desirable, and, therefore, 
widely planted perennial crested 
wheatgrass (Agropyron desertorum 
(Fisch. ex Link) Schult.) which, 
once established, can suppress 
downy brome (Tueller and Evans, 
1961). 

Modern Succession 
The rapid and continued turn- 

abouts in stand renewal process 
have created a vegetation of ex- 
cess in much of western North 
America. Especially, the disturbed 
big sagebrush communities have 
not been able to equilibrate under 
any one stand renewal process. 

A complicating factor in under- 
standing current successional pat- 
terns in big sagebrush communities 
is that the density of big sagebrush 
has greatly increased on over-grazed 
ranges (Stoddart, 1941). This in- 
crease has largely been at the ex- 
pense of perennial grasses. Depleted 
big sagebrush stands with virtually 
no understory are not vulnerable 
to wildlife except under conditions 
of extreme fire hazard. It is dif- 

ficult to get the fire to spread from 
shrub to shrub with no understory. 
If the depleted communities burn 
and grazing pressure is relaxed, 
succession can proceed to perennial 
grass domination (Blaisdell, 1953). 
A much more typical situation in- 
volves an increase in herbaceous 
alien annuals beneath the big sage- 
brush overstory. This type of com- 
munity is closed to invasion by 
desirable perennials (Robertson and 
Pearce, 1945). During years of more 
than average spring precipitation 
these communities are extremely 
susceptible to wildfires. Adaptation 
to repeated burning is a character- 
istic which is shared by the majority 
of the aliens. Burning can be used 
as a control measure for alien an- 
nual grasses if it is properly timed 
(McKell et al., 1962). However the 
aliens are admirably adapted to 
escaping seed destruction by most 
wildfires. Kearney et al. (1914) 
described the succession on burned 
sagebrush-grass communities as fol- 
lows: 

“The fire consumes the dry herba- 
ceous growth and the sagebrush 
plants are usually burned to the 
ground. They do not sprout up 
from the old stumps, and the result 
is usually the complete removal of 
the Artemisia. In the following year 
a mat of herbaceous vegetation corn- 
posed chiefly of cheatgrass (downy 
brome) and redstem filaree (Erodium 
cicutarium (L.) L’Her.) covers the 
ground among the blackened 
stumps.” 

Although consuming the woody 
portions of the community, wild- 
fires usually occur after the annual 
grasses mature and their seeds have 
dropped to the ground, while the 
seeds of the native perennial grasses 
and herbs are still attached to the 
plant (Warg, 1938). Cottam and 
Evans (1945) attributed the promi- 
nence of downy brome in an area 
ungrazed for at least 40 years to 
frequent fires. 

Fire undoubtedly burned in pris- 
tine big sagebrush communities 
both from natural occurrence and 
as a function in the ecosystems of 
the endemic aborigines (Stewart, 
1963). A tremendous increase in 
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accidental and intentional wildfires 
accompanied European man’s set- 
tlement of the Intermountain Re- 
gion. The fuel provided by early 
maturing, highly flammable alien 
annuals contributed to the inci- 
dence and spread of these species. 

Seral Continuum 

A characteristic which adds co- 
hesiveness to the alien species is 
their occurrence in a seral con- 
tinuum. Piemeisel (1932 and 1938) 
clearly enumerated the succession 
of Russian thistle (SaZsoZa kali var. 
tenuifolia Tausch) to tumble mus- 
tard (Sisymbrium altissimum L.) or 
tansy mustard (Descurainia pinnata 
(Walt.) Britton) to downy brome on 
abandoned fields cleared from big 
sagebrush. Succession in the broad- 
leaf portion of the seral continuum 
was largely ignored until Evans et al. 
(1967) reported the removal of the 
dominant alien grass with herbi- 
cides allowed expression of the 
broadleaf successional species. In 
effect, the seral continuum allows 
continued occupancy of the site by 
the aliens over a broad spectrum of 
disturbance pressure. Release the 
pressure and succession will pro- 
ceed to a downy brome community. 
Increase the disturbance pressure 
and succession will regress to a Rus- 
sian thistle community but each 
community offers severe competi- 
tion to seedlings of native or intro- 
duced perennial grasses. 

It is possible to add new dimen- 
sions at either end of the seral 
continuum as in the case of haloge- 
ton (Halogeton glomeratus (Bieb.) 
C. A. Mey.) at the bottom or medu- 
sahead (Taenia therum asperum 
(Sim.) Nevski) at the top. 

Within the genera of both the 
weedy grasses (Bromus and Taenia- 
therum), and forbs (Erodium, 
Sisymbrium, Descurainia, SaZsoZa, 
and Lepidium) a number of species 
were differentiated which have 
largely remained restricted to Cen- 
tral Asia or to the Old World Medi- 
terranean area or to both. We 
always have the possibility of intro- 
ducing one of these species to the 
Great Basin. 

Changing Livestock Pattern 
Big sagebrush communities in 

western North America have been 
subjected to attrition by grazing of 
domestic livestock for the past cen- 
tury. The range livestock industry 
has undergone radical changes over 
that period of time and these 
changes influence the stand renewal 
process in the grazed communities. 
The abundance of the various 
classes of livestock grazed has 
changed during the century. The 
decline in numbers of range sheep 
and horses in Nevada reflects the 
trend in all of western North Amer- 
ica. Feral horse herds became so 
large at the turn of the century it 
was necessary to destroy or trap 
and ship to market great numbers 
of animals (McKnight, 1964). To- 
day the feral horses must be pro- 
tected to save them from “extinc- 
tion.” Wintering of horses on the 
range kept grazing pressure on the 
native plant communities during 
the season when cattle and sheep 
received supplemental feeding on 
ranches. 

Close herding of range sheep 
from established bed-grounds vir- 
tually eliminated all vegetation in 
some areas (Fleming, 1922). The 
range sheep industry has undergone 
a period of decline and improved 
open herding methods have greatly 
reduced this destruction. Griffiths 
(1902) considered indiscriminate 
grazing by migratory sheep bands 
whose owners had no commensu- 
rate property to be the prime factor 
in the destruction of big sagebrush 
communities in the Great Basin. 
The migratory bands provided a 
means of dispersal for seeds of 
aliens as well as creating low seral 
environments. 

Stand Renewal by Range 
Improvement 

The application of range im- 
provement practices to vast areas 
of big sagebrush has introduced a 
new type of stand renewal proc- 
ess. The use of esters of (2,4-dichlo- 
rophenoxy) acetic acid (2,4-D) makes 
it possible to remove the shrub 

overstory without resorting to fire 
(Hull and Vaughn, 195 1). How- 
ever, the success of this technique 
is dependent on how many remnant 
perennial grasses are left in the un- 
derstory (Hyder, 1954). Removing 
the shrubs by spraying 2,4-D can 
result in domination of the site by 
aliens just as in the case of wild- 
fires. 

Establishment of desirable wheat- 
grasses in big sagebrush communi- 
ties is the only range improvement 
possibility when the perennial un- 
derstory is too depleted to benefit 
from spraying the brush. If these 
seedlings fail to establish, annual 
domination results just as surely as 
it did on abandoned farmlands in 
the 1930’s. 

Origin of Competitive Aliens 

The importance of aliens as 
weeds in western North America 
has long been recognized. How- 
ever, the true origin of the aliens 
which dominate the big sagebrush/ 
bunchgrass seral communities is 
somewhat obscure. The major 
grasses and the broadleaf species 
have been broadly categorized by 
American authors as Mediterranean 
in origin. These species have a wide 
distribution in the heavily grazed 
portions of the Mediterranean basin 
but they are also found as aliens 
in areas of South America and 
Australia with similar climates and 
intensive grazing. 

The only other area of the world 
with vegetation similar to the big 
sagebrush/bunchgrass type of west- 
ern North America is the Artemisia 
steppe of central Asia (Mirov, 
1951). The highly competitive an- 
nual species which now play such 
a dominant role in the succession 
of big sagebrush communities in 
the Great Basin fulfill the same 
role in central Asia. 

The annual colonizing species 
may have originated elsewhere, but 
they found conditions in central 
Asia conducive to the selection of 
highly competitive genotypes. The 
Artemisia steppe of Asia has been 
subjected to centuries of intensive 
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Therefore, for about 10,000 years 
prior to the introduction of do- 
mestic livestock, there were no re- 
quirements for plant species to 
grow in seral habitats created and 
maintained by grazing. 

grazing by a wide spectrum of her- 
bivores. Soon after the beginnings 
of agricultural cultures in the re- 
gion from India to the Mediterra- 
nean, domestic livestock spread into 
the steppes of Eurasia (Sauet, 1956). 

In central Asia agriculture be- 
came pastoral with nomadism. The 
movements of nomadic tribes and 
the restricted distribution of po- 
table or stock water produced con- 
centrations of grazing livestock 
which tended to create and main- 
tain low seral plant communities. 
Kubanskaja (1956) could identify 
the ancient migratory routes in the 
Bet-Pak-Dala desert of the “people 
who are no more,” by the predomi- 
nance of weedy annuals. 

Flannery (1969) likens the de- 
velopment of agriculture to another 
example of second cybernetics. 
Starting with a relatively stable con- 
figuration of plant and animal 
species about 10,000 B.C., early culti- 
vation took two genera of seral 
grasses and two genera of small 
ungulates out of their habitat and 
artificially increased their numbers 
while they underwent a series of 
genetic changes, many of which 
were favorable in terms of com- 
patability with man. These favor- 
able changes made feasible a still 
greater investment of human labor 
in agriculture and a greater artificial 
expansion of some species at the 
expense of species not adaptable to 
man’s influence. At this point, the 
ecosystem was no longer in a cyber- 
netic state; all former rules which 
had controlled succession were lost. 

If the domesticatio’n of plants 
and animals were man’s foredrop to 
civilization, then the alien annual 
weeds of grazing lands are the 
shadow of civilization. The de- 
velopment of concentration of do- 
mestic herbivores created the low 
seral situations and forced selections 
of species to fill these vacant niches. 

The gregarious herbivores of Eur- 
asia largely escaped extinction at 
the end of the Pleistocene by do- 
mestication. In the Great Basin, 
there was no escape and the large 
herbivores became extinct or with- 
drew their range from the area. 

Competitive Characteristics 

The introduced annual weeds of 
big sagebrush communities and es- 
pecially downy brome have fre- 
quently been rated as vigorous 
competitors (Hull, 1944). Pickford 
(1932) reported downy brome made 
up less than 1% of the natural 
vegetation of ungrazed and un- 
burned ranges. Where disturbance 
had created voids in perennial big 
sagebrush communities, Stewart and 
Hull (1949) counted 1,080 to 15,000 
downy brome seedlings per m2. 
What contrasting populations from 
less than 1% of undisturbed native 
communities to complete domi- 
nance of seral communities. Which 
successional situation most fully 
characterized the inherent competi- 
tive potential of the alien annuals? 

Investigation has shown that seed- 
ing perennial grasses into annual 
dominated communities most often 
ends in failure unless some means 
is employed to reduce competition 
(Platt and Jackman, 1946). 

In controlled greenhouse experi- 
ments, Evans (196 1) demonstrated 
that downy brome at 690 and 2,760 
plants per m2 severely curtailed 
shoot and root growth and greatly 
increased mortality of crested wheat- 
grass seedlings. 

In southeastern Washington, 
Daubenmire (1940) and Harris 
(1967) observed that downy brome 
has inserted itself successfully into 
climax bunchgrass stands that have 
been protected from grazing or fire 
for as long as 50 years. For how 
many years had native vegetation 
at these sites evolved toward an 
equilibrium which fully occupied 
the potential of the environment? 
Is not the successful establishment 
of downy brome in these commu- 
nities the ultimate in competitive 
ability? Does downy brome com- 
pete with the native plant com- 
munity in equilibrium or do the 

aliens exist on environmental PO- 

tential untapped by the native 
species? 

During the past 50 years, attempts 
to replace the alien annual species 
with native perennial grass species 
have generally ended in failure de- 
spite the eloquent pleas by Ken- 
nedy (1903) that the natives reflect 
inherently perfect adaptation to 
the local environment. Millions of 
acres have been revegetated with 
perennial wheatgrass from central 
Asia (Love and Hansen, 1932). How 
many seasons did these alien wheat- 
grasses complete with the alien an- 
nuals in their native habitats before 
they were both introduced into 
North America? 

We may ask, is intensive pressure 
by man and his grazing animals 
necessary to evolve competitive an- 
nual colonizers? 

Nature of Competitive Ability 

During the past 35 years, range 
scientists have gradually compre- 
hended the magnitude of the in- 
herent competitive ability of alien 
annuals. A series of investigations 
has been conducted to determine 
the characteristic which allows the 
alien weeds to compete so success- 
fully (see Klemmedson and Smith 
(1964) for many of these studies). 
These investigations have shown 
dramatic advantages for the alien 
species, but fail to show any single 
overriding competitive advantage 
shared by all the aliens. 

In virtually undisturbed big sage- 
brush communities in pristine con- 
dition, the perennial species prob- 
ably did not need to reproduce 
every year to maintain stand den- 
sity. Considering the erratic climate 
of the big sagebrush areas, it is 
possible that seedlings of many of 
the perennial species only became 
established during these irregularly 
occurring years with above normal 
precipitation. Harris (1967) found 
that seedlings of bluebunch wheat- 
grass (Agropyron sfxkztum (Pursh) 
Scribn. and Sm.) survived and be- 
came established only in summers 
with above average precipitation. 
The aliens must complete their life 
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cycle annually so their reproductive 
ecology must be very efficient. The 
aliens not only germinate and be- 
come established, but they also 
close the reproductive niches of the 
native perennials. To accomplish 
this, the aliens must have both 
phenotypic and genotypic plasticity 
to survive in the below average 
years and to preempt the environ- 
mental potential in the above aver- 
age seasons (Harper and Gajic, 
1961). 

Seedbed Characteristics 

The annual habit of the alien 
species makes their seeds or cary- 
opses the key to their continued 
occupancy of the site. Unfortu- 
nately, a static concept of germina- 
tion of downy brome and medusa- 
head has become widely accepted 
(Hulbert, 1955) in the western 
United States. It has become ac- 
cepted that seeds of the aliens germi- 
nated the year they were produced 
without a residue of seeds in the 
soil and litter. Chepil et al. (1946) 
clearly determined this was not true 
and recent investigations by Young 
et al. (1969) have shown how the 
alien annual species can have the 
advantages of both simultaneous 
and continuous germination. 

In order to occupy disturbed 
areas of disjunct distribution, the 
alien annuals must have highly de- 
veloped dispersal mechanisms. Ex- 
cept for investigation of the dis- 
persal of downy brome by Hulbert 
(1955) and Lehrer and Tisdale 
(1956), little is known of dispersal 
mechanisms of the aliens. 

Following Piemeisel’s (195 1) 
scheme of succession in low seral 
communities on big sagebrush sites, 
there is a strong relation between 
reproductive potential, dispersal 
mechanisms, and seral level. The 
lowest seral species, Russian thistle 
and halogeton, produce a great 
many very small seeds and have 
advanced dispersal mechanisms to 
shower surrounding areas with their 
seeds. The annual grasses which 
occupy a higher seral position pro- 
duce fewer, but much larger cary- 
opses. Harper et al. (1965) stressed 

the physical characteristics of the 
seedbed as the factor determining 
population size and species compo- 
sition of colonizing co,mmunities. 
Evans and Young (1970) have 
equated population size of specific 
species of alien annuals to individ- 
ual parameters of the microenviron- 
ment of the seedbed (i.e. air and 
soil temperature and soil moisture) 
which, in turn are manifested by 
specific conditions of the seedbed 
(i.e. litter coverage, microtopogra- 
phy, and soil texture). Litter ac- 
cumulation is directly related to 
seral stage of the plant community 
in that germination and establish- 
ment of the higher successional 
species (downy brome and medusa- 
head) require environmental condi- 
tions less harsh than those of bare 
soil. Lower successional species 
(Russian thistle and tumble mus- 
tard) can become established on 
bare soil. 

Differences in safe site require- 
ments for establishment among spe- 
cies are, in part, due to physical 
characteristics of the seed or cary- 
opses. Seed size, specific gravity, and 
character of the seed coat are all im- 
portant in relation to the micro- 
scale of the seedbed and its provid- 
ing a suitable environment for one 
species and not another. Because 
there is succession among annual 
species, competition for safe sites 
and the varying efficiency in the 
germination process among species 
must also be a vital dynamic opera- 
tive in these communities. 

Breeding Sys terns 

The most conspicuously success- 
ful alien annuals are predo,minately 
self-pollinated. Analyses of the ge- 
netic systems of certain of the most 
successful alien colonizing species 
of the annual ranges of California 
indicate that these systems repre- 
sent a compromise between the 
high recombinational potential of 
out-breeding species and the stabil- 
ity traditionally postulated fo,r self- 
pollinated species (Stebbins, 1957). 
These species appear to be capable 
of adjusting their genetic systems to 
obtain variability rapidly by virt ue 

of ready modification of levels of 
out-crossing, crossover rates, and 
other factors which govern recom- 
bination rates. Allard (1965) postu- 
lates that successful colonizers have 
genetic systems optimum both for 
opportunistic settlement and endur- 
ing occupation of diverse and com- 
plex habitats. 

Investigations of the variability 
within and among selections of 
downy brome and medusahead 
from a variety of habitats have 
shown significant variability for a 
number of characteristics important 
to the establishment and reproduc- 
tion of alien species (Hulbert, 1955; 
McKell et al., 1962; Young et al., 
1970). 

Stebbins (1957) in his review of 
the genetics of successful selfpolli- 
nating species stated: 

“Each successful biotype maintains 
itself a constant, genetically homo- 
zygous pureline for a large number 
of generations and is represented by 
hundreds or thousands of individ- 
uals. It is normally isolated by self- 
fertilization from other biotypes of 
the same species with which it grows 
sympatrically. Occasionally, however, 
accidental crossing between biotypes 
may take place. . .” 

Stebbins indicated the majority 
of the recombinations are more 
poorly adapted than the parental 
types, but a few form the progeni- 
tors of new lines. 

In genera of which the phyloge- 
netics of species have been studied 
(i.e. Bromus) (Stebbins, 1957), the 
self-fertilized species appear to be 
more specialized in morphological 
characteristics than many of their 
cross fertilized relatives. A very 
high proportion of them have an- 
nual life cycles (Stebbins, 1950), a 
condition which is generally re- 
garded by morphologists to be de- 
rived from the perennial growth 
habit. 

To explain the presence of flower 
structures which are associated with 
cross fertilization in self-fertilized 
species, Stebbins (1957) cites the 
principle that the origination of 
elaborate structures, which depends 
on the interaction of a complex 
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combination of genetic factors, re- 
quires much stronger selective pres- 
sures than their maintenance once 
they have originated. Can this 
same principle be applied to the 
complex of morphologic and phys- 
iologic characteristics which make 
alien annuals so competitive? Do 
genera such as Agropyron lack basic 
genomes, present in Bromus, permit- 
ting the selection of ecotypes which 
are highly competitive under inten- 
sive grazing in big sagebrush vege- 
tation? The noxious alien annual, 
Exempyrum triticeum (Gaertn.) Ne- 
vski (Agropyron triticeum Gaertn.), 
has been introduced to western 
North America, but is relatively 
rare in comparison to downy brome. 

Both Stebbins and Allard rele- 
gate crossing between largely self- 
pollinated individuals to accidental 
occurrences. However, Stebbins 
(1957) reviews work of Harlan 
(1945) which suggested that flower 
parts governing cross fertilization 
can respond to changing environ- 
mental conditions. Conditions fa- 
vorable for cross pollination might 
be absent altogether in climates 
as highly variable as those in the 
Intermountain area. Self-fertiliza- 
tion insures fertility in plants sub- 
ject to periodic droughts and iso- 
lated dispersal (Baker, 1955). Do 
periodic periods of environmental 
abundance condition cross fertili- 
zation? This may be the crucial 
point in understanding the signifi- 
cance of the genetics of alien species 
in big sagebrush communities. If 
the amount of crossing among in- 
dividuals is a function of the en- 
vironmental conditions in which 
the annuals are growing, their 
breeding system could assume great 
ecological significance. The repro- 
ductive potential of downy brome 
in terms of number of tillers, pan- 
icle spikelets, and florets has shown 
to be density dependent (Hulbert, 
1955; Young et al., 1969). Reduced 
density results in great increases in 
caryopses production per plant. Do 
lodicule turgidity, anther exertion, 
pollen vitality, and stigma exertion 
and receptivity also respond dy- 

namically to increased environ- 
mental potential per individual? 

The invasion of medusahead in 
sagebrush communities on the mar- 
gin of the Great Basin is accom- 
plished by disjunct introductions 
which can remain isolated for many 
generations. These isolated popu- 
lations may remain very restricted 
and stable for years before suitable 
environmental conditions permit 
rapid invasion and domination of 
surrounding communities (Young 
and Evans, 1970). 

What is the breeding system of 
medusahead during these sudden 
expansions in range? Could there 
be sufficient hybridization for a 
population expression of heterosis? 
Isolated introductions of one or a 
few propagules necessitates a re- 
stricted gene pool (Harper, 1965). 
Each generation, the individuals of 
isolated stands, represent opportu- 
nity for selection in the inbreeding 
populations under the local en- 
vironmen tal conditions. What 
happens when two or more long 
isolated populations merge in a 
favorable environment? 

If heterosis is a factor in the 
sudden spread of alien annuals 
there must also be neriods of re- 
cline in vigor as populations segre- 
gate, but the aliens are the seral 
species and “weeds cannot maintain 
constant population sizes” (Steb- 
bins, 1950). Numerical increases 
with diversity prepared the way for 
numerical decline with uniformity 
(Ford, 1964). 

Biological Vacuum 
After the introduction of do- 

mestic livestock, there was a con- 
siderable lag until alien plant 
species became abundant. By the 
turn of the century, alien annuals 
were absent or extremely rare in 
northeastern Nevada (Kennedy, 
1903) and downy brome had not 
been introduced to western Nevada 
(Kennedy and Doten, 1901). A 
great deal of low seral habitat was 
prepared and available for the es- 
tablishment of aliens. The annuals 
were introduced into a biological 
near-vacuum (McKell et al., 1962). 

The period of greatly reduced com- 
petition allowed the perpetuation 
of many of the new genotypes that 
were created by hybridization and 
recombination. These genotypes 
may not have a clear competitive 
advantage in their present habitat 
(Young et al., 1970) but given the 
chance of dispersal the inherent 
variability insures dominance in a 
variety of environments. 

Presence of these alien annual 
species on rangelands of the Great 
Basin truely reflects the effects of 
past activities of man and his ani- 
mals. Further, these annual species 
represents a difficult problem for 
range managers at present. Only 
recently have successful methods 
and techniques been developed to 
control these species and replace 
them with higher value, more stable 
perennial grasses (Evans, et al., 
1969). 
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Factors Influencing Infiltration and Erosion 
on Chained Pinyon-Juniper Sites in Utah’ 
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Highlight 

Relationships between vegetal and edaphic factors and infiltration rates 
and erosion as measured on 550 infiltrometer plots at chained pinyon-juniper 
sites in Utah were analyzed by multiple regression analysis. Those factors 
most important for predicting infiltration rates (regardless of time interval) 
included total porosity in the O-3 inch layer of soil, percent bare soil surface, 
soil texture in the O-3 inch layer of soil, and crown cover (percent or tons per 
acre). The ability to predict infiltration rates (as determined by R2) varied 
with time and geographic location. Not only did predictive ability vary, 
but independent variables explaining such variance also changed with time and 
location. Factors that influence sediment discharge were so variable from one 
geographic location to another that no consistent relation was found. 

Factores que Influyen en la 
Infiltration y Erosion en Monte de 

Pino y Enebro Controlado por 
la Cadena 

Resumens 

El estudio se llev6 a cabo en el Estado 
de Utah de E.U.A. con 10s objetivos 
de determinar que factores influyen 
rnhs la erosi6n e infiltracibn de agua. 
Se usaron 550 infiltrometers a travf% 
de 10s adios 1967 y 1968 y en varias 
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localizaciones en ambos sitios de pino 
y enebro controlado por la cadena y 
sin control. Los resultados fueron 
analizados por regresi6n mtiltiple. 

Se encontraron que 10s factores que 
ocurrieron con rnis frecuencia en la 
ecuasi6n de predicci6n fueron la paro- 
sidad total en la copa de O-3 pulgadas 
de1 suelo, porcentaje de suelo desnude, 
textura de1 suelo en la copa de O-3 
pulgadas y la cobertura vegetal. La 
habilidad para predicir la intensidad 
de la infiltracidn fud variable durante 
el aiio y entre las localizaciones 10s 
factores independientes que explican 
dicha variaci6n fueron tambidn varia- 
bles durante el afio y entre las localiza- 
ciones. 

Los factores que influyen erosi6n 
fueron muy variables enter las localiza- 
ciones y por &so no fuC posible en- 
contrar una interrelacibn consistente 
entre la intensidad de erosi6n y 10s 
factores de medio-ambiente. 

Defining those factors which in- 
fluence infiltration rates is requisite 
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to understanding hydrologic be- 
havior of the 61.4 million acres 
(Dortignac, 1960) of pinyon-juniper 
woodland (Pinus monophylla-Ju- 
niperus osteosperma) in the western 
United States. Many factors that 
influence infiltration have been 
recognized, but studies of semi-arid 
wildland situations have been lim- 
ited. 

Williams et al. (1969) and Gifford 
et al. (1970) have reported infiltra- 
tion rate differences at random 
points between 28 chained and 28 
nearby unchained pinyon-juniper 
sites in central and southern Utah. 
Sediment yields also were measured. 
Study results indicate that conver- 
sion of pinyon-juniper cover to 
grassland has not necessarily in- 
creased infiltration rates nor always 
reduced sediment yields at a given 
point on such lands. Similar find- 
ings have been reported from small 
watershed studies in Arizona 
(Brown, 1970). 

This study reports the influence 
of several vegetal and edaphic fac- 
tors on infiltration and sediment 
production rates of pinyon-juniper 
sites in Utah. 

Methods 

A Rocky Mountain infiltrometer 
(Dortignac, 1951) was utilized to 
simulate high intensity (3 inches/ 
hr or greater) rainfall on plots ap- 
proximately 2.5 ft2 in size. Twenty- 
eight treated and 28 nearby un- 
treated pinyon-juniper sites were 
sampled during the summers of 
1967 and 1968. A total of 550 in- 
filtrometer plots were studied. De- 
scriptions of the sites have been 
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given previously (Williams et al., 
1969; Gifford et al., 1970). 

All plots were pre-wet a mini- 
mum of 2-3 hours before infiltrom- 
eter runs began. Runoff was mea- 
sured at selected time intervals 
during each infiltrometer run. Sim- 
ulated rainfall was applied to each 
plot until a constant runoff rate 
was reached. 

Sediment was measured by col- 
lecting the total runoff plus the 
sediment from each plot, then 
thoroughly mixing, and finally tak- 
ing a l-quart sample. The water 
was then evaporated off, the sedi- 
ment oven-dried, and the sample 
weights converted to tons per acre. 

Soil surface characteristics of each 
plot included percent bare surface 
soil, percent litter, percent rock 
(soil particles greater than 2 mm in 
diameter), and percent basal area 
of plants. These soil surface char- 
acteristics were measured with a 
point quadrat frame which covered 
an entire infiltrometer plot. The 
quadrat frame contained 100 points; 
therefore, each strike equalled 1% 
coverage. 

Vege tal crown cover de termina- 
tions were made in two ways. The 
first method utilized the point 
quadrat frame, and crown cover 
measurements were taken concur- 
rently with soil surface character- 
istic measurements. The second 
method consisted of clipping each 
plot. The total vegetal cover was 
bagged, then taken to the lab and 
oven-dried for 24 hours. This oven, 
dry weight (tons/acre) was used as 
an index of vegetal crown cover. 

Percent rock greater than 2 mm 
diameter and soil texture were de- 
termined from disturbed soil sam- 
ples collected from the top 3 inches 
of soil immediately adjacent to each 
plot or from the plot itself. Soil 
texture was determined by the 
hydrometer method (Bouyoucos, 
1962). 

Bulk density was determined 
from undisturbed samples taken 
from each plot with a upland soil 
sampler. Samples were returned to 
the laboratory and oven-dried at 
105 C for 24 hours. 

The percentage of water-stable 
sand-sized (0.02-2 millimeter diam- 
eter) soil aggregates in sieved soil 
samples was determined by using a 
modified Bouyoucos hydrometer 
method in which the Calgon was 
omitted. 

Organic matter was determined 
by the loss on ignition method. 

Soil porosity was measured on 
undisturbed soil samples prior to 
bulk density determinations. Po- 
rosity was determined at two mois- 
ture levels, one at oven-dry condi- 
tions and the other at 30-cm tension. 
Measurements were made by using 
a technique similar to that em- 
ployed by Hoover et al. (1954). 

Percent moisture of the surface 
soil of each plot was determined 5 
min after an infiltrometer run was 
completed. The soil moisture by 
weight was determined by weighing 
the sample in wet condition, oven- 
drying at 105 C for 24 hr, then 
weighing again. 

Analysis of Variables 

An area-wise multiple regression 
analysis was utilized in analyz- 
ing infiltration-erosion relationships 
within and among the four major 
geographic locations. Other inde- 
pendent variables, besides those de- 
scribed under “Methods” included 
site, treatment (untreated vs. 
treated), and totdl silt plus clay 
in the surface 3 inches of soil. 
Some independent variables were 
included as squared and/or cubed 
values where preliminary graphing 
procedures indicated non-linear re- 
lationships. 

The five dependent variables 
were chosen to represent certain 
important aspects of natural high 
intensity convectional thunder- 
storms. Dependent variables in- 
cluded: (1) infiltration rate during 
the 3-4 min time interval (this vari- 
able gives an indication of infiltra- 
tion rates at the onset of a high 
intensity convectional storm); (2) 
infiltration rate during the 8-13 
min time interval (this variable 
gives the infiltration rate perhaps 
midway through a typical convec- 
tional storm); (3) infiltration rate 

FIG. 1. Map of Utah showing the four 
geographic locations which were studied 
(Price, Eureka, Blanding, and Milford, 
Utah). The two large black squares in- 
dicate sites which are instrumented for 
longterm studies. 

during the 33-38 min time interval 
(this time interval represents the 
final or constant infiltration rate); 
(4) erosion in tons/acre/inch of run- 
off; and (5) total water retained on 
a plot for 40 min (this variable 
gives the integrated retention capa- 
bility of the soil). 

Stepwise multiple regression 
equations were developed for each 
of four chosen geographical areas 
in Utah: (1) east central part (Price 
area), (2) west central part (Eureka 
area), (3) southwest portion (Mil- 
ford area), and (4) southeast por- 
tion (Blanding area). Figure 1 is a 
map showing the location of the 
infiltrometer studies. In addition, 
composite multiple regression equa- 
tions were derived from all infil- 
trometer plots taken throughout 
the state. 

Results and Discussion 
Infiltration Rate During the 3 to 

4-Minute Time Interval 
The multiple regression models 

accounted for 62% of the variability 
associated with infiltration rates 
during the 3 to 4-min time interval 
within the Eureka area; 51% 
within the Price area; 41% within 
the Milford area; 32% within the 
Blanding area; and 43 percent as 
a composite of all areas. 
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Of the 18 dependent variables 
(increased to 40 by including 
squared and/or cubed values), only 
treatment (untreated vs. chained) 
and sand-sized water stable aggre- 
gates in the top 3 inches of soil 
failed to explain 1% or more of the 
variance in any of the multiple 
regression equations. 

It is possible that effects of sand- 
sized aggregates are not apparent 
during the initial stages of an in- 
filtration run. These effects be- 
come important when they are con- 
sidered simultaneously with soil 
particles rearranging to block larger 
pores. This phenomenon could be- 
come more important after longer 
periods of simulated rainfall. 

The following four variables were 
important in at least three out of 
five of the prediction equations: 
(1) total porosity (O-3 inches soil 
depth), (2) percent bare soil, (3) 
silt plus clay percent (O-3 inches 
depth), and (4) percent soil less 
than 2 mm diameter, cubed (O-3 
inches depth). 

Infiltration Rate During the 8 to 
13-Minute Time Interval 

The amount of variance associ- 
ated with infiltration rates during 
the 8 to 13-min time interval which 
was explained by the regression 
models was rather uniform among 
geographic locations. Sixty-six per- 
cent of the variance was explained 
within the Milford area; 65% within 
the Eureka area; 62% within the 
Price area; and 59% within the 
Blanding area. Only 46% of the 
variance was explained when all 
data was pooled. 

Percent bare soil surface (squared) 
was important in four of the five 
equations for this particular time 
interval. Crown cover (%), percent 
rock (O-3 inches), total porosity, and 
soil moisture percent (5 minutes 
following infiltrometer run) each 
were important in three out of five 
multiple regression model equa- 
tions. 

The importance of these variables 
to infiltration rates is understand- 
able. Crown cover and/or bare soil 
apparently have increased impor- 

tance as the time from the begin- 
ning of an infiltrometer run is in- 
creased. Percent rock in the surface 
3 inches of soil and total porosity 
manifest an influence on soil mois- 
ture primarily through their effects 
on permeability and hydraulic con- 
ductivity in the subsoil. Conceiv- 
ably these factors would show an 
importance once the soil surface is 
wetted and moisture begins perco- 
lating through subsurface soils. 

Soil moisture percent of the soil 
5 min after the end of an infiltra- 
tion run reflects an interrelation of 
soil physical conditions. Soil ag- 
gregation, organic matter content, 
micro pores, etc. influence the mag- 
nitude of this factor. These factors 
all have an influence on infiltration 
rates of the soil throughout an in- 
filtration run as well as during the 
8 to 13-min time interval. 

Infiltration Rate During the 33 to 
3%Minute Time Interval 

Seventy percent and 68% of the 
variability in infiltration rates dur- 
ing the 33 to 3%min time interval 
was accounted for within the Mil- 
ford and Price areas, respectively. 
In contrast, the regression models 
accounted for only 47% and 45% 
of infiltration rate variability 
within the Eureka and Blanding 
sites, respectively. The variance ac- 
counted for with all data combined 
was 46%. 

Of the 18 independent variables 
used to develop the models, only 
two variables were important in 
three or more model equations. 
Crown cover (tons/acre) was impor- 
tant in three out of five model 
equations and crown cover (tons/ 
acre, squared) was important in 
four of the five equations. Again, 
this relationship can be attributed 
to the protection against raindrop 
impact afforded by crown cover. As 
in infiltration run progresses, the 
duration of applied rainfall in- 
creases, thus providing a greater op- 
portunity for destruction of those 
soil surface features that normally 
promote infiltration. Surface run- 
off and infiltration together trans- 
port smaller particles into larger 

pores, thereby impeding infiltration 
rates. 

The only variable (either singu- 
larly or squared) which failed to 
explain at least 1% or more of the 
variability in any of the five regres- 
sion equations was percent basal 
area. 

Total Water (Inches) Retained on 
Each Infiltrometer Plot 

The mu1 tiple regression equa- 
tions explained from 47% (Bland- 
ing area) to 69% (Milford area) of 
the variability associated with total 
water retained on an infiltrometer 
plot after 40 minutes. The Price 
and Eureka areas were intermediate 
with 65% and 60% of the variability 
accounted for, respectively. The 
variance explained with all data 
combined was 50%. 

Only two variables did not ex- 
plain (either singularly, squared, or 
cubed) 1% or more of the variability 
in at least one of the model equa- 
tions. These two were bulk density 
and percent basal area coverage. 

Crown coverage (tons/acre) was 
important in all five equations. 
Micro-porosity (porosity at 30 cm 
tension) was important in three out 
of five equations. Percent soil mois- 
ture 5 min after an infiltrometer 
run also was important in four out 
of five prediction equations. 

The relative importance of these 
variables is understandable. The 
importance of crown cover has 
previously been discussed. The fact 
that crown cover in tons/acre ap- 
pears in all five of the multiple 
regression equations for total water 
retained on each plot is evidence of 
its increasing importance as the in- 
filtration run advances. 

Erosion-Tons per Acre per Inch 
of Runoff 

Sixty-three percent of the vari- 
ability associated with erosion in 
tons/acre/inch of runoff was ex- 
plained within the Eureka area. 
The model for the Blanding area 
accounted for only 49% of the vari- 
ability and 34% or less of the vari- 
ance was explained for the remain- 
ing two sites and for all data 
pooled. 
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These results indicate the ex- 
treme complexities in predicting 
erosion. Interactions among factors 
or lack of measurement of contrib- 
uting factors could be a cause for 
such low explained percentages. 

Bulk density and site were the 
only two variables that were im- 
portant in three or more multiple 
regression equations. The fact that 
the site exerts an influence indicates 
that certain unmeasured site con- 
ditions are contributing to unex- 
plained variability. 

It is unusual that no variables 
pertaining to crown cover (either 
percent coverage or tons/acre) or 
aggregate stability explained at 
least 1% or more of the variability 
in any of the equations. It is pos- 
sible that aggregates greater than 
2 mm diameter are of more im- 
portance than aggregates less than 
2 mm diameter for predicting ero- 
sion losses. There is also the DOS- 
sibility that stability of 
gates is a function of 
sampling, as shown by 
Ferguson (1968). 

soil agire- 
season of 
Bisal and 

Conclusions 
Studies of factors influencing in- 

filtration and erosion on 28 chained 
pinyon-juniper sites throughout 
central and southern Utah have 
shown that geographic location, 
time of the event, and the param- 
eter of interest (infiltration rates 
during select time periods, erosion, 
or total water retained on plot) are 
important considerations in such 
determinations. 

Table 1 shows percent variance 
in infiltration rates, total water 
retained, and sediment production 
explained by multiple regression 
equations during different time 
periods within an infiltrometer run. 
Within a given time period, the 
explained variance in infiltration 
rates varied considerably with geo- 
graphic location (3 to 4-min and 33 
to 3%min time intervals). At other 
times (8 to 13-min time interval), 
the response among locations was 
rather uniform. 

Explained variance associated 
with infiltration rates at a given 

Table 1. Percent variance (R2 x 100) in infiltration rates (inches/hr), total 
water (inches) retained on infiltrometer plots, and sediment production 
(tons/acre/inch of runoff) explained by multiple regression equations. 

Geographic 
location 

Infiltration rate time interval Total water 
retained on Sediment 

3-4 min. 8-13 min. 33-38 min. plots production 

Price Area 51 62 68 65 33 
Eureka Area 62 65 47 69 63 
Handing Area 32 59 45 47 49 
Milford Area 41 66 70 69 34 

Composite 43 46 46 50 29 

location was not uniform among 
varying time intervals. 

Lumping all geographic locations 
together generally tends to mini- 
mize effectiveness of the predictive 
equations, regardless of the depen- 
dent variable. 

Not only does the ability to ex- 
plain variance associated with in- 
filtration change with time and 
geographic location, but the param- 
eters explaining such variance also 
change with time and location. 
Such variation was also shown in 
predicting total sediment discharge 
and to a lesser extent in predicting 
total water retained on the plots. 
Those variables that were im- 
portant in most of the equations 
for predicting infiltration rates dur- 
ing a given time period were similar 
for the 3 to 4 and 8 to 13-min time 
intervals, but changed somewhat 
for the 33 to 3%min infiltration 
rate. Important variables that in- 
fluenced total water retained on the 
plots were similar to the factors that 
influenced infiltration rates during 
the 33 to 3%min time interval. 
Those factors important in predict- 
ing infiltration rates (regardless of 
time interval) include total porosity 
in the 0 to 3-inch layer of soil, per- 
cent bare soil surface, soil texture 
in the 0 to S-inch layer of soil, and 
crown cover (percent or tons/acre). 
Percent bare soil may be partic- 
ularly important on many of our 
semi-arid rangeland watersheds, es- 
pecially as related to annual runoff 
values (Lusby, 1970; Branson and 
Owen, 1970). 

The factors that influenced sedi- 
ment discharge in this study were 
so variable from one geographic 

location to another that no consist- 
ent relationship was found. This 
finding was similar to studies in 
the big sagebrush (Artemisia tri- 
dentata) type in both Nevada (Gif- 
ford and Skau, 1967) and Utah 
(Gifford, 1972). Much additional 
work is needed in this field of study. 

Based on the above, it is im- 
portant that range and forest hydrol- 
ogists working in the pinyon-juni- 
per and other vegetation types 
recognize the complexity that exists 
with regard to hydrologic phenome- 
non. Though limitations exist for 
small plot estimates of infiltration 
(Hickok and Osborn, 1969), this 
study indicates that guidelines pre- 
pared for hydrologic analysis on 
pinyon-juniper sites similar to those 
sampled in this study should take 
into consideration the geographic 
area, the parameter of interest and, 
where applicable, the timing of an 
event. 
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Highlight 

Seven years of study of the various species and forms of sagebrush (Artemisia 
spp.) found in Nevada reveal that although there are about 28 different sage- 
brushes, there are only 4 of grazing importance. Thin-layer chromatography 
was used to identify the sagebrushes and a system of identification using leaf 
shape has been de&sed. u 

It is usually conceded that sage- 
brush species (Artemisia spp.) are 
most difficult to identify. Part of 
the problem has been a lack of de- 
scriptions of the Great. Basin sage- 
brushes. Another part of the prob- 
lem is that most persons have 
considered sagebrush as a worthless 
weed. 

This paper will attempt to de- 
scribe the common sagebrush plants 
of Nevada. Four of the sagebrushes 
are highly palatable to wildlife 
and/or livestock. Sagebrushes vary 
in their ability to volunteer after 
wildfire and in their resistance to 
2,4-D spray. Wallmo2 in Colorado 
and Plummer3 in Utah have found 
decided preference by deer for cer- 
tain sagebrushes. 

Nevada. Collecting trips to Idaho, 
Wyoming, and Utah were made to 
extend the scope of the study. It is 
quite clear, however, that the pres- 
ence of the Quaternary lakes (Rus- 
sell, 1885) and possibly the Pleisto- 
cene lakes in Nevada have caused 
a specialization of the plants. 
Therefore, any attempt to extend 
this study beyond the area influ- 
enced by these lakes was abandoned. 

Area and Methods 

Most of the study has been con- 
centrated in northern and central 

1 Received April 19, 1971. 
2Personal Communication, 0. C. 

Wallmo, 1969. 
3 Personal Communication, Perry Plum- 

mer. 

Methods consisted of voluminous 
collection of every sagebrush that 
appeared somewhat different phe- 
nologically. Use was made of 
Beetle’s (1960) publication supple- 
mented by identification of samples 
by Drs. A. A. Beetle and Al Win- 
ward. Thin-layer chromatograms 
were run on each sample to note 
any differences in chemical compo- 
sition. When a species was posi- 
tively identified, thin-layer chroma- 
tography was used to record the 
chemical signature of that species. 
Unknown plants were chromato- 
grammed to aid in their identifica- 
tion. Gradually, order began to 
appear out of chaos. 
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Young’s (1965) method of thin- 
layer chromatography was modified 
to fit my situation. Research speci- 
alities operating manual and Rand- 
erath (1966) were consulted and 
some ideas of Holbo and Mozingo 
(1965) were incorporated. 

Sagebrush leaves were gathered 
from the plants, taking all leaves 
for a sample from a single plant. 
Often, the adjacent plant is a dif- 
ferent form of sagebrush. It was 
found that sagebrush grows vegeta- 
tive leaves early, usually in mid- 
February, and then at seeding time 
the plants grow a set of large leaves 
in addition to the vegetative leaves. 
Winward and Tisdale (1969) call 
these large leaves, “ephemeral” 
leaves since they turn brown and 
fall after seed maturity. The vege- 
tative leaves remain functional 
until killed by drought or frost. 
The ephemeral leaves cause an 
extra flare on the chromatogram; 
therefore Winward and Tisdale 
(1969) and Hanks (1971) use only 
vegetative leaves in their work. It 
is much preferred to follow this 
procedure. 

Two grams of the vegetative 
leaves are placed in a 35 mm film 
can or other suitable air-tight con- 
tainer. Five ml of reagent alcohol 
(Baker 9400) are added and the 
material is left to steep for 24 hours 
at room temperature. If the leaves 
are very dry, 7 to 8 ml of alcohol 
will be needed to produce about 5 
CC of solution. See Winward and 
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Highlight 
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this study beyond the area influ- 
enced by these lakes was abandoned. 
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for a sample from a single plant. 
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ferent form of sagebrush. It was 
found that sagebrush grows vegeta- 
tive leaves early, usually in mid- 
February, and then at seeding time 
the plants grow a set of large leaves 
in addition to the vegetative leaves. 
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these large leaves, “ephemeral” 
leaves since they turn brown and 
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tative leaves remain functional 
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The ephemeral leaves cause an 
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(1969) and Hanks (1971) use only 
vegetative leaves in their work. It 
is much preferred to follow this 
procedure. 

Two grams of the vegetative 
leaves are placed in a 35 mm film 
can or other suitable air-tight con- 
tainer. Five ml of reagent alcohol 
(Baker 9400) are added and the 
material is left to steep for 24 hours 
at room temperature. If the leaves 
are very dry, 7 to 8 ml of alcohol 
will be needed to produce about 5 
CC of solution. See Winward and 
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Tisdale (1969) for a quick identifi- 
cation method which is very satis- 
factory in many cases. If you are 
sure a plant is either Artemisia 
nova or A. nrbzuculn, for instance, 
a quick look at the solution color 
under ultra-violet light makes fur- 
ther steps unnecessary. 

After the solution has steeped, 
place 3 drops on a corner of a 
chromatogram sheet (Kodak “Chro- 
magram” 6061, Silica gel, without 
fluorescent indicator). Start the 
drop about 1” in from the edges. 
Dry each drop before placing an- 
other. If too much solution is 
placed on the sheet, the rhromato- 
gram will be “over-loaded” and not 
all of the solution will run up the 
sheet; certain colors may be ob- 
scured. Use about 2 cc. 

While the last drop is drying, 
place in a glass jar such as a stan- 
dad 9 x 5 x 9 inch chromatogram 
jar) equal amounts (35 ml) of dis- 
tilled water, 1.Butanol (Baker 9054), 
and acetone (Baker 9006). Add 
about 5 ml of ammonium hydrox- 
ide (B&A 1923) for fluorescence. 
Place the clrromatogram sheet in 
the jar in a stainless steel rack (in- 
clined to about 70”) with the solu- 
tion spot down. The bottom of the 
sheet should be in the eleutant 
(chemical mix) 2 to 3 mm, but the 
spot should not be in the eleutant. 
Cover the jar. The eleutant will 
run up the sheet by capillarity 
carrying the various poly-phenols 
(Holbo and Mozingo, 1965) of the 

Plant Identification 

Vegetative or Field Identification 

solution. Since the various poly- 
phenols are soluable to certain de- 
grees in the various chemicals of 
the eleutant, and the chemicals of 
the eleutant “run” up the sheet at 
different rates, the poly-phenols are 
separated and spread. Do not work 
in direct sunlight. 

When the run has reached 10 cm 
(4 inches) after 1% to 2 hours, re- 
move the sheet and read it wet in 
a darkened room under long-wave 
ultra-violet light (58Oa). The run 
under conditions of moderate tem- 
perature is much faster than at cool 
temperatures. If very low humidity 
prevails, the colors apparently re- 
quire more time to become ap- 
parent. 

Various bright colors will be 
noted. The red flare at the head 
of the run is cl~loropl~yll and is not 
used in identification (Young, 1965). 
It is an indication, by its brightness, 
of the condition of the leaf sample 
-if dull, beware. The color follow- 
ing the chlorophyll will generally 
indicate the species of Artemisio. 
This first flare is called the primary 
flare. Subsequent colors will indi- 
cate the sub-species. As the chro- 
matogram dries, the colors will fade 
or change. To preserve the chro- 
matogram, one may photograph the 
fresh chromatogram. I use Koda- 
chrome II film, 2-B filter, l/5 sec. 
@2.R. This filter is best for blues 
and greens. Use a K-2 filter, 1 sec. 
Q2.0 if the yellows are most im- 
portant. 

The field identification of sagebrush requires the same degree of attention to detail as when one keys out 
a small forb or grass. Identification is usually possible by examining the shape of the leaf and leaf tip of the 
vegetative “type” leaves. We have already discussed “ephemeral” leaves--these give no clue to the plant’s 
identity. There are 3 kinds of vegetative leaves (a) un-lobed leaves, (b) asymmetric (odd sized, uneven lob- 
ing), and (c) symmetric (type) leaves. Leaf length can be extremely variable, depending on moisture. After 
one picks a group of leaves, discard the ephemeral leaves, the asymmetric leaves, and the unlobed leaves. 
The leaves remaining should fall into one of the leaf shapes in Figure 1. Figure l(a) is the only exception 
to not using untobed leaves for identification. 

A. Type leaves as in Fig. 1, (a) entire. 
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Ephemeral leaves un-lobed, type leaf more pointed than in l(a), not known to occur in Nevada. __-.---.--.-----.- 
-_-------__-_---___________________________________~~~_~.____.__________--.____.__________..____________________-_______.__.____.._._..._.____.___.. Artemisia cana subspp. cana 

B. Type leaves as in Fig. 1, (b). Thin, cruciform. 

(2) 

(3) 

(4) 

Leaves 20-30 mm long. Plants 2- to 4-ft tall. Mountains or foothills above 5500 ft elevation. Never grazed. 
____________________._--.-.-~_______.._.._.-_________________________________----_____________________________-_-------________.___ Artemisiu tripartita subspp. trifmrtita 

Leaves about 3 mm long. Plant less than I-ft tall. Growing on white gypsum outcrops. Low decumbent 
plant. Seldom grazed. ___________._..._________-_--_---____------_______._---_-----_-___-______.__.__-----______-----------------------------__.._ Artemisiu pygmaeu 
Leaves lo-20 mm long, plant smaller than (2) above, usually heavily grazed. Not yet found in Nevada, 
but occurs in S. Oregon. ________._..__.__________-------__-_______________________________--------___________-__-_ Artemisiu tri$artitu subspp. rupicolu 
Leaves 4-8 mm long. Plants less than I-ft tall, growing in alkaline areas, associated with shadscale (Atri- 
plex confertifoliu). Leaves bright green in February-March, yellow flower. Leaves dehiscent after spring 
growth, leaving spines on branches readily visible. _____.__._.._.__ ________ _...__._ ___________ _._.. ________________________ Artemisia spinescens 

C. Type leaves as in Fig. 1, (c). Straight-across tip, shallow notched lobes. 
(5) Leaves 15-20 mm long. Plant 2- to 5-ft tall. Heads a fascicle of numerous branches, seeds small. Seed 

stalks light brown, persistent through winter. Found in good sites on deep soils. Rare. ____________ ._.._..__.____._ ________ 
_______ Artemisiu tridentutu subspp. tridentutu 

(6) Leaves lo-20 mm long. Plants 2- to 4-ft tall. Occupies terrace slopes and benches below 5000 ft. Heads 
vary from a single 2-inch spike in drought years to a thick-branched sheaf in wet years. Bark usually black, 
but new growth of uncrowded plants has light brown bark. Sometimes grazed by deer. Resistant to 2,4-D. 
__ __.. ________ _______ ________ ___._ __________________._____---__________---____________________ ______._____ ________________ Unnamed Artemisiu tridentutu 
Winward (1970) suggests Artemisiu tridentutu subspp. vuseyunu form xericensis.) 

(blackbark). 

D. Type leaves as in Fig. 1, (d). Central lobe exerted. 
(7) Leaves lo-20 mm long. Plants l-4-ft tall. Seed heads al maturity recurved, drooping at tip. Heads usually 

persist through winter, holding recurved tip. Never grazed. 
5500 ft. 

Occupies terrace slopes and benches below 
----------- -.----___---.-_________._ __ ________.. ________ ._.. ______________________._ _.__ ____ Artemisiu triden tu tu subspp. triden tu tu form parishii 

(8) Leaves lo-30 mm long. Plants 3- to S-ft tall. Occupies deep soils along draws. Heads seldom recurve. 
Plant may be important locally for dove nesting and quail roosting. Never grazed. Undoubtedly closely re- 
lated to (7) above, mentioned because its seed heads almost never recurve. ________________ ____._.__._.__._ ______ ______.___._.___. _ 
--.-____------___--.--.-____ ______ ___.._ ___________ ___.__. ____________________----____ Artemisiu triden tutu subspp. triden tutu form purishii (tall draw) 

E. Type leaves as in Fig. 1, (e). Wide graceful lobes, quickly narrowing to a thin pedicel. 
(9) Type leaves lo-20 mm long. Plants l- to 4-ft tall. Occupies terraces in mixed stands, found along some 

draws on mountains in pure stands. Highly palatable to deer. Choice fall diet for sagegrouse. Volunteers 
into wildfire burns readily. _._._...__________.__.______---________________________.__________..____ IJnnamed Artemisiu tridentutu (widelobe). 
(Dr. Beetle feels this may be an ecotype of A. tridentatu subspp. wyomingensis. I concur.) 

F. Type leaves as in Fig. 1, (f). Deltoid leaf, central lobe too wide for central slot if deep lobed, has “buck-toothed” 

(10) 

(11) 

appearance when viewed above (end). Leaves silvery color. Type leaves 5-10 mm long. 
Plants l- to 2-ft tall, heads in spikes with large seeds (4x the size of A. urbusculu or A. nova) appearing in 
the spring. Leaves, when crushed, have strong odor reminiscent of camphor (in spring) or hydraulic fluid 
(in fall). In nearly pure stands, shallow rocky soils; mixed with other sages on deep soils. Not grazed. 
Seldom eaten by sagegrouse, may cause strong odor to meat. ___________._.__________-___._.._________--__.__________ Artemisiu Zongilobu 

Plants l-3-ft tall, heads in panicles, small-sized seeds appearing in summer. Leaves, when crushed, have 
sweet sage odor. Likes red-rock surfaces on deep soils, 
as bitterbrush (Purshiu tridentutu). 

also grows in terrace sage complex. As palatable 
Often found as a heavily grazed plant 2- to 6-inches tall. _.._..______________ 

_________---_____.-.--____.__.__ __ ____...._ ___ __._.___ ____ __.. _______ _______. _________ __....__ ______ __._.. _ .__. __.____._____ Artemisiu tridentutu subspp. wyomingensis 

G. Type leaves as in Fig. 1, (g). Well lobed, thick bodies. 
( 12) Type leaves lo-30 mm long. Symmetrical leaves rare. Plants I-4-ft tall. Found on mountains above 5500 ft 

associated with bitterbrush or pinyon pine. Heads a spike, very short pedicles on lateral branches, entire 
bracts along seed spike. Almost never grazed. In southern Nevada, lobes are notched rather than round 
lobed. Very wide variety in this plant in size and appearance. If a big sage is growing above 5500 ft, it is 
almost always this subspp. _._____ _________________________________ ----_-______---_____________.__. _ __.... _ Artemisiu tridentutu subspp. vuseyunus 

(13) Type leaves 2-5 mm long. Plant decumbent, low, usually less than I-ft tall. Plant growing on lime 
hardpan or high lime soil. Leaves with tiny black glands under 10x glass. Seed heads brown, persistent. 
May be heavily grazed if gray-green color or ungrazed if glossy-green color. Leaves sticky to touch or when 
mashed between fingers. ______ ____._ ________ .__.__. _______________ __...______..-___.__.__ _ _.__...___._.._._ __ __._.. ___ ____. __.______ __.. ________ ..__ ____ Artemisiu nova 

*Neither A.-cunu subspp. 
description. 

bolunderi nor A. cuna subspp. viscidulu are known to occur in Nevada. See Beetle (1960) for 

5 Larger plant, leaves 20-40 mm long. Not known in Nevada. Artemisiu tridentutu subspp. vaseyuna form spiciformis. 
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(14) Type leaves 2-5 mm long. Low decumbent plant, usually less than I-ft tall. Plant growing on neutral or 
acid soil (volcanic). Leaves may have white glands under 10~ glass. May be heavily grazed if gray-green 
(silvery) color, or lightly <grazed if green color. __________________________________________________________--________________________________________________________ 

_______ Artemisia arbuscula subspp. arbusculu (silvery), Artemisiu arbusculu (unnamed green form). 

The author has found certain plants with type leaves of both “blackbark” and Artemisia tridentata subspp. 
trident&a form parishii on the same plant, but this is exceptional. This list does not purport to be complete, 
but only to cover the more abundant sagebrushes found in Nevada. Several other unnamed sagebrushes have 
been found, but these are of minor importance. 

When and if this work is verified by a competent scientist, an adequate taxonomist should describe those 
plants verified. 

Chromatographic Key6 

Primary flare-blue. 
Sequence-blue (very large), dark green, fluorescent green, dark green ______________._ Artemisiu tridentutu subspp. tridentatu 

blue, red, blue, dark green, blue, dark green ________..__.______________________-________________ Artemisia triden tutu (blackbark) 
blue, red-brown, dark green, fluorescent green, dark green _____________________---------__-_-____________________-__________________________._ 
__~______________~~~________~~___~~~~~~~~_^_______________________________________________ _______ Artemisiu tridentutu subspp. tridentutu form purishii 
blue, red, blue, dark green, blue, dark green __._______________________---__________________ .._.___ _________________ _...___ _______ .______________________ 

_______ Artemisia tridentutu subspp. wyomingensis and Artemisiu tridentutu (widelobe) 
blue, red, dark green, green, dark green ________.___________--___________----------_---_________________ Artemisiu tridentutu (no lobe) 
blue, fluorescent green, dark green, green, dark green _________________________________________-___________._.____ Artemisiu Zongilobu 

Primary flare-purple. 
Sequence-purple, green, dark green, green, dark green ___.____________________----__-------------_________________________---_______________ Artemisiu nova 

Primary flare-red. 
Sequence-red, dark green, light green, dark green _______________________________--------------------_-_____._______________.. Artemisiu spinescens 

Primary flare-orange. 
Sequence-orange, blue green, dark green, blue, dark green ______________________--______________________________________________________________________________ 

________________ Artemisiu tridentutu subspp. vuseyunu and Artemisiu tridentutu subspp. vuseyunu form spiciformis 

Primary flare-yellow. 
Sequence-yellow, red line, dark green, light green, dark green ___________________...._________ Artemisiu tripurtitu subspp. tripurtitu 

yellow, fluorescent green, dark green, light green, dark green ____________________-------_----______________.-----____________________________ 
_______ Artemisiu urbusculu subspp. urbusculu and Artemisiu urbusculu (green form) 

6 Ignore Chlorophyll flare. 
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Highlight 

Protecting two sites on pine-wiregrass range from fsire 
caused a rapid reduction in herbage yields. Reintroducing 
fire on these sites resulted in significantly increased yields, 
but removal of old growth by hand clipping instead of 
burning caused a decrease in yield on the site with Olustee 
sand and an increase in yield on the site with Plummer 
sand. Although gallberry cover did not recover as rapidly 
after burning on the Olustee site as on the Plummer site, 
covariance analysis indicated that these differences in re- 
covery did not fully account for the disparity in yield 
between burned and clipped plots on the two sites. 

The use of fire in land management has vacil- 
lated over the years between full acceptability and 
unacceptability. Indiscriminate or destructive use 
of fire has at times given it a bad name, although 
in other situations it is proclaimed as a valuable 
tool. No doubt these conflicting views arise be- 
cause of the way fire has been used and the differ- 
ing responses to burning of various plant commu- 
nities or plant species. A primary need, it seems, is 
to examine plant responses to fire in differing 
plant communities. 

For many years, prescribed burning has been 
suggested as a major factor in promoting and 
maintaining high forage yields in the South (Wahl- 
enberg et al., 1939; Halls et al., 1952; Duvall, 1962). 
And without it, many wiregrass species have been 
reported to become decadent with a reduction in 
ground cover (Halls et al., 1952 and 1956; Lemon, 
1949; Hilmon and Hughes, 1965). Fire supposedly 
benefits plant growth by increasing organic mat- 
ter, mineral elements, and nitrogen in the soil 
(Metz et al., 1961; Ah&en and Ah&en, 1960; 
Heyward and Barnette, 1934). However, Grelen 
and Epps (1967) concluded that litter removal on 
pine-bluestem range, either by mowing and raking 
or by burning, was the major cause of increased 

l Cooperative investigations conducted by the Southeastern 
Forest Experiment Station, Forest Service; Crops Research 
Division, Agricultural Research Service, U. S. Department 
of Agriculture; and the Georgia Coastal Plain Experiment 
Station. University of Georgia, College of Agriculture, 
Coastal Plain Experiment Station Journal Series Paper 
No. 8.57. Received July 21, 1971. 

2Present address is Plant Industry Station, Beltsville, Mary- 
land. 

. . . 

yields and improved quality of forage, primarily 
pinehill bluestem (Andropogon divergens (Hack.) 
Andress. ex Hitcht.) and slender bluestem (A. tener 
‘(Nees) Kunth.). 
’ Fire has also proved valuable in slowing down 
gallberry (Ilex glabra (L.) A. Gray) growth (Hughes 
and Knox, 1964), killing understory hardwoods 
‘(Lotti et al., 1960), and, in combination with herbi- 
cides, in killing saw-palmetto (Serenoa repens 
(Bartr.) Small) and gallberry (Burton and Hughes, 
1961; Altobellis and Hough, 1968). These treat- 
ments increased forage yields, presumably by re- 
ducing canopy cover, which affects penetration of 
sunlight, and reducing plant competition for soil 
moisture and nutrients. Canopy cover, as a mea- 
sure of competition, has been shown to influence 
forage yields (Halls et al., 1956; Halls and Schuster, 
1965; Hart et al., 1970). Shading alone has been 
found to reduce growth of many southern plants 
(Burton and Knox, 1959; Hart et al., 1970; Harsh- 
barger and Perkins, 1971). Without burning, gall- 
berry, a major noxious shrub in the pine-wiregrass 
type, becomes large and robust, thereby shading 
much of the ground. Therefore, burning to pro- 
vide temporary reduction in shading by gallberry 
and other shrubs could be expected to increase 
yields of herbaceous plants. 

To further determine the effects of fire, an 
investigation was conducted on two south Georgia 
sites with differing soils and vegetation. Data was 
collected to measure (1) the trend in forage yields 
with fire exclusion for a number of years, (2) the 
effect on yields of reintroducing fire as compared 
to litter removal by hand clipping, and (3) the 
relationship between gallberry cover and herbage 
yield. 

Study Area and Design 
The investigation was conducted at two sites with pine- 

wiregrass vegetation on the Alapaha Experimental Range, 
Berrien County, Georgia, in the Lower Coastal Plain. The 
site with Olustee fine sand differed from that with Plummer 
sand by being wetter and devoid of pineland threeawn 
(Aristida stricta Michx.). Common forage plants occurring 
on both sites were Curtiss dropseed (Sporobolus curtissii 
(Vasey) Small ex Scribn.), bluestem grasses (Andropogon 
spp.), panicum grasses (Panicum spp.), toothachegrass 
(Ctenium aromaticum (Walt.) Wood), and several forbs and 
grasslikes. The elevation is about 290 feet, and rainfall 
averages about 46 inches per year, of which 32 inches fall 
during the growing season of March through September. 

Both sites had previously been used for testing fire and 
herbicides to control gallberry. The last such treatment on 
the Olustee site was in 1956, and the last treatment on the 
Plummer site was in 1959. These treatments resulted in a 
wide range of brush densities on the various plots at each 
site, but the stands of gallberry were similar on both sites. 
Herbage that had been clipped periodically to determine 
yields had been returned to each plot in order to simulate 
buildup of litter. 
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FIG. 1. Burning pine-wiregrass range on the site with Plummer 
sand in 1965. All herbage was consumed and stems of gall- 
berry were burned to the ground. 

Half of the study plots on each site were burned and 
half were left unburned but hand clipped to remove all 
herbaceous material. On the Olustee site, a completely 
randomized design of 38 burned and 38 unburned plots 
was used. On the Plummer site, a randomized complete 
block design with three replications was used. Half of each 
block was burned and the other half left unburned, and 
each contained 18 sample plots. These designs were re- 
quired because of the earlier fire-herbicide studies. 

Fire was applied to assigned plots in February 1964 on 
the Olustee site and in January 1965 on the Plummer site 

Table 1. Rainfall (inches) during the growing season 
(March through September) and annual herbage yields 
(lb./acre) during selected years while the two sites were 
protected from fire.1 

Year 

Olustee site Plummer site 

Years of Years of 
Rainfall protection Yield protection Yield 

1958 30.9 2 

1960 29.3 4 

1961 29.5 - 

1962 21.2 6 

1440a -- 
860” 1 

- 2 

84Ob 3 

- 
1760a 

1640” 

1360~ 

IYields within a column marked with different superscripts are 
significantly different (P < .Ol). 

(Fig. 1). On the unburned plots, the litter (old dead growth 
and live topgrowth) of herbaceous plants was clipped 1 inch 
above ground and removed from the plot in order to 
facilitate easy recognition of the current year’s growth of 
herbage and to ensure that all plots were similar in relation 
to accumulated litter. Gallberry was left undisturbed on 
the clipped plots. 

Measurements of vegetation were made in October after 
treatment. Herbage yield was sampled on permanent 9.6-f@ 
subplots established in the previous studies. The current 
growth of five species of categories was clipped about 1 inch 
above ground on each subplot. All samples were oven dried 
at 70 C to determine dry-matter yields. Before treatment 
and when yields were determined, average height of gall- 
berry was determined, stems per 9.6-f@ subplot were counted, 
and percentage of ground cover was estimated on each plot. 

Results and Discussion 

Fire Protection 

Before fire was applied, increased gallberry cover 
and litter accumulation both contributed to re- 
duced herbage yields (Table 1). The reduction in 
yield between the second and fourth years on the 
Olustee site averaged 295 pounds per year, which 
was about the same that occurred between the 
second and third years on the Plummer site. There- 
fore, these data indicate that trends in yearly re- 
duction in yield were similar on both sites but that 
the Plummer site was inherently more productive 
than the Olustee site. 

Rainfall during the growing seasons when yields 
were measured was slightly less than average. How- 
ever, even though the rainfall in 1962 was con- 
siderably less, it did not have a drastic effect on 
yields. 

Reintroduction of Fire 

After reintroduction of burning, yields of total 
herbage increased significantly (P < .Ol) on both 
sites (Table 2) over those last measured under fire 
protection (Table 1). But litter removal by clip- 
ping produced a similar significant increase (P < 
.Ol) on the Plummer site, while on the Olustee 
site yields declined significantly (P < .05) after 
clipping. This lack of consistency on the two sites 
is puzzling and suggests that factors other than litter 
removal by clipping or burning influence yields. 
Rainfall during the growing season measured 42 
inches in 1964 and 37 inches in 1965. That both 
accumulations were greater than the long-term 
average or the accumulation in 1962 could explain 
some of the increases in yields. However, the con- 
tinued decline after clipping on the Olustee site 
indicates that rainfall was not the major factor 
influencing yields. 

Herbage yields by individual species or groups 
were generally greater after burning than after 
clipping, although these differences were seldom 
statistically significant (Table 2). Bluestem grasses 
were the only plants that yielded more after clip- 
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Table 2. Herbage yields (lb./acre) measured the following October after reintroducing fire and clipping in February 
1964 on the Olustee site and in January 1965 on the Plummer site. 

Species 

Yield on Olustee site Yield on Plummer site 

Burned Clipped Difference1 Burned Clipped Difference1 

Pineland threeawn c2> c2> c2> 450 380 70n5 
Curt& dropseed 460 360 1 eons 610 600 lOn* 
Bluestem grasses 300 180 120’” 260 330 -7on5 
0 ther grasses 80 80 On5 300 300 Ons 
0 ther herbage 180 80 100x 300 220 80ns 

Total 1020 700 320”” 1920 1830 90”” 

Ins = Not significant at P> JO. 
* = Significant at P< .07. 

** = Significant at P < .Ol. 
2Species too sparse to sample separately. 

ping than after burning, but this response occurred 
only on the Plummer site. 

Measurements of gallberry before treatment in- 
dicated that no significant differences in cover or 
number of stems existed between the plots selected 
for burning and those selected for clipping. Stands 
of gallberry were similar and of wide range on both 
sites, although the gallberry on the Olustee site 
was older and taller and had slightly greater ground 
cover and fewer stems. On both sites, the burned 
and clipped plots exhibited the same range of con- 
ditions in approximately equal proportions. When 
(1) gallberry cover before treatment, (2) gallberry 
cover after treatment, and (3) number of stems 
before treatment were used as covariates, adjusting 
yields by covariance analyses had little effect on 
yields; therefore, only the unadjusted means were 
presented in Table 2. These analyses indicated 
that the differences in yield between the burned 
and clipped plots were true effects and could not 
be attributed solely to differences in gallberry cover 
or number of stems. 

Gallberry is a shrub which resprouts from under- 
ground rootstock. On both sites, all gallberry stems 
on the burned plots were killed to ground level, 

Table 3. Height (inches), number of stems per 9.6.ft2 
plot, and ground cover (%) of gallberry the following 
October after burning in February 1964 on the Olustee 
site and in January 1965 on the Plummer site. 

Site Treatment Height’ Stems1 Cover1 

Olustee Burned 15a 24a 18a 
Unburned2 28” 1Ob 26” 

Plummer Burned 18” 35a 22a 
Unburned2 3Ob 24a 23a 

1 Within a site, means marked with different superscripts in the 
same column are significantly different (P < .05). 

2Herbage was hand clipped from these plots at the time of 
burning, but the gallberry was undisturbed. 

but within 9 months they were about one-half as 
tall as the unburned stems (Table 3). On the 
Olustee site, number of stems was significantly 
greater and ground cover was significantly less 
on the burned than on the unburned plots. These 
changes in height, numbers, and cover followed 
the pattern observed by Hughes and Knox (1964). 
However, on the Plummer site, there were no sig- 
nificant differences in number of stems or ground 
cover; the gallberry had fully recovered the first 
year after burning. 

Fire has only a temporary effect in controlling 
gallberry and the differing responses of gallberry 
on the two sites may offer a partial explanation 
for the differing yield responses on the two sites. 
Because gallberry cover is directly related to yields, 
as will be shown later, the more rapid recovery 
from burning may have prevented significant dif- 
ferences in yield from developing between the 
burned and clipped plots on the Plummer site. 

Shrub-Herbage Relationships 

Because the vegetation on the Plummer site was 
more typical of the upland areas of the pine-wire- 
grass type, the effects on herbage yield of gallberry 
cover and number of stems were analyzed by cor- 
relation-regression methods (Table 4). As gallberry 
cover increased, herbage yields decreased; the cor- 
relation coefficient from unburned plots was 
slightly better than that from burned plots. The 
regression equations for burned and unburned 
plots were similar but indicated the slightly greater 
yield obtained from burned plots. 

Herbage yields were also significantly correlated 
with the number of gallberry stems on unburned 
plots but were not significantly correlated on 
burned plots. On both, yields decreased as the 
number of stems increased. 

When data from the unburned plots were used, 
the multiple linear regression of yield on gallberry 
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Controlling Tall Larkspur on Snowdrift Areas 
in the Subalpine Zone1 

E. H. CRONIN ,4ND D. B. NIELSEN 
Plant Physiologist, Plant Science Division, Agricultural Research Service, 

U. S. Department of Agriculture, Logan, Utah; and Associate 
Professor of Agriculture Economics, Utah State University, Logan, Utah. 

Highlight 
Repeated annual applications of 2,4,5-T [(2,4,5-trichlorophenoxy) acetic acid] 

or silvex 1%(2,4,5-trichlorophenoxy) propionic acid] reduced the density of tall 
larkspur (Delphinium barbeyi (Huth) Huth) below a level that is potentially 
dangerous to grazing cattle. Killing tall larkspur and other forbs resulted in 
a plant community dominated by grasses. The dominant species of grass 
depended on whether the treated plot was grazed by cattle. Letterman needle- 
grass (St@ Zettermanii Vasey) dominated on grazed plots and mountain brome 
(Bromus curinatus Hook. & Am.) dominated when plots were protected from 
grazing cattle. Reinvasion of treated areas by tall larkspur and the unpalatable 
weedy species occurred more rapidly on grazed plots than on ungrazed plots. 

These studies were initiated for 
the purpose of developing effective 
methods of controlling tall larkspur 
(Delphinium barbeyi (Huth) Huth) 
on sites where the snowdrift 
persists and continue to melt for 
much of the growing season. These 
areas, relatively low in acreage, in- 
fluence vast areas of subalpine 
rang-eland in Western North Amer- 
ica (Cronin, 1971). 

Tall larkspur is the dominant 
species in the tall-forb commu- 
nities of the subalpine vegetation of 
the Wasatch Plateau in central 
Utah. Tall-forb communities exist 
around running water and at the 

1 Cooperative investigations by the 
Plant Science Research Division, Agri- 
cultural Research Service, U. S. De- 
partment of Agriculture and Utah 
Agricultural Experiment Station, 
Logan, Utah. Utah Agricultural Ex- 
periment Station Paper 1105. Re- 
ceived June 3, 197 1. 

edge of wet meadows. These com- 
munities thrive on sites where deep 
and late-melting snowdrifts accu- 
mulate each winter (Ellison, 1954). 

Grazing cattle are attracted by 
the superior palatable vegetation 
on sites where the late melting 
snowdrifts produce water for lux- 
uriant growth. These sites are ex- 
tremely dangerous for two reasons. 
First, the abundant tall larkspur 
contains the season’s highest con- 
centrations of poisonous alkaloids 
during this early growth (Marsh 
and Clawson, 19 16; and Williams 
and Cronin, 1963). Second, rela- 
tively small amounts of tall lark- 
spur can be lethal if it is eaten 
rapidly (Kingsbury, 1964). Cattle 
losses can be reduced by controlling 
densities of this poisonous plant. 
It is important that these sites with 
erosion prone soils not be stripped 
of their protective cover of vegeta- 
tion. Methods of controlling tall 
larkspur other than the use of selec- 

tive herbicides have proved to be 
either impracticable or prohibitive 
because of costs (Cronin, 1971). 
Current information indicates that 
chemical control is both practical 
and economically beneficial. 

Selective control of both tall lark- 
spur and duncecap larkspur (D. 
occidentale (S. Wats.) S. Wats.) with 
4 & 8 lb. acid equivalent/acre (2,4, 
5-trichlorophenoxy) acetic acid (2, 
4,5-T) and Z-(2,4,5-trichlorophen- 
oxy) propionic acid (silvex) have 
been achieved by Hervey and 
Klinger (196 1) and Torrel and 
Haas (1963). They applied effective 
treatments to vegetative plants of 
uniform development. Unfortu- 
nately these results cannot be di- 
rectly applied to the subalpine zone 
because of the deep persisting snow- 
drifts. Melting more rapidly in the 
shallow areas and around the 
periphery, the receding snowdrifts 
create zones of different stages of 
development in the plant com- 
munity. Some tall larkspur plants 
would be in flower before all the 
snow in the drift had melted. Thus 
all plants on a site are not at the 
most susceptible stage for treat- 
ment at the same time. 

Materials and Methods 
These studies were conducted at 

the head of Manti Canyon at an 
elevation of approximately 9,800 ft 
on the Wasatch Plateau in plots 
where deep snowdrifts accumulate 
each winter. Studies were divided 
into two experiments. The first 
experiment was initiated on a 4% 
slope at the head of South Fork of 
Manti Canyon in 1960. The second 
experiment was initiated in 1961 
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edge of wet meadows. These com- 
munities thrive on sites where deep 
and late-melting snowdrifts accu- 
mulate each winter (Ellison, 1954). 

Grazing cattle are attracted by 
the superior palatable vegetation 
on sites where the late melting 
snowdrifts produce water for lux- 
uriant growth. These sites are ex- 
tremely dangerous for two reasons. 
First, the abundant tall larkspur 
contains the season’s highest con- 
centrations of poisonous alkaloids 
during this early growth (Marsh 
and Clawson, 19 16; and Williams 
and Cronin, 1963). Second, rela- 
tively small amounts of tall lark- 
spur can be lethal if it is eaten 
rapidly (Kingsbury, 1964). Cattle 
losses can be reduced by controlling 
densities of this poisonous plant. 
It is important that these sites with 
erosion prone soils not be stripped 
of their protective cover of vegeta- 
tion. Methods of controlling tall 
larkspur other than the use of selec- 

tive herbicides have proved to be 
either impracticable or prohibitive 
because of costs (Cronin, 1971). 
Current information indicates that 
chemical control is both practical 
and economically beneficial. 

Selective control of both tall lark- 
spur and duncecap larkspur (D. 
occidentale (S. Wats.) S. Wats.) with 
4 & 8 lb. acid equivalent/acre (2,4, 
5-trichlorophenoxy) acetic acid (2, 
4,5-T) and Z-(2,4,5-trichlorophen- 
oxy) propionic acid (silvex) have 
been achieved by Hervey and 
Klinger (196 1) and Torrel and 
Haas (1963). They applied effective 
treatments to vegetative plants of 
uniform development. Unfortu- 
nately these results cannot be di- 
rectly applied to the subalpine zone 
because of the deep persisting snow- 
drifts. Melting more rapidly in the 
shallow areas and around the 
periphery, the receding snowdrifts 
create zones of different stages of 
development in the plant com- 
munity. Some tall larkspur plants 
would be in flower before all the 
snow in the drift had melted. Thus 
all plants on a site are not at the 
most susceptible stage for treat- 
ment at the same time. 

Materials and Methods 
These studies were conducted at 

the head of Manti Canyon at an 
elevation of approximately 9,800 ft 
on the Wasatch Plateau in plots 
where deep snowdrifts accumulate 
each winter. Studies were divided 
into two experiments. The first 
experiment was initiated on a 4% 
slope at the head of South Fork of 
Manti Canyon in 1960. The second 
experiment was initiated in 1961 
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at the head of Hougaard Fork on 
a 3% slope. 

A modification of the ocular 
point frame (Stanton, 1960) was 
used to sample the vegetation. The 
ocular point frame used was 1 m 
long and consisted of ten points. 
Ten readings of the frame were 
taken 3 ft apart along the axis of 
plots. Each plot was 8 ft by 33 ft. 
A total of 100 points were obtained 
on each plot for each sampling date. 

Plots were sampled immediately 
before treatment and annually fol- 
lowing treatment. The first object 
intercepting the line of sight was 
recorded. Each point was recorded 
under the species name or under 
the heading of bare ground which 
included all non-living objects. 

Both herbicide and grazing treat- 
ments were applied in these studies. 
All levels of herbicide treatments 
were applied with a compressed-air 
sprayer in 40 gpa of spray solution. 
Designated plots were grazed ac- 
cording to the rest-rotation grazing 
schedule of the Manti Canyon Al- 
lotment. Ungrazed plots were pro- 
tected from gazing by cattle by a 
4-strand barbed wire enclosure. 

Percent aerial cover of tall lark- 
spur, the total percent aerial cover 
for all species of grasses and sedges, 
and the percent bare ground were 
subjected to analysis of variance 
and Duncans New Multiple Range 
Test for each year of sampling. 

1960 Treatments 
Plots were located in two adja- 

cent snowdrift areas supporting tall 
larkspur. A checkered pattern of 
experimental plots mixed with 
plots unsuitable for experimental 
work because of too few tall lark- 
spur plants resulted on both snow- 
drift areas. The treatments were 
replicated 4 times and completely 
randomized among the experimen- 
tal plots. All plots were available 
to grazing animals. 

Herbicide treatments were ap- 
plied on July 14 while tall larkspur 
was in its late vegetative stage of 
development. A second group of 
plots was treated on August 4 when 
the lowest flowers on the plants 
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Table 1. Aerial cover (ft2/rod2) of tall larkspur on plots before treatment 
in 1960 and changes in the cover 1 and 3 years after treatment.1 

Aerial cover 

Treat- 
ment Herbicide Before 

Change from 1960 to: 

date applied treatment 19612 1 9632 

July 14 2,4,5-T 76 -49 ab -60 a 
July 14 silvex 79 -63 b -60 a 
July 14 2,4-D 68 -33 ab -46 a 
July 14 sesone 82 -38 ab -49 a 

August 2 2,4,5-T 90 -52 ab -65 a 
August 2 silvex 71 -44 ab -52 a 
August 2 2,4-D 74 -30 a -52 a 

Check (no treatment) 87 -22 a -49 a 

IEach value represents an average for four replications of three rates of each herbicide 
(2, 4, and 8 lb./acre). Differences due to the rates of herbicide application were not 
significant. 

2Means in the same column followed by the same letter are not significantly different 
at the 5y0 probability level as determined by Duncan’s New Multiple Range Test. 

had opened. The propylene glycol 
butyl ether esters of silvex, sodium 
Z- (2,4,5-trichlorophenoxy) ethyl sul- 
fate (sesone) and the propylene 
glycol butyl ether esters of 2,4-D 
were applied at 2, 4, and 8 lb./acre. 

1961 Treatments 

Most tall larkspur plants were in 
early bud stage when treatments 
were applied. This coincided with 
the period when silky lupine (Lu- 
pinus sericeus Pursh), Porter ligusti- 
cum (Ligusticum porteri Coult. & 
Rose), and tansy mustard (Des- 
curainia pinnata (Walt.) Britton) 
had produced abundant flowers but 
before any had withered. The peri- 
anth on the flowers on Nuttall 
violet (Viola nuttallii Pursh) had 
disappeared. Date of treatment was 
July 19. 

The dimethylamine salt of 2,4, 
5-T, the butoxy ethanol ester of 
2,4,5-T, and the butoxy ethanol 
ester of silvex were applied at rates 
of 2, 4, or 8 lb./acre. Four addi- 
tional treatments were included in 
this experiment. These treatments 
consisted of two series of repeated 
applications of the ester formula- 
tions of 2,4,5-T or silvex. They are 
referred to as “repeated treatments” 
in the following discussion, but for 
purposes of statistical analyses each 
are considered as “a treatment.‘” 
One “repeated treatment” consisted 

of an application of 4 lb./acre in 
1961 followed by a second applica- 
tion of 8 lb./acre in 1962. The 
other “repeated treatment” con- 
sisted of an application of 2 lb./acre 
in 1961, an application of 4 lb./ 
acre in 1962, and a final applica- 
tion of 4 lb./acre in 1963. 

A total of 14 treatments, includ- 
ing untreated checks, were repli- 
cated 3 times each on an area open 
to grazing and on an adjoining 
ungrazed area in an exclosure. 

Results 

1960 Treatments 

A general decrease in the aerial 
cover of tall larkspur occurred on 
both treated and untreated plots 
from 1960 through 1963 (Table 1). 
We attribute this general decrease 
in aerial cover of tall larkspur to 
the relatively early snow melt in 
1961 and 1962. The early snow 
melt resulted in warm dry spring 
weather. We also suspect that graz- 
ing cattle may have contributed to 
the reduction in the cover of tall 
larkspur. Statistically significant 
changes in the percent aerial cover 
of tall larkspur due to silvex treat- 
ments occurred from 1960 to 1961. 
Differences due to the rate and date 
of applications were not significant. 
Differences in change in aerial 
cover between treatments and 
checks were not significant in 1963. 
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Increases in the percent bare 
ground from 1960 to 1961 were 
significant only on plots treated 
with silvex on July 14. Increases 
from 1960 to 1963 were significant 
on plots treated with 2,4,5-T or 
silvex on August 2. Differences due 
to the date and rate of application 
were not statistically significant. 

The aerial cover of the grasses 
and sedges increased about two-fold 
on most herbicide treated plots 
from 1960 to 1961. The increases 
remained significant through 1963 
on plots treated with 2,4,5-T or 
24-D on July 14. The largest in- 
creases of grasses and sedges re- 
sulted from applications of 2,4,5-T 
and silvex. Differences due to the 
rate of herbicides were not signifi- 
cant. Date of application had little 
influence on the aerial cover of 
grasses and sedges. 

We believe excessive grazing oc- 
curred on these plots beginning soon 
after the herbicides were applied 
in 1960 and continued through 
1963. Heavy grazing appeared to 
be centered around those plots 
where the herbicides killed most of 
the broad-leaved plants. Grazing 
overlapped into adjacent plots. 
This pattern of grazing resulted in 
ever increasing differences between 
replications, and the standard error 
of the mean (S,) increased each 
year the vegetation was sampled. 
We abandoned these plots in 1963 
because we could not evaluate the 
interaction between grazing and 
herbicide treatments. 

1961 Treatments 

All herbicide treatments, espe- 
cially at the higher rates of applica- 
tion resulted in a reduction of the 
aerial cover of tall larkspur 1 year 
after application. Grazed plots 
(Table 2) treated with 8 lb./acre 
of the esters 2,4,5-T or silvex had 
significantly less tall larkspur 
through 1964 but statistical differ- 
ences did not persist after 1964. 
Significant reductions of tall lark- 
spur resulting from single applica- 
tions did not last beyond 1962 on 
the plots protected from grazing 
cattle (Table 3). Differences be- 

Table 2. Aerial cover (ftz/rodz) of tall larkspur on plots before treatment 
in 1961 and changes in cover after treatment on plots grazed by cattle.1 

Aerial cover 
Treatments 

Cover 
Herbicides Rate 

Change from 1961 to:2 

applied (lb./acre) Year l& 1962 1963 1964 1967 

2,4,5-T 
It 

11 11 

2,4,5-T (amine) 

Silvex 

(ester) 

(ester) 

2 1961 49 
4 1961 35 
8 1961 57 
4 1961” 
8 19623 65 
2 19614 
4 19624 76 
4 19634 

- 5a 
-13ab 
-43de 

-24bc 

49ef -65e -76e -73a 

2 1961 44 -28bc 
4 1961 46 -38cde 
8 1961 35 -32cd 

2 1961 35 
4 1961 65 
8 1961 82 
4 19613 
8 19623 7s 
2 19614 
4 19624 44 
4 19634 

-13ab 
-54f 
-63f 

-27bc 

- 6a -39cd -4lcd 41a 

Check (no treatment) 52 Oa -22bc -25ab -3Oa 

-25bc 
-16ab 
-49de 

-57de 

-28bc 
-24b 
-24bc 

- 2a 
-57de 
-7le 

-68e 

-35bc 
-27abc 
-54d 

-6Ode 

-33bc 
-35bc 
-3Oabc 

-19a 
-5ld 
-7le 

-75e 

-33a 
-16a 
-52a 

-57a 

-36a 
-38a 
-32a 

-27a 
-5la 
-74a 

-62a 

lEach datum represents an average for 3 replications. 
2 Means in the same column followed by the same letter are not significantly different 

at the 5% probability level as determined by Duncan’s New Multiple Range Test. 
3Treatments were applied to the same plots in 1961 and 1962. 
4Treatments were applied to the same plots in 1961, 1962, and 1963. 

tween the untreated check plots, 
and plots treated with single appli- 
cations of amine salt of 2,4,5-T at 
4 and 8 lb./acre, were again evi- 
dent in 1967 on the ungrazed plots. 

The reduction of the aerial cover 
of tall larkspur was highly signifi- 
cant in 1963 on plots retreated in 
1962 on both the grazed and un- 
grazed plots. Differences persisted 
through 1964. On the ungrazed 
plots, the differences in tall lark- 
spur cover remained highly signifi- 
cant through 1967 on plots re- 
treated for 2 or 3 years in succession. 
Differences due to the number of 
repeated herbicide applications (2 
or 3), or to the herbicides were not 
significant. 

We have noted an increased in- 
tensity of grazing by cattle follow- 
ing herbicide treatments. Similar 
herbicide treatments usually re- 
sulted in greater reductions on 
grazed plots than on plots in the 

exclosure protected from grazing 
cattle. Differences were highly sig- 
nificant from 1963 through 1967. 
The significant differences must be 
due to grazing cattle which sug- 
gests they consume significant 
amounts of tall larkspur. An in- 
teraction between herbicide treat- 
ments and grazing cattle may exist 
because tall larkspur usually in- 
creases under heavy grazing (Elli- 
son, 1954). However, in these ex- 
periments there was a trend toward 
decline in stand on check plots that 
were grazed (Table 2) that was 
greater than on the ungrazed 
(Table 3). 

Tall larkspur densities decreased 
sharply on both grazed and un- 
grazed plots from 1962 to 1963. 
This decrease was still evident in 
1967 on most treated plots and con- 
trol plots. This decrease may have 
been initiated by the dry summer 
of 1962 and an exceptionally high 
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had partially reinfested the plots 
by 1967. There was not a close 
response to rates and the herbicides 
applied. Large increases in grass 
were all related to plots treated 
with herbicides, with a tendency 
of the larger increases to occur on 
plots receiving repeated treatments. 

Letterman needlegrass (Stipa Zet- 
termanii Vasey) was responsible for 
most of the increased grass cover 
on the grazed plots. It was not a 
significant increaser on plots in 
the exclosure. Slender wheatgrass 
(Agropyron trachycaulum (Link) 
Malte) usually increased also on 
the ungrazed plots. The more pro- 
ductive and palatable mountain 
brome (Bromus carinatus Hook. & 
Arn.) was the major increaser on 
the ungrazed plots. 

Table 3. Aerial cover (ftz/rodz) of tall larkspur on plots before treatment 
in 1961 and changes in cover after treatment bn plots protected from grazing 
catt1e.l 

Aerial cover 
Treatments 

Cover 
Herbicides Rate 

Change from 1961 to:2 

applied (lb./acrej Year I& 1962 1963 1964 1967 

2 1961 
4 1961 
8 1961 
4 19613 
8 19623 
2 19614 
4 19624 
4 19634 

2 1961 
4 1961 
8 1961 

2 1961 
4 1961 
8 1961 
4 19613 
8 19623 
2 19614 
4 19624 
4 19634 

41 -22b -24abc -16abc -1 labc 
46 - 8a -1la -22abc -11 abc 
63 49c -3Oabc -33abc -14abc 

-68e -68e -52def 71 -1la 

57 -22b 4lbcd -54de -52def 

46 - 3a 
46 - 3a 
35 -33c 
41 -16ab 
41 -38c 
46 -3Obc 

49 -19ab 

-1la -24abc -1 Gabcd 
-1la -24abc -35cdef 
-33abc -35abcd -35cdef 

-19abc -1lab -3Obcde 
-16ab -19abc + 5a 
-19abc -22abc -14abc 

-44cd -44cde -46def Literature Cited 
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54 -16ab -38bc -38bcd -46def 

Check (no treatment) 46 + 3a -1 la - 8a - 8ab 

IEach datum represents an average for 3 replications. 
2Means in the same column followed by the same letter are not significantly different 

at the 5y0 probability level as determined by Duncan’s New Multiple Range Test. 
sTreatments were applied to the same plots in 1961 and 1962. 
4Treatments were applied to the same plots in 1961,1962, and 1963. 

tide treatments and to grazing ex- 
cept on plots grazed and treated 3 
times with ester of 2,4,5-T had dis- 
appeared by 1967. 

Grasses and sedges were generally 
more dense on the grazed plots than 
on plots in the exclosure before 
any herbicide treatments were ap- 
plied. Herbicide treatments re- 
sulted in highly significant in- 
creases in the percent aerial cover 
of the grasses and sedges on most 
grazed and ungrazed plots. In- 
creases in grasses and sedges are 
related to and in general a direct 
response to reduced stands of tall 
larkspur resulting from treatments. 
In many cases the decreased stands 
of tall larkspur and other broad- 
leaved plants, in the first and sec- 
ond years after treatment, allowed 
the filling in of some of the space 
by grasses. These stands of grasses 
persisted even where tall larkspur 

population of mirid bug (Hoplo- 
machus affiguratus Uhler). This 
insect usually has a wide host range 
but it appears to feed exclusively 
on tall larkspur in the subalpine 
region of the Wasatch Plateau. 

The percent bare ground in- 
creased the first season after appli- 
cations of herbicides. Generally, 
herbicide applications resulted in 
more bare ground on the grazed 
plots than on ungrazed plots. In- 
creased bare ground was largely 
the result of reduced cover of tall 
larkspur and other broadleaf plants. 
Significant differences resulting 
from herbicide treatments tended 
to persist longer on the grazed plots. 
Following completion of the multi- 
ple herbicide applications in 1963, 
and as grasses began to fill in spaces, 
differences due to herbicide appli- 
cations started to disappear. All 
significant differences due to herbi- 
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Highlight 

Maximum emergence occurred when honey mesquite 
(Prosopis glandulosa Torr, var. glandulosa) seeds were 
planted 0.5 cm deep at a soil temperature of 27 C. Percent 
emergence was severely reduced at a soil temperature of 
18 C, regardless of planting depth. Seeds placed on the 
soil surface germinated, but seedlings did not survive. 
Seeds planted 5 to 6 cm deep germinated, but no seedlings 
emerged. Rate and extent of emergence in a nursery were 
evidently dependent on the temperature reaching 24 C in 
the surface 2.5 cm of soil. 

Honey mesquite (Prosopis glandulosa Torr. var. 
,gZanduZosa) infests about 55 million acres of range- 
land in Texas (Allred, 1949). It invades rangelands 
varying in range condition class, soils and climate 
(Fisher et al., 1959). 

Honey mesquitk seeds are borne in a legume 
with a rigid endocarp (Meyer et al., 1971). The 
protective covering of the legume and the highly 
sclerified testa probably attributes to longevity of 
viable Prosopis seeds in storage (Martin, 1948) and 
in soil (Tschirley and Martin, 1960). Production 
of large quantities of seed by honey mesquite re- 
sults in continuous seed supplies in the soil (Fisher 
et al., 1959). However, only a small percentage 
produce mature trees under natural conditions 
(Scifres et al., 197 1). Establishment of honey mes- 
quite is not necessarily correlated with high annual 
or average seasonal precipitation. The short period 
of time from germination to seedling establishment 
must strongly influence success of honey mesquite 
ecesis, since established seedlings can readily re- 
place topgrowth (Scifres and Hahn, 197 1) and 
may withstand considerable environmental stress 
(Meyer et al., 197 1). Germination with minimal 
ambient moisture partially explains the adapta- 
bility of honey mesquite to semiarid conditions 
(Scifres and Brock, 1969). However, ambient tem- 
perature is also important since it regulates rate 
and extent of moisture uptake by germinating 
honey mesquite seeds (Scifres and Brock, 1971). 

The objective of this study was to investigate 

l Approved by the Director, Texas Agricultural Experiment 
Station as TA-9157. Received May 6, 197 1. 

2Present address of C. J. Scifres is Department of Range 
Science, Texas A&M University, College Station. 

the regulation of honey mesquite emergence by 
planting depth and soil temperature. Experimental 
data are correlated with results from other studies 
in an effort to elucidate optimum environmental 
conditions for establishment of honey mesquite 
seedlings. 

Materials and Methods 
In four greenhouse experiments, Abilene silty clay loam 

was added to 946 cc containers (15~cm diameter) and packed 
to a bulk density of approximately 1 .l. Twenty scarified 
honey mesquite seeds with laboratory germination of over 
95% were planted on the soil surface and at 0.5 cm incre- 
ments to a depth of 6 cm. Soil temperature was maintained 
at 27 C and monitored with recording hygrothermographs. 
In two additional experiments, honey mesquite seeds were 
planted in soil at a temperature of 18 C. Each planting 
depth was replicated four or five times, and all experiments 
were arranged in randomized complete block designs. At 
3-day intervals, the number of emerged seedlings was re- 
corded. After 21 days, seedlings were washed free of soil 
and shoot and root lengths recorded. 

Honey mesquite seeds were planted February 27 and at 
weekly intervals until May 1, 1969 in a nursery in the 
Rolling Plains of Texas. The soil was an Abilene silty 
clay loam and temperatures were monitored with recording 
hygrothermographs at 2.5,7.5 and 15 cm deep from February 
27 to May 15, 1969. Fifty honey mesquite seeds were 
planted in the surface cm of soil in each of three rows, 4.5 
m long and 0.5 m apart, arranged in a randomized complete 
block design. The nursery was watered as needed to insure 
seed germination when soil temperature had reached opti- 
mum levels and durations. Periodically, the number of 
honey mesquite seedlings per row, leaves per plant, plant 
heights, and nodes per stem were recorded. 

Results and Discussion 

Germination of honey mesquite seeds was rapid 
in the greenhouse and the radicle was apparent 
two days after planting. By the sixth day, cotyle- 
dons were fully expanded, and the epicotyl was 
prominent. 

Honey mesquite seeds germinated on the soil 
surface, but seedlings did not establish (Fig. 1). 
Other studies have shown that honey mesquite 
seeds germinate readily in light or dark (Scifres 
and Brock, 1969) so it is assumed that germination 
in these studies was not confounded by photo- 
period. Honey mesquite seedling emergence was 
highest from planting depths of 0.5 to 1.5 cm and 
a soil temperature of 27 C (Fig. 1). No seedlings 
emerged from planting depths of 5 to 6 cm. Emer- 
gence was poor at 18 C soil temperature regardless 
of planting depth. 

Average time required for honey mesquite seed- 
ling emergence at 27 C increased with planting 
depth (Fig. 1). Delayed emergence was reflected in 
reduced seedling vigor. There was a direct relation- 
ship between total seedling length and planting 
depth. The longest seedlings (root + shoot) 
emerged from the 0.5 or l-cm planting depths. 
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FIG. 1. Percentage emergence at two soil temperatures; and days 
required for emergence, seedling lengths and root:shoot ratios 
of honey mesquite seedlings at 27 C soil temperature 21 days 
after planting at various depths in an Abilene silty clay loam. 

The root:shoot ratio of seedling emerging from 
the 0.5 cm depth was 5: 1. Root lengths decreased 
as seeding depth increased indicating that emer- 
gence of seedlings from below 1 cm occurred at 
the expense of root development. Although seed- 
lings did not emerge from 5 to 6 cm deep at 27 C, 
most produced a radicle of 6 to 7 cm before dying. 
Those seedlings which did not emerge from soil 
at the low temperature produced radicles of about 
4 cm before dying. 

Direct relationships existed between planting 
date, soil temperature of the surface (2.5 cm) and 
seedling emergence in the nursery. Poor emergence 
from the March 6 planting (Fig. 2) was probably 
due to low soil temperatures in the planting zone 
from March 7 to 20. Maximum surface soil tem- 
perature reached 25 C only 2 or 3 days and was less 
than 10 C for 4 days. A noticeable increase in 
emergence resulted from March 20 plantings (Fig. 
2). On 6 of the 10 days following the planting, the 
surface soil temperature was 25 C or higher. Peak 
emergence on April 24 was preceded by 4 days and 
followed by 2 days of maximum soil temperatures 
around 25 C. In August, no trends in seedling 
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FIG. 2. Days required for maximum emergence and percentage 
maximum emergence of honey mesquite seedlings in a nursery 
after planting at various dates in 1969 in the Rolling Plains 
of Texas. 

height, number of leaves per plant or nodes per 
stem regardless of planting date were noted. Aver- 
age plant height was about 13 cm with an average 
of 20 nodes per stem. 

Scarification is evidently the first requisite for 
germination of honey mesquite (Fisher et al., 1959) 
and may occur naturally by passage of seeds through 
the digestive systems of animals, Soil cover of 
scarified seeds may be the next most important 
factor. Honey mesquite seeds do not require soil 
cover to germinate, but do require a thin layer 
for seedling establishment. At the optimum depth 
and under favorable moisture conditions, maxi- 
mum emergence in the field may be dependent 
upon soil temperature reaching about 25 C. 
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Highlight 

Perennial wheatgrasses were seeded in fall, 1967 and 1968 on fallows created 
by atrazine at 1 lb./acre applied the previous fall or by mechanical means. 
Atrazine residue in the soil during seedling establishment (1.5 years after ap- 
plication) ranged from < 0.04 to 0.15, 0.09, 0.08, and 0.06 ppm, respectively, 
in the O-l, l-2, 2-3, and 3-4.inch soil samples. Residue was less than 0.04 ppm 
from 4 to 8 inches. Seedlings of perennial grasses were injured or killed by 
these residue levels. However, poor stands were obtained at only two of seven 
locations in 1969 with crested wheatgrass. Generally, stands of intermediate 
and pubescent wheatgrasses were superior to crested wheatgrass. Species re- 
sponse was also evaluated on fallows created by 0.5, 1.5, and 2.0 lb./acre atrazine. 

An atrazine (Z-chloro-4-(eth- 
ylamino)-6- (isopropylamino)-s-tra- 
zine) fallow shows promise for weed 
control and establishment of peren- 
nial grasses on downy brome 
(Bromus tectorum) infested range- 
lands in Nevada (Eckert and Evans, 
1967; Evans et al., 1969). However, 
herbicide residue may be a problem 
in the use of atrazine for chemical 
fallow in arid regions (Burnside et 
al., 1963). We have minimized this 
problem by use of a technique 
which specifies a l-year waiting 
period between application of atra- 
zine at 1 lb./acre and fall seeding 
of perennial grasses. Therefore, 
emergence of seeded species occurs 
from 1 to 1.5 years after herbicide 
application. During this time, atra- 
zine residue is dissipated by various 

1 Contribution from the Crops Re- 
search Division, Agricultural Research 
Service, U. S. Department of Agri- 
culture and the Agricultural Experi- 
ment Station, University of Nevada, 
Reno, Nevada. Journal Series No. 
155. The authors express their ap- 
preciation to the Geigy Chemical 
Corporation for financial support and 
materials used in this study. Received 
May 19, 1970. 

means. We have used 4-inch deep 
furrows to improve seedling micro- 
climate (Evans et al., 1970) and to 
aid in removal of contaminated soil 
from the seedling environment. We 
have noted no atrazine damage in 
some years; in other years damage 
has been slight to severe. To evalu- 
ate the potential of an atrazine 
chemical fallow in the 8 to 12-inch 
precipitation zone, we must know: 
1) the amount of herbicide residue 
in the seedbed during the period of 
seedling establishment; and 2) the 
response of perennial grass seed- 
lings to various levels of atrazine 
residue. 

Materials and Methods 

We conducted the study on three 
sites for the period of fall, 1966, 
through spring, 1968; and on seven 
sites for the period of fall, 1967, 
through spring, 1969. All locations 
are in the big sagebrush (Artemisia 
tridentata) type, but now downy 
brome is dominant. At Cain Springs 
the treated area was 50 acres with- 
out replications. At all other loca- 
tions plot size was 20 X 20 feet 
with four replications. Experimen- 

tal design was a split-plot with fal- 
low treatments the main plots and 
species the subplots. 

Atrazine and mechanical fallows 
were established on three sites in 
the 1966-68 series, and on two sites 
in the 1967-69 series. Atrazine at 
1 lb./acre was applied in the fall 
of 1966 and 1967. In addition, at 
two locations in fall, 1967 atrazine 
was applied at 0.5, 1.5, and 2.0 
lb./acre. Truck-mounted equip- 
ment was used on the 50-acre field. 
A back-pack sprayer was used on 
plots. Water at 11 gpa was the 
carrier in all studies. Mechanical 
treatment was made in June 1967 
and June, 1968. A rangeland disc- 
plow was used on the 50-acre field. 
A moldboard plow or rototiller 
was used to cultivate small plots. 

A sample of standing, dead litter 
was collected immediately after 
spraying at one location. A O-l- 
inch soil sample was collected 27 
days after spraying at two locations. 
The following spring (6 months 
after treatment) soil samples were 
collected by l-inch increments to 6 
inches at all sites. In spring, 1968 
and 1969 (1.5 years after treatment) 
when perennial grasses were emerg- 
ing, soil samples were collected at 
all locations by l-inch increments 
to 8 inches from the bottom of 
seeded furrows. These samples were 
collected after leaching from winter 
and spring precipitation had ceased. 
Soil texture was loam at five loca- 
tions, loam to silt loam at one loca- 
tion, silt loam at one location, and 
sandy loam to sandy clay loam at 
one location. Soil samples were air- 
dried for 2 days, screened, and 
stored at -20 F. until subsampled 
for bioassay and chemical analysis. 

Perennial grasses were fall-seeded 
approximately 1 year after atrazine 
treatment and 6 months after me- 
chanical treatment. Amur inter- 
mediate wheatgrass (Agropyron in- 
termedium) was seeded in the 
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Perennial wheatgrasses were seeded in fall, 1967 and 1968 on fallows created 
by atrazine at 1 lb./acre applied the previous fall or by mechanical means. 
Atrazine residue in the soil during seedling establishment (1.5 years after ap- 
plication) ranged from < 0.04 to 0.15, 0.09, 0.08, and 0.06 ppm, respectively, 
in the O-l, l-2, 2-3, and 3-4.inch soil samples. Residue was less than 0.04 ppm 
from 4 to 8 inches. Seedlings of perennial grasses were injured or killed by 
these residue levels. However, poor stands were obtained at only two of seven 
locations in 1969 with crested wheatgrass. Generally, stands of intermediate 
and pubescent wheatgrasses were superior to crested wheatgrass. Species re- 
sponse was also evaluated on fallows created by 0.5, 1.5, and 2.0 lb./acre atrazine. 

An atrazine (Z-chloro-4-(eth- 
ylamino)-6- (isopropylamino)-s-tra- 
zine) fallow shows promise for weed 
control and establishment of peren- 
nial grasses on downy brome 
(Bromus tectorum) infested range- 
lands in Nevada (Eckert and Evans, 
1967; Evans et al., 1969). However, 
herbicide residue may be a problem 
in the use of atrazine for chemical 
fallow in arid regions (Burnside et 
al., 1963). We have minimized this 
problem by use of a technique 
which specifies a l-year waiting 
period between application of atra- 
zine at 1 lb./acre and fall seeding 
of perennial grasses. Therefore, 
emergence of seeded species occurs 
from 1 to 1.5 years after herbicide 
application. During this time, atra- 
zine residue is dissipated by various 

1 Contribution from the Crops Re- 
search Division, Agricultural Research 
Service, U. S. Department of Agri- 
culture and the Agricultural Experi- 
ment Station, University of Nevada, 
Reno, Nevada. Journal Series No. 
155. The authors express their ap- 
preciation to the Geigy Chemical 
Corporation for financial support and 
materials used in this study. Received 
May 19, 1970. 

means. We have used 4-inch deep 
furrows to improve seedling micro- 
climate (Evans et al., 1970) and to 
aid in removal of contaminated soil 
from the seedling environment. We 
have noted no atrazine damage in 
some years; in other years damage 
has been slight to severe. To evalu- 
ate the potential of an atrazine 
chemical fallow in the 8 to 12-inch 
precipitation zone, we must know: 
1) the amount of herbicide residue 
in the seedbed during the period of 
seedling establishment; and 2) the 
response of perennial grass seed- 
lings to various levels of atrazine 
residue. 

Materials and Methods 

We conducted the study on three 
sites for the period of fall, 1966, 
through spring, 1968; and on seven 
sites for the period of fall, 1967, 
through spring, 1969. All locations 
are in the big sagebrush (Artemisia 
tridentata) type, but now downy 
brome is dominant. At Cain Springs 
the treated area was 50 acres with- 
out replications. At all other loca- 
tions plot size was 20 X 20 feet 
with four replications. Experimen- 

tal design was a split-plot with fal- 
low treatments the main plots and 
species the subplots. 

Atrazine and mechanical fallows 
were established on three sites in 
the 1966-68 series, and on two sites 
in the 1967-69 series. Atrazine at 
1 lb./acre was applied in the fall 
of 1966 and 1967. In addition, at 
two locations in fall, 1967 atrazine 
was applied at 0.5, 1.5, and 2.0 
lb./acre. Truck-mounted equip- 
ment was used on the 50-acre field. 
A back-pack sprayer was used on 
plots. Water at 11 gpa was the 
carrier in all studies. Mechanical 
treatment was made in June 1967 
and June, 1968. A rangeland disc- 
plow was used on the 50-acre field. 
A moldboard plow or rototiller 
was used to cultivate small plots. 

A sample of standing, dead litter 
was collected immediately after 
spraying at one location. A O-l- 
inch soil sample was collected 27 
days after spraying at two locations. 
The following spring (6 months 
after treatment) soil samples were 
collected by l-inch increments to 6 
inches at all sites. In spring, 1968 
and 1969 (1.5 years after treatment) 
when perennial grasses were emerg- 
ing, soil samples were collected at 
all locations by l-inch increments 
to 8 inches from the bottom of 
seeded furrows. These samples were 
collected after leaching from winter 
and spring precipitation had ceased. 
Soil texture was loam at five loca- 
tions, loam to silt loam at one loca- 
tion, silt loam at one location, and 
sandy loam to sandy clay loam at 
one location. Soil samples were air- 
dried for 2 days, screened, and 
stored at -20 F. until subsampled 
for bioassay and chemical analysis. 

Perennial grasses were fall-seeded 
approximately 1 year after atrazine 
treatment and 6 months after me- 
chanical treatment. Amur inter- 
mediate wheatgrass (Agropyron in- 
termedium) was seeded in the 
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atrazine and mechanical fallow 
treatments on the 50-acre field with 
a rangeland drill modified to make 
deep furrows. 

Table 1. Range in atrazine residue levels (ppm) on litter and in soil (inch 
intervals) after application of atrazine (1 lb./acre) in fall, 1967. 

Amur intermediate wheatgrass 
and Nordan crested wheatgrass 
(Agropyron desertorum) were 
seeded in 1967 on small plots. In 
1968, Luna pubescent wheatgrass 
(A. trichophorum) was seeded in 
addition to those mentioned. All 
three species were seeded in fur- 
rows made with a shovel attach- 
ment mounted on a tool bar. 

Seedling density of perennial 
grass was determined on six dates 
at Cain Springs in 1968. At other 
locations in 1968 and 1969, density 
data were collected on four dates 
before grasshoppers damaged the 
stands. We attempted to relate the 
density of intermediate wheatgrass 
seedlings to the level of atrazine 
residue in the soil. The density 
sample at all locations was chosen 
to include a uniform area with 
wheatgrass seedling. We excluded 
areas with ant hills, soil conditions 
which may have resulted in fast or 
slow infiltration and percolation of 
water, and microtopographic fea- 
tures which may have caused excess 
ponding or runoff of water. Soil for 
atrazine determination was col- 
lected adjacent to the seedling den- 
sity sample. This method of sam- 
pling did not give a representative 
measure of seedling density of the 
entire treated plot, except at Cain 
Springs, but did give a valid mea- 
sure of seedling response within 
the limits of residue encountered. 
Soil samples were not collected 
adjacent to the density samples for 
crested and pubescent wheatgrasses. 
However, since the same criteria 
were used to select the density sam- 
ple area for these species as for 
intermediate wheatgrass, we believe 
that residue would be similar. 

Time Material 

Fall 
Immediately after spraying Standing, dry litter 
27 days after spraying Soil 

Spring 
6 months after spraying Soil 

1.5 years after spraying Soil 

relative success of a stand in the 8 
to 12-inch precipitation zone was 
based on the work of Hyder and 
Sneva (1954, 1963) and our experi- 
ence. An excellent stand would 
have a frequency of greater than 
70%; good stand-50 to 70%; fair 
stand-30 to 50%; and poor stand- 
10 to 30%. 

Bioassays were conducted in 4 
oz cups with Amur intermediate 
wheatgrass the test crop. Twenty 
seeds were planted in treated and 
control soils from each location and 
depth sampled. Seedlings were 
grown for 21 days, then rated for 
herbicide damage. 

Percent frequency (occurrence per 
foot of row) data were collected in 
the summer of 1969 over the entire 
treated plot at all locations. These 
data indicate the kind of stand we 
could expect on fallow treatments 
on a field basis. Only well estab- 
lished plants were recorded. The 

Soil samples were analyzed chem- 
ically by the method supplied by 
the Geigy Research Laboratory, 
Ardsley, N. Y. Atrazine was ex- 
tracted from duplicate 100 g sam- 
ples by refluxing with an acetoni- 
tril-water mixture. Sample was 
evaporated to dryness, dissolved in 
carbon tetrachloride, and carried 
through an aluminum oxide 
cleanup column. Atrazine in the 
sample was hydrolyzed to hydroxya- 
trazine and dissolved in water. Ab- 
sorbance was measured at 225, 240, 
and 255 rnp in a spectrophotometer. 

Depth 

- 
o-1 

o-1 
l-2 
2-3 
3-4 
4-5 
5-6 

o-1 
l-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 

Atrazine 

144-246 
6-14 

0.33-l .45 
0.12-1.34 
0.05-0.33 

< 0.04-0.25 
< 0.04-0.09 
< 0.04-0.08 

< 0.04-0.15 
< 0.04-0.09 
< 0.04-0.08 
< 0.04-0.06 

< 0.04 
< 0.04 
< 0.04 
< 0.04 

Residue levels are reported in 
ppmw. Samples from three of four 
replications were analyzed. Repli- 
cations selected were those with 
minimal, moderate, or severe dam- 
age to seedlings in bioassay and 
under field conditions. 

Results and Discussion 

Atrazine Residue 

Atrazine residue on litter and in 
soil at intervals after spraying is 
presented in Table 1. The stand- 
ing, dry litter of downy brome and 
broadleaf annuals can intercept 
some of the atrazine applied. With- 
out immediate precipitation, atra- 
zine on the litter is exposed to the 
environment and is subject to 
photochemical degradation and vol- 
atilization losses. With rainfall, 
atrazine on litter is washed to the 
soil surface. With heavy snowfall, 
litter is matted on the soil surface. 
In either case, atrazine on litter 
could become concentrated near the 
base of plants and results in uneven 
distribution of herbicide over the 
soil surface. 

Little atrazine was found below 
4 inches in spring, 1968, 6 months 
after spraying or in spring, 1969, 
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1.5 years after spraying at any 
location. This depth of leaching is 
of the same magnitude as reported 
by Birk and Roadhouse (1964). The 
depth of leaching in 1968-69 at 
Hallelujah Junction was greater 
than in 1967-68. The highest level 
of atrazine residue in the 4 to 5 and 
5 to 6-inch samples was 0.09 and 
0.08 ppm, respectively, in spring, 
1968. Precipitation for the 6-month 
period after spraying was 5.8 inches. 
In spring, 1969 after 11.9 inches of 
precipitation, atrazine residue was 
0.16 and 0.17 ppm, respectively, in 
the 4 to 5 and 5 to 6-inch samples. 
Under our precipitation pattern 
dissipation by leaching was not as 
important as under more mesic con- 
ditions (Fenster and Wicks, 1963; 
Rodgers, 1968; and Burnside et al., 
1969). Atrazine residue remaining 
in the topsoil may be degraded 
more rapidly than if leached into 
the subsoil, due to more favorable 
conditions of temperature, mois- 
ture, and microorganism popula- 
tion (Roeth et al., 1969). 

Herbicide residue at time of 
emergence of perennial grass seed- 
lings at specific locations is dis- 
cussed with the seedling density 
data. 

Seedling Density, 1968 
Seedling density of intermediate 

wheatgrass on the atrazine and me- 
chanical fallows was compared at 
three locations (Fig. 1). At Cain 
Springs, significantly more seedlings 
were found on the atrazine fallow. 
The attrition in seedling density 
was similar under the two treat- 
ments and indicated no accelerated 
loss due to atrazine toxicity. The 
atrazine residue from eight samples 
ranged from < 0.04 to 0.13 ppm in 
the 0 to l-inch depth, from < 0.04 
to 0.10 ppm in the 1 to Z-inch 
depth, and from < 0.04 to 0.06 ppm 
in the 2 to 3-inch depth. Below 3 
inches, atrazine residue was less 
than 0.04 ppm. Bioassay showed 
slight to moderate damage to inter- 
mediate wheatgrass seedlings grown 
in soil with 0.10 and 0.13 ppm 
atrazine. Under field conditions 
some seedling damage was noted; 

Orovada 
Atroxine follow - 

Mathonical fallow- - - 

221 

Trap Butte 

Atraxim fallor- 

Mochonical failer- - - 

1 

‘21 4/10 5/f 5/2B 

FIG. 1. Seedling density of intermediate wheatgrass on atrazine and mechanical fallows 
at three locations in 1968. 

however, no stand reduction was 
measured on sample sites with these 
residue levels. Precipitation during 
the fallow and seedling years was 
11.6 and 6.9 inches, respectively. 

At Orovada, seedling density of 
intermediate wheatgrass was similar 
on the atrazine and mechanical fal- 
lows (Fig. 1). Atrazine residue in 
three replications ranged from 
< 0.04 to 0.06 ppm in the 0 to l- 
inch depth and from < 0.04 to 0.04 
ppm in the 1 to z-inch depth. 
Below 2 inches residue was less than 
0.04 ppm. No damage was noted 
in bioassay, however, moderate to 
severe damage was noted under 
field conditions. Precipitation dur- 
ing the fallow and seedling years 
was 12.2 and 6.6 inches, respectively. 

At Trap Butte significantly more 
seedlings were found on the me- 
chanical fallow (Fig. 1). Atrazine 
residue by chemical analysis was 
less than 0.04 ppm at all depths. 
Bioassay also indicated no residue. 
However, seedlings in the field 
showed moderate to severe atrazine 
damage and stand reduction indi- 
cated atrazine damage. Precipita- 
tion for the fallow and seedling 

years was 11.5 and 7.0 inches, re- 
spectively. 

The response of crested wheat- 
grass was also compared on atrazine 
and mechanical fallows at Orovada 
and Trap Butte. At both locations, 
seedling density was significantly 
lower on the atrazine fallow. On 
May 28, seedling density at Orovada 
and 3.0 plants per foot of row (pfr) 
on the atrazine fallow compared to 
5.1 pfr on the mechanical fallow. 
At Trap Butte, the atrazine fallow 
had 5.9 pfr compared to 13.0 pfr 
on the mechanical fallow. Al- 
though soil samples were not col- 
lected adjacent to the crested wheat- 
grass density sample, we concluded 
that atrazine residue was respon- 
sible for less seedling density in the 
atrazine fallow. This conclusion is 
based on the hypothesis that since 
all factors which contribute to a 
good seedling stand; i.e. weed con- 
trol; soil moisture relations; control 
of planting depth; and lack of crust- 
ing; were more favorable on the 
atrazine fallow, the only factor 
which could result in a negative 
plant response was atrazine residue 
in the soil. 
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Table 2. Frequency (%) of three wheatgrass species on seven sites in summer, 
1969. Atrazine (1 lb./acre) was applied in fall, 1967 and grasses seeded in 
fall, 1968. Precipitation data (inches) are for the 1967-68 fallow year and 
the 1968-69 seedling year. 

Location 

Frequency1 

Crested Intermediate Pubescent 
Precipitation 

wheatgrass wheatgrass wheatgrass 1968-68 1968-69 

Orovada 19a x 42b x 49b x 6.6 13.6 

Paradise Hill 19a x 49b xy 53b xy 6.9 16.0 

Italian Canyon 30a x 42a x 42a x 7.6 11.0 

Trap Butte 34a xy 68b yz 52ab xy 7.0 14.5 

Emigrant Pass 46a y 60b xy 81c z 9.8 19.8 

Hallelujah Junction 50a yz 87c z 64b y 6.9 17.3 
Medell Flat 60a z 72a z 78a z 7.0 9.2 

IMeans are compared among locations and species. Means followed by the same letter 
(a through ) c in horizontal sequence or by the same letters (x through z) in vertical 
sequence are not significantly different at the .05 probability level as determined by 
Duncan’s Range Test. 

Seedling Density, 1969 

Seedling density of crested, in- 
termediate, and pubescent wheat- 
grasses was compared on atrazine 
and mechanical fallows at two lo- 
cations and on atrazine fallow only 
at five locations. 

At Orovada, intermediate wheat- 
grass responded similarly on both 
fallow treatments. Average seedling 
density on May 29 was 3.0 pfr on 
the atrazine fallow and 3.4 pfr on 
the mechanical fallow. Atrazine 
residue ranged from < 0.04 to 0.10 
ppm in the 0 to l-inch sample, from 
0.04 to 0.09 ppm in the 1 to 2-inch 
sample, from < 0.04 to 0.08 ppm in 
the 2 to 3-inch sample, and from 
< 0.04 to 0.06 ppm in the 3 to 4- 
inch sample. Below 4 inches resi- 
due was less than 0.04 ppm. Bio- 
assay of these soil samples showed 
moderate to severe damage of in- 
termediate wheatgrass seedlings at 
residue levels of 0.06, 0.08, and 
0.10 ppm atrazine. 

Intermediate wheatgrass density 
at Hallelujah Junction was also 
similar on the two fallow treat- 
ments. Average seedling density on 
*June 4 was 3.8 pfr on the atrazine 
fallow and 4.6 pfr on the mechani- 
cal fallow. Atrazine residue ranged 
from 0.04 to 0.08 ppm in the 0 to 
l-inch sample, and was 0.04 ppm 
or less below 1 inch. Damage to 
intermediate whea tgrass seedlings 

in bioassay with 0.08 ppm atrazine 
residue was very slight. A bioassay 
was also carried out with soil from 
one replication where an accidental 
overspray occurred. Damage to in- 
termediate wheatgrass seedlings was 
severe with 0.19 ppm, moderate with 
0.10 ppm, and slight with 0.06 to 
0.08 ppm. Under field conditions 
an excellent stand of intermediate 
wheatgrass was obtained on replica- 
tions without an overspray and 
where maximum atrazine residue 
was 0.08 ppm; however, some seed- 
ling damage was noted. On the 
replication with an overspray, no 
wheatgrass seedlings survived and 
atrazine residues were: 0 to 1 inch 
-0.19 ppm; 1 to 2 inches-O.10 
ppm; 2 to 3 inches-O.08 ppm; 3 to 
4 inches-0.07; and below 4 inches 
-0.06 ppm. 

Seedling density of the three 
wheatgrass species on the last sam- 
pling date on five sites with only 
an atrazine fallow were not signifi- 
cantly different. Average densities 
were: crested wheatgrass-2.6 pfr; 
intermediate wheatgrass-3.1 pfr; 
and pubescent wheatgrass-3.6 pfr. 
Atrazine residue ranged from < 0.04 
to 0.15 ppm in the 0 to l-inch 
sample; from < 0.04 to 0.09 ppm 
in the 1 to 2-inch sample; from 
< 0.04 ppm to 0.08 ppm in the 2 to 
S-inch sample; from < 0.04 ppm to 
0.06 ppm in the 3 to 4-inch sample; 

and less than 0.04 ppm below 4 
inches. Damage to intermediate 
wheatgrass seedlings grown in bio- 
assay was slight, but moderate dam- 
age was noted under field condi- 
tions. 

Wheatgrass seedlings showed 
symptoms of atrazine damage under 
field conditions in 1968 and 1969. 
Levels of atrazine residue in both 
years were in the toxic range for 
oats (0.04 ppm) and for wheat (0.13 
ppm) as determined by Talbert 
and Fletchall (1964). Responses of 
the three wheatgrass species in the 
field and of intermediate wheat- 
grass in bioassay indicate that the 
toxic level for these species is near 
the 0.13 ppm reported for wheat. 
However, under field conditions, 
seedling damage without mortality 
was noted at residue levels of 0.04 
to 0.08 ppm. The degree of damage 
to intermediate wheatgrass seed- 
lings in bioassay was not always 
the same as under field conditions. 
In several instances, bioassay indi- 
cated no toxic level of atrazine resi- 
due, but damage occurred in the 
field. This kind of response sug- 
gests a strong interaction between 
herbicide residue and environmen- 
tal factors. 

Seedling Frequency, 1969 

Response to atraxine at 1 lb./acre 

Wheatgrass frequency on plots 
fallowed with 1 lb./acre atrazine, 
and precipitation data are given in 
Table 2. In general, intermediate 
and pubescent wheatgrasses pro- 
duced better stands than did crested 
wheatgrass on five of seven sites. 
On two sites response of the three 
species was similar. While seedling 
density data showed no difference 
among species, frequency data indi- 
cated that the larger seeded species 
produced a more uniform stand 
than did crested wheatgrass. An 
average of seven locations showed 
the frequency of crested wheatgrass 
(37%) was significantly less than the 
frequency of intermediate or pubes- 
cent wheatgrasses (both 60%). Fair, 
good, and excellent stands of inter- 
mediate and pubescent wheatgrasses 
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were obtained on sites with poor, 
fair, and good stands, respectively, 
of crested wheatgrass. Acceptable 
stands of all species were obtained 
on all sites except for crested wheat- 
grass at Orovada and Paradise Hill. 
Success of the larger seeded species, 
intermediate and pubescent wheat- 
grasses, over crested wheatgrass may 
be due to germination at lower 
temperature (Young et al., 1968) 
and to greater seedling vigor and 
more rapid elongation of roots to 
depths without toxic amounts of 
atrazine residue. Residue data from 
plots treated with 1 lb./acre atra- 
zine (Table 1) indicated no toxic 
level of atrazine below four inches 
and in most cases very low levels 
below two inches at the time when 
perennial species germinate and are 
in the seedling stage. 

Response to atrazine at 0.5, 1.0, 
1.5, and 2 lb./acre and to 
mechanical fallow 

The response of three wheatgrass 
species was also evaluated at two 
locations on fallows created by 0.5 
(A-0.5), 1.0 (A-1.0), 1.5 (A-1.5), and 
2.0 (A-Z) lb./acre atrazine or by 
mechanical means (Ml!). 

At Hallelujah Junction (Table 
3), the frequency of intermediate 
wheatgrass was higher than for the 
other species on the A-1.0, A-1.5, 
A-2.0, and MF treatments. All spe- 
cies had similar frequencies on the 
A-O.5 treatment. All species showed 
a loss in stand frequency between 
the MF and A-l treatments; how- 
ever, the loss was significant only 
for crested wheatgrass. On a rating 
basis, all species produced good to 
excellent stands on the A-O.5 and 
MF treatments. The stand of inter- 
mediate wheatgrass also rated excel- 
lent on the A-1.0 treatment while 
other species rated good. On the 
A-l.5 and A-2.0 treatment, inter- 
mediate wheatgrass rated good 
while the other two species rated 
poor to fair. Intermediate wheat- 
grass produced an acceptable stand 
on all treatments. Pubescent and 
crested wheatgrass produced accept- 
able stands on all but the A-2 treat- 
ment. 

Hallelujah Junction 
Crested 25 a x 40ab x 50 b x 61bc x 82 c x 
Intermediate 57 a y 62 a y 87 b y 83 b x 94 b y 
Pubescent 34 a x 47ab x G4bc x 75 c x 73bc x 

Orovada 
Crested 2ax 4ax 19ab x 45bc x 59 c x 
Intermediate 16 a x 33ab z 42ab y 60 b x 56 b x 
Pubescent 20 a x 18 a y 49ab y 72 b x 79 b x 

IMeans within location are compared among species and treatments. Means followed 
by the same letter (a through c)in horizontal sequence or by the same letter (x through 
z) in vertical sequence are not significantly different at the .05 probability level as 
determined by Duncan’s Range Test. 

At Orovada (Table 3) stand fre- 
quency of the three species was 
similar on the A-2.0, A-0.5, and MF 
treatments. Frequency of interme- 
diate wheatgrass was greater than 
for the other two species on the A-l .5 
treatment, while both intermediate 
and pubescent wheatgrass produced 
better stands on the A-1.0 treatment 
than did crested wheatgrass. The 
loss in stand from the MF to the 
A-1.0 treatment was significant for 
crested wheatgrass and resulted in 
a change from a good stand to a 
poor stand. The loss in stand of 
the other two species from the MF 
to the A-1.0 treatment was not sig- 
nificant; however, the stand rating 
of intermediate changed from good 
to fair while the stand of pubescent 
wheatgrass changed from excellent 
to fair. Crested wheatgrass pro- 
duced an acceptable stand only on 
the A-O.5 and MF treatment. Both 
intermediate and pubescent wheat- 
grasses produced acceptable stands 
on the A-1.0, A-0.5, and MF treat- 
ments. 

Results obtained from 1966 to 
1969 showed a carryover of atra- 
zine in the soil after a period of 
1.5 years. Seedlings of perennial 
wheatgrasses were injured or killed 
by this residue; however, poor 
stands were obtained at only two 
locations with crested wheatgrass. 
Crested wheatgrass is the most com- 

monly seeded species on rangelands 
in the 8 to 12-inch precipitation 
zone. Therefore, we should give 
special consideration to obtain the 
best possible stand of this species 
with the atrazine-fallow technique. 
Our objectives are maximum weed 
control and minimum herbicide 
residue. Frequency data indicated 
that atrazine at 0.5 lb./acre resulted 
in stands of all species equal to 
stands obtained by mechanical fal- 
low. Weed control with 0.5 lb./ 
acre atrazine has been equal to 1.0 
lb./acre in many instances but re- 
sults have been erratic.2 We sug- 
gest techniques that could be used 
to increase weed control with 0.5 
lb./acre atrazine. Through coordi- 
nation of herbicide application and 
grazing management, all standing 
litter could be removed by livestock 
prior to spraying. Herbicide would 
fall on soil rather than be inter- 
cepted and possibly degraded on 
the litter or concentrated when 
washed onto the soil. Application 
of atrazine late in the fall on moist, 
cool soil prior to expected precip- 
itation would reduce the loss of 
herbicide from the soil surface and 
insure movement of herbicide into 
the soil. These techniques need to 
be verified by research. 

2 Unpublished data, Agricultural Re- 
search Service, USDA, Reno, Nevada. 
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Highlight 

In four consecutive years of planting, intermediate pits 
have shown superior establishment and herbage yields with 
Boer lovegrass, Lehmann lovegrass, and kleingrass on semi- 
desert range in the 6- to &inch summer rainfall zone in 
southern Arizona. Intermediate pits were compared to 
the smaller conventional pits and the larger, wider spaced 
bulldozer pits. Herbage production of Boer lovegrass 
average two times as high, over a four-year period, in 
intermedate pits as in conventional pits and three times 
as much as on similar adjacent untreated range. 

Microrepresas Reducen 10s Riesgos en las 
Siembras de Pastizales en el Suroeste 

de 10s Estados Unidos. 

Resumen* 

Debido a que la resiembra de pastizales en las Areas de 
baja precipitacibn, no han tenido gran Cxito. Se inici6 el 
presente estudio para determinar el mejor m&odo de pre- 
paraci6n de la cama de siembra. Se utiliz6 el pasto Lehmann 
Lovegrass A-68 (Eragrostis lehmanniana) coma testigo y 
adem& se sembraron A-84 Boer Lovegrass (Eragrostis curuula 
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var. conferta3), A 12638 Kleingrass (Panicum cloratum) y 
la variedad “vaugh” de1 pasto banderilla (Bouteloua curti- 
pendula (Michx.) Torr.). En este reports se summarizan 
las producciones de 1964 a 1968 de Areas plantadas en 1962, 
63, 64 y 65. Las Areas sembradas se encuentran en el sureste 
de Willcox, Arizona. Los suelos en el Area de estudio 
fueron migaj6n venenoso con una capa abajo de migaj6n 
areno arcilloso (series “Sonoita-like” y “Cowan-like”) con 
pendientes de1 uno porciento a cerca de completamente 
planos. Se excluy6 el ganado de1 Brea y se controlaron las 
hormigas. 

Las microrepresas convencionales fueron realizadas con 
un arado de discos modificado de un largo de 18-24 pulgadas 
(45.7-60.9 ems), 12 pulgadas (30.5 ems) de ancho y 6 pulgadas 
(15.3 cm) de profundidad. 

Las microrepresas con bulldozer fueron de 6 pies de largo 
(1.8 mts), 8-10 pies (2.4-3.1 mts) de ancho y 6 a 8 pulgadas 
(15.2 a 20.3 ems) de profundidad. Las microrepresas inter- 
medias de 6 pulgadas (15.2 ems) de hondo, 6 pies (1.8 mts) 
de largo y 5 pies (1.5 mts) de ancho, dichas microrepresas 
intermedias fueron hechas con un tractor con cuchilla 
montada atrhs. 

En las parcelas de microrepresas convencionales y modifi- 
cadas de muestreo con 20 cuadrantes de 2, 4 pies cuadrados 
(0.22 m*). El muestreo sistem4tico incluy6 toda la super- 
ficie. En las microrepresas hechas con Bulldozer el muestreo 
se hizo con 20 cuadrantes de 9.6 pies cuadrados (0.86 m*). 
Los datos de producci6n se tomaron despuds de la segunda 
&poca de crecimiento. 

Se concluy6 que las microrepresas intermedias mostraron 
un establecimiento y producci6n de forraje m& alto con 
Boer lovegrass, Lehmann lovegrass y Kleingrass. El pasto 
Boer lovegrass en promedio produjo 2 veces mPs materia 
seca total en las microrepresas intermedias que en las 
convencionales y 3 veces mas que en Areas adyacentes 
similares sin tratar y cerca de 9 veces mas que en las micro- 
represas hechos con bulldozer. 

Intermediate pits were superior in establishing 
and maintaining forage production with three 
species: Boer lovegrass (Eragros t is curuula var. 
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Highlight 

In four consecutive years of planting, intermediate pits 
have shown superior establishment and herbage yields with 
Boer lovegrass, Lehmann lovegrass, and kleingrass on semi- 
desert range in the 6- to &inch summer rainfall zone in 
southern Arizona. Intermediate pits were compared to 
the smaller conventional pits and the larger, wider spaced 
bulldozer pits. Herbage production of Boer lovegrass 
average two times as high, over a four-year period, in 
intermedate pits as in conventional pits and three times 
as much as on similar adjacent untreated range. 

Microrepresas Reducen 10s Riesgos en las 
Siembras de Pastizales en el Suroeste 

de 10s Estados Unidos. 

Resumen* 

Debido a que la resiembra de pastizales en las Areas de 
baja precipitacibn, no han tenido gran Cxito. Se inici6 el 
presente estudio para determinar el mejor m&odo de pre- 
paraci6n de la cama de siembra. Se utiliz6 el pasto Lehmann 
Lovegrass A-68 (Eragrostis lehmanniana) coma testigo y 
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var. conferta3), A 12638 Kleingrass (Panicum cloratum) y 
la variedad “vaugh” de1 pasto banderilla (Bouteloua curti- 
pendula (Michx.) Torr.). En este reports se summarizan 
las producciones de 1964 a 1968 de Areas plantadas en 1962, 
63, 64 y 65. Las Areas sembradas se encuentran en el sureste 
de Willcox, Arizona. Los suelos en el Area de estudio 
fueron migaj6n venenoso con una capa abajo de migaj6n 
areno arcilloso (series “Sonoita-like” y “Cowan-like”) con 
pendientes de1 uno porciento a cerca de completamente 
planos. Se excluy6 el ganado de1 Brea y se controlaron las 
hormigas. 

Las microrepresas convencionales fueron realizadas con 
un arado de discos modificado de un largo de 18-24 pulgadas 
(45.7-60.9 ems), 12 pulgadas (30.5 ems) de ancho y 6 pulgadas 
(15.3 cm) de profundidad. 

Las microrepresas con bulldozer fueron de 6 pies de largo 
(1.8 mts), 8-10 pies (2.4-3.1 mts) de ancho y 6 a 8 pulgadas 
(15.2 a 20.3 ems) de profundidad. Las microrepresas inter- 
medias de 6 pulgadas (15.2 ems) de hondo, 6 pies (1.8 mts) 
de largo y 5 pies (1.5 mts) de ancho, dichas microrepresas 
intermedias fueron hechas con un tractor con cuchilla 
montada atrhs. 

En las parcelas de microrepresas convencionales y modifi- 
cadas de muestreo con 20 cuadrantes de 2, 4 pies cuadrados 
(0.22 m*). El muestreo sistem4tico incluy6 toda la super- 
ficie. En las microrepresas hechas con Bulldozer el muestreo 
se hizo con 20 cuadrantes de 9.6 pies cuadrados (0.86 m*). 
Los datos de producci6n se tomaron despuds de la segunda 
&poca de crecimiento. 

Se concluy6 que las microrepresas intermedias mostraron 
un establecimiento y producci6n de forraje m& alto con 
Boer lovegrass, Lehmann lovegrass y Kleingrass. El pasto 
Boer lovegrass en promedio produjo 2 veces mPs materia 
seca total en las microrepresas intermedias que en las 
convencionales y 3 veces mas que en Areas adyacentes 
similares sin tratar y cerca de 9 veces mas que en las micro- 
represas hechos con bulldozer. 

Intermediate pits were superior in establishing 
and maintaining forage production with three 
species: Boer lovegrass (Eragros t is curuula var. 
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INTERMEDIATE CONVENTIONAL BULLDOZER 

FIG. 1. Dimension of pitting structures. 

conferta (Schrad.) Nees.)3, A-84; Lehmann lovegrass 
(E. Zehmanniana Nees.), A-68; and kleingrass (Pani- 
cum coloratum L.), A-12638 on a semidesert range 
site about 15 miles southeast of Willcox, Arizona. 
These results were obtained in a cooperative trial 
by the Plant Materials Center, Soil Conservation 
Service, and the Watershed Management Depart- 
ment, University of Arizona. The information ob- 
tained can be applied directly to about one million 
acres in the semidesert Southwest. 

Because reseeding rangeland in this low rainfall 
area has been rather unproductive, this study was 
initiated to determine the most successful method 
of seedbed treatment. Conventional pitting was 
used as the standard practice and has been previ- 
ously reported as pitting or interrupted contour 
furrows (Anderson et al., 1957). The effectiveness 
of this type of pit is reduced because of its size and 
life (Slayback and Cable, 1970). Another seedbed 
treatment was bulldozer pits constructed with a tilt- 
blade bulldozer or with the Frost basin-forming 
machine (Frost and Hamilton, 1964). A variation 
from the bulldozer pit was included because the 
treatment provided grass stands on more of the 
surface area. These were called intermediate pits. 

In this trial, these three methods of pitting were 
compared using four species adapted to the area. 
One of the more promising natives, ‘Vaughn’ side- 
oats grama (Bouteloua curtipendula (Michx.) 
Torr.) was used as the fourth species. This report 
summarizes yield from 1964 to 1968 on areas 
planted in 1962, 1963, 1964, and 1965. 

Area and Methods 

These plantings were made on Ranch0 Sacatal owned 
by Roy Holland about 15 miles southeast of Willcox, Ari- 
zona. This 39-acre site is at an elevation of about 4,400 
feet in Major Land Resource Area 41 (Austin, 1965). The 
soils in the trial area were sandy loams underlain with 
sandy clay loam (Sonoita-like and Cowan-like series) on 

3Taxonomically E. curclula and E. chloromelas intergrade. 
Our accession of “Boer lovegrass” has been identified as 
E. curda var. conferta (Schrad.) Nees ( = E. chloromelas). 

FIG. 2. Pitting structures on the Ranch0 Sacatal Field Evaluation 
Planting: upper, conventional pits; center, bulldozer pits; 
and lower, intermediate pits. 

nearly level to one percent slopes. The native vegetation 
included mainly velvet mesquite (Proso+ juliflora var. 
velutina (Woot.) Sarg.), soap tree yucca (Yucca elata 
Enlegm.), burroweed (Aplopappus tenuisectus (Greene) 
Blake.), three-awn (Aristida spp.), Rothrock grama (Boute- 
Zoua rothrockii Vasey), and needle grama (B. aristidoides 
(H.B.K.) Grised.). 

Prior to planting, the area was fenced to exclude live- 
stock, but burrowing rodents and jackrabbits used the area 
heavily. Harvester ants were baited prior to each planting 
and periodically thereafter. Plantings were made in each 
of the four years 1962, 1963, 1964, and 1965. One plot 600 
to 800 feet long, two or three pit-rows wide, was established 
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Table 1. Plant counts* on 1964 plots. 

Species 

Intermediate Conventional Bulldozer 
pits pits pits 

Nov. Oct. Nov. Oct. Nov. Oct. 
1964 1968 1964 1968 1964 1968 

Lehmann lovegrass 4.6 4.45 1.3 2.6 1.8 4.4 

Boer lovegrass 4.2 2.75 3.4 1.33 1.6 1.6 

Kleingrass 2.1 0.50 0.6 0.55 0.8 1.6 

Sideoats grama 0.4 0.60 0.04 0.04 0.1 0.01 

* Average plants per square foot taken from 20 systematic 
samples. 

on the contour for each of the four species and seedbed 
preparations. Each treatment included a single species 
with either of the following seedbed preparations: (1) con- 
ventional pitting installed with a modified wheatland plow, 
(2) bulldozer pitting made with tilt-blade bulldozer or 
Frost’s basin-forming machine, and (3) intermediate pitting 
installed with a tractor rear-mounted blade (Figs. 1 and 2). 
The top one to two inches of surface soil containing mostly 
seed of competitive annuals was removed from the planting 
area by intermediate pitting. 

The A-68 strain of Lehmann lovegrass, A-84 strain of 
Boer lovegrass, A-12638 kleingrass, and ‘Vaughn’ sideoats 
grama seed were grown on the Tucson Plant Materials 
Center. All species were planted with a cultipacker seeder 
in the conventional and intermediate pitting plots. Be- 
cause of a harder surface in the bulldozer pits, a small 
rangeland drill was used to seed all species in this structure. 
Seeding rates were 3 to 5 lb./acre for all species. The side- 
oats grama seed was cleaned to caryopsis before planting. 

The conventional pits were about 18 to 24 inches long, 
12 inches wide, and 6 inches deep. The bulldozer pits were 
6 feet long, 8 to 10 feet wide, and 6 to 8 inches deep at 
the lowest point (downhill side). The intermediate pits 
were 6 inches deep (downshill side), 6 feet long and about 
5 feet wide as shown in Figures 1 and 2. 

In the conventional and intermediate pitted plots, twenty 
2.4 ftz quadrat plant count samples were taken the first 
fall after seeding and thereafter when yield samples were 
taken. Systematic sampling covered the entire surface ex- 
cept in the bulldozer pits. Twenty 9.6 ftz quadrat pIant 
count samples were taken in the bulldozer pit treatments. 
Yield samples of the same size and number were taken 
after the second growing season in a random systematic 
sample and continued for four years. The exception was 
the 1965 planting that was opened up for grazing after 
two years of sampling. The larger quadrat (9.6 ft2) was 
used in sampling bulldozer pits to get a more accurate 
sampling of these larger structures. Dry weight per acre 
yields in the bulldozer pits were divided by three since it 
was determined that established grass stands in these struc- 
tures represented only one-third of the surface area. Summer 
rainfall was measured on the site with a recording rain 
gauge. 

Results and Discussion 

Summer rainfall (J une through September) for 
the four planting years varied widely. The summer 

Table 2. Boer lovegrass yields (lb./acre, air-dry) in con- 
ventional, intermediate, and bulldozer pits at the Ranch0 
Sacatal Field Evaluation Planting. 

Year and 
kind of pit 

Harvest years 
1963 1964 1965 1966 1967 1968 Avg. 

1962 
Conventional 294 

Intermediate 279 

Bulldozer 170 

1963 
Conventional - 

Intermediate - 

Bulldozer - 

1964 
Conventional - 

Intermediate - 

Bulldozer - 

1965 
Conventional - 

Intermediate - 

Bulldozer - 

712 356 

1399 1234 

246 361 

151 346 659 2859 - 1004 

117 197 1264 5178 - 1689 

75 86 286 293 - 185 

- 79 598 3439 1834 1488 
- 71 738 3478 4411 2175 

2 128 228 490 212 

1057 - - 605 

2395 - - 1327 

466 - - 311 

0 - - - 

377 1771 - 1074 

0 0 - - 

average for this area is about 7.50 inches; 1962 was 
about 38% below; 1963, 10% above; 1964, about 
average; and 1965, 42% below the average. Effec- 
tive rains of one-half inch or more during establish- 
ment years was indicative of initial success with 
the four species. Although 1962 was a dry year, 
the timely occurrence and number of effective 
rains made possible a fair initial establishment of 
Lehmann and Boer lovegrass in all structures. 
However, established seedlings of kleingrass and 
sideoats grama were found only in the larger pits- 
intermediate and bulldozer. 

In 1964, an average moisture year, plots showed 
fair to excellent stands of Lehmann and Boer love- 
grass in all structures (Table 1). Poor to fair stands 
of kleingrass and sideoats grama again occurred 
only in the larger pits. Relative drought tolerance 
of these species can be easily distinguished from 
these trials. The October, 1968, plant counts in 
Table 1 show that conventional pits are not as 
effective in maintaining a stand as are the inter- 
mediate pits. The plants in conventional pits are 
grouped in smaller areas and show less vigor than 
plants in the intermediate pits. Another observa- 
tion from Table 1 is the excellent reseeding ability 
of Lehmann lovegrass. It is very prolific and 
competes well with the native annual plants. 
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Table 3. Four year average yields (lb./acre, air-dry) of 
the 1962-65 plantings Ran&o Sacatal Field Evaluation 
Planting. 

Conventional Intermwuliatr Bulldale* 
Species1 pi,, pits pits 

Boer lovegrass 744 15fifi 177 

Lehman*, lovegrass 640 1030 145 

Kleingrass 272 577 74 

‘Sideoats grama yields not included because of poor t” “” stmtls. 

Establishment data in 1963 were similar to 1964 
even though the rainfall was above normal. How- 
ever, in 1965 (the driest year) the most effective 
structures and drought-tolerant species exhibited 
their potentials. No stands of any species were 
established in the conventional pits. The best 
stands of Boer, Lehman and kleingrass were ob- 
tained in the intermediate pits. Sideoats grama 
did not make a stand in any treatment. The inter- 
mediate pits also were superior to the bulldozer 
pits because there were more pits per area and 
therefore more plants established. 

In Table 2, the effect of rainfall and seedbed 
preparation on Boer lovegrass production is very 
evident. The intermediate pit was the most re- 
liable over the four year establishment period. It 
also shows the lasting effect it has over the years. 
Production increased to a certain point and then 
it fluctuated with the available moisture. 

The four-year average production on all plant- 
ings of the three successful species shows that the 
intermediate pits produced twice as much as the 
conventional pits and over eight times more than 
the bulldozer pits (Table 3). Boer lovegrass was 
the highest producing grass with 1,566 lb./acre 
compared to an average 600 lb./acre on native 
untreated rangeland cm the same soils (Fig. 3). 
Production figures for pitting assume complete 
coverage of the treated area (no space between rows 
of pits). As stated above, yield data in bulldozer 
pits were adjusted to make the results comparable 
with the other two treatments. 

Conclusions 

This study indicates that the intermediate pit is 
more effective in stand establishment, maintenance, 
and herbage production of three perennial grasses 
than are the conventional and bulldozer pits on 
this semidesert range site. The larger pits also 
retain their shape and effectiveness for a longer 
period. 

The results presented here agree with an earlier 

published study on different soils in the semidesert 
Southwest. Bulldozers, graders, and blades are now 
being used only with difficulty; however, more 
work is being done to perfect a machine that can 
be made available commercially for construction 
of intermediate pits. 
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Description of the Apparatus 

An improved needle point frame for 
exact line transects in dense herba- 
ceous vegetation was developed (Fig. 
1). The apparatus consists of a rigid 
duralumin bar (B) of about 2.40 m 
long, with rectangular section (10 cm 
x 1.8 cm) bounded, at both ends, by 
a tightening nut system (S). After 
pushing into the soil two support- 
stakes (PS), the bar is fixed horizontally 
at the desired height, by the tighten- 
ing nut system and with the help of a 
nivel, in such a way that the point of 
the needle (A), at its highest position, 
should be just above the “roof” of the 
vegetation. The upper part of the bar 
(B) is a ball-race and shows 80 small 
alveoles (a) spaced 2.5 cm center to 
center. The diameter of these alveoles 
corresponds to the diameter of a small 
ball linked to a sliding system (SC) 
surrounding the bar. This sliding sys- 
tem includes mainly two holes (0, and 
0,); which command the vertical posi- 
tion of a needle-holder (PA), a handle 
(b), a ball (u) held by a flexible rod 
(f) and a rubber-covered metallic cylin- 
der (CM). This produces a sliding fric- 
tion between the system (SC) and the 
bar, whose corresponding part is cov- 
ered with a strip of emery-cloth. This 
hole allo,ws the rapid, easy and reg- 
ular movement of the needle. 

l Authors acknowledge with thanks the 
guidance provided by Professor Naph- 
tali Tadmor, from the department of 
Botany, Hebrew University of Jerus- 
alem, in editing the paper. 

0 : durolumin bar a : alveoles b : handle 

S tightening nut system SC: sllding system u : ball 

PS: support-stake 0,;02: holes f : flexible rod 

FIG. 1. Needle point frame for exact line transects. 

The needle holder (PA) (Fig. 2) 
comprises: 

1) A metallic handle (m) 2 cm in 
diameter; this is screwed on to a me- 
tallic rod T, 8 mm in diameter and 
about 50 cm long with inside screw- 
cutting at its ends. 

2) A spiral spring (R), 30 cm long, 
surrounding the rod and whose extrem- 

1 43 
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FICL 2. Needle holder : details of con- 
struction. 
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ities press on two discs (r), allowing 
the needle to come back to its initial 
position after observing hits of vegeta- 
tion along a vertical line, up and down 
at a given “point.” 

3) A piece (P) with outside screw- 
cutting at both ends, the upper for 
receiving the lower part of rod (T), the 
lower for receiving the upper part of 
a sheath (G), 1 mm in diameter and 
about 12 cm long. A very thin needle 
(A) with a little cylinder (c) at the 
upper end, is put in the sheath (G) and 
locked. The needle is about 0.5 mm 
in diameter and 16 cm long; it may be 
twisted easily but it can also be changed 
rapidly and readily. 

Methods of Use 

At every point, the needle is slowly 
pushed down through the vegetation to 
the ground. The repeated hits of the 
sharp needle point at any plant part 
are recorded. Hits are registered on 
special forms. The needle is then 
moved to the next position. 

The apparatus described allows great 
accuracy and repeatability of measure- 
ment (Poissonet et al., 1969). How- 
ever, careful observation and therefore 
trained operators are its limitations. 
It is cumbersome and must be handled 
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with care. It cannot be used when sessment of other more rapid survey d’analyse de la vegetation des forma- 
wind moves the vegetation. The de- methods. tions herbacees denses et perman- 
tailed observations are time-consuming. 
Therefore, it may not be used as a Literature Cited 

entes. Consequences pour les ap- 
plications agronomiques. C.E.P.E.- 

survey instrument but is very useful POISSONET, P., AND J. POISSONET. 1969. C.N.R.S., Montpellier, France. 50: 
as an exact reference method for as- Etude comparee de diverses methodes I-120. 
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A New Approach to Estimating 
Herbage Moisture Content1 
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Highlight 

Moisture contents of different species of range plants 
growing under generally similar conditions are closely 
related during the period of peak herbage development. 
From regression equations that express those relationships, 
moisture content of several species can be predicted within 
reasonable limits from the content of one or more as- 
sociated species. 

Moisture content is an important but generally neglected 
attribute of range vegetation. It commonly influences or 
relates to palatability, nutrient content, and flammability 
of herbage; to susceptibility of plants to damage from frost 
and trampling; and to droughtiness of range sites. It in- 
fluences water and salt consumption by range animals, 
their grazing habits, and patterns of range use. It must be 
measured or eliminated before herbage production can be 
expressed in terms of dry weight. If production is used in 
computing grazing capacities, important variations in herb- 
age moisture content should be recognized (Sharif and West, 
1968). 

Although several methods for measuring herbage moisture 
content are available (Magee and Kalbfleisch, 1952; Hender- 
son, 1953), most are cumbersome and time consuming. A 
more expedient means is needed to increase sampling ef- 
ficiency and extend the usefulness of moisture determina- 
tions. This Note provides evidence that moisture content 
of plants growing under generally similar conditions is 
closely interrelated, and may be predicted from the content 
of one or more associated species. 

Study Area and Methods 

Herbage samples for moisture determination were ob- 
tained from grasslands on Black Mesa, 30 miles west of 
Gunnison in southwestern Colorado at an elevation of 
9,800 feet (Fig. 1). The rolling terrain provides good drain- 
age and a variety of exposures. Most of the 25- to 30-inch 
annual precipitation falls as snow. Upon melting, it pro- 
vides abundant moisture for plant growth. 

l Received Sep tember 25, 1971. 
2Forest Service, U. S. Department of Agriculture, with head- 

quarters at Fort Collins, Colorado, in cooperation with 
Colorado State University. 

FIG. 1. Herbage samples for moisture determination were ob- 
tained from Black Mesa grasslands in southwestern Colorado. 

Most plants are in bloom by mid-July. When rainfall 
is abundant and well distributed, they remain green and 
relatively succulent throughout the summer. More com- 
monly, however, moisture content declines and plant color 
fades with advance of the season. The more common plants, 
along with records to illustrate typical moisture contents 
at a &ven time and place, are listed in Table 1. 

Herbage samples of several of the more productive species 
-3 grasses, 7 forbs, and 1 shrub-were collected on 44 
occasions over a 4-year period. The 484 samples (44 for 
each species) provided a basis for determining how moisture 
content of one species varies with respect to that of another. 
Correlation coefficients, regression equations, and standard 
errors of estimate were computed for all possible paired 
combinations of records for the 11 species. 

A total of 149 herbage samples collected on 16 subsequent 
occasions over another 4-year period provided a basis for 
testing the predicting reliability of the regressions. Moisture 
content of *those samples was. predicted- independently on 
the basis of the measured content of Idaho fescue and aspen 
fleabane. 

On each sampling occasion, the current growth of several 
plants of each species was harvested. Herbage was bagged, 
weighed immediately, air dried for 1 to 3 months at room 
temperature, and reweighed. Moisture content was com- 
puted as a percentage of net fresh weight. Collection dates 
varied from July 23 to August 27, and stages of plant de- 
velopment from preflowering to seed ripening. A sample 
of each species was obtained from each of 19 sites, most 
of which were about 1 acre in size. 

In a separate study, five composite samples of Idaho 
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with care. It cannot be used when 
wind moves the vegetation. The de- 
tailed observations are time~consoming. 
Therefore, it may not be used as a 
survey instrument but is very useful 
as an exact reference method for as- 

sessment of other more rapid survey d’analyse de la v&g&ation des forma- 
metbods. lions herbac6es denses et perman- 
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Table 1. Moisture content (96) of herbage samples, all 
collected on the same day, from a grassland site on Black 
Mesa. Most plants were fully grown. 

Species Moisture content 

Grasses and Sedge 

Idaho fescue (Festuca idahoensis) 
Letterman needlegrass (Stipa lettermani) 
Thurber fescue (Festucu thurberi) 
Slender wheatgrass (Agropyron trachycuulum) 
Subalpine needlegrass (Stipu columbiuna) 
Mountain brome (Bromus carinatus) 
Prairie Junegrass (Koeleria cristata) 
Nodding brome (Bromus anomalus) 
Elk sedge (Carex geyeri) 

44 
46 
47 
49 
50 
54 
54 
56 
58 

Forbs 

Ballhead sandwort (Arena& congesta) 50 
Subalpine eriogonum (Eriogonum subalpinum) 53 
Western yarrow (Achilles Zanulosa) 60 
Beauty cinquefoil (Potentillu pulcherrimu) 60 
Goldenrod (Solidago ciZiosa) 60 
Aspen fleabane (Erigeron mucranthus) 60 
Hairy goldaster (Chrysopsis villosu) 62 
American vetch (Viciu americana) 63 
Skyrocket gilia (Giliu uggregata) 65 
Orange sneezeweed (Helen&m hoopesii) 66 
Sharpleaf valerian (Vuleriana acutiloba) 66 
Bluebell (Canzpunula rotundifoliu) 68 
Fremont geranium (Geranium fremontii) 68 
Littleleaf alumroot (Heuchera purvifolia) 68 
Lupine (Lupinus amplus) 68 
Aspen peavine (Luthyrus Zeucanthus) 70 
Common dandelion (Taruxacum officinale) 72 
Pale agoseris (Agoseris glaucu) 78 

Shrubs 

Falsetarragon sagebrush (Artemisia dracunculoides) 62 
Parry rabbitbrush (Chrysothumnus parryi) 66 

fescue were harvested at weekly intervals during July and 
August over a Z-year period. Those samples, each of which 
contained 10 plants from a relatively uniform site, provided 
a record of the variation in herbage moisture content at 
a given time and place. 

Rem1 ts and Discussion 

Moisture relationships 
Moisture contents of the 11 species included in the study 

(Table 2) were highly correlated (P < .Ol). Most correla- 
tion coefficients were larger than 0.70 although they ranged 
from 0.40 to 0.92. Those for aspen fleabane averaged the 
highest (0.80), and those for Parry rabbitbrush the lowest 
(0.56). Standard errors of estimate for the 110 regressions 
averaged 4.1 percent. Standard errors for paired samples 
of alfalfa hay and alfalfa-brome hay taken about 1 ft apart 
in the swath averaged 3.4 and 4.5%, respectively (Isaacs 
and Wiant, 1959). 

Table 2. Estimated linear regression parameters depicting 
relationships between herbage moisture content of each 
of two predictor species and that of associated species. 
Basis: N = 44 for each species. 

Predictor species 

Idaho fescue Aspen fleabane 

Associated species a b S,,, r a b S,,, r 

Idaho fescue - - - - -22.2 1.12 5.4 0.84 
Aspen fleabane 32.7 0.62 4.1 0.84 - - - - 
Western yarrow 30.9 0.68 3.8 0.87 3.2 0.96 3.0 0.92 
Thurber fescue 21.3 0.58 3.5 0.85 1.3 0.76 3.7 0.84 
Hairy goldaster 36.0 0.54 3.9 0.81 13.6 0.78 3.3 0.86 
Pale agoseris 62.8 0.31 2.4 0.79 50.9 0.42 2.2 0.81 

Fremont geranium 57.2 0.26 4.0 0.55 39.3 0.49 3.1 0.76 

Common 
dandelion 54.2 0.44 3.4 0.79 38.2 0.59 3.4 0.79 

Parry rabbitbrush 57.6 0.18 4.0 0.40 42.3 0.38 3.4 0.64 
Letterman 

needlegrass 30.4 0.33 4.4 0.59 10.9 0.56 3.6 0.77 
Aspen peavine 47.9 0.38 3.6 0.72 31.1 0.56 3.1 0.80 

Herbage moisture relationships are expressed through 
the equation P = a + bX. From Table 2, the estimated 
moisture content (P) of western yarrow, for example, would 
be 65% if the measured content (X) of Idaho fescue were 
50% [P = 30.9 + 0.68(50) = 650/o]. 

Moisture contents of Idaho fescue, aspen fleabane, western 
yarrow, Thurber fescue, and hairy goldaster covered a 
wider range than that of other species during the period 
of peak herbage development. Pale agoseris, Fremont 
geranium, common dandelion, and Parry rabbitbrush were 
relatively succulent whenever harvested. Idaho fescue usu- 
ally contained more moisture than Thurber fescue and 
Letterman needlegrass at the higher moisture levels, but 
less at lower levels. Aspen fleabane, hairy goldaster, and 
western yarrow had practically the same moisture content 
within the observed range of 48 to 78%. 

Moisture content of all samples used in determining 
herbage moisture relationships ranged from 26 to 87%. 
Values for pale agoseris differed as little as 15 (71-86)0/o, 
and those for Idaho fescue as much as 40 (26-66)0/O. 

Moisture prediction 
Four-fifths (111) of the 133 values predicted from Idaho 

fescue, and nine-tenths (122) of those from aspen fleabane, 
were within 5% of measured values. The samples for which 
fleabane failed to predict moisture content within 5% were 
among those that fescue also failed to predict within that 
limit. Only six estimated values-three from each species- 
differed from measured values by more than 7%. On the 
average, predicted values differed from measured values 
by 2.8 and 2.5%, respectively. Moisture content of Idaho 
fescue samples from which predictions were made ranged 
from 38 to 650/o, and that of aspen fleabane from 52 to 76%. 

Moisture content of Fremont geranium, which tends to 
mature nonuniformly, was predicted least accurately. Ob- 
served values differed by 3.5 and 4.4%, on the average, 
from those predicted from fleabane and Idaho fescue. The 
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content of rabbitbrush also was estimated somewhat less 
accurately than that of other species. 

Moisture variability 

Moisture content of Idaho fescue samples collected 
weekly during July and August over a 2-year period ranged 
from 22 to 68%. Differences between the highest and lowest 
content of samples collected at a given time averaged 3.3%. 
Coefficients of variation averaged 2.9%. Moisture content 
became slightly more variable as herbage matured. Even 
so, no value differed by more than 5% from the average 
for its group. One representative sample was generally 
adequate for prediction purposes at any one time during 
the 2-month period. Required intensity of sampling will 
vary, of course, with variability in moisture content of the 
herbage sampled. 

Conclusions 
Moisture contents of range plants growing under gen- 

erally similar conditions are related. By means of regression 
equations that express those relationships, the moisture 
content of numerous species in a complex flora can be 
estimated from the measured content of one or more 
associated species. Species from which predictions are made 
should be relatively abundant and widely distributed on 
the site sampled; their moisture content should be sensitive 
to changes in growing conditions and plant maturity. One 

representative sample of the predictor species may be ade- 
quate, depending on moisture variability. 

Whether or not prediction equations developed for one 
locality, such as Black Mesa, can be used for another is not 
known. A new equation must be derived, of course, for 
each additional species for which information is desired. 
Capabilities and limitations of the method will become 
better known as it is further tested. Available evidence 
indicates, however, that plant moisture relationships, once 
determined, can be used for prediction purposes year after 
year. Where precise measurements are not required, they 
offer a promising means for estimating quickly and effi- 
ciently the moisture content of numerous herbaceous plant 
species. 
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Highlight 

A 4,000.acre pinyon-juniper manage- 
ment unit was established on the 
Tonopah Ranger District, Toiyabe 
National Forest, in central Nevada 
during 1968. Initially, an inventory 
was conducted to obtain basic data 
about this woodland type. By initiat- 
ing silvicultural practices, the pinyon- 
juniper stand, forage production, wild- 
life habitat, soils and watershed values 
were improved. Eight times as many 
Christmas trees of an improved qual- 
ity, and five times as many juniper 
fence posts can be produced. Forage 
production and shrub cover density 
were increased. Bitterbrush, the dom- 
inant shrub, increased in vigor and 
total growth. Managing selected pin- 

l Received July 21, 1971. 

yon-juniper areas can provide greater 
multiple use benefits and economic 
returns. 

Direction for managing the pin- 
yon-juniper woodland type has been 
provided for in the Forest Service, 
lntermountain Region, Multiple 
Use Management Guide (Forest 
Service, 1966). Where soils are of 
moderate or deep depth, and where 
the growth form characteristics of 
pinyon for Christmas tree produc- 
tion is exceptionally good, the 
management direction is for Christ- 
mas trees and other Forest products. 
Satisfactory watershed conditions, 
and proper wildlife and livestock 
use must be maintained, also. 

On the shallow soil types the 
management direction is to: (1) re- 
store to a satisfactory watershed 
condition, (2) remove the overstory 
to the extent necessary to permit 
soil stabilization by revegetation 
and/or mechanical measures. 

The pinyon-juniper woodland 

covers over 850,000 acres of the 
Toiyabe National Forest in central 
Nevada. It invades into other 
biotic communities (Cottom and 
Stewart, 1940). In east central Ne- 
vada it has invaded into Black 
Sagebrush communities and almost 
eliminated the understory. (Black- 
burn and Tueller, 1970). This 
woodland type is increasing in area 
and density. Eventually, it becomes 
overmature and degenerate. 

The House Canyon Pinyon- Juni- 
per Management Unit (Fig. 1) is 
located 70 miles northeast of Tono- 
pah, Nevada. It is in the Willow 
Creek drainage on the eastern toe 
slope of the Monitor Range. The 
mean elevation is 7,200 feet. An- 
nual precipitation for the 1969-70 
water year was 13.3 inches. 

The management unit is char- 
acterized by a pinyon-juniper-bitter- 
brush community. Utah juniper 
(Juniper-us osteosperma) occurs co. 
dominate to singleleaf pinyon pine 
(Pinus monophylla). Antelope bit- 
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content of rabbitbrush also was estimated somewhat less 
accurately than that of other species. 

Moisture variability 

Moisture content of Idaho fescue samples collected 
weekly during July and August over a ‘L-year period ranged 
from 22 to 68%. Differences between the highest and lowest 
content of samples collected at a given time averaged 3.3%. 
Coefficients of variation averaged 2.9%. Moisture content 
became slightly more variable as herbage matured. Even 
so, no value differed by more than 5% from the average 
for its group. One representative sample was generally 
adequate for prediction purposes at any one time during 
the 2-month period. Required intensity of sampling will 
vary, of course, with variability in moisture content of the 
herbage sampled. 

Conclusions 
Moisture contents of range plants growing under gen- 

erally similar conditions are related. By means of regression 
equations that express those relationships, the moisture 
content of numerous species in a complex flora can be 
estimated from the measured content of one or more 
associated species. Species from which predictions are made 
should be relatively abundant and widely distributed on 
the site sampled; their moisture content should be sensitive 
to changes in growing conditions and plant maturity. One 

representative sample of the predictor species may be ade- 
quate, depending on moisture variability. 

Whether or not prediction equations developed for one 
locality, such as Black Mesa, can be used for another is not 
known. A new equation must be derived, of course, for 
each additional species for which information is desired. 
Capabilities and limitations of the method will become 
better known as it is further tested. Available evidence 
indicates, however, that plant moisture relationships, once 
determined, can be used for prediction purposes year after 
year. Where precise measurements are not required, they 
offer a promising means for estimating quickly and effi- 
ciently the moisture content of numerous herbaceous plant 
species. 
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the growth form characteristics of 
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tion is exceptionally good, the 
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mas trees and other Forest products. 
Satisfactory watershed conditions, 
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use must be maintained, also. 

On the shallow soil types the 
management direction is to: (1) re- 
store to a satisfactory watershed 
condition, (2) remove the overstory 
to the extent necessary to permit 
soil stabilization by revegetation 
and/or mechanical measures. 

The pinyon-juniper woodland 

covers over 850,000 acres of the 
Toiyabe National Forest in central 
Nevada. It invades into other 
biotic communities (Cottom and 
Stewart, 1940). In east central Ne- 
vada it has invaded into Black 
Sagebrush communities and almost 
eliminated the understory. (Black- 
burn and Tueller, 1970). This 
woodland type is increasing in area 
and density. Eventually, it becomes 
overmature and degenerate. 

The House Canyon Pinyon- Juni- 
per Management Unit (Fig. 1) is 
located 70 miles northeast of Tono- 
pah, Nevada. It is in the Willow 
Creek drainage on the eastern toe 
slope of the Monitor Range. The 
mean elevation is 7,200 feet. An- 
nual precipitation for the 1969-70 
water year was 13.3 inches. 

The management unit is char- 
acterized by a pinyon-juniper-bitter- 
brush community. Utah juniper 
(Juniper-us osteosperma) occurs co. 
dominate to singleleaf pinyon pine 
(Pinus monophylla). Antelope bit- 
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terbrush (Purshin tridentata) is sub- 
ordinate to the tree overstory. 
Grass cover <or&t!. of bottlebrush 
stluirrcltail (Silnnion hy\trix) and 
r~eedlenr~drllrcad (Slipa (ornafn). 
Sulphur eriogonum (Eriogonwm 
umbellatum) is the predominant 
forb. Vegetation and litter cover 
is 34%. _ 

Soils are derived from volcanic 
ash and flow tuffs. Soils are pre- 
dominantly deep gravelly, stoney, 
sandy loams. There are some shal- 
low ‘clay loam soil types with a 
hardpan at 8 t” 12 incha. 

Infiltration rate is fast on the 
stoney, gravelly, sandy soils and is 
slower on the clay loamy. The ero- 
sion hazard is moderate and pH is 
neutral. The stream channels show 
evidence of light erosion. 

Management Treatments 
An inventor: was initiated and 

suitability clasxtication devel~ped.~ 
Silvicultural and regeneration prac- 
tices were initiated. 

A field survey ot twenty l/lOth 
and 1/20th acre plots were taken .?I 

2Canrribution of Stanley L. Townc 
retired, forn~erly Timber and Fir< 
Projea Stafl Officer, Toiyabe Na 
tional Forest, Rena, PITevada. 

random t” determine: (1) the total 
number of Cllristmas trees by 
grades, (2) the tot;11 number of 
juniper fence post”, (3) the number 
of trees to prune per xre, (4) the 
number of trees 2 to 4 feet class 
per acre, (5) rl,e number of secd~ 
lings per acre, (6) tlae number of 
worthless tree> to rem”ve per acre, 
(7) the normal rotation cycle, (8) 
the number of Christmas trees in 
tops of trees t” 14 feet high. 

Plots were classified as suitable 
or unsuitable for pinyon-,junipcr 
management. A 1 Z-inch high 
wooden stake ,rns placed at the 

center of the plot and each plot 
delineated on aerial photographs. 

Site5 termed unsuitable were too 
steep, to” rocky, poor soils, shallow 
soil5 or a hardpan, or a high erosion 
hazard index. 

Silvicultural and regeneration 
practices initiated include stump 
culture, pruning, thinning, weed- 
ing, and tube stork planting. 

Some Christmas trees of an im- 
proved grade were observed within 
the management unit that had been 
produced from stump culture. In 
stump culture, several limbs were 
left at the base of the trees when 
they were harvested (Fig. 2). One 
year later, after the limbs had 
begun to turn up, the limbs were 
pruned leaving one main stem. 

Juniper trees were observed 
where the main stem had been cut 
at the base of the tree and adventi- 
tious sprouting occurred (Fig. 3). 



These new stems growing vertically 
along the lateral branches have the 
potential of producing more posts. 

Many pinyon trees had a double 
stem or a prominent secondary stem 
which was pruned to leave one 
main stem. 

Thinning can be accomplished 
according to site potential which 
will improve the grade of the future 
Christmas tree crop. 

In weeding, shrubs were removed 
from around seedling trees to elim- 
inate competition and to produce 
Christmas trees with a much better 
form class. 

It was observed and confirmed 
(Forest Service, 1965) that natural 
seedling establishment occurs at the 
base of shrubs and mature trees. 
Fall and spring plantings were 
made on the north side of shrubs. 
Pinyon seedlings (one month old 
stock) were obtained from the Ne- 
vada State Nursery which had been 
planted in individual heavy paper 
containers (Fig. 4). 

Removal of the pinyon-juniper 
overstory on a IO-acre plot was ac- 
complished. Four lOO-foot line in- 
tercept transects were established 
(two in the control, and two in the 
treated area). The shrub composi- 
tion and density before and after 
treatment was determined. 

One antelope bitterbrush tagged 
twig transect. was established in the 
control and one in the treated area. 
Readings were made each fall dur- 
ing 1968, 1969, and 1970 and sum- 
marized. 
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FIG. 4. Fred Fisher planting tube stock 
at base of big sagebrush shrub. 

FIG. 5. Stanley Towne and author ob- 
serve Christmas tree in top of 12-foot 
pinyon tree. 

Forage production was deter- 
mined before and after treatment 
by the site analysis method (Forest 
Service, 1969). 

Results and Discussion 
A summary of the inventory data 

shows this management unit has an 
average of 23 Christmas trees and 
19 Juniper fence posts per acre. 
There are 106 seedlings per acre 
and 40 trees per acre in the 2 to 4 
foot heighth class. Also, there are 
77 trees per acre (old growth) to be 
removed under intensive manage- 
ment. About 17% of the Christmas 
trees can be “topped” from trees up 
to a heighth of 14 feet (Fig. 5). 

Annual ring counts made of pin- 
yon trees indicate the normal rota- 
tion cycle in this management unit 
for a 7 to 8 foot Christmas tree is 
23 years. By practicing thinning 
and pruning the double stemmed 
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trees and/or the secondary stems, 
it is estimated the first rotation 
cycle for Christmas trees can be 
shortened to 7 years. 

Seedling counts made for both 
the fall and spring plantings show 
that 20% of the fall plantings sur- 
vived, compared with 40% of the 
spring-planted seedlings. Spring 
plantings are generally more suc- 
cessful in the Intermountain Re- 
gion. 

After the pinyon-juniper over- 
story was removed, allowing bitter- 
brush release, there were 42% more 
twigs and 100% greater leader 
growth produced in the treated 
plots than were produced in the 
control area. Cover of all shrubs 
also greatly increased (Table 1). 

Forage production before treat- 
ment was only 80 pounds decreaser 
(D) and increaser (I) plants per 
acre. After treatment, forage pro- 
duction was 650 pounds of D and I 
plants per acre, with bitterbrush 
producing 48% of the total forage. 

In central Nevada the demand is 
increasing for pinyon pine Christ- 
mas trees, juniper posts, pine nuts, 
and cordwood. Until this manage- 
ment unit was started in 1968, the 
Tonopah Ranger District had only 
a small volume of business in these 
categories. During 1970, sales of 
forest products from the district 
totaled $3,323. There were 4,635 
Christmas trees, 3,030 juniper posts, 
180 cords of cordwood, and 3,800 
pounds of pine nuts sold for har- 
vest. 

Conclusion 
Pinyon-juniper management 

units can be selected according to 

Table 1. Summarization of shrub transect data, using line intercept methti. 
Increase or decrease (inches + or -) in cover during three-year period.1 

Plant species Control area Treated area 

Antelope bitterbrush + 3 + 334 

Sagebrush (Artemisia Lridentata) - 2 + 226 

Kabbitbrush (Chrysothamnus visidi~lows) - 4 + 41 
Green ephedra (Epheclm viridis) 0 + 51 
Pinyon pine, singleleaf + 106 0 

1 Data collection made by Thomas S. Stinson, Range Conservationist, Toiyabe National 
Forest. Now, Range Conservationist, Challis National Forest, Mackay, Idaho. 
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soil types and growth-form char- 
acteristics of the trees. A basic in- 
ventory will determine the adapt- 
ability of a site for management. 
Vigor and production of forage 
plants can be increased to benefit 
livestock and big game. Openings 
created on the pinyon-juniper type 
would be beneficial to wildlife in 
providing an edge effect. Increase 
in vegetation and litter cover would 
improve watershed conditions. 

More forest products of better qual- 
ity would be a result. Greater 
economical returns could be real- 
ized. 
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COTTAM, W. P., AND G. STEWART. 1940. 

Plant succession as a result of grazing 
and meadow desiccation by erosion 
since settlement in 1862. J. Forest. 
38:513-626. 

BLACKBURN, WILBERT H., AND PAUL T. 
TUELLER. 1970. Pinyon and juni- 
per invasion in black sagebrush com- 

Fee Hunting in Western South Dakota1 

F. ROBERT GARTNER AND KIETH E. SEVERSON 

Associate Professor of Animal Science (Range Ecology,), 
South Dakota State University, Agricultural Research 

& Extension Center; and Range Scientist, Rocky 
Mountain Forest and Range Experiment Station,2 
Forest Service, U. S. Department of Agriculture, 

Rapid City, South Dakota. 

Highlight 

A new fee hunting system in western South Dakota is 
described. Its development, operation and probable reasons 
for future success or failure are suggested. Economic in- 
fluences alone may encourage development of similar 
hunting systems, especially as increased hunting pressure 
is felt by landowners. This paper presents an approach 
which could further the cause of range management while 
simultaneously maximizing the economic return from 
rangeland. 

Orville Freeman, former Secretary of Agriculture, 
stated a decade ago that “while we can expect sub- 
stantial expansion of public recreation areas in the 
years ahead, it is apparent that they cannot by them- 
selves meet the booming national demand. Unfor- 
tunately, most publicly owned forests, parks, shore- 
lands, and associated water areas are far removed 
from centers of population. Consequently, it is in- 
evitable that a very high proportion of future outdoor 
recreation in this country will take place on or in 
association with privately owned facilities” (Freeman, 
1952). 
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this publication possible. Received December 3, 1971. 
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with Colorado State University at Fort Collins. Research 
reported here was conducted in cooperation with the South 
Dakota School of Mines and Technology at Rapid City. 
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Historically, free access for the purpose of hunting, 
fishing, camping, and other forms of outdoor recrea- 
tion has been taken for granted by most South Dakota 
residents. State laws hold that wild game belongs to 
the people, although most of the forage consumed and 
the land inhabited by game animals is in private 
ownership. 

Despite the feelings of hunters, farmers in the 
vicinity of the Missouri River have been charging a 
fee for goose hunting since the late 1930’s. In more 
recent years, some eastern South Dakota farmers have 
charged for pheasant hunting or have leased hunting 
rights to individuals or clubs. These migratory water- 
fowl and resident upland game birds make relatively 
light use of either native or introduced forages or 
cultivated crops compared to resident big game such 
as deer. Yet, in the open spaces of the western South 
Dakota range country, nearly all ranches have been 
open to the public for hunting of both big and small 
game. 

Development of Fee Hunting in Western 
South Dakota 

Unique under these circumstances is a group of five 
ranch owners who united in 1966 to sell a hunting 
experience. Located in the heart of excellent deer, 
antelope, grouse, and potentially good turkey habitat, 
they initially joined together to prohibit all public 
hunting on their lands. That action was the result of 
several years of ever increasing numbers of hunters. 
Added to the increased hunting pressure was the labor 
involved in closing gates, repairing fences and “patrol- 
ling” to control vehicular travel over damage-vulner- 
able areas of the ranch. “Nuisance factors”-giving 
permission and directions at odd hours, removing 
mired vehicles, pouring gas for those with empty 
tanks, and packing deer out of inaccessible areas- 
aggravated the situation. Livestock lost to the careless 
or wanton shooter, while not frequent, contributed 
to the hunting ban. 
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Restricted hunting resulted in a rapid increase in 
deer numbers. Competition with livestock for forage 
intensified, and damage to hay meadows, stacks, and 
cultivated crops increased. A system of profitable deer 
harvest became not only a desirable objective, but was 
deemed necessary. 

The outcome of these circumstances was Dakota 
Safaris, a corporation formed in 1969. The original 
five ranchers were joined by three additional land- 
owners in the fall of 1970. The salable “by-product” 
of these eight range livestock operations is hunting 
trophy mule deer. A trophy buck, in this case, is one 
with four points or more on one side. Initially the 
corporation advertised hunting “prairie” deer, Black 
Hills deer, and “trophy” bucks. It was soon obvious 
that the greatest demand was for trophy buck hunting. 

Location and Description of the Hunting Area 

The hunting area, about 45 air miles northeast of 
Rapid City and the Black Hills, encompasses about 
100 square miles. Natural geographic boundaries 
exist on the north (the Belle Fourche River) and on 
the east (the Cheyenne River). Interstate 90 borders 
the area on the south. Only a small percentage of the 
Dakota Safaris hunting area lies outside those bound- 
aries. 

Elk Creek, which flows from the Black Hills east- 
ward to the Cheyenne River, and many lesser drainages 
have created scenic rough breaks and highly produc- 
tive overflow sites. The combination of native or 
improved haylands, water, and cover affords excellent 
habitat for both mule and white-tailed deer. 

The predominantly clayey soils of the area were 
derived from the Pierre shale formation, and range 
from very shallow to moderate in depth, depending 
on topographic position. Vegetation is typically Mixed 
Prairie on the uplands, dominated by western wheat- 
grass (Agropyron smithii) and green needlegrass (Stz$u 
viridula) with an understory of blue grama (Bouteloua 
gracilis) and buffalograss (Buchloe ductyloides) when 
the range is properly managed. Clayey soils are also 
typified by a wide variety of forbs. 

Shallow soils on steeper slopes support a complex 
of both warm- and cool-season grasses. In high condi- 
tion these sites support big and little bluestem (Andro- 
pogon gerurdi and A. scopurius), sideoats grama 
(Boutelouu curtipendulu), prairie sandreed (Culumo- 
vilfu Zongifoliu), western wheatgrass, and green needle- 
grass. Also occurring under proper management are 
many shrubs and forbs, including leadplant amorpha 
(Amorphu cunescens), skunkbush sumac (Rhus trilo- 
butu), silver buffaloberry (Shepherdiu urgenteu), 
chokecherry (Prunus virginiana), western snowberry 
(Symphoricurpos occident&s), bigtop dalea (Dalea 
enneundru), black Sampson (Echinuceu ungustifoliu), 
several species of scurfpea (Psoruleu spp.) and vetches 
(Viceu spp.), and many others. 

Table 1. Disposition of the 1970 hunting fee on a daily 
basis, Dakota Safaris, Inc. 

Disposition 

Landowner (for each hunter) 
Guide Service (to rancher) 
Meals 
Lodging 
Insurance 
Management (Dakota Safaris, Inc.) 
Overhead (Dakota Safaris, Inc.) 

Total 

1 Four day package @ $250.00. 

Amount 

$20.00 
11.00 

9.00 
5.00 
2.00 
5.00 

10.50 

$62.501 

Along the river and creek bottoms, deciduous trees 
such as plains cottonwood (Populus surgentiz), willow 
(Sulk spp.), and green ash (Fruxinus PennsyZvunicu) 
grow profusely. Poorly developed soils on rather steep 
slopes above these drainages support Rocky Mountain 
juniper (Juniperus scopulorum) in open to rather 
dense stands. A few scattered stands of ponderosa 
pine (Pinus ponderosu) also exist in the breaks above 
the Cheyenne River. 

Physical Facilities, Hunting Fees, and 
Services Provided 

A hunter has the option of staying either in a central 
hunting camp or at one of the ranches. Most prefer 
the camp, which is located in the center of the con- 
trolled area on Elk Creek. Heated rooms, hot and cold 
running water, and beds are provided in each of several 
buildings. Hunters must provide their own sleeping 
bags. Meals are prepared by a Rapid City catering 
service with a mobile unit that merely backs into the 
ground-level garage of the main house. The rest of 
the garage serves as a dining room and place for 
hunters and ranchers to socialize. 

Hunter charges were initially $35.00 per day in 
the fall of 1966. Daily fees were ultimately eliminated 
because of problems with reservations and excess food 
which accumulated as a result of the expert or lucky 
hunter who shot his trophy the first day then departed. 
A 3- or 4-day “package” hunt was substituted for the 
daily fee. As unexpected costs developed the fee was 
gradually increased, yet hunter numbers increased 
from 8 in 1966 to 56 in 1970. 

Logically, there are some hidden costs to the land- 
owner who wishes to initiate a trophy deer hunt. 
Deferment of hunting for one or more years may be 
necessary to build up the trophy buck numbers. As 
with most new businesses, the initial costs of advertis- 
ing and promotion may be high. Likewise, the charges 
for management and overhead may be expensive the 
first few years, but may, in fact, decrease thereafter. 

The $250.00 fee in 1970 for a 4-day hunt was broken 
down as indicated in Table 1. Future charges are 
projected at $300.00 with references required. 
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Theoretically, then, in the brief g-day “prairie deer” 
season permitted by present South Dakota game laws, 
only two trophy hunts can be planned. The income 
to the rancher depends upon whether or not he guides, 
feeds, and provides lodging for the hunter. His return 
can be from $20 to $45 per hunter-day depending 
upon services he provides. Theoretically, a member 
rancher may realize as much as $3,600 if he has 10 
hunters for 8 days. Landowner costs are, likewise, 
a function of services rendered. 

Discussion 

Of what advantage is controlled hunting to the 
landowner? There are several direct and indirect 
benefits: 

The landowner has complete control of recre- 
ational users. 
Livestock losses during the deer season have been 
eliminated on lands under the control of Dakota 
Safaris, Inc. Hunters are told they can shoot all 
the cattle they desire. They will be charged only 
50@ per pound (liveweight) for cattle shot, and 
the animals will be hauled to the nearest locker 
plant, processed, and the shooter billed accord- 
ingly. No cattle have been shot in five years of 
trophy hunting. 
Many new social contacts have been made by 
Dakota Safaris’ rancher members. Very few ranch- 
ers have the opportunity to meet and discuss 
hunting, recreation, politics, business, and other 
matters with visitors from other geographic areas, 
some of whom are corporate executives. Most of 
the guests can be classified as middle-income, blue- 
collar workers or hourly wage earners. These are 
avid sportsmen willing to pay for a quality deer 
hunt. 
The rancher becomes a part of the economically 
fruitful recreation business. He is paid for supply- 
ing an all-terrain vehicle, horses, guiding, and for 
land use. While many resident sportsmen who 
have enjoyed free hunting feel that any hunting 
fee it too great, many non-resident hunters are 
willing to pay for the privilege to hunt and for 
services provided. Assuming the local (Rapid 
City) scale for most services (electrician, mechanic, 
plumber, etc.) to be approximately $8.00 per hour, 
the potential return to the landowner of $31.00 
per day does not appear excessive. 

Both landowners and local businesses benefit 
from the economic input of the recreationist dol- 
lar. Diverse income is also good insurance against 
drought and poor markets. Under a controlled 
hunting system such as the Dakota Safaris opera- 
tion, the landowner can rightly say at the close of 
a hunting season that he enjoyed the season. In 
the past the same landowner considered the deer 
hunting season an annual problem that occupied 
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much of his time and could result in direct mone- 
tary loss. 
This awareness could promote better range man- 
agement. Corporation members now recognize that 
proper range management pays a dividend not 
only in better quality and quantity of forage and 
greater calf weaning weights, but also in more and 
healthier deer. This new awareness over a wide 
area may prove to be the key incentive for land- 
owners to better manage the total rangeland 
environment. Such awareness and subsequent im- 
proved management is contingent, however, upon 
the understanding and cooperation of both sports- 
men and the Department of Game, Fish and Parks. 
Landowners must also be willing to develop the 
overall range resource-a task that may require 
some changes in management philosophy. 

Game that was formerly considered a liability is 
now considered a potential asset and source of income 
by members of Dakota Safaris. That attitude could 
prevail throughout much of western South Dakota. 
Antelope, for example, were considered a nuisance by 
many ranchers in the area, because of their damage 
to alfalfa and wheat fields. Now they are viewed as 
another potential source of income compatible with 
the ranch operation and numbers are increasing. 
Thus, rangeland productivity could become more 
diverse, healthier, and provide greater recreation op- 
portunity for more people. 

At this point we should repeat the comments of 
Jack Knetsch (1966): “For private provision of out- 
door recreation to be profitable and feasible there must 
be a market and a marketable product. Sellers must 
be in a position to withhold the product or service so 
that buyers are forced to pay a price to make use of 
the facilities.” 

Several groups of ranchers, controlling larger blocks 
of land than presently under the Dakota Safaris system, 
have inquired of that corporation about procedures 
to organize a similar operation. It is highly probable 
that many large acreages of deeded land in western 
South Dakota will eventually be under some type of 
fee hunting system. If direct or indirect controls by 
state agencies prohibit or restrict such enterprises, 
game populations may be purposely reduced by land- 
owners who are no longer willing to bear the burden 
of supporting either native herbivores or hunters with- 
out some monetary return. 

Many private landowners find it difficult to with- 
hold recreation use of their areas from the public. The 
private developer is often under considerable economic 
pressure to manage resources in ways that would lower 
its quality at least in part (Knetsch, 1966). 

The landowners involved in the Dakota Safaris 
venture are faced with difficult social, legal, and bio- 
logical barriers in their attempt to optimize production 
from their lands. Not the least of these is the deer 
population imbalance caused by annual harvest of 
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predominantly trophy bucks while not removing sur- Literature Cited 
plus females. Time will undoubtedly reduce some of . 
these problems, provided the landowner fulfills his 
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responsibilities to the total range resource. Acceptance 
Agr., Mrashington, D. C. (See also Foreword in: Report 
of Workshop on Income-Producing Recreation Enter- 

of fee hunting systems by sportsmen and state agencies prises at Denver, Colo. Soil Conserv. Serv., Washington, 
is essential to insure the success of such ventures. Co- D. C. April 30, 1963). 
operation between landowners and the South Dakota KNETSCH, JACK L. 1966. Financing public outdoor recrea- 
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Highlight 

Potholes are depressions of glacial origin occurring on 
the prairies of northern United States and in some of the 
Intermountain glaciated valleys. Intermountain potholes 
provide excellent wetland habitat for numerous species of 
migratory waterfowl, waders, game and non-game marsh 
associated birds. Most of the Intermountain pothole areas 
are located on public lands and are important sources of 
water for grazing livestock. Grazing is a land use com- 
patible with wildlife needs if ranges are not overgrazed or 
livestock concentrated around available watering sites. This 
study was made with the intent of presenting a manage- 
ment plan whereby wildlife and livestock could jointly 
occupy these pothole areas of the forest lands of the north- 
ern Inter-mountain Forest Region to the benefit of both. 
Ecological stability rather than environmental competition 
was the goal with application over wide areas of the inter- 
mountain west. The study identifies opportunities in 
designing range developments to complement waterfowl 
and other species of wildlife on glacial terrain. 

As part of the Forest Service White Cloud-Boulder- 
Pioneer Land Use Planning study, an analysis was 
made of the interrelationships between range use and 
wildlife. In the Copper Basin pothole area on the 
Challis National Forest, a case was identified in which 
a range use and wildlife were found to be complemen- 
tary. The primary purpose of the analysis were: 

1. To make an ecological evaluation of the water- 
fowl habitat in the glacial, lateral moraines of the 
Copper Basin, in the light of their present condition 
and future potential; 

lcontribution of the U. S. Forest Service Region 4, White 
Clouds-Boulder-Pioneer Comprehensive Land Use Study. 

2Retired. Formerly with U. S. Fish and Wildlife Service, 
Brigham City, Utah. 

2. To make an appraisal of and suggestions regard- 
ing the economics of improving existent potholes or 
constructing new ones that would further the repro- 
ductive potential of wildlife without interfering with 
the present utilization of the range by livestock. 

Description of the Area 

Copper Basin is located in the upper drainage of 
the East Fork of the Big Lost River in the Challis 
National Forest, approximately 40 miles northwest of 
Arco, Idaho. It is a high mountain valley (7,800 + ft 
altitude), sheltered by the Pioneer Mountains on the 
west and the White Knob Mountains on the east. 
Occupying a very prominent position in the basin is 
a lateral moraine that was thrust up by a glacier that 
moved north out of valleys to the south. This moraine 
is about five miles long, over 500 feet above the valley 
floor, and from two to three miles in width. The path 
of the glacier pushed up this lateral moraine on its 
right flank in the center of the valley (Copper Basin 
Moraine) its left flank scoured the base of the Pioneer 
Mountains leaving only a narrow, bench-like moraine 
(West Moraine). This bench has been dissected by 
the drainages of many springs, seeps, and successive 
spring run-offs. 

The Copper Basin Moraine is dotted with depres- 
sions of varying sizes, shapes, and depths. Some contain 
water throughout the year; some only until mid-sum- 
mer; others are dry except following spring run-off. 
Disregarding the differences in altitude and topog- 
raphy, these morainal potholes are closely related to 
the semi-arid, lateral moraines of southern Alberta 
and Saskatchewan. In this area summer temperatures, 
spring run-off, and summer precipitation control the 
quality and quantity of surface water and the presence 
or absence of waterfowl and associated birds. The 
higher altitude of this area of study is, to a great ex- 
tent, balanced by the low altitude but higher latitude 
of the Canadian pothole habitats. 

Copper Basin has a growing season extending from 
June 1-15, through August l-September 1. Potholes 
are ice-free between May 15-June 1 and freeze-up 
which normally occurs about October 1. 
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responsibilities to the total range resource. Acceptance 
Agr., Mrashington, D. C. (See also Foreword in: Report 
of Workshop on Income-Producing Recreation Enter- 

of fee hunting systems by sportsmen and state agencies prises at Denver, Colo. Soil Conserv. Serv., Washington, 
is essential to insure the success of such ventures. Co- D. C. April 30, 1963). 
operation between landowners and the South Dakota KNETSCH, JACK L. 1966. Financing public outdoor recrea- 
Department of Game, Fish, and Parks is also impera- tion. Nat. Conf. on Policy Issues in Outdoor Recreation, 
tive, especially in the matter of big game damage Sept. 6-8, 1966, Logan, Utah. (Paper distributed by 
claims by landowners and the number of licenses avail- Bureau of Outdoor Recreation, U. S. Dep. of the Interior, 
able to both residents and non-residents. Washington, D. C.). 
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Pothole Community Management for 
Livestock and Wildlife in the 

Intermountain Region1 

FRANK GUNNELL AND ALLEN G. SMITH2 

Wildlife Biologist, Cache National Forest, 
U. S. Forest Service, Logan; and 

Formerly Wildlife Biologist, Fish and Wildlife 
Service, Brigham City, Utah. 

Highlight 

Potholes are depressions of glacial origin occurring on 
the prairies of northern United States and in some of the 
Intermountain glaciated valleys. Intermountain potholes 
provide excellent wetland habitat for numerous species of 
migratory waterfowl, waders, game and non-game marsh 
associated birds. Most of the Intermountain pothole areas 
are located on public lands and are important sources of 
water for grazing livestock. Grazing is a land use com- 
patible with wildlife needs if ranges are not overgrazed or 
livestock concentrated around available watering sites. This 
study was made with the intent of presenting a manage- 
ment plan whereby wildlife and livestock could jointly 
occupy these pothole areas of the forest lands of the north- 
ern Inter-mountain Forest Region to the benefit of both. 
Ecological stability rather than environmental competition 
was the goal with application over wide areas of the inter- 
mountain west. The study identifies opportunities in 
designing range developments to complement waterfowl 
and other species of wildlife on glacial terrain. 

As part of the Forest Service White Cloud-Boulder- 
Pioneer Land Use Planning study, an analysis was 
made of the interrelationships between range use and 
wildlife. In the Copper Basin pothole area on the 
Challis National Forest, a case was identified in which 
a range use and wildlife were found to be complemen- 
tary. The primary purpose of the analysis were: 

1. To make an ecological evaluation of the water- 
fowl habitat in the glacial, lateral moraines of the 
Copper Basin, in the light of their present condition 
and future potential; 

lcontribution of the U. S. Forest Service Region 4, White 
Clouds-Boulder-Pioneer Comprehensive Land Use Study. 

2Retired. Formerly with U. S. Fish and Wildlife Service, 
Brigham City, Utah. 

2. To make an appraisal of and suggestions regard- 
ing the economics of improving existent potholes or 
constructing new ones that would further the repro- 
ductive potential of wildlife without interfering with 
the present utilization of the range by livestock. 

Description of the Area 

Copper Basin is located in the upper drainage of 
the East Fork of the Big Lost River in the Challis 
National Forest, approximately 40 miles northwest of 
Arco, Idaho. It is a high mountain valley (7,800 + ft 
altitude), sheltered by the Pioneer Mountains on the 
west and the White Knob Mountains on the east. 
Occupying a very prominent position in the basin is 
a lateral moraine that was thrust up by a glacier that 
moved north out of valleys to the south. This moraine 
is about five miles long, over 500 feet above the valley 
floor, and from two to three miles in width. The path 
of the glacier pushed up this lateral moraine on its 
right flank in the center of the valley (Copper Basin 
Moraine) its left flank scoured the base of the Pioneer 
Mountains leaving only a narrow, bench-like moraine 
(West Moraine). This bench has been dissected by 
the drainages of many springs, seeps, and successive 
spring run-offs. 

The Copper Basin Moraine is dotted with depres- 
sions of varying sizes, shapes, and depths. Some contain 
water throughout the year; some only until mid-sum- 
mer; others are dry except following spring run-off. 
Disregarding the differences in altitude and topog- 
raphy, these morainal potholes are closely related to 
the semi-arid, lateral moraines of southern Alberta 
and Saskatchewan. In this area summer temperatures, 
spring run-off, and summer precipitation control the 
quality and quantity of surface water and the presence 
or absence of waterfowl and associated birds. The 
higher altitude of this area of study is, to a great ex- 
tent, balanced by the low altitude but higher latitude 
of the Canadian pothole habitats. 

Copper Basin has a growing season extending from 
June 1-15, through August l-September 1. Potholes 
are ice-free between May 15-June 1 and freeze-up 
which normally occurs about October 1. 
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Characteristics of the Potholes 

The Copper Basin Moraine is dotted with hundreds 
of pothole basins. Eighteen of them are spring fed 
and contain water throughout the year. Others are 
semi-permanent in nature, holding water in the early 
weeks of the season but drying before fall, except in 
years of heavy summer precipitation. The most com- 
mon type is the temporary pothole which normally 
fills after spring run-off but is dry by mid or late June. 
The shallow temporary and semi-permanent potholes 
are frequently located over seeps or sumps, but as the 
water table lowers during the summer, a break occurs 
between the surface water and the water table and 
desiccation results. Because the drying of temporary 
potholes takes place so early in the summer, their 
presence in late summer is marked only by small 
meadows in slight depressions, surrounded by sage- 
brush (Artemisia spp.), forbs, and grasses characteristic 
of the nearby uplands. 

Most permanent potholes, including beaver ponds, 
contain some aquatic vegetation. Most common are 
the clasping-leaved pondweed (Potamogeton richard- 
sonii) and the white water buttercup (Ranunculus 
uquutilis). Mare’s tail (Hippuris vulgaris) and arrow- 
heads (Sugitturis spp.) are present in lesser quantities. 
The common duck weed (Lemnu_ minor) is common 
in the beaver ponds. Because of heavy trampling of 
pothole shorelines by cattle, aquatic plants are able 
to survive only at depths greater than two feet. In 
beaver ponds where grazing has been light because of 
aspen slash surrounding them, carpets of the needle 
rush (Eleochuris uciculuris) grown in the shallow water 
and mucky or sandy shores. 

The most common emergent plant of the beaver 
ponds and moranial potholes is the common large 
spikerush (Eleochuris pulustris). Several species of 
sedges are also present on the shores of the beaver 
ponds, the most common being the clump sedge 
(Curex utherodes). These ponds are also rimmed with 
small shrubs and trees such as shrubby cinquefoil 
(Potentillu fruticosa), aspen (Populus balsamifera), 
willows (S&ix spp.), and alpine fir (A bies Zusiocurpa). 

Inventory of Wildlife and Livestock 

Several species of waterfowl and associated birds 
breed in or near the Copper Basin moraines. A list 
of these birds with prevalence rating follows in which 
C = common, 0 = occasional, and R = rare: mallard 
(C), pintail (C), green-winged teal (0), blue-winged 
teal (R), cinnamon teal (R), baldpate (0), shoveler (0), 
redhead (0), common merganser (0), horned grebe 
(0), great blue heron (0), coot (C), killdeer (C), upland 
plover (0), and spotted sandpiper (0). 

Between 500 and 600 antelope are summer residents 
in the basin, a deer migration route crosses the area, 
and an elk calving ground is located there. Several 
hundred sage grouse summer in the basin but are more 

or less concentrated near the permanent potholes as 
their source of water. 

The entire basin, including the moraines, contains 
100,000 acres, of which 60,000 are suitable livestock 
range. Approximately 3,400 cattle graze the basin 
between June IO-July 1 and October 15-November 1. 
Considering only the grazed acres, there is a livestock/ 
acreage relationship of 17 acres/head of stock. 

Big game, waterfowl, and associated birds of the 
potholes and uplands have little or no effect upon 
the wetland habitats of the basin. Livestock, however, 
are having a pronounced effect under present condi- 
tions. 

Competition Between Wildlife and Livestock 
The edges of all Copper Basin potholes are so 

trampled by concentrations of livestock that there are 
no emergents or other vegetation in these portions of 
the potholes wadable by cattle (Fig. 1). The shallow 
water is fouled with the droppings of cattle and 
muddied by their wading. One permanent pothole 
has been so polluted by urine and fecal material that 
the brown water gave off a strong odor of ammonia; 
and, though it contained a few surface insects, there 
were no plants of any kind. 

In an effort to rectify this problem, the U. S. Forest 
Service initiated a program of digging a series of 
water holes (Fig. 2) to aid in the dispersal of cattle 
into areas not otherwise utilized by them because of 
the absence of available water. Approximately three 
quarters of the planned 460 water holes have now 
been dug. Basically, this program, should lead to solu- 
tion of the problem of wildlife-livestock competition 
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would more than fulfill their needs. Upland plover 
will find increased nesting locations around the pot- 
holes and emergent plants would be of benefit to 
this species and to their young. It is believed that 
native plants, if allowed to mature, are sufficient to 
care for the needs of waterfowl. 

in this pothole area. However, modifications of this 
plan may not only provide greater access to water by 
livestock but improve the total environment for all 
species of wildlife, as a coincident effect. 

Discussion and Management Recommendations 

The permanent potholes of the Copper Basin are 
all capable of attracting several species of waterfowl- 
most of them do. However, each would be much more 
attractive to water associated birds through the simple 
expedient of reducing the pressures of watering live- 
stock at these potholes. If the bare ground that fre- 
quently encircles these water areas became revegetated 
and if emergents and aquatics were able to grow, water- 
fowl numbers would be increased appreciably. Nesting 
cover, escape cover, and food supplies-plant and ani- 
mal-would be so improved as to encourage more 
breeding waterfowl than are now present and would 
provide an environment that would attract several 
species, such as redheads, where now they are only 
transients. 

Each of the water birds known to use the wetland 
habitat of these ranges would be benefited by the 
revegetation of pothole shorelines and the encourage- 
ment of emergent and aquatic plant growth. The 
spread of aquatics into shallow water would increase 
the available plant and insect life used as food by 
waterfowl. The return of emergent plants to the edges 
of the potholes would provide nesting cover for red- 
heads, coots, and to a lesser extent for mallards and 
pintails. A lush growth of upland plants, especially 
the sedges and rushes, on the wet shorelines would be 
used as nesting cover by all ducks and escape coyer for 
all water oriented birds. There are plenty of bare 
areas in the uplands immediately surrounding pot- 
holes where killdeer will continue to nest. They re- 
quire escape cover, however, and emergent vegetation 

Escape cover is particularly important for nesting 
water birds on range lands because of the variety of 
birds and mammals that may prey upon adult birds, 
their eggs, or their young. This should not be con- 
strued to infer a need for predator control for these 
birds. Natural conditions that lead to a normal pred- 
ator-prey relationship are to be sought at all times. 
Though food and water are necessary requirements 
to attract ducks and associated birds to range land 
potholes, nesting and escape cover are equally im- 
portant if the birds are to produce and rear young 
successfully. Present conditions of the aquatic habitat 
in many areas reduces this possibility to a minimum. 

Studies of morainal potholes in the prime waterfowl 
habitat of western United States and Canada have 
shown that semi-permanent potholes attract the great- 
est densities and varieties of breeding ducks. Perma- 
nent potholes, though they most always attract breed- 
ing ducks are particularly during drought years when 
they act as “safety” areas, do not usually contain the 
abundance and variety of plant and animal life that 
is found in semi-permanent potholes. Therefore, if 
some of the semi-permanent potholes can be main- 
tained for a period longer than at present, the water- 
fowl population will be increased. 

One of the best possibilities, and one that should 
bring the greatest return for the least labor and money, 
would be to concentrate on the creation and mainte- 
nance of several “communities of potholes” (Fig. 3). 
A community of potholes or a pothole complex con- 
tains several bodies of water of different degrees of 
permanence, sire, shape, depth, and vegetative cover. 
Their presence insures their use by the largest number 
of waterfowl species as well as by the largest number 
of individuals of those species. 

“The sum of all the interrelationships between 
ducks, habitat, weather, land use, and many other less 
obvious factors, basically the ecology of the species, 
ultimately determines the productivity of the birds. 
As a pair of ducks is the fundamental productive unit, 
the focus of management should be directed toward 
its needs, with the greatest emphasis on the dangerous 
six weeks between nest construction and the hatch of 
the clutch. If habitat requirements for that period 
have been met, brood survival will take care of itself.“’ 

With the above statement in mind, there are many 
possibilities in the western rangelands for stabilizing 
communities of potholes that already contain a perma- 
nent pothole and several satellites that are both semi- 
permanent and temporary in nature. If one such com- 

aSmith, Allen G. In Press. Ecological Factors Affecting’ 
Waterfowl Production in the Alberta Parklands. 
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munity, as illustrated in Figure 3, were to be the 
subject of development, it would be necessary to fence 
off all but a livestock watering area in the permanent 
pothole A, open the seep or spring in pothole B, 
encourage the drainage of water from R to C and/or 
D with a shallow, V-shaped trench The complete 
fencing of this community of potholes, except for ‘/r 
of a pothole A, as an access lane for cattle, would 
establish one of the finest of wetland habitats for 
water birds grassland water bird habitats. A develop- 
ment of this type would provide the maximum of 
results with the minimum of costs and disturbance. 

This same type of “mnagetnent could be executed 
on similar depressions as those illustrated in Figure 3. 
Many others, scattered throughout the western range 
lands, can be managed in a like manner, giving priority 
to low costs and greatest benefits to both wildlife and 
livestock. The beneficial effects would enhance the 
upland and wetland habitats of our western ranges. 

Conclusions 
Cattle grazing and waterfowl use complement each 

other just so long as overgraring and competion for 
water are not a part of the scene. I” some areas cattle 
are in direct competition with waterfowl and other 
water associated birds in and around the potholes. It 
is caused by heavy grazing of upland vegetation im- 
mediately surrounding the potholes and the loss of 
shallow water emergents because of localized trampling 
by heavy concentrations of stock. It has resulted in 

the fouling of the water, the destruction of nesting and 
escape rover, and the confinement of aquatic plants 
to deep water. 

\\‘here there is a desire to benefit waterfowl and 
associated wildlife as well as cattle, a program of de- 
veloping water holes scattered throughout the glacial 
moraines of our western range lands, will be of great 
value. It will aid in the dispersal of rattle and ante- 
lope, open up new areas to sage grouse, and result in 
a better utilization of the ranges in areas formerly too 
far frmn water to be grazed by stock. Most important, 
as a benefit to waterfowl, would be the development 
of a small nrwber of pothole rornmunities or com- 
plexes scattered throughout the same range lands. If 
these developed wetland communities are successfully 
excluded from concentrations of livestock, except at 
designated locations, it should result in appreciable 
increases in the present waterfowl populations of 
morainal range lands. We see no reason why these 
increases would not continue in proportion to the 
number of pothole communities so treated. Nearly 
all wildlife that inhabit western range lands would 
be benefited if permanent potholes were protected 
from heavy grazing by livestock and communities of 
potholes were developed and assured of some perma- 
nence and protection. Water tables in lnorainal pot- 
hole areas are normally high, a condition which lends 
itself to maximum benefits for livestock and wildlife 
through a minimum of excavation while requiring 
minimal expenditures. 
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Grassland Improvement. By A. T. 
Semple. Leonard Hill Books, 
London. 399 p. illus. 1970. 7.50 
pounds. 

Grassland Improvement is an ex- 
panded, updated version of the au- 
thor’s “Improving the World’s Grass- 
lands,” F.A.O. Agricultural Study No. 
16, 1951. It is a compendium of facts 
concerning the use, management, and 
improvement of ranges and pastures 
(termed grasslands) for much of the 
world. Bases for the book are the 
author’s own experiences in 17 coun- 
tries on 5 continents during the past 
55 years, and the findings of others 
abstracted from the more pertinent 
world literature. Greater emphasis is 
placed on tropical pastures than found 
in most conventional books due to the 
magnitude of their problems. 

Plant Disease Handbook. By Cyn- 
thia Wescott. Van Nostrand 
Reinhold Company, 450 West 
33rd Street, N. Y. 10001. 1970, 
943 p., $15.00. 

Plant Disease Handbook is a valu- 
able reference and guide for those in- 
terested in gardens, nurseries, and 
greenhouses. The organization pro- 
vides quick access to descriptions of 
plant diseases classified by symptoms. 
However, since the book is intended 

Science Looks at Itself. Compiled 
and edited by National Science 
Teachers Association. Charles 
Scribner’s Sons, N. Y. 1970, 122 
p., $5.95. 

An excellent thought-provoking col- 
lection of essays by a number of dis- 
tinguished scientists and educators. 
The essays include: Purpose, Property, 

The book contains 14 chapters con- 
cerning the following aspects: History, 
importance, kinds, components, nutri- 
tion, woody-plant forages, grazing arid 
and semi-arid lands (“range manage- 
ment”), pasture management, seeding 
and fertilizing, water conservation, con- 
trol of undesirables, livestock manage- 
ment, silage, hay, soilage, national 
grassland improvement programs, and 
research needs. 

Format of the book is semi-technical 
interpreting research and experience 
about practices which have been found 
suitable for improving the production 
and use of regional types of inter- 
national grasslands. While treatment 
of these regional grasslands is not as 
detailed as a researcher might wish, 
the author has performed an invalu- 
able service for pasture and range users 
and specialists in distilling information 

primarily for non-professional plant 
pathologists, it should have included 
more photographs and drawings to 
illustrate the symptoms of various dis- 
eases. Most of the illustrations depict 
microscopic characteristics that fail to 
enhance the non-professional value of 
the book. 

To identify a disease, one could 
begin with the host-plant index, which 
classifies plants by common name and 
lists the diseases known to infect that 
species, then go to the index of symp- 

and Environmental Disaster by Roy A. 
Kappaport; Must Economic Expansion 
Doom the Environment? by Charles H. 
Stoddard; Using the Power of Predic- 
tion by John H. Heller; The Risks of 
Disbelief by Walter L. Saunders; Who 
Shall Decide? by LeRoy Augenstein; 
The Way of Science by Gale W. Mc- 
Gee; The Paradox of Progress by John 
H. Gibbons; and The Now Generation, 
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that will aid in planning improvement 
programs. hfost of the improvement 
practices are well illustrated among 
the 65 pages of photo plates. 

Pasture and range people will find 
new information about tropical leg- 
umes, use of trees and shrubs for for- 
age, soilage, urea supplements, grass 
tetany, and the use of airplane for 
seeding and fertilizing. 

Grassland books go out of print 
rapidly; witness Allred’s Practical Grass- 
land Management, Harland’s Theory 
and Dynamics of Grassland Agricul- 
ture, and more recently Barnard’s 
Grasses and Grasslands. Art Semple’s 
Grassland Improvement has some of 
the elements of each of these treatises. 
Those seeking the latest information 
on grassland improvement practices 
should consider buying this book.-C. 
H. Wasser, Colorado State University, 
Fort Collins. 

toms to determine the most likely 
cause. 

Disease control is discussed in terms 
of garden chemicals with methods and 
precautions for applying them. 

This book has limited usefulness for 
Range Scientists and Conservationists. 
General symptoms of plant diseases 
might be relatively common among 
species, but professional expertise 
would be needed to identify diseases of 
range plants.--]oseph C. White, Chev- 
ron Chemical Company, Fresno, Cali- 
fornia. 

Science Teaching, and the Future by 
Philip C. Ritterbush. 

Science Looks At Itself allows the 
reader to take a look at the promises 
and threats of our technological age. 
The authors indict the anarchy of 
technology, the power and self interest 
of private enterprises, and the apathy 
of individuals for many of our present 
environmental crises. Education is 
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seen as a possible solution to our pres- 
ent dilemma but there, too, many 
changes need to be wrought before wk 
can be effective. Problems in science 
education and suggestions for improve- 
ment are given top priority in some of 
the essays. It is an excellent reference 
and should be read by scientists to 
better understand themselves, their 
position in and responsibility to society. 
Science is pictured not as cold, analyti- 
cal, passionless and dehumanizing but 
rather as warm, artistic, challenging 
and rescuing. 

“It is natural that ability to alter 
has advanced faster than ability to 
regulate.” 

The book would make a good addi- 
tion to any scientist’s library from the 
standpoint of the number of quotable 
quotes that can be used by the reader. 
Following are a few that may give you 
a better idea about this collection of 
essays: 

“Respect must compensate for lack 
of knowledge.” 

“In the U. S. the notion exists that 
individuals have the right to use lands 
to which they have title in almost any 
way they choose. Such ideas of prop- 
erty rights are very rare among the 
world’s societies.” 

“Populations, nations, whole species 
have been destroyed by that which 
made them great.” 

“Thousand-year old redwoods are 
felled to supply such “essentials” as 
patio furniture.” 

“Economics cannot be the sole cri- 
terion for making decisions that might 
affect the environment.” 

“All the outdoors is a disposal sys- 
tem for the nation’s wastes.” 

“The future will require that more 
effort be spent on treatment of causes, 
rather than symptoms, of environmen- 
tal decay.” - 

Soils. An Introduction to Soils and 
Plant Growth. 3d Edition. By 
Roy L. Donahue, John C. Shick- 
luna and Lynn S. Robertson. 
Prentice-Hall, Inc., Englewood 
Cliffs, New Jersey. 1971, 587 p., 
$9.95. 

For the preparation of this third 
edition of the senior author’s earlier 
book, three scientists with a good num- 
ber of years of international experience 
have cooperated. 

The wide range of topics related to 
the subject of soil and plant relation- 
ships is discussed in 24 chapters. Twelve 
chapters fall under Part One: Prin- 
ciples of Soil Science and Plant Growth. 
Twelve more chapters come under 
Part Two: Applications of Soil Science 
to Plant Growth. Each chapter is con- 
cluded by a summary and a number of 
questions concerning the material cov- 
ered in the chapter. A well-prepared 
72 page glossary is found at the end 
of the book. 

New inputs for this edition consist 
in the latest information on soil classifi- 
cation; a chapter on the Soils of the 
Tropics; a chapter on Soil Ecology and 
Environmental Pollution and even a 
few paragraphs on moon “soil.” 

In the preface the authdrs emphasize 
the introductory character of the book. 

A major objective of the book is to 
encourage the critical study of soil 
science and plant ecology. Judged by 
those standards the book is living up to 
its goal. Certain criticism seems how- 
ever unavoidable. A major criticism 
is that the authors have sacrificed 
quality for quantity. The book suffers 
from crowding material on pages. Dis- 
cussions are frequently oversimplified. 

Crowding is to quite an extent the 
result of over-illustration: Illustrations 
should have been selected more criti- 
cally. 

Space could have further been saved 
in the reviewer’s opinion by reducing 
the number of pages devoted to Soil 
Classification and to Carthography. 
Those topics are dealt with in the long- 
est single chapters, together covering 
75 pages. In this introductory text, 
reference could have been made to the 
appropriate sources for this kind of 
information. 

The last chapter on Soil Ecology and 
Environmental Pollution gives a gen- 
eral description of the types of pollu- 
tion to which the environment may be 
exposed and the role which soils may 
play in alleviating the problems. How- 
ever, again the discussions are overly 
superficial. It sounds too simplistic 
for example to read (p. 481): “Pesti- 
cides on the market today should be 
handled according to directions on the 

“Government and industry have 
been reacting to problems rather than 
acting to prevent them.” 

“If man does not use his inherent 
predictivity, he will be inviting the 
whirlwinds of disaster.” 

“Some privileges long taken for 
granted may now be privileges the 
human race cannot afford.” 

“The nation’s love affair with the 
automobile continues, creating ever 
more air pollution and transforming 
green countryside and sections of great 
cities into ribbons of lifeless concrete.” 

“We seem to have an addiction to 
the concept of growth as a fundamental 
measure of progress.” 

“The ecologic crises is the surest 
evidence that science education can no 
longer be limited to the few who will 
have scientific careers.“-Gerald W. 
Tomanek, Fort Hays Kansas State Col- 
lege, Hays, Kansas. 

package. In this way, neither the user 
nor his neighbours are injured and 
neither soil ecology nor the environ- 
ment are polluted.” 

The reviewer would like to add a 
few remarks to the somewhat unsatis- 
factory discussion of the system of 
shifting cultivation as presented by the 
authors (p. 265-269). Shifting cultiva- 
tion refers to the system of foodcrop 
production on land cleared from forest. 
It is a form of extensive land use by 
which forested land is partially cleared, 
with the aid of fire, for a short cycle 
(2 to 3 years) of foodcrop production, 
followed by a long period (10 to 20 
years) of restoration of soil fertility 
under natural fallow or secondary for- 
est. Although this system of land use 
is now almost exclusively found in 
tropical regions it was the forerunner 
of sedentary agricultural systems in 
most temperate regions as well. Con- 
ditions under which the system evolved 
allowed for a minimum of disturbance 
of the natural environment. Being a 
system practiced by subsistence farmers, 
it keeps the export of natural fertility 
at a minimum. It is easily understood 
however that such a system may become 
disrupted by external factors such as 
the introduction of cash crops, in- 
creased land pressure and by changes 
in land ownership and property rights. 
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This reviewer is, therefore, inclined to sound system of land use to demands 
disagree with the statement made by 

a good general orientation and intro- 

the authors that one of the results of 
for intensification and increased pro- duction for the beginning student who 
duction will, however, have to be 

the practice usually is “great human 
decides to read with a constantly criti- 

found. 
misery.” Ways to adapt this basically 

cal mind.-Dirk FI. van der Sluijs, Fort 
In summary: the book will provide Collins, Colorado. 

SECOND CALL FOR PAPERS 

26th Annual Meeting, SRM 

February 4-9, 1973, Boise, Idaho 

One of the primary purposes of the Society’s annual 
meeting is to provide the opportunity for all members-and 
others-to report on their work, express new views, and 
exchange ideas. Accordingly, the 1973 Annual Meeting 
Committee is calling for voluntary papers in all aspects 
of range science and range management: land use, toxi- 
cology, predation, grazing systems, livestock, wildlife, im- 
provements, physiology, economics, recreation, rangeland 
values and taxation, legislation, and political action are sug- 
ges ted topical areas. 

Papers from all contributors, whether a member of the 
Society or not, will be considered. Papers from students 
and young rangemen are especially encouraged. 

Procedure-Anyone wishing to present a paper at the 
Boise meeting should submit preliminary title and abstract, 
of not more than 200 words, together with a supporting 
statement indicating the significance of the offered paper 

and any audio-visual aids to be included. The Program 
Committee’s selection of final papers will be based on a 
review of this preliminary information. Authors will be per- 
mitted to revise their abstracts prior to publication. 

Deadlines-Preliminary abstract and supporting state- 
ment must be received by Program Committee chairman 
not later than September 1, 1972; except that preliminary 
abstracts for student papers must be received by October 
10, 1972. Authors will be notified of acceptance or rejec- 
tion of their paper by October 1 (student contributors will 
be notified by November 10). Final abstracts for all papers 
must be received by December 10, 1972. 

Preliminary abstracts and correspondence relevant to 
the program are to be addressed to: Walter H. Sundell, 
SRM Program Committee, Boise National Forest, 1075 Park 
Boulevard, Boise, ID 83706. 

THESIS: UTAH STATE UNIVERSITY 

Growth Responses of True Mountainmahogany (Cercocarpus montanus) on Four Soil Types Within the Front 
Range of Colorado, by Dwight R. Smith. Ph.D., Wildlife Resources. 1971. 

True mountainmahogany (Cercocarpus montanus) is a 
palatable, nutritious shrub on many winter ranges in 
western United States. However, it has been depleted by 
browsing animals or competing land uses over large por- 
tions of its range. Large-scale efforts to restore or introduce 
mountainmahogany have been few, probably because lim- 
ited experiments have indicated that it is difficult to 
establish. 

The objective of this study was to learn more about site 
requirements of mountainmahogany and how to establish 
it on an array of soils ranging from relatively fertile to in- 
fertile. The problem was explored by three major ap- 
proaches-laboratory, greenhouse, and field studies. These 
studies involved soils derived from the following four parent 
materials, in descending order of fertility: Madison lime- 
stone, Williams Canyon limestone, Fountain arkose and 
Pikes Peak ganite. 

Chemical -and physical characteristics of soils were first 
determind by laboratory tests. Fertility was then assayed 
by greenhouse pot tests with barley and mountainmahogany. 
Early growth of mountainmahogany was monitored for 16 

I  .  

months in glass-faced planter boxes. Seedlings from green- 
house pot tests were transplanted to field nurseries on each _ 
of two aspects on four soils where survival and growth was 
measured for 7 ,growing seasons. 

Success of mountainmahogany establishment was found to 

be related to four critical periods: 1) Selection of viable 
seeds, 2) storage and treatment of seeds, 3) germination of 
seeds, and 4) seedling survival and early growth. 

Several possibilities were determined for improving the 
process of seed selection. The most viable seeds were pro- 
duced on northerly aspects and during years when precipi- 
tation was average or above. Relative seed germinability 
among seed sources was the same from year to year. Conse- 
quently, it appears desirable to test samples of seeds from 
a variety of sources at least a year prior to making large col- 
lections for a management program. It is recommended 
that collections be delayed until seeds are fully matured 
and just beginning to fall. 

Conditions of storage and pregermination treatment are 
impo,rtant in obtaining maximum seed germination. It is 
recommended that seeds be after-ripened by storage at 
70-75F for approximately 5 months, dry-storage for another 
6 weeks at 41F, then wet prechill for 2-3 weeks at the same 
temperature. Alternating night-day temperatures of 6%86F 
were the most successful for germination of seeds. Seeds 
were stored at 41F for 3 years without loss of viability. 

Results from this study indicate procedures for enhancing 
seedling survival and improving early growth of mountain- 
mahogany. Mahogany establishment programs should be 
initiated only when soil moisture is high. Competing vege- 
tation should be reduced to a minimum. Control of her- 
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bivorous animals is important during early years of estab- Survival of seedlings was as high on northerly aspects, 
lishment. The fertilizers tested in this study should not be where few mahogany plants occurred naturally, as on the 
applied during the first 2 years. Disadvantages of fertiliza- south-facing slopes. However, growth was fastest and plants 
tion in the field include the increased utilization of soil were most vigorous on the southerly exposures. 
moisture and increased competition from grasses and forbs. Possible advantages of nursery transplants over direct 
In this study, an increase in seedling destruction and damage seeding of mountainmahogany for intensive management 
by rodents occurred when plots were fertilized. objectives should be explored. 

THESIS: UNIVERSITY OF WYOMING 

Grazing Management and Nutrition of Yearling Cattle on Shortgrass Rangeland, by Ned W. Jeffries. Ph.D., 
Range Management. 1968. 

During the summers of 1966 and 1967, studies were con- the late summer of 1966 and throughout the summer of 1967. 
ducted to determine the nutritive intake of yearling steers Protein contents of fistula samples were similar under 
on shortgrass range. Steers were assigned to two grazing the two grazing systems. In 1966, highest protein in forage 
treatments, rotation and seasonlong. 

Diet samples were collected with esophageal fistulated 
and fistula samples was found in August following mid- 

steers. Total fecal collections were obtained from nonfistu- 
summer rains. In 1967, protein levels were highest in early 
summer. 

lated steers. Forage, fistula and feces samples were analyzed 
Increases in protein and in vitro digestibility of 

to determine protein and lignin content. Digestibility and 
fistula samples were noted when steers on the rotation unit 

intake were determined by ratio techniques and from in 
were moved to previously ungrazed pastures. 

vitro digestion. In 1966, neither forage digestibility nor intake differed 

Western wheatgrass (Agropyron smithii) was utilized significantly under the two grazing systems when averaged 

heavily under both grazing systems. Blue grama (Bouteloua over the entire summer. In 1967, a higher intake was noted 

grucilis), buffalograss (Buchloe dactyloides), and needleleaf for the steers on the rotation unit. 
sedge (Carex eleocharis) were important diet components in Livestock gains were similar under both grazing systems. 

THESIS: TEXAS TECH UNIVERSITY 

Distribution and Spread of Phreatophytes on the Brazos River Flood Plain, by Frank E. Busby, Jr., Range and 
Wildlife Management. 1970. - _ 

Objectives of this study were to determine kinds, amounts, 
distribution and history of spread of woody phreatophytes 
along the middle Brazos River in Texas. Phreatophyte com- 
munities occurring in 1940, 1950 and 1969 were recorded on 
aerial photographs from those periods. Line transects 
positioned perpendicular to the channel and extending 
through the flood plain vegetation on both sides of the 
river were utilized to verify aerial photograph interpreta- 
tion, measure species composition and volume density, and 
delineate phreatophyte communities (where distinct changes 
occurred in kinds or amounts of woody plants intersecting 
the line). 

Four phreatophyte communities dominated by saltcedar, 
mesquite, cottonwood and a mixture of common riparian 
plants infested 64% (30,630 acres) of the flood plain. The 
saltcedar community occurred adjacent to the channel 
throughout the study area. Where backup water from 
Possum Kingdom Lake increased available moisture, mixed 
and cottonwood communities grew on the outer flood plain. 
In the dryer western portion of the study area, the mesquite 

community normally occurred behind the saltcedar. Strati- 
fication of vegetation parallel to the channel was attributed 
to differences in species’ tolerances to water table depth and 
flooding. 

Mesquite occupied approximately the same outer flood 
plain location and acreage in 1969 and 1940, but community 
density appeared less on 1940 photographs. Saltcedar oc- 
curred as a narrow band adjacent to the mesquite in 1940. 
Significant (P < 0.05) increases in acreage infested by salt- 
cedar and movement of light density saltcedar toward the 
channel revealed rapid spread of the plant between 1940 
and 1950. A small increase of light saltcedar acreage be- 
tween 1950 and 1969 indicated a reduced rate of spread, 
while significant increases in dense saltcedar suggested a 
continuous increase in the density of the community. 

Phreatophytes growing on the flood plain compete with 
valuable grazing plants for water, nutrients, space and sun- 
light. There can be little doubt that these plants waste 
more water than a semi-arid region can afford. 
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