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Effects of Increased Precipitation and Grazing 
Management on Northeastern Montana 
Rangelands 

FARREL A. BRANSON AND REUBEN F. MILLER 

Abstract: 

To determine possible vegetation changes, 15 plant communities 
on public lands in the Willow Creek basin near Glasgow, Montana, 
that were sampled in 1960 were resampled in 1977. Most of the 
communities showed remarkable improvement in ground cover 
and forage production. Factors contributing to the changes 
included: (1) higher precipitation during the period between the 
first and second sampling than for the lo-year period prior to the 
first sampling, and (2) possibly, improved management practices, 
such as land treatments and application of rest-rotation grazing 
systems. These results are in conflict with the generally held view 
that western rangelands have deteriorated. 

There are numerous publications that present evidence of range 
deterioration during the past 100 years. Most of these reports cite 
poor grazing practices, mainly heavy stocking, as the cause of 
undesirable vegetation changes (Martin 1975), although Hastings 
and Turner (1965) cite climatic change as a probable cause of shifts 
in vegetation zones in Arizona. 

Some studies have shown that vegetation changes caused by 
drought alone (Albertson and Weaver 1944) may be more dramatic 
than changes attributed to grazing effects. For example, in the 
short grass type near Hays, Kansas (Albertson and Weaver 1942), 
plant cover in 1932 (pre-drought) was 89% for ungrazed, 85% for 
moderately grazed, and 80% for heavily grazed. In 1939, after 6 
years of drought, the cover was 22% for ungrazed, 27% for moder- 
ately grazed, and 18% for heavily grazed range. In southwest 
Kansas, some ranges had essentially no perennial grass cover at the 
end of the drought of the 1930’s. The drought of 1952 to 1955 
produced drastic reductions in plant cover (Albertson et al. 1957). 
Near Idalia in eastern Colorado on predrought range, the plant 
cover was 68.7%, but in 1955 it was only 2.1% or a reduction of 
nearly 97%. In the extensive literature on the vegetation changes on 
rangelands, we have not seen reports of reductions in plant cover 
caused by overgrazing by livestock that compare with these 
reported for effects of droughts in the central Great Plains. 

Apparently, changes caused by grazing occur very slowly in 
salt-desert shrub and northern-desert shrub types. In western 
Colorado (Turner 1971), protection from grazing by sheep and 
cattle for 10 years caused essentially no change on ungrazed salt- 
desert shrub watersheds; however, small but highly significant 
decreases (1 to 9%) in litter and moss, perennial plants, shrub 
crown cover, and ground cover (an increase of 12 hits per 100 
observations on bare soil) were found on grazed watersheds. Both 
drought and grazing were considered causative factors for changes 
in western Colorado. In northern Utah (Rice and Westoby 1978), 
15 years of protection against sheep, with or without protection 
against jackrabbits, had little effect on salt-desert vegetation. 
Under protection, halogeton (Halogeton glomeratus) generally 
decreased; peppergrass (Lepidium densiforum) increased where 
present; winterfat (Ceratoides Zanata) increased in cover but not in 
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density where present. These changes seem insignificant when 
compared to those which have occurred in the Southwest, about 
which Martin (1975) states: “The vegetation on much southwestern 
semidesert range has shifted from grassland to brush since live- 
stock ranching began back 100 years ago.” It was also noted that, 
“The condition of many ranges has been depressed so long that no 
standard of potential is available.” In an 18-year study in southern 
Arizona (Brown 1950), shrubs increased on all plots including 
those plots grazed by livestock, protected from livestock, and 
protected from livestock and rodents. It was concluded that, “The 
desert grassland is indicated by this study to be subclimax to desert 
shrub climax in southern Arizona.” In southern New Mexico, 
grasslands have also been greatly reduced by the invasion of the 
undesirable shrubs (Branscomb 1958). On the Jornada Experi- 
mental Range near Las Cruces, New Mexico, grasslands decreased 
28% between 1915 and 1946 and mesquite-dominated areas 
increased by 107% These changes were attributed to grazing, 
drought, and possibly a decrease in fires. 

Shifts from grass- to shrub-dominated vegetation have been 
reported by several authors in Utah (Cottam 1947, Christensen and 
Johnson 1964, and Hull and Hull 1974). However, an analysis of 
early journals and diaries caused Vale (1975) to conclude that 
much of the Intermountain West has changed little over time. The 
area was dominated by shrubs, mainly big sagebrush (Artemisia 
tridentata) before the impact of settlers, and this holds today. This 
viewpoint is supported by the work of Passey and Hugie (1963). 
Although boundaries of the sagebrush type may have changed 
little, there is general agreement that marked changes have 
occurred within the type. Shrubs have increased, grasses and forbs 
have decreased, and voids created between shrubs have become 
filled by alien annuals (Young et al. 1976). 

In contrast with much of the information contained in the above 
reports, several authors have proposed that range conditions have 
improved considerably over those present during the early days of 
uncontrolled livestock use (Cholis 1952, Renner 1954, and 
Strickler 1961). Renner (1954) states: “Since 1928, the livestock 
population of the 17 [western] states of the range area has increased 
41 percent, from 32,807,OOO to 46,5 10,000 animal units. Moreover, 
both improvement in the range and the increase in livestock have 
taken place in the face of substantial reduction in area devoted to 
range use.” Much of this change was attributed to government 
technical and financial assistance to landowners. It was estimated 
that further improvement of 150 to 3OOa/, was possible on private 
and public range. Cholis (1952) found that between 1939 and 1950, 
the percent of ranges near Wilson Creek, Washington, in good and 
excellent condition increased from 5 to 32%. At the end of 18 years 
of good management in the Wallowa Mountains of eastern Oregon 
(Strickler 1961), vegetation cover increased 30%, forage produc- 
tion increased 174$X0, and erosion was arrested. 

In an analysis of the hydrologic effects of conservation struc- 
tures in the Willow Creek basin in Montana, the area of the present 
study, for the years 1954 to 1968 Frickel(l972) found that peak 
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discharge, runoff, and sediment yields were reduced by the treat- 
ments. The structures, mainly reservoirs and water spreaders, must 
also have caused improved livestock distribution and provided 
increased forage and both of these effects would be expected to 
cause improvement in range vegetation. 

In 1960, some 15 plant communities and associated soils on 
public land in the Willow Creek drainage basin near Fort Peck, 
Montana were sampled (Branson et al. 1970). To determine possi- 
ble vegetation changes, these plant communities were again 
sampled in 1977. Because several of the plant communities have 
widely distributed counterparts in the western United States, the 
results should have wide application. Analyses of soil moisture and 
soil chemistry factors affecting the plant communities are pres- 
ented in the earlier report (Branson et al. 1970). 

Description of Area 

The study area is 24 km (15 mi) southwest of Glasgow, Montana, 
at an altitude of about 67 1 m (2,200 ft). The climate is continental 
semiarid, having cold winters and hot summers. Recorded temper- 
atures have reached a low of -51” C (-59” F) and a high of 470 C 
(117” F). The 53-year average a ual precipitation for several 

n%4in&e nearby weather stations is 315 mm (1 . s) (Weather Bureau 
1924-1977). 

Bearpaw shale of Late Cretaceous age is the principal parent 
material for soils of the area (Jensen and Varnes 1964). The shale, 
with a few thin beds of bentonite and limestone, is about 347.5 m 
(1,140 ft) thick and is the source of parent materials for most of the 
upland and lowland soils of the area. 

Methods 

The all-contacts point quadrat method (Levy and Madden 1933) 
was used to measure vegetation. Upland plant communities were 
sampled by a continuous 329 m (1,080 ft) transect crossing seven 
plant communities. A frame containing 10 vertically oriented pins 
spaced 5 cm (2 inches) apart was placed alongside and parallel to a 
stretched tape, giving 6,480 pin projections for upland communi- 
ties. The lowland communities were more widespread and were 
sampled by separate, systematically spaced 15.2-m (50 ft) transects 
across each plant community. The sampling intensity for lowland 
plant communities was 600 pins for two communities having 
limited distribution (big sagebrush strip and greasewood [Surcoba- 
tus vermiculatus] strip), and 1,200 pins for each of the more 
widespread communities (Nuttall saltbush [Atriplex nuttallii], 
blue grama [Bouteloua gracilis], wheatgrass [Agropyron smithii] 
meadow, greasewood, and silver sagebrush [Artemisia cana]). The 
number of pin projections used in this sampling is greater than the 
100 points considered by Levy and Madden (1933) to be adequate 
for sampling dominants and the 400 or 500 points required for 
minor species. It was possible to duplicate closely transects of 1960 
because most of the metal stakes used to mark transects and 
community boundaries were still in place in 1977. Pairs of data 
derived from comparative IO-ft sections (60 pin projections) of 
transects for the two sampling dates were subjected to t-tests to 
determine significance of differences. 

Precipitation records from Glasgow, Frazer, Fort Peck, Haxby, 
Jordan, Brusett, Malta, and Telegraph Creek were used to com- 
pute the mean values shown in Figure 1. These cities surround the 
study area and have weather records of 28 to 82 years through 
1977. Although distances from the study area are 24 to 96 km (15 to 
60 mi), altitudes are similar for all stations. Weather stations in a 
variety of directions were used to improve the probability of 
representing the different storm tracks that cross the study area. 

Annual precipitation for the years 195 1 through 1977 is shown in 
Figure 1. Average precipitation for the 10 years, 1951-1960, is 
about 36 mm (1.4 inches) below the 27-year mean, which is nearly 
equal to the previously mentioned 53-year mean. The year of 
earlier vegetation sampling, 1960, had the lowest precipitation of 
any year shown. Precipitation for the 27-year period varied from 
180 to 439 mm (7.1 to 17.3 in). Averages for the years 1961-1970 
and 197 1- 1977 were greater than the 27-year mean. Because pre- 
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Fig. 1. Annual precipitation for the years 
values for three important periods. 

19.51 through 1977 with mean 

cipitation for the 1951-1960 period was considerably below the 
long-term mean and precipitation for the 1961- 1977 period was 
above the mean, we speculated that both quantitative and qualita- 
tive vegetation differences would be apparent in the data collected 
at the end of those two periods. 

In addition to more favorable climate preceding the 1977 sam- 
pling, several treatment practices contributed to improvement of 
vegetation on the sampling sites. The construction of water spread- 
ers and contour furrowing in the 1950’s, and additional furrows in 
the 1960’s on the relatively barren Nuttall saltbush type in the 
pasture containing the seven upland sites (Archambeault pasture), 
greatly improved forage production on lowlands, which undoubt- 
edly reduced grazing pressure on uplands. Contour furrows were 
also constructed in the other pasture in 1948-1949 (Branson et al. 
1962). 

Results 

Available grazing records (provided by the Bureau of Land 
Management) for the two grazing allotments for the years 1953 
through 1977 are shown in Figures 2 and 3. Grazing intensities 
were somewhat higher for post- than pre-1960 in the Lewis Reser- 
voir Allotment (upland types sampled) and slightly lower for the 
Willow Creek Allotment (lowland types sampled). It does not 
appear that these changes in grazing intensities would explain the 
marked improvements in ground cover measured in most of the 
vegetation types. Vegetation improved during the 17 years even 
though grazing intensity more than doubled (an increase of 220%) 
on the Lewis Reservoir Allotment (Fig. 2). 

The Lewis Reservoir Allotment was divided into five pastures 

0 

YEAR 

Fig. 2. Grazing intensities in animal unit months per yearfor the allotment 
(Lewis Reservoir Allotment) containing the upland types sampled. Mean 
values for two periods are shown. The allotment contains 15,621 acres 
(6,322 ha). 
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and a rest-rotation grazing system started in 1967. As a part oftbe 
grazing system, there was no grazing in 1971, 1972,1976,and 1977 
in the pasture where upland vegetation types were sampled. A 
similar three-pasture rest-rotation grazing system was started in 
1975 in the Willow Creek Allotment; and the pasture where low- 
land vegetation types were sampled was not grazed in 1977, the 
year of the second sampling. It does not seem probable that the 
grazing systems would account for the vegetation changes, espe- 
cially not in the Willow Creek Allotment in which the first 3.year 
grazing cycle was completed in 1977. 

For a general understanding of vegetation changes, the 15 sam- 
pling sites can be grouped into 8 plant communities that include 3 
big sagebrush sites, 4 Nuttall saltbush sites, 2 greasewood sites, and 
single sampling sites for the remaining 5 plant communities (Fig. 
4). Figure 4 shows, in summary form, the changes that occurred in 
vegetation and soil surface conditions during the 17 years between 
samplings. Shrubs increased greatly (the difference is significant at 
P =X.01) in the silver sagebrush community (Figs, 4 and 5) but 
only slightly in other communities where shrubs were present in 

1960. Although the differences appears small in the big sagebrush 
type, the increase was significant @ =>O.Ol). None of the other 
shrub increases were statistically different. The unusual increase in 
silver sagebrush is attributable to two factors: (I) silver sagebrush 
IS more palatable than most shrubs in the area and, therefore, 
showed greater response to reduced grazing, and (2) the location of 
the community on level flood plain, adjacent to an intermittent 
stream readily accessable to livestock, caused previous heavy use. 
The site was grazed annually previous to the 1960 sampling. 

Grasses and mulch showed consistent and large increases in all 
communities. Increases in grasses were highly significant @ = 
X.01). Although the increase in grasses in the buckwheat com- 
munity is almost infinite, the small number of replications (6 as 
compared to 60 in other communities) was not large enough to 
indicate statistical significance for the increase. Most remarkable 
was the increase in mulch in the wheatgrass meadow. There were 
increases in both standing and detached mulch in 1977. Either 
burial by sediment or removal by flowing water caused fewer 
contacts to be made on detached mulch in 1960, but neither of these 
factors seem to have removed mulch from the wheatgrass meadow 
in 1977. A detention dam downstream from the sampling site, 
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actually a recently constructed raised roadway with a culbert 
through it, probably caused both increases in m&h and some of 
the increase in live vegetation in this community. 

Quantitative changes between 1960 and 1977 by species for the 
15 sites sampled are shown in Tables 1 and 2. Plant communities in 
the tables are arranged in the order sampled in the field from the 
top of a hill across upland communities (Table 1), then across 
lowland communities (Table 2). Most striking is the increase in 
grasses in the hilltop Nuttall saltbush community (Fig. 6), a type 
that was relatively barren in 1960. This site, with a seasonal evapo- 
transpiration of only 5 cm (2 inches) in 1960 (Branson et al. 1970), 
was the second driest of 15 sites sampled. It was surprising to find 
that species with relatively high moisture requirements, such as 
green needlegrass (Stipa viridula) and foxtail barley (Hordeum 
jubatum), were a prominent part of the vegetation in 1977 on a site 
where we probably would have predicted in 1960 that such species 
would never occupy. Mulch was 300% more plentiful in 1977 than 
in 1960. 

Both big sagebrush and grasses increased greatly on the big 
sagebrush site but forbs had decreased in both kinds and amounts. 
Annuals, such as dooryard knotweed (Polygonum aviculare), , had 
decreased on most of the sites sampled. The abundance of annuals 
in 1960 was probably a response to drought conditions. 

Rock remained much the same or decreased slightly between the 
two sampling periods. The decreases were undoubtedly related to 
increases in mulch and live plant cover. 

Bare soil decreased considerably in most of the plant communi- 
ties but remained about the same in the type dominated by Nuttall 
saltbush. Extremely fine-textured soil with high runoff and low 
soil-moisture storage (Branson et al. 1970) causes this desert shrub 
community with low production potential to be present in this 
semiarid climate. Similar insignificant changes were found even 
where protected from grazing for 10 years in western Colorado 
(Turner 1971); up to 15 years protection in Utah (Rice and Wes- 
toby 1978) caused little change in similar salt-desert shrub vegeta- 
tion. Two of the four Nuttall saltbush sites sampled in 1960 were 
later contour-furrowed and required relocation of sampling areas 
by about 0.3 km (0.2 mi) in 1977. These relocations introduce some 
uncertainty into the data but they are believed to be representative 
of 1977 conditions. 

Table 1. Changes over 17 years in vegetation and soil-surface conditions on upland plant communities (contacts per 100 pins). 

Nuttall “Annual 
saltbush Big sagebrush’ . . forb” Mixed Nuttall 
(hilltop) (below hilltop) type Buckwheat ; shrubs , .Big sagebrush saltbush 

1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 

Shrubs 
Artemisiu cana Silver sagebrush) 
Artemisia frigida (Fringed sagewort) 
Artemisiu tridentata (Big sagebrush) 
Atriplex nuttallii (Nuttall saltbush) 
Chrysothamnus nauseosus (Rubber rabbitbrush) 
Chrysothamnus sp. (Rabbitbrush) 
Eriogonum multiceps (Buckwheat) 
Opuntia polycantha (Plains pricklypear) 
Rosa arkansana (Rose) 
Sarcobatus vermiculatus (Greasewood) 

Grasses and grasslike 
Agropyron smithii (Western wheatgrass) 
Agropyron trachycanlum (Slender wheatgrass) 
Culumagrostis montanensis (Plains reedgrass) 
Calamovilfa longifolia (Prairie sandreed) 
Curex eleocharis (Needleleaf sedge) 
Carex heliophila (Sun sedge) 
Hordeum jubatum (Foxtail barley) 
Poa secunda (Sandberg bluegrass) 
Stipa viridula (Green needlegrass) 

Forbs 
Artemisiu longijbliu (Longleaf sagebrush) 
Aster canescens (Hoary aster) 
Atriplex argentea (Tumbling saltbush) 
Comandru umbelluta (Toadflax) 
Grindelia squarrosa (Gumweed) 
Luppula echinata (European stickseed) 

Lepidium densiflorum (Prairie pepperweed) 
Liutris punctata (Dotted gayfeather) 
Lomatium macrocarpa (Bigseed lomatium) 
Lygodesmia juncea Skeltonweed) 
Penstemon sp. (Penstemon) 
Polygonum aviculare (Dooryard knotweed) 
Solidago missouriensis (Missouri goldenrod) 
Sphaeralcea coccinea (Scarlet globemallow) 
Thermopsis rhombgolia (Goldenpea) 
Unident$ed forbs 

Mulch 

Bare soil 

Rock 

3.2 
0.4 
6.4 

10.6 

- - - - - - - 
- 

15.1 
- 

- 
30.7 
- 

- - - 
3.2 
- 

- 
1.7 

1.9 
- 
2.2 
0.2 
2.7 

- 
12.6 
0.3 
1.0 
0.2 
0.3 
0.2 

- 
39.3 
0.3 

- 

- - 
15.3 
- 

- 
21.2 
- - - - - 

- - - - - 
15.0 
- 
4.8 
- 

- - 
17.2 - - 

1.8 2.3 
- - 

- - - 
0.3 

- 
0.8 

- - 
0.3 0.8 
- - 

- - 
3.1 
- 

- 
0.9 - - - 

2.4 30.3 
- - 

0.2 32.5 
- 

0.5 0.1 
- 

16.4 
- 

35.9 
- 

27.6 0.9 
- - 
- 

25.1 
- 

8.3 
2.5 - 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

- 
1.4 
0.8 

- - - - - - - 
6.5 
4.0 
1.5 

- - - - - - - 
- - 

0.4 
- 

- - - - - - - 
0.1 - - 

5.6 
0.6 
8.4 

- - 
3.4 
- 

- 
- 
- 
- 

- - 
0.1 
- 

- - 
5.8 

16.7 
0.8 

- - - - - - - 
2.8 0.5 

- - 
- 
3.0 

- - - - 
- - - - - - - 

1.3 - 
0.1 
0.2 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 
- 

- 
- 

- 

- 
- 

- 
- 

- 
- 
- 
- 
- 

- 
1.0 
- 
- 
0.1 
- 
0.1 
- 
0.4 
- 
- 
2.4 
- 
0.4 
- 
- 

18.6 56.2 45.7 

33.8 15.0 21.9 

54.4 44.0 37.4 

- - - - - - - 
- - - - - - 
- - - - 

0.2 
- 

- - - 
- - 

0.1 
- 

- 
2.6 
0.1 

- 

- 
0.1 
- 

- - 
0.4 
- 

- - 
- - - 
- - - - - - 
- - - - - - - - 
- - - - - - - 
- - - - - - - - 

- - - 
2.1 
- 

- - 
1.2 
- 

- - 
1.1 
- 
- 
0.1 
- 

- - 
0.6 5.4 

- - 
- - - - 

0.2 
- 
0.2 
- 

- - - - 
- - - - - - 

1.1 
0.1 

33.9 

68.1 

- - - - - 
- - - 

26.8 63.2 

63.0 49.8 

0.8 1.8 

- - 

93.0 50.4 

15.3 52.2 

24.3 1.7 

88.8 

36.4 

78.4 48.0 

31.0 48.2 

37.6 41.7 

65.8 79.2 

1.6 0.7 1.2 0.3 - - 

Hundreds of pins 12 6 7 3 9 7 3.8 4 12 19 17.4 10.4 3.8 2.4 
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The most enigmatic and dynamic of the I5 sites was the one 
designated the “annual forb type”in 1960. When observed in 1957, 
the site was occupied by the relatively mesic foxtail barely (80% of 
the plant cover) (Fig. 7); but 3 years later (1960) no foxtail was 
present and the most prominent plant was an annual, dooryard 
knotweed. After 3 moist years, the site was again occupied by 
foxtail barley in 1964, and by 1977 the dominant species was the 
long-lived perennial, western wheatgrass. Factors contributing to 
the dynamic nature of this habitat were listed by Branson et al. 
(1970) as follows: 

1) Surface of the site is concave and it occupies a position on the bill 
below two convex surfaces indicating that it must receive run-in mois- 
tllre from upslope. 
2) The deep wetting shown in this clayey soil causes the soil to crack 
an* dry deeply in dry years. 
3) Lateral movement of moisture into the site is indicated by the large 
quantity of moisture at depth in the soil in May, but this probably 
occurs only during moist years. 

The present desirable perennial grass vegetation on the site must 
also be a response primarily to above average precipitation for 
most years during the 1961-1977 period (Fig. I) and secondarily to 
land treatment practices. It is interesting to speculate about possi- 



Table 2. Changes over 17 years in vegetation and soil-surface conditions for lowland plant communities (contacts per 100 pins). 

Nuttall Nuttall 
saltbush saltbush Blue Sagebrush Greasewood Western Silver 

slick semislick grama strip strip Wheatgrass Greasewood sagebrush 

1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 

Shrubs 
Artemisia cana (Silver 

sagebrush) - 

Artemisia frigida (Fringed 
sagewort) - 

Artemisia tridentata (Big 
sagebrush) - 

Atriplex nuttallii (Nuttall 
saltbush) 8.2 

Chrysothamnus nauseosus 
Rubber rabbitbrush) - 

Opuntia polycantha (Plains 
pricklypear) 2.4 

Rosa arkansana (Rose) 
Sarcobatus vermiculatus 

(Greasewood) - 

Grasses and grasslike 
Agropyron smithii (Western 

wheatgrass) - 
Agropyron trachycaulum 

(Slender wheatgrass) - 
Bouteloua gracilis (Blue 

grama) - 
Carex eleocharis (Needle- 

leaf sedge) - 
Carex heleophilia (Sun sedge) - 
Hordeum jubatum (Foxtail 

barley) - 
Poa secunda (Sandberg 

bluegrass) - 
Schedonnardus paniculatus 

(Tumblegrass) 
Sitanion hystrix (Bottle- 

brush squirreltail) - 
Stipa comata (Needle-and- 

thread) - 
Stipa viridula (Green 

needlegrass) - 

Forbs and cryptogams 
Allium textile (Textile onion) - 
Aster canescens (Hoary aster) - 
Chenopodium album 

(Lambsquarters) - 

Lappula echinata (European 
stickseed) - 

Lepidium denstjlorum 
(Prairie pepperweed) - 

Melilotus officinale (Yellow 
sweetclover) - 

Monolepis nuttalliana 
(Nuttall monolepis) - 

Plantage elongata (Plan- 
tain) - 

Phlox hoodii (Hoods phlox) - 
Polygonum aviculare (Door- 

yard knotweed) - 

Rumex sp. (Dock) - 
Selaginella densa (Clubmoss) - 
Sphaeraicea coccinea (Scar- 

let globemallow) - 
Tragopogonpratense (Oyster 

salsify) - 
Vicia americana (American 
vetch) - 

Xanthium commune 
(Cocklebur) - 

Unidentified forbs - 

- - - - - - - _ - - - 1.2 0.2 15.0 69.0 

- - - - 1.8 - 0.4 - - - - 

- - 

12.5 17.3 

4.7 12.9 3 1.9 36.6 - - - 

11.3 0.5 1.8 2.0 9.4 8.8 14.0 - 

2.6 

1.2 

- - 

0.6 7.2 
- - 

- - - - - _ _ - - 

0.2 
- 

16.7 

1.9 - 

6.4 
- 

1.8 1.2 - 0.4 - - - - - 
1.5 - 

- - 

0.1 - 

- - 

- - 

- - 
- - 

- 1.1 

0.5 - 

- - 

- - 

- - 

- - 
- - 

- - 

- - 

- - 

- - 

- - 

- - 
- - 

0.1 - 
- - 
- - 

- - 

- - 

- - 

- - 
- - 

- 

0.2 

- 

- 

- 

- 

3.5 

- 

0.2 

- 

- 

- 
- 

- 

- 

0.1 

- 

- 

- 
- 

- 
- 
- 

- 

- 

- 

- 
- 

- - - - 11.8 20.0 - 21.8 - 0.6 

6.8 17.8 7.3 21.4 4.2 34.0 32.9 137.0 75.6 15.8 49.7 

1.2 - - 2.4 - 

8.8 33.8 0.7 0.6 - - 

0.2 - - - _ _ 
0.4 - - - - - - - 

- 
- 

- - 

- 0.6 - - 

- 

- 

- 
- 

1.7 

- 

- 

- 

- 

- 

- 
- 

- 

- 

- 

- 

0.1 
- 

7.7 
1.2 

- 

- 

- 

1.8 - - 

1.2 7.7 0.4 11.7 2.3 10.3 - 0.5 9.2 

- - 

0.1 1.0 

- 1.0 

- 1.0 - 0.6 - 0.2 

- 0.2 - - - - 

- 0.2 0.7 - - - 

- - 1.0 1.4 - - - 0.2 

- - - - - - 
- - 0.1 - - - 

- - 
- 0.7 

- 
- 

- _ _ - - - 

- - - - - - 

0.8 0.2 0.1 - 1.7 - - 1.0 - 

- - - - - _ 

- - - - - - 

- - 

1.8 - 

1.5 - 

0.1 - 

0.8 - 

3.2 - 

- 
0.2 

- 
- 

- 
- 

- 
- 

- - 
- 

- 0.1 
- - 

- - 

- 
- 

- 

- 

0.3 

- 
0.1 

0.1 

- 
- 

- 

- 
- 

- 

- 

7.8 
- 
- 

- 
- 

0.1 2.4 
0.3 - 

0.4 0.7 - - 

- - - - - - 

0.4 
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Table 2. Continued. 

Nuttall Nuttall 
saltbush saltbush Blue Sagebrush Greasewood Western Silver 

slick semislick grama strip strip wheatgrass Greasewood sagebrush 

1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 

Mulch 13.2 3.2 44.1 17.9 60.9 91.5 42.4 119.4 41.5 82.2 24.5 181.5 55.8 141.8 55.1 166.4 

Bare soil 87.3 93.0 65.0 69.5 21.6 23.4 52.9 33.4 60.2 37.3 74.8 10.6 40.1 20.8 47.7 9.3 

Rock - - - - 10.8 9.3 - - - 0.3 - - - _ _ _ 

Pin projections per type 1200 1200 1200 !230 1200 700 700 600 600 1200 1200 1200 1200 1200 1200 1200 

ble changes in the type if another series of dry years were to occur. 
Would the present management practices result in survival of the 
western wheatgrass ? We can only guess that they might if the 
drought was not severe and prolonged. 

Contacts on shrubs in the mixed shrub type changed very little, 
but grasses, especially western wheatgrass, increased greatly. How- 
ever, shrubs did increase in both the big sagebrush type near the top 
of the hill and Nuttall saltbush type at the bottom of the hill. In 
these two types, as in all the other types, there were marked 
increases in contacts on grasses. 

The two lowland Nuttall saltbush types (Table 2) showed little 
change between the two sampling dates. Lack of response by this 
type to increases in precipitation and improved grazing manage- 
ment indicates that only by drastic treatments, such as contour 
furrowing (Branson et al. 1962, Branson et al. 1966, and Wight et 
al. 1978), can improvement be effective within a reasonable period 
of time. 

In the blue grama type, contacts on shrubs more than doubled 
(233%) and grasses more than tripled (349%). More years of data 
would be required to determine whether or not increased grass 
vigor would eventually cause a decline in shrubs. Forbs were 
relatively unimportant on both sampling dates. 

In both the sagebrush strip and the greasewood strip, contacts 
on shrubs showed little change, but grasses increased 359% and 
685%, respectively. In both types there was considerable increase in 
the palatable. Nuttall saltbush. Forbs decreased in both types. 

A fourfold increase in contacts on grasses occurred in the west- 
ern wheatgrass meadow. Forbs, especially the annual dooryard 
knotweed, decreased. The most remarkable change was the 
increase in mulch (740%). 

One of the few types to show a decrease in the dominant plant 
was greasewood. In this type also, there was an increase in grass 
and a decrease in forbs. 

The increase in silver sagebrush is discussed above. Here, too, 
forbs, almost all annuals, decreased and grasses and mulch 
increased. 

The most probable cause of most of the impressive range 
improvement in the Willow Creek watershed must be the greater 
precipitation during the 17 years between the years 1961 and 1977 
as compared to the 1951 to 1960 period. During this latter period, 
average annual precipitation was 22% (60 mm or 2.4 in) greater 
than for the former period. This conclusion is in agreement with 
that of White et al. (1978) who, for time intervals similar to those of 
our study, found similar improvement in vegetation on public 
lands in southeastern Montana and attributed the changes primar- 
ily to greater precipitation in years following drought. 

Grazing intensities for the two periods are probably not causa- 
tive because they were equal on one pasture and somewhat greater 
on the other for the post-1960 period. Most of the land treatments, 
such as reservoir construction and contour furrows, were present 
before 1960 and thus not a major probable cause of improvement. 
Rest-rotation grazing had been in effect for only 3 years on one 
pasture and, although applied for 11 years on the other pasture, is 
not a probable cause of improvement. Improvement of the magni- 
tude found in the pasture with 3 years of rest-rotation grazing 
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would probably not have occurred with 3 years of complete rest 
and, therefore, must be attributed primarily to increased precipita- 
tion between 1960 and 1977. These results suggest that caution 
should be exercised in attributing vegetation improvement entirely 
to management practices. Such evaluations should include care- 
fully planned control comparison areas and analyses of climatic 
changes. 

Discussion and Conclusions 

There is a widely held opinion that western rangelands, espe- 
cailly those administered by the Department of the Interior, 
Bureau of Land Management, are and have been deteriorating for 
years. This view is strongly stated in a “Report to the Congress”by 
the Comptroller General of the United States (1977): 

The Nation’s public rangelands have been deteriorating for years 
and, for the most part, are not improving. Deterioration can be attrib- 
uted principally to poorly managed livestock grazing. 

Several environmental groups in the mid-1970’s decided that the 
Bureau of Land Management was not satisfactorily managing 
public rangelands and they initiated legal action against the 
agency. As a result of this action, “Development and implementa- 
tion of land management plans for these [public domain] lands 
cannot be completed until 1988 because of the April 1975 court- 
ordered agreement requiring the preparation of environmental 
impact statements” (Comptroller General 1977). 

A disturbing fact is that little, if any, quantitative data on 
vegetation changes, towards improvement or deterioration, is 
available for public domain lands. This means that many impor- 
tant decisions have been and will be made on the basis of opinion 
because of the lack of sound data. It is hoped that this report will 
alleviate this deficiency partially, but it leaves many questions 
unanswered. It is apparent that most of the vegetation types 
improved greatly during the 17 years between sampling dates, but 
was the range in a deteriorated state in 1960? Have the vegetation 
types that improved now reached their potential productivity? 
With the information available now, these questions cannot be 
answered with a high degree of certainty. At least, there can be no 
doubt about the fact that herbage production and range condition 
on the area studied have greatly improved. There is reason to 
suspect that this has happened on many other rangeland areas, 
both those privately owned and those managed by the Bureau of 
Land Management as is indicated in a recent report. Also, the 
Department of Interior, Bureau of Land Management (1975), 
indicates that more intensive livestock-management programs 
have resulted, and could in the future result, in range improvement. 
The report contains the following statements: 

The increase in the percentage of national resource lands in the 
improving trend category can be attributed to the Bureau’s intensive 
livestock management program (AMP’s). Studies on allotments 
covered by properly supervised AMP’s generally indicate that inten- 
sive livestock management has all but halted the declining trend in 
range condition. Trend studies conducted on 6.6 million acres (approx- 
imately 25 percent) of the NRL’s [National Resource Lands] covered 
by AMP’s show the trend is improving on 3.6 million acres (approxi- 
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mately 54 percent), indefinite or static on 2.8 million acres (approxi- 
mately 42 percent), and declining on only 225,000 acres 
(approximately 4 percent). 
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SRM Election Results 

The Elections Committee composed of William Laycock (Chairman), Herbert Fisser, Wallace 
Gallaher, Allan Strobel, and Floyd Kinsinger, met in Denver, December 11, to count ballots for 
198 1 officers. Elected officers are: 

President-Elect (198 1) John Bohning 
Directors (1981-83) Don Johnson 

Alastair McLean 

Proposed bylaws were approved. 
Directors Chuck Jarecki and William Laycock will leave the Board in February, 1981. 
The following members of the Colorado and Wyoming Sections served as ballot counters under 

the supervision of the Elections Committee: Don Smith, Hayden Ronnsaville, Bob Buttery, 
Bob Newland, Lee Carr, Gordon Bentley, Ronnie Clark, Bob Hyde, Bill Krueger, Dave Kath- 
man, Bob Wagner, Royal Hall, Herb Fisser, John Baker, Terry Foppe, Tom Eaman, Dan 
Merkel, Ed Dennis, Rick Harver, and John Clark. 

Ballots and tally sheets are retained in the Denver office for one year for review. A total of 1,805 
ballots were cast, or approximately 33% of the voting membership. 
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Range Management Training in Developing 
African Nations 
ARTHUR D. SMITH AND DON D. DWYER 

Abstract 

Assistance programs in range management to developing coun- 
tries in Africa by the U.S. Agency for International Development 
historically have had a training program for nationals for the host 
countries as part of the package. These have been extremely valua- 
ble and, in the long run, are likely to provide the major benefits to 
recipient nations. They could become even more effective if closer 
coordination between U.S. universities, host government officials, 
and USAID personnel were achieved. This would result in more 
varied educational programs tailored to suit the needs of each 
student trainee and each host country, thus saving time and money. 

Aid to developing countries by the U.S. Agency for Interna- 
tional Development (USAID) in the field of range management 
has typically comprised three kinds: capital investments in struc- 
tures, technical aid rendered by expatriates in selected government 
positions in the host country, and training programs for upgrading 
the skills of host country nationals. 

The first of these involves such things as water development 
(wells, boreholes, and ponds), road building, and animal handling 
facilities such as corrals and dipping vats. These are all proper and 
useful devices for increasing animal production from rangelands, 
but if developed without well-designed management plans they are 
fraught with perils. The availability of sophisticated mechanical 
equipment for installing such aid and the fact that results are 
immediately and highly visible tend to cause those responsible to 
point to the numbers of structural installations as a main measure 
of success. Their long-time utility and contribution to range better- 
ment is another matter. Unless government officials, as well as 
pastoralists, understand range ecology (and this is usually rare) 
range developments of the sort enumerated may actually lead to 
reduced production and range deterioration. Based on past expe- 
rience in the United States and abroad, considerable ecological 
degradation can result from too hasty and ill-planned develop- 
ments, and the same may be true even for well-planned ones where 
range management principles and concepts are not widely 
understood. 

Technical assistance by means of supplying range-trained per- 
sonnel, though a necessary and vital ingredient of a rangeland 
development package, has not been without its problems. The 
number of positions provided by past levels of funding for USAID 
account for a small number of individuals spotted here and there 
throughout the host government structure. A large share of the 
in-country problems can often be traced to insufficient awareness 
and knowledge of the local culture by USAID supplied personnel. 
Cultural differences between expatriates and nationals can give 
rise to tensions and jealousies which limit the effectiveness of 
technical personnel that are provided. And of even more impor- 
tance, the lack of ecological sophistication of the pastoralists, 
together with their deeply ingrained customs, make the transfer of 
technology a slow and tedious process. This transfer of technologi- 
cal knowledge cannot be accomplished without an increasingly 
large and competent cadre of nationals who have scientific and 
managerial training in the philosophy and skills of range manage- 
ment. Thus, it appears to us that in the long run, effective educa- 
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tional programs will be important in determining the success of 
rangeland development projects in Lesser Developed Countries 
(LDC). 

We feel the training component of foreign assistance programs 
should be strengthened and give more critical attention in the 
future than appears to have prevailed in the past. Based upon our 
experience, selection of trainee candidates has not always been 
pursued aggressively and analytically and, in consequence, the 
scope and effectiveness of training programs have suffered. 

Traditionally, AID training programs have included (1) short- 
term extension programs directed to such lay persons as herdsmen 
and pastoralists in the host country; (2) short-term nondegree 
technological courses abroad; (3) undergraduate instruction in 
professional colleges and universities abroad, usually leading to a 
baccalaureate degree; and (4) advanced study toward the MS or 
PhD in universities abroad. The last two of these are our special 
concern. 

Level of Training 

In most developing countries, the BS degree provides an ade- 
quate scientific foundation for staffing a range management organ- 
ization and developing a rangeland management program. The 
additional scientific knowledge represented in graduate programs 
is not necessary for most of the people entering such organizations. 
The level of education among native herdsmen is such that highly 
sophisticated techniques cannot be applied by them at the outset. 
This does not mean that graduate level training is not appropriate, 
but that meeting the present capabilities of developing countries to 
apply range management technology requires far fewer graduate 
than undergraduate degrees. 

For most developing countries MS programs could provide the 
necessary background for staffing upper-level administrative posi- 
tions in government agencies and for engaging in adaptive 
research. The additional years of education beyond the BS would 
allow recipients the greater prestige necessary to deal with officials 
in the ministerial hierarchy, who are often political appointees. In 
addition, the opportunity to broaden the knowledge and expe- 
rience of the individual receiving graduate instruction is valuable. 

Very few developing countries have great need for degree 
holders at the doctoral level. In cases where research in range 
management is in progress, or where it is being developed, PhD 
holders may be required. Certainly, if BS level educational pro- 
grams were to be developed at universities and colleges in develop- 
ing countries, there would be additional need for training to the 
PhD level to fill some faculty positions (Dwyer and Box 1978). 
Many such positions could be staffed by MS degree holders, for the 
present at least, whether in research or teaching capacities. After 
all, the level of sophistication of range management for some time 
to come will be far below that presently attained in the United 
States, and even here the last of the faculty and research personnel 
who have creditably held productive positions without doctorates 
are just now phasing out. The argument is not against higher level 
training, rather it is to suggest that with limited funds, time, and in 
some cases, available candidates, faster progress can be made by 
speading the educational effort among more individuals and gear- 
ing training to needs of the country. 
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Although we are convinced of the rationality of this approach, 
we recognize there are difficulties. Unfortunately, historical prece- 
dent in most developing nations places great incentive for the 
individual purusing education abroad to obtain the doctorate as a 
matter of prestige. In countries where progress has been greatest, a 
large number of government officials in ministries of agriculture 
hold PhDs whether they are expatriates remaining from colonial 
governments or whether they are nationals. They may also be 
practical stimuli as well as civil service rules and regulations which 
govern salaries, promotion, and advancement. So long as these 
pressures remain, it may be difficult to adhere to the course we 
outline here, for it may satisfy the needs neither of the individual 
nor the government. We feel strongly, however, that the United 
States has been guilty of over-educating third world personnel and 
prolonging the educational experience much beyond the need. 
Where this happens, not only is the home country deprived of the 
service of the trainee, but long absence from home often lowers the 
effectiveness of the individual pursuing the advanced degree. Few 
of the posts where service is required offer the advantage of life as it 
is in the United States, and this can lead to a reluctance on the part 
of the trainee to return home and deal with the nitty-gritty of life 
there. Thus, many individuals obtaining the PhD are lost to their 
home country when they choose to work elsewhere. 

Location of Training 

To the present, training for academic degress in range manage- 
ment has been conducted in the United States. Short-term exten- 
sion training among junior technicians is usually done in the home 
country. 

There are persuasive philosophical arguments for expanding 
training programs in the host countries of those working toward 
academic degrees. Costs would probably be reduced and more 
people could be brought into the program. There are practical 
disadvantages involved, however. Few U.S.-trained range manag- 
ers qualified to instruct in undergraduate programs have the lan- 
guage capability to perform effectively in French-speaking West 
Africa. This is particularly unfortunate because of the extensive 
rangelands there and the critical ecological problems they present. 
Even in former British colonies of East Africa where English is 
widely spoken, linguistic barriers exist. Dealing with government 
officials may pose no problem, but contact with lay persons does. 

A further obstacle to mounting university level programs in the 
developing countries is that with few exceptions there are neither 
facilities to house such programs, nor adequate supporting course- 
work in academic disciplines related to range management. There 
are exceptions. In Kenya and in Sudan existing universities could 
cope with both these obstacles. So far, despite considerable atten- 
tion, efforts to develop a range management curriculum and 
instruction at the University of Nairobi have not been fruitful. 
There are plans underway to upgrade and expand the range man- 
agement curriculum at Egerton College where the 3-year diploma 
thus far has been the most advanced work in range management 
obtainable in Kenya (Dwyer and Box 1978). 

Most of the African countries, excluding southern Africa, do not 
have the facilities for undertaking teaching at the baccalaureate 
level. Many existing schools of agriculture in the least developed 
arid countries lack the competency to provide university education 
at the upper collegiate levels. For most, the junior college or a 
lower division instruction is all that is available. Introductory 
courses may be offered but the general preparational level of 
students is inadequate background for more advanced training, 

and support in related scientific fields is lacking. 
Because of these difficulties, for some time at least, the present 

practice of bringing third world nationals to the United States for 
degree training will continue to be the dominant pattern. This 
offers the trainee possibilities for contact with many individuals in 
range management as well as those in related fields. The breadth of 
such contacts in the United States is much greater than would be 
possible in the third world. 

There is a further consideration offering advantages that needs 

emphasis. Throughout much of Africa there are national barriers 
to cooperation and free exchange between nations. Even within 
individual countries, tribal differences lead to frictions, distrust 
and, in many cases, to local armed encounters. Our experience 
causes us to believe that many regional and tribal differences have 
their roots in general lack of understanding among Africans or 
African history and cultures. An effort should be made to correct 
this. Not all, but some universities have departments of African 
studies, or at least have staff members offering courses in the field. 
Where these capabilities exist, African nationals should be 
required to include such classes in their course schedules. 

Emphasis on Degree Program 

Foreign nationals trained in the United States have been sub- 
jected to curricula developed for U.S. students and U.S. condi- 
tions, perhaps with minor exceptions. Undergraduate instruction 
provides the basic scientific background in supporting fields and in 
the principles of range management. Advanced degrees both at the 
MS and PhD level are, in the main, research oriented. 

We believe that research-oriented degrees rarely are best suited 
to the requirements of most developing countries. The present and 
short-run need is trained personnel for government positions in 
agriculture and natural resources ministeries. Now, these are likely 
to be occupied by expatriates remaining from colonial times or by 
nationals who have been trained in other countries. Few of these 
people have received training in range science. Most commonly 
their backgrounds are in animal production, veterinary medicine, 
or ecology. Since this training, in ecology especially, is likely to 
have been received in Europe, where environmental conditions 
contrast drastically, their education does not prepare them to deal 
adequately with arid environments and cultures characteristic of 
African rangelands. Economy of time and money would be best 
served if these administrative positions were filled with MS degree 
holders. The degrees should be oriented to administration and 
personnel management, rather than to research. Time spent 
emphasizing statistics and data gathering, analysis, and interpreta- 
tion could probably better be devoted to obtaining insights into 
public administration and cultural anthropology. Special written 
reports would substitute for the thesis, an opportunity provided in 
some institutions by a Plan B thesis option. Properly administered, 
this option is quite as rigorous as the research-oriented plan, yet 
provides opportunity for a broader field of training and greater 
flexibility. 

PhD level training should, in our view, be provided only where a 
research capability exists in the country in question, is in the 
process of being implemented, or where staffing at a university is 
contemplated. A limited number of developing countries would 
qualify under these criteria. 

Location of Trainee Research 

Research philosophy and methods can be effectively provided 
outside the host country, but it is not possible to duplicate condi- 
tions there, thus limiting the transferability of any information 
developed. Responses of a sagebrush range to treatments in the 
Great Basin would have little relevance for East Africa. There seem 
to be valid reasons for perfecting arrangements which would per- 
mit a PhD candidate (it is doubtful that any attempt should be 
made to follow such a course for MS training) to conduct research 
in his home country. If this were done, the research findings would 
be applicable to that region and the research methodology would 
be no less useful as a training medium. There are, however, certain 
drawbacks to be overcome. 

To make such a procedure function effectively, it is imperative 
that the major professor visit the home country to become familiar 
with the conditions there and assess the research plan in relation to 
these conditions. Otherwise, the student’s advisor would be in no 
position to judge the quality of the research effort. In addition, it 
would provide an opportunity for establishing liaison with officials 
in the host country and promoting support for the candidates’ 
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efforts. This is critical. Based on limited experience, we have so far 
seen little progress in the way of accomplishment once a student 
returns home with plans to complete the dissertation research 
there. We think that if concerned officials in the developing nation 
and the students’ major professor were in contact with each other, 
relevant research programs in which the government had an inter- 
est could be worked out. Greater support should, therefore, be 
expected. 

The plan, as we see it, would work something like this: qualified 
candidates working in certain aspects of an AID project would be 
carefully selected for advanced training at a U.S. university. The 
student would complete basic coursework requirements and out- 
line a proposed research program; he would then return to his 
home country; the major professor would immediately visit the 
student there and develop on location the details of the research to 
be conducted. After the research results are in hand, the student 
would return to the United States to complete writing a disserta- 
tion and other formalities. 

This plan might be more expensive than the one now being 
followed, but this is unproven. There would be additional travel of 
the student, and time involved in the degree program would proba- 
bly be increased. There would be additional costs of travel by the 
major professor. Advantages which would offset these extra costs 
are: the time spent in research could be made productive both to 
the AID project supporting the trainee and the host country; the 
research itself would be more meaningful to the student and to the 
country; less expense would be incurred to support research in the 
home country than abroad; and a mutual confidence would be 
established between the host country and the training institution. 
The long-run benefits might be even greater. The fact that there 
would be an ever-widening pool of U.S. educators familiar with 
conditions in developing countries should improve the character of 
training for other students, both foreign and U.S. who come in 
contact with U.S. faculties. Range management principles would 
be better presented to third world nationals if professors under- 
stand the conditions under which they must be applied. 

Availability of Trainee Candidates 

One handicap to wide application of range management training 
is found in the comparatively low average level of education in 
many developing countries. This is reflected in a dearth of candi- 
dates having sufficient education to qualify for work at a college or 
university. In Botswana in 1976, for example, USAID training 
quotas went unfilled for this reason (Smith et al. 1976). Even 
getting acceptance at middle-level institutions in Africa (Egerton 
and AHITI in Kenya for instance) was not fruitful, although 
factors other than academic standing may also have been at play. 
Similar problems may exist among certain tribal cultures within 

improve educational opportunities for them. But obstacles to 
increasing schooling among pastoralists lie in the reluctance of 
tribal elders to let the youth become separated from the family and 
tribal influence, since it interferes with traditional ceremonial and 
ritual observances expected of each member of the clan. 

These obstacles are only inconveniences to be overcome; means 
must be found in training programs to reach all tribal and ethnic 
groups, for it is among these less advanced elements that the 
dependence upon a stable rangeland resource is most critical. 
Unless the Somalis, the Nilo-Hamitic tribesmen of East Africa, the 
Baggara of Sudan, and the Fulanis of West Africa can be made 
aware of the consequence of improper use of their rangelands there 
can be no solution to range degradation and desertification in 
those countries. 

Some argue that pastoral cultures have developed ecologically 
balanced systems. But this condition, if it existed, depended upon 
periodic catastrophe to maintain an equilibrium at great cost in life 
among animals and humans. These solutions are no longer tolera- 
ble. Moreover, the system has already been altered. Widespread 
dissemination of drugs for disease control among livestock has 
reduced this constraint on herd numbers; and, without it, domestic 
animal populations quickly outgrow the limits of the forage base. 
Similar factors are operative among human populations. The con- 
sequence of these disturbances is that the potential pressure upon 
rangeland resources is much greater than in the past. If we are 
unwilling to rely on nature’s way of maintaining a balance among 
man, animals, and forage, and it seems evident that we are unwil- 
ling to accept this uncompassionate method, then we must design 
management systems that will maintain a balance. The most effec- 
tive means for doing this is through education. 

The educational component of USAID has not been used effec- 
tively enough in view of its important role in contributing to range 
management programs of developing nations. The international 
education programs which have been supported have been 
endorsed with a perspective of too short a term and with too little 
vision. and U.S. institutions have given their consent to them 
through passive acceptance rather than challenging them. To 
implement land use plans based on ecology requires knowledge 
gained through education, and any educational program must be 
viewed seriously and over the long term. 

We recommend that educational programs in USAID become at 
least as important in range management aid to LDC’s as programs 
which implement action projects. They must also seek to enhance 
capabilities of U.S. institutions to provide more relevant range 
management education for LDC nationals as well as to support the 
foreign students throughout their education. This is in keeping 
with the intent of Title XII legislation which supports the concept 
of planning programs over at least a IO--year period. 

the more favored and advanced countries. Nomadic tribes are 
likely to have fewer opportunities for schooling than sedentary 
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Coyote Control: the Public Response 

LOUISE M. ARTHUR 

Abstract 

A nationwide survey of public attitudes toward coyote control 
was conducted in 1976. Results from a set of questions addressing 
related wildlife issues revealed opposition to the killing of animals 
for food or for population control of predatory species. Forty-five 
percent also disapproved of legal game hunting. Only incident 
specific predator control was endorsed by most respondents. Two- 
thirds of the respondents were aware of the coyote control issue or 
interested in it and were asked questions about coyote control in 
particular. Control killing of coyotes, even at risk to nontarget 
animals, received increasingly more approval as lamb losses were 
said to increase. However, given a choice of control methods, most 
respondents preferred the experimental, nonlethal methods. Of 
currently used lethal methods, fast acting poisons and shooting 
from the ground were judged more acceptable. 

The decline of the sheep raising industry in the Western United 
States has been attributed to a number of local and widespread 
problems, a major one being coyote (Cum3 latrans) predation of 
sheep and lambs (Gee et al. 1977; Pearson 1975). In spite of federal, 
state, and local programs to control coyotes, sheep ranchers con- 
tinue to complain about high levels of lamb losses to coyote. 
Wildlife conservationists, on the other hand, argue that control 
efforts should be drastically limited, if not completely curtailed. 

The problem is, in large part, a perceptual one. Whether or not 
ranchers are losing substantial proportions of their flocks to 
coyotes-and there is some controversy regarding the significance 
of these predation losses (Cain 1975; Tigner and Larson 1977; 
Wagner 1975)-they believe that coyotes are a major threat to the 
sheep-raising industry (Buys 1975; Gee et al. 1977). Whether or not 
coyotes are rural and urban pests and far from danger of extinction 
(Cain 1978), animal protectionists view them as part of our valua- 
ble wildlife resources and worthy of protection. Both sides of the 
issue have brought their concerns to the public arena, to a public 
already sensitized to environmental issues. Thus, control policy 
makers have become interested in understanding general public 
perceptions of control issues. They hope to be able to anticipate 
responses to policy changes in this increasingly controversial area. 
The USDA-U.S. Fish and Wildlife study described below was 
designed toward this objective. 

Survey Method and Results 

Data were collected in May-June 1976 from a random, self- 
weighting, stratified probability sample of telephone households in 
the 48 contiguous states and the District of Columbia. Within each 
household a respondent was randomly selected on the basis of sex 
and age (18 and older). Respondents in 2,041 households com- 
pleted telephone interviews, resulting in a 78% response rate. 

Approximately one-third of this sample had not heard of the 
rancher-environmentalist controversy over the killing of coyotes 
and had no interest in the issue, so were not required to answer 
questions specifically addressing the control issue. Instead, they 
answered only the survey items regarding more general wildlife 
issues, many of which related to the killing of animals. For 
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instance, they were asked to rate how much an animal suffers as a 
result of the following practices: (1) “trapping wild animals with 
steel leghold traps, (2) killing instantly with guns, (3) using poisons 
that kill in less than a minute, (4) using poisons that kill in a few 
hours, (5) killing animals in meat packing plants, and (6) keeping 
animals in high quality zoos. ” All respondents rated these items on 
0 to 10 scales, where a rating of 0 indicated that the practice caused 
no suffering at all and 10 indicated it caused “a lot of suffering.” 
Mean responses are listed in Table 1. Trapping and slow acting 
poisons were judged to cause considerably more suffering than any 
other methods. Killing instantly with guns was rated as causing the 
least amount of suffering. 

Table 1. Perceived amount of suffering caused by various methods of 
killing animals. 

Method Mean points 

Trapping 9.0 
Guns 3.1 
Fast poisons 5.0 
Slow poisons 8.7 
Packing plants 4.5 
zoos 4.2 

All respondents also answered questions concerning their atti- 
tudes toward the general concept of predator control and the 
killing of animals. When asked “if a wild animal kills a farmer’s 
COWS, sheep, or chickens on his property, do you think the farmer 
should have the right to kill that animal?“, 73% responded “yes.” 
However, when asked “do you think the farmer should have the 
right to kill other animals of the same type to prevent future 
losses?“, only 43% of those who answered affirmatively to the 
previous question agreed. Thus, control seems to be most accepta- 
ble if it is in direct response to a specific predation incident. 

This apparent disapproval of predator population control may 
reflect a more general disapproval of the killing of any animal, for 
45% of the respondents disapproved of legal game hunting and 
61% responded that they did not like cattle, hogs, and sheep to be 
killed for food, even though many considered domestic animals an 
important source of protein. On the other hand, those who 
approved of game hunting and killing domestic animals for food 
were more likely to approve of incident-specific predator control, 
but were still no more likely to endorse general control of preda- 
tory species. 

Questions Directly Concerning Coyote Control 

The two-thirds of the sample which had heard of the rancher- 
conservationist controversy over coyote control or were interested 
in it were asked a series of questions directly addressing control 
issues. First they were asked whether they were more concerned 
over the control killing of coyotes or the predatory killing of sheep 
by coyotes. Despite much greater affinities for sheep than coyotes 
noted earlier in the survey (see Stuby et al. 1979), there was about 
equal concern expressed for the killing of coyotes and sheep. 
However, as sheep and lamb losses to coyotes were hypothetically 
increased from 5% to 40% in four scenarios, respondents became 
more willing to condone the killing of coyotes, even at some risk to 
nontarget animals (Table 2). Again, it appears that people are more 
willing to support predator control efforts if they believe the preda- 
tors are a direct cause of serious problems for ranchers. 

If coyotes must be controlled, however, the public prefers some 
methods to others. Acceptability ratings for the various lethal and 

JOURNAL OF RANGE MANAGEMENT 34(l), January 1981 



Control strategy 

Kill most coyotes, kill 
some other animals 

5% 
Losses 

16 

10% 
Losses 

28 

20% 
Losses 

47 

40% 
Losses 

61 

Table 2. Percent of survey respondents preferring various control strategies Clearly, humaneness was the primary concern in the acceptabil- 
under four levels of lamb losses to coyotes. ity of a control method, perhaps explaining the high correlation 

between ratings of humaneness and acceptability of various 
methods (Tables 1 and 3). The second most important concern was 
for the specificity of the methods, which specificity in regard to 
accidental deaths of pets being judged most important (42 points of 
100) other wild animals second (38 points), and nontarget coyotes 
least important (20 points). 

Kill fewer coyotes, safe for 
other animals 71 66 50 37 

Kill no covotes. sustain losses 13 6 3 2 

nonlethal alternatives are listed in Table 3. Not surprisingly, the 
methods judged by all respondents to cause the most suffering- 
trapping and slow poisons (Table l)-were also judged the least 
acceptable, and the control methods judged to cause the least 
amount of suffering-fast poisons and guns-were the most accep- 
table of the killing methods. 

Table 3. Acceptability of coyote control alternatives. 

Alternative Mean points” 

Experimental nonlethal methods 
Repellant chemicals 7.0 
Pay ranchers for losses 3.2 
Guard dogs 7.1 
Birth control 5.8 
Pay ranchers not to raise sheep 1.8 

Current lethal methods 
Fast poisons 
Slow poisons 
Aerial gunning 
Denning 
Ground shooting 
Steel leghold traps 

“O-IO scale, indicating low to high acceptability. 

4.3 
1.3 
2.5 
2.3 
4.3 
1.6 

General opposition to killing was reflected in that some experi- 
mental, nonlethal control methods were rated more acceptable 
than any of the currently used, lethal methods. These included 
repellent chemicals, guard dogs, and birth control. Rancher subsi- 
dies and indemnity payments, on the other hand, were less accepta- 
ble than some killing methods. These trends differed depending on 

Conclusions 

That more than two-thirds of the respondents to this national 
survey had heard of or were interested in the controversy between 
sheep ranchers and environmentalists about coyote control was 
indeed surprising given the regionality and rural focus of the 
problem; although coyotes have been sighted in every state except 
Florida and Hawaii, most of the sheep and lamb predation occurs 
in the sheep producing regions of the Western United States. It was 
also interesting to note that the response of informed-interested 
respondents did not differ significantly from those who had not 
heard of the issue and were not concerned (Stuby et al. 1979). 

Although most respondents expressed general disapproval of 
the killing of animals-whether by man or coyote-most people 
became willing to institute coyote control if unreasonable losses of 
lambs and sheep to coyotes are sustained. Certain nonlethal con- 
trol methods were preferable to the methods currently in use, but 
the more humane lethal methods are acceptable under conditions 
of high lamb losses. Shooting coyotes from the ground and using 
fast-acting poisons were judged the most acceptable and most 
humane of currently available methods. Trapping with steel legh- 
old traps and using slow acting poisons were judged the least 
acceptable of all lethal and nonlethal methods. 

Use of toxicants to kill coyotes is currently limited by a Federal 
executive order (11643) bTing the interstate shipment and fed- 
eral use of toxicants for predator control. Given this restriction and 
the impracticality of using ground shooting for widespread federal 
control-which presently accounts for an estimated 63% of the 
coyotes taken (Gum et al. 1978)-aerial gunning, using well- 
trained gunners who can kill coyotes instantly, becomes the most 
desirable of present alternatives from a social perspective.1 Never- 
theless, these results indicate that efforts to develop nonlethal 
control methods and to obtain legal approval of the use of more 
recently developed predator-specific, fast acting poisons would 
elicit favorable public responses if the public were convinced of 
ranchers’ needs for control. 

whether respondents approved or disapproved of the killing of 
animals for predator control, food consumption, and game hunt- 

‘Interestingly, aerial gunning is also the most economically efficient of current legal 
alternatives (Gum et al. 1978). 

ing. Those respondents who opposed control-even under condi- 
tions of high lamb losses-were more willing to institute rancher 
subsidies and indemnity payments and less likely to endorse use of 
guard dogs, chemicals, birth control, and lethal methods than 
other respondents. 

Because even the more informed and/ or concerned respondents 
were not expected to have knowledge of the specific impacts of 
each control alternative, these respondents were also asked to rate 
the relative importance of and tradeoffs among several general 
aspects of control killing by distributing 100 points among them 
(Metfessel 1949). The resulting mean point distribution is pres- 
ented in Table 4. 

Table 4. Relative importance of three aspects of coyote control methods. 

Mean points 

cost 16 
Specificity’ 32 
Humaneness* 57 
Total 100 

‘“That is, do they kill only coyotes that have killed sheep and lambs?” 
*“That is, how little pain-and suffering is caused the coyotes killed?” 

References 
BUYS, CL. 1975. Predator control and ranchers’attitudes. Environ. Behav- 

ior 7: 81-98. 
Cain, S.A. 1975. Predator and pest control. Chapter 25. In H.P. Brokaw 

(ed.), Wildlife and America. 041-011-00043-2. U.S. Govt. Printing 
Office, Washington., D.C. 

Gee, C.K., D.B. Nielsen, D.H. Stevens,and R.S. Magleby. 1977. Factors in 
the decline of sheep production in the Western United States. Agr. Econ. 
Rep. 377. U.S. Dep. Agr., Economic Res. Serv., Washington, D.C. 

Gum, R.L., L.M. Arthur, and R.S. Magleby. 1978. Coyote control: A 
simulation evaluation of alternative strategies. Agr. Econ. Rep. 408. U.S. 
Dep. Agr., Economics, Statistics, Coop. Serv., Washington, D.C. 49 p. 

Metfessel, M. 1947. A proposal for quantitative reporting of comparative 
judgments. J. Psychol. 29: 229-235. 

Pearson, E.W. 1975. Sheep-raising in the 17 Western States: Populations, 
distributions, and trends. J. Range Manage. 28: 27-31. 

Stuby, R., L.M. Arthur, and E.H. Carpenter. 1979. An analysis of public 
attitudes toward coyote control. Agr. Econ. Rep. U.S. Dep. Agr., Eco- 
nomics, Statistics, Coop. Serv. in press. 

Tigner, J.R. and G.E. Larson. 1977. Sheep losses on selected ranchers in 
Wyoming. J. Range Manage. 39: 244-252. 

Wagner, F.H. 1975. The predator control scene as of 1974. J. Range 
Manage. 28: 4-10. 

JOURNAL OF RANGE MANAGEMENT 34(l), January 1987 15 



The Effects of Fall Defoliation on the 
Utilization of Bluebunch Wheatgrass and Its 
Influence on the Distribution of Deer in Spring 

W. WILLMS, A.W. BAILEY, A MCLEAN AND R. TUCKER 

Abstract 

Deer and cattle grazing in spring preferred bluebunch wheat- 
grass plants that had been defoliated the previous fall to those that 
had not. Deer selected burned plants in greater proportion than 
grazed plants. Fall grazing by cattle affected the distribution of 
deer. Deer displayed preference for the fall grazed field after green 
growth exceeded the height of stubble. 

The increasing costs of cultural energy and the loss of arable land 
to urban development will put greater pressure on rangeland to 
meet future demands for food. The response of rangeland manag- 
ers can be to increase the efficiency of converting forage into 
products for human consumption. 

Studies have shown that utilization of spring forage can be 
increased by removing litter prior to grazing (Willms et al. 1979) 
thus shifting the optimum grazing pressure to a higher level. Obser- 
vations were made on tame deer and cattle in small enclosures. 
They demonstrated increasing preference for forage from the 
control, to the clip, to the burn treatment. In order to examine the 
treatment effects on free-ranging animals, three studies were made. 
The objectives were: to determine the effects of fall grazing or 
burning on selection of bluebunch wheatgrass by free-ranging deer 
or cattle in spring and to determine the influence of fall grazing on 
the distribution of deer in spring. 

Methods 
The studies were made about 24 km northwest of Kamloops, 

British Columbia, in an area encompassing the big sagebrush 
(Artemisia tridentata)*-bluebunch wheatgrass (Agropyron spica- 
turn) and Douglas fir (Pseudotsuga menziesiij-bluebunch wheat- 
grass communities. The south side was bounded by Kamloops 
Lake at 335 m above sea level (masl). The land rose rapidly to level 
off in a series of knolls, at 580 masl, and flat field created by several 
alluvial fans. The ecotone of the big sagebrush and Douglas fir 
communities was situated at 600 masl. The Douglas fir community 
extended to an upper altitude of 1,350 masl (McLean 1970). 

The south slope and knolls were dominated by big sagebrush 
and bluebunch wheatgrass; however, needleandthread (Stipa 
comata) dominated the crests of knolls while Sandberg’s bluegrass 
(Poa sandbergii) was abundant throughout. The flat field was 
seeded to crested wheatgrass (Agropyron desertorum). The under- 
story of the Douglas fir community was dominated by bluebunch 
wheatgrass. The communities have been described in detail by 
McLean (1970) and Tisdale and McLean (1957). The study area 
represents the spring range of mule deer and spring and fall range 
of cattle. 
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Three independent studies were made in the vicinity of two 
fields, each with an area of about 150 ha Both fields had 41% 
Douglas fir community and 59% big sagebrush community. Only 
one field was grazed by cattle in the fall. 

Two small burns were made in winter (1976-77): one in the 
fall-grazed field (.25 ha) and the other in the fall-ungrazed field (.5 
ha). These burns were restricted to areas of high grass litter accum- 
ulation in the Douglas fir community. 

Forage Selection by Cattle 
Selection by cattle was determined using permanently marked 

plants and estimating dry matter utilization. Observations were 
made in May at five sites (A-E) (Table 1). At each site 100 or more 
individual bluebunch wheatgrass plants (> 15 cm basal circumfer- 
ence) were randomly selected, within a l-m wide belt, and their 
dimensions recorded. The selected plants were identified by paint 
sprayed on the ground at their base. 

Available forage and utilization estimates were made for each 
plant. Available forage was estimated from relationships of 
volume to weight. Plant volume was determined from measure- 
ments of basal circumference and height. Utilization was estimated 
by the proportions of plant volume removed and modified by the 
dry matter distribution in the plant. These estimates were trans- 
formed into percentage of total weight per plant. Utilization was 
estimated weekly, beginning in early May, during the grazing 
period. 

Utilization estimates were transformed to percent of total availa- 
ble forage on a per plant basis. Treatment differences were exam- 
ined at each site using analysis of variance and Duncan’s multiple 
range test where necessary. 

Forage Selection by Deer 
Treatment selection by deer was determined as the proportion of 

plants utilized from each treatment. Observations were made, in 
April, in both the big sagebrush and the Douglas fir communities. 
The design was an unbalanced, randomized complete block with 3 
rows of 6 plots each. The plots represented 1 control, 1 burn, and 4 
graze treatments. Dimensions of the perimeter were 82 X 82 m. 
Each experimental unit was enclosed by a 3-strand barbed wire 
fence which was permeable to deer. The treatments were imposed 
in the fall by first burning and then grazing with cattle. The plants 
were sampled with 10 belt transects established parallel to the rows 
and across the plots. A single survey was made at each site near the 
time of maximum deer use. 

The data (proportion of plants selected of the total number 
available) was transformed with the arc sine square root transfor- 
mation prior to statistical analysis. Since the values for the control 
were all zero, the response to the burned and grazed treatments 
were analyzed using the t test. 

Immigration and Distribution of Deer on Spring Range 
An estimate of the relative seasonal distribution of deer on 
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Table 1. Site descriptions for the study of treatment effect on bluebunch wheatgrass utilization by free-ranging cattle. 

Site 

A 

C 

D 

Proportion: Stubble of Available forage 
plants grazed plants plant f 

Community description ungrazed (cm 1 SEm) Grazed Burned 

sagebrush-bluebunch wheatgrass 1.2: 1 5.3af.4 5.7aIL.5 

fir-big sagebrush 4.0: 1 4.5af.8 4.3af.6 

fir-bluebunch wheatgrass l.O:l 7.6f0.3 .3 3.9af.2 

Douglas fir-bluebunch 0.5: 1 5.9M .5 .2 6.Obf 

Douglas fir-bluebunch 0.0: 1 2.5a1.t .2 

t Grazed by cattle in fall. 
a-b Averages in row with same letter do not differ significantly (KO.05). 

spring range was made with night-time surveys encompassing the 
two fields. Deer counts were made by an observer, using a 300,000 
candle-power spotlight, standing at the back of a slow moving 
pick-up truck. Counts were made on 18 occasions from February 
18 to April 11 (1977), along the same 17-km transect. The counts 
were partitioned according to field to show changes in distribution. 
Approximately 58 ha were surveyed in the grazed field and 110 ha 
in the ungrazed field. 

Results 

Forage Selection by Cattle 
Free-ranging cattle utilized bluebunch wheatgrass from the 

treated plants significantly more (P<O.O5) than from the control 
plants (Table 2). At the only site(D) where both burned and grazed 
treatments were present, plants of the grazed treatment were util- 
ized more than plants of the burned treatment. This difference was 
significant only during the first week of grazing. 

Utilization of plants from the grazed treatment was similar at 
each survey and did not appear to be affected by site. However, 
utilization of fall-ungrazed plants decreased from the big sage- 
brush community, to the big sagebrush-Douglas fir ecotone, to the 
Douglas fir community (Table 2). It may be noteworthy that the 
proportion of fall grazed plants decreased in a similar manner 
(Table 1). 

Forage Selection by Deer 
No control plants were found that were utilized by free-ranging 

deer (Table 3). In the Douglas fir community, deer selected about 
twice the proportion of plants from the burned treatment as from 
the grazed treatment. Selection in the big sagebrush community 

favoured the burned treatment as well but the difference was not 
significant (P<O.O5). 

Immigration and Distribution of Free-ranging Deer 
Two hundred and sixty eight animals were observed on two 

fields from February 18 to April 11 (Fig. 1). From February 18 to 
March 29, 147 sightings were made, which were distributed in ratio 
of 1:4.2 between the fall grazed and fall ungrazed fields. During the 
remaining time, 121 sightings were distributed in a ratio of 1: 1.1 
among the fields. If the sightings were weighted according to the 
area surveyed in each field, the first ratio becomes 1:2.2 and the 
second 1:0.6. 

Discussion 

Forage Selection by Cattle 
Free-ranging cattle utilized the defoliated plants significantly 

Table 3. The proportion of bluebunch wheatgrass grazed by free-ranging 
deer in areas of control, fall grazed or fall burned treatments in the big 
sagebrush and Douglas fir communities in late April. 

Control Grazed Burned 

Propor- Propor- Propor- 
tion tion tion 

Community n grazed n grazed n grazed 

Big sagebrush 159 O.OOa 576 0.33b 146 0.44b 

Douglas fir 436 O.OOa 1700 0.14b 383 0.3oc 

a-c Proportions in a row with the same letter do not differ significantly (KO.05). 

Table 2. Estimates of utilization (%) by cattle of bluebunch wheatgrass plants from two or three treatments at five sites.? 

Site 

A X: 
(n=138 to 162) 

Control 

4.5a 

Survey 1 

Graze 

25.9b 

Burn Control 

13.9a 

Survey 2 

Graze Burn 

35Sb - 

Control 

24.3a 

Survey 3 

Graze 

49.2b 

Burn 

- 

(8,,63?0 117) 
4.9a 27.94b - 13.9a 43.9b - 22.8a 52.5b - 

1.4a 26.3b - 5.2a 41.4b - 14.8a 50.7b - 

D X: 
(n=66 to 134) 

0.2a 24.0~ 5.4b 2.4a 46.7b 39.2b 5.6a 59.0b 49.2b 

(E,200;: 

7 Described in Table 1. 

1.9a - 42.lb 2.0a 56.8b 4. la - 59.0b 

a-c Average within subset of each survey, with same letter do not differ significantly (KO.05). 
n Number plants per treatment. 
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TIME (Days, day 1=18 February) 

Fig. 1. Linear regression describing the plotted observations of deer(night 
sightings per survey) from February 18 to April 11, 1977. 

(P<O.OS) more than the control. These results were similar to those 
derived for confined cattle (Willms et al. 1979). However, contrary 
to that study, information from site D indicated greater utilization 
of plants grazed in the fall than of plants burned in the fall. The 
reason for this is not clear. An explanation may be in the size and 
shape of area burned. The burn at site D was small and irregular, 
perhaps making selection for plants of that treatment unprofitable. 

It is noteworthy that minor use was made of control plants in 
both communities. Although average utilization over the entire 
range approached the recommended levels, uneven distribution led 
to inefficient use of the forage resource. 

Forage Selection by Deer 
Evidence from this study indicates that free-ranging deer will not 

select forage from among-standing litter of bluebunch whea tgrass 
when alternate sources are available (Table 3). Furthermore, burn- 
ing in the fall increased the number of plants that were selected. 
Willms et al. (1979) report that deer preferred plants burned in the 
fall to plants grazed in the fall. 

The method of determining selection, by estimating the propor- 
tion of plants grazed from each treatment, describes more accu- 
rately the olfactory and tactile preferences. The relatively small 
plots available to free-ranging deer permitted ready access to all 
choices and encouraged greater use. Lack of control on the stock- 
ing rate of deer makes the importance of absolute values irrelevant. 

Deer Distribution 
Observations on the local distribution of deer indicated a switch, 

in April, to the fall-grazed field. This phenomenon was related to 
the influence of standing litter on the utilization of spring produc- 
tion. Wheatgrass tillers appeared at the ground surface in early 
March and the grazing effect should have reflected on the animal 
distribution soon after if stubble height were zero. In fact, no shift 
to the grazed field was apparent until spring growth extended 
above the stubble in early April. The relatively little use made of the 
fall-grazed field prior to April is not understood. Food, however, 
did not seem to be a factor since the same forage types were present 
in both fields. In other work, Leckenby (1968) found a 3-fold 
increase in crested wheatgrass utilization by deer where the stand- 
ing litter had previously been removed. 

Immigration by deer onto spring range did not follow a fixed 
schedule (Fig. 1). Movement from their fall and winter range to the 
lower spring range appeared to be in response to two pressures. 
One was a positive response to spring production of grass while the 
other was a negative response to deep snow at higher elevations. 
The effect was similar but spaced in time. 

The spring range is important to deer in providing the earliest 
available, high quality forage. Willms and McLean (1978) found 
that deer utilized mostly grass in early April; the greatest propor- 
tion being Sandberg’s bluegrass. This shallow rooted species pro- 
duces forage earliest and mature stalks do not persist through the 
winter. Cattle do not utilize this species in fall, hence do not directly 
affect its palatability and vigor. The effect of fall burning on the 
palatability of Sandberg’s bluegrass is not known; however, 
Wright and Klemmedson (1965) report no effect on plant vigor. 
The productivity of Sandberg’s bluegrass is highly variable and it 
loses palatability early in spring. These characteristics reduce the 
importance of this species, particularly since its long-term benefit is 
determined by minimum production, and focuses attention on the 
deeper rooted perennials. 
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A Comparison of Continuous and Rota- 
tional Grazing 

P.D. WALTON, R. MARTINEZ AND A.W. BAILEY 

Abstract 

Continuous and rotational grazing of a brome-alfalfa-creeping 
red fescue pasture was compared at the University of Alberta 
Ranch in 1975, 1976, 1977, and 1978. Productivity, in terms of 
animal weight gain and dry-matter consumption, was studied 
together with changes in the sward composition. In 1977 and 1978 
the weight gains from the rotationally grazed areas were nearly 
double those obtained from continuous grazing (218 vs 119 kg/ha). 
The percentage by weight of alfalfa in the sward increased under 
rotational grazing from 23 to 47?$. The herbage in the rotationally 
grazed field was more digestible and contained more calcium, 
magnesium, copper, and crude protein than did that in the continu- 
ously grazed area. Animals in the continuously grazed fields spent 
2.4 hours longer per day grazing than did the animals which were 
rotationally grazed. 

Grazing systems must be adapted to local conditions, and com- 
parisons of trials carried out by different workers in different areas 
should be made only with caution. Heath, et al. (1973) indicated 
that in the North American continent rotational grazing favoured 
legume persistence and improved yields. They regarded rotational 
grazing as being essential to achieve maximum production per 
hectare and for the efficient use of management inputs. These 
conclusions agree with results obtained in Europe (Peter 1929), but 
are not in agreement with conclusions drawn from trials carried 
out in the northwestern United States and in western Canada. 

Hodgson et al. (1934) found that rotational grazing did not 
improve pasture quality, and they doubted if rotational grazing 
was economical in western Washington. Rogler (195 l), working in 
North Dakota, showed that steers on moderately but continuously 
grazed pasture gained more per head than animals which were 
maintained under a rotational grazing management system. 
Campbell (1961) at Swift Current, Saskatchewan, concluded that 
continuous grazing was to be preferred over more intensive man- 
agement systems. Hybbard (1961) also stated that for conditions at 
Manyberries, Alberta, “conservative continuous grazing was the 
most practical method of pasture use.” Cooke et al. (1965) pres- 
ented data from Melfort, Saskatchewan, which indicated that over 
a 7-year period rotational grazing did not increase beef production 
over that obtained where continuous grazing was practiced. In 
spite of these conclusions in the literature, the extension services of 
Alberta Agriculture have recommended rotational grazing; and 
farmers, in some parts of western Canada, have used that system. 

It is evident that either conditions in western Canada and 
northwestern United States differed from those in the rest of the 
North American continent and in Europe in some way that favours 
continuous rather than rotational grazing, or that the rotational 
grazing system practiced by research workers had not been satis- 
factorily adapted to local conditions. The object of the study 
reported here was to compare continuous and rotational grazing in 
central Alberta in terms of pasture composition and productivity 
as well as beef production. 

The authors are, respectively, Chairman of the Department of Plant Science, 
Graduate Student and Professor of Plant Science in The University of Alberta. The 
authors extend their appreciation to Mr. Bill Trabysh for his able assistance in the 
field. This work was made possible by grants from Alberta Agriculture and from the 
Alberta Cattle Commission. 

Materials and Methods 

The experiment consisted of three replications, each of which 
contained a continuously grazed, 2-hectare plot and four rotation- 
ally grazed *h-hectare plots. The continuously grazed plot always 
contained animals; for the rotationally grazed area, animals were 
placed in each plot in turn while the other three plots were rested. 
Two replications were established in 1974 and a third was added in 
1975. The test was located at the University of Alberta Ranch at 
Kinsella, which is situated in the thin black soil zone of Alberta and 
is classified as a glacial loam of the Viking moraine. The mean 
annual precipitation (1931-60) was 40.6 cm with the maximum 
precipitation in the first half of July. The whole of the experimental 
area was uniformly seeded with a mixture of 1.65 kg/ ha of alfalfa, 
6.7 kg/ ha of bromegrass, and 2.75 kg/ ha of creeping red fescue 
between June 5 and 7,1972. Grazing commenced in replication one 
and two in late May 1975 and in the third replication at about the 
same time in 1976. 

The stocking rate was determined by pasture conditions and the 
“put and take” method was used. The stocking rate was changed 
from time to time as indicated by the forage available in each 
pasture. Animal numbers were also reduced when weight losses 
occurred. The average stocking rate for the experiment as a whole 
was slightly over two steers per hectare and was higher for rota- 
tional than for continuously grazed areas towards the end of all 
grazing seasons and throughout 1977 and 1978 (Table 1). When the 

Table 1: Average annual stocking rate per grazing season in animals per 
hectare. 

Continuous 

Rotational 

1975 1976 1977 1978 

2.00 2.42 1.74 1.71 

2.24 2.58 2.42 2.45 

animals were first introduced to a pasture area, 10 cages (each 
enclosing 1.5 X 1.5 m) were placed at random in the same field. 
When the animals in the rotational treatments were moved to the 
next pasture, an area 50 X 100 cm was, in all cases, clipped to 
ground level, both inside the cage and in an adjacent area outside 
the cage. The mathematical difference between these two values 
was used to determine forage consumption. The cages were relo- 
cated in the continuously grazed field whenever the animals, which 

Table 2: Forage consumed and the weight gains under continuous and 
rotational grazing, Kinsella. 

Forage consumed Weight gain 

Continuous Rotational Continuous Rotational 

1975 2554 2703 266 318 
1976 229 1 2173 166 275 
1977 1012 2045’ 119 2352 
1978 1015 2081’ 118 2023 

‘Unpaired t test (d.f. = 4) shows significant differences between continuous and 
rotational grazing at the 5% level of probability. 
4ignificant at 1% level of probability. 
YSignificant at 0. I% level of probability. 
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Table 3: Conversion ratio and average daily gain per animal under contin- 
uous and rotational grazing. 

Conversion ratio Average daily gain 
(kg of forage per kg of beef) (kg per day) 

Continuous Rotational Continuous Rotational 

1975 9.6 8.5 n.s.2 1.36 1.23 n.s. 
1976 13.8 7.9 n.s. 0.73 1.18’** 
1977 8.5 8.7 n.s. 0.86 1.131** 
1978 8.6 10.3 n.s. 0.68 0.82’* 

1Unpaired t test shows significant differences between continuous and rotational 
grazing at 5% (*) and 1% (**) levels of probability. 
Ln.s. = not significant 

were grazing rotationally, were moved. The clipped material col- 
lected from inside the cage during June of each year (1975, 1976, 
1977, and 1978) and in September 1975 was sorted by species, 
dried, and weighed (Table 3). Fertilizer was not applied during the 
time period reported here. To evaluate weight gains all animals 
were weighed at the beginning of the season and at the time of each 
rotational move. The animals were held in an enclosure without 
food or water for 12 hours before weighing. Their weights varied 
from 300 to 410 kg. The animals remained in one of the rotational 
fields for 7-10 days and it was possible to complete about two and a 
half rotations each summer. During the summer of 1978 the scope 
of the experiment was extended to study herbage quality. In vitro 
dry matter digestibility was determined in the way described by 
Tilley and Terry (1963) on samples obtained from steers with 
esophageal fistulae. Two fistulated animals were placed in each 
replication for a 5-day period in the months of June, July and 
August. At these times the activities of the animals (grazing rumi- 
nating, walking, standing, and bedding) were recorded for a 24- 
hour period each day. Samples from the fistulated steers were oven 
dried and ground. Rumen inoculum was obtained obtained from a 
rumen-fistulated steer fed on brome-alfalfa hay for 8 days prior to 
sampling. 

The percentages of crude protein and phosphorus were deter- 
mined by placing material collected from the steers with esopha- 
geal fistulae in a Coleman 29A nitrogen analyzer and a Technichon 
autoanalyzer II, respectively. A lo-gm sample of the same material 
was ashed, mixed with normal hydrochloric acid and analyzed by 
tomic absorption spectrophometry (Pye Unicam 2900) to deter- 
mine the calcium, magnesium and copper concentrations. The data 
were analyzed using the t-test method for unpaired values set out 
by “Student” (1908). 

Results and Discussion 

Production 
Under the two grazing management systems studied, neither the 

amout of forage consumed nor the cattle weight gains obtained 
(Table 2) showed significant differences during the first 2 years. In 
1977 and in 1978 the forage consumed under rotational grazing 
was double that consumed where continuous grazing was prac- 
ticed. Animal weight gains showed the same trend, rotational 
grazing giving values double that from continuous grazing in 1977 
and nearly double in 1978. When these same data were studied as 
cumulative results increasing at each time of weighing, the differen- 
ces between the forage consumed under continous and rotational 
grazing in 1977 and 1978 were significant at the 1% and 0.1% levels 
of probability, respectively. For the animal weight gain data, the 
differences between the two treatments were significant at the 1% 
level in 1976 and at the 0.1% level in 1977 (Fig. 1) and 1978. 

Frequently, steer weights gains per hectare are achieved at the 
expense of reductions in average daily gains per animal. In this 
experiment, with the exception of the first year, the average daily 
gain per animal was higher for rotational than continuous grazing 
(Table 3). The forage conversion ratio differed little between the 
treatments so that improved beef production was associated with 
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Fig. 1. Continuous versus rotational grazing, Kinsella, 1977. T tests show 
all differences to be significant at 0.1% level after day 28. 

higher forage production. 
The first study of the species composition of the sward was made 

in June 1975, shortly after grazing started. There were no signifi- 
cant differences between the weights of alfalfa, bromegrass, or 
creeping red fescue in the plots which had been allocated to rota- 
tional and to continuous grazing, respectively. The species propor- 
tion by weight was 23.0% alfalfa, 52.3% bromegrass, and 24.7% 
creeping red fescue. By September 1975 the amount of material 
clipped from the sample area for all three species showed signifi- 
cant weight differences between treatments (Table 4). Under rota- 
tional grazing the proportion of alfalfa in the sward was 32% in 
1976 and subsequently increased to 47% in both 1977 and 1978. 
While this is a much higher proportion of alfalfa than is normally 
recommended, there was no evidence of bloat. Conclusions should 
be drawn from this only with caution since the ranch is normally 
relatively bloat free. Bromegrass, in the same treatment, declined 
to 45% by June 1976, to 41% by June 1977, and reached 31% in 
June 1978. For continuous grazing the proportion of creeping red 
fescue had increased to 41% by 1978, which is not surprising since 
this species is of low stature with a substantial proportion of the 
plant below the bit level (Table 4). The most striking difference was 
in the magnitude of total forage production under the two manage- 
ment systems. 

Forage Quality 
As might be expected, the changes in species composition (Table 

4) were reflected in herbage constituents and digestibility of the 
sward as determined in 1978 (Table 5). In vitro dry matter digesti- 

Table 4: Mean species yields from samples in 10 cages for continuous and 
rotationally grazed areas, grams per sample. 

Mean Dlant Droduction 

Grazing Alfalfa 
Creeping 

Bromegrass red fescue 

September 1975 Continuous 2.0 
Rotational 19.8’*** 

June 1976 Continuous 
Rotational 

7.1 
21.21*** 

June 1977 Continuous 6.5 
Rotational 30.72*** 

June 1978 Continuous 
Rotational 

6.8 
33.8’*** 

8.6 
15.91*** 

21.7 
30.01* 

10.1 
22.6’*** 

14.5 
d 14.8 n.s.2 

11.4 6.5 
26.7’*** 7.8 n.s. 

12.4 13.5 
22.3’** 15.9 n.s. 

‘Unpaired t test shows significant differences between continous and rotational graz- 
ing at 5% (*), 1% (**) and 0.1% (***) levels of probability. 
+.s. = not significant 

JOURNAL OF RANGE MANAGEMENT 34(l), January 1981 



Table 5: Seasonal mean values for herbage constituents and digestibility Table 7: Additional costs of fencing and water supply for rotational graz- 
under continuous and rotational grazing (Kinsella 1978). ing compared to continuous grazing for a 20-ha field in 1977. 

Grazing svstem 

Continous Rotational 

Calcium (%) 
Magnesium (%) 
Copper (ppm) 
Phosphorus (%) 
Crude protein (%) 
In vitro digestibility o/o 

0.70 1.69’*** 
0.07 0 I l’*** 
4.95 5:98* 
0.3 1 0.29 n.s. 
11.4 15.31** 
58.1 66.4’** 

If test significance level:-*** = 0.1%; ** = 1.0%; * = 5% 

bilities decreased successively in June, July, and August for both 
continuous and rotational grazing. This decrease was more 
marked for continuous grazing (66.6 to 53.7%) than for rotational 
(79.7 to 61.3%). Throughout the season crude protein values were 
higher for the herbage in the rotationally grazed area than in that 
which was grazed continuously. This difference increased as the 
grazing season progressed, being 1.7% in June, 5.5% in July, and 
8.5% in August. 

The levels of calcium, magnesium, and copper were significantly 
lower in the herbage from the area grazed continuously than in that 
which was grazed rotationally (Table 5). There were no significant 
differences between the levels of phosphorus found in the two 
treatments. The higher calcium level found under rotational graz- 
ing was associated with a higher proportion of alfalfa than under 
continuous grazing (Table 4). The magnesium level was low for 
both treatments. Hypomagnesamia has been known to occur at 
levels below 0.2 per cent. For copper, levels of 4-5 ppm are consi- 
dered marginal, so that the figures in Table 5 are low. Again, higher 
levels are usually found in legumes rather than in grasses (Ammer- 
man 1970 and Suttle 1976), thus explaining the significantly higher 
proportion of copper found under rotational grazing. 

Animal Behaviour 
There were no significant differences between the time which the 

animals spent ruminating under the two grazing systems (Table 6). 
The hours spent grazing were substantially greater under continu- 
ous rather than under rotational grazing. This difference increased 
as the season progressed; the animals under continuous grazing 
spending 0.8, 1.5, and 1.8 hours longer grazing in June, July, and 
August, respectively, than did the rotationally grazed animals. A 
linear relationship between increased grazing time and decreased 
forage availability has been reported for both sheep (Arnold 1960) 
and cattle (Lofgreen et al. 1957). The increased grazing time found 
for continuous grazing no doubt accounts in part at least for the 
lower animal weight gains obtained from that treatment. Osuji 
(1975) estimated that sheep expended 0.54 K. cal for each grazing 
hour for every kilogram of body weight. Graham (1964) reported a 
higher value 0.43 K. ca./ hour/ kg of body weight. The extra time 
spent grazing by the animals on the continuously grazed area could 
represent a significant expenditure of energy. 

Rotational grazing, when compared with the standard continu- 
ous grazing method widely practiced in Alberta, had a marked 

Table 6: Animal behaviour (mean annual hr/day and standard error) 
under continuous and rotational grazing (Kinsella 1978). 

Grazing system 

Animal behavior 

Grazing Ruminating 

Continuous 
Rotational 
f test significance 

10.3 f 0.70 5.4 f 0.57 
7.9 f 0.61 6.1 f 0.59 

1% n.s. 

(a) Materials only 
Fencing 
Water supply 
Total 

Cost per ha 
($) 

32 
35 

$67 

(b) Materials and labour 
Fencing 65 
Water supply 70 
Total $135 

effect on sward composition and productivity. By the third and 
fourth years, forage consumption from rotationally grazed areas 
was double that from continuous grazing. The forage from the 
rotationally grazed fields contained more crude protein, calcium, 
magnesium, and copper, and was also more digestible than that 
found where continuous grazing was practiced. This, combined 
with the animals’ shorter daily grazing period, resulted in the live 
weight gains obtained from rotational grazing being double those 
under continuous grazing. At existing beef prices in western Can- 
ada, the additional cost of fencing and providing water for 
livestock (between $67-$135/ha, Table 7) which rotational grazing 
required in this experiment, was recovered by the end of the second 
year. Further, a rotationally grazed pasture might be expected to 
be more productive of green material which was more digestible, 
contained a higher proportion of alfalfa and gave substantially 
higher animal weight gains than a continuously grazed field. In 
general, areas with lower productivity levels have been managed 
using extensive rather than intensive methods. This trial shows that 
even under short seasons, low rainfalls, and poor soil conditions 
the additional cost of rotational grazing and a higher level of 
management required will give an economic return. 
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Japanese Brome Response to Atrazine in Com- 
bination with Nitrogen Fertilizer in the Mixed 
Prairie 

D.B. HEWLETT, J.R. JOHNSON, R.I. BUTTERFIELD, AND 
V.K. MOSLEY 

Abstract 

Atrazine was used to control Japanese brome in conjunction 
with nitrogen fertilization to determine if herbage production 
could be increased more than by fertilization alone. Atrazine treat- 
ments included a single application, application in alternate years, 
and application for two or three consecutive years. Atrazine did 
not significantly increase production more than fertilizer alone and 
caused some decreases in western wheatgrass production at low 
rates of N in one year at one location. Unless atrazine was applied 
in two or more years, Japanese brome was a prevalent the second 
growing season after application as where it had never been con- 
trolled. Application of atrazine in consecutive years increased 
shortgrass production at one location. 

Japanese brome (Bromus japonicus) is an introduced annual 
from Eurasia. A winter annual, it is similar to downy brome (II. 
tectorum) but becomes more abundant than downy brome as soil 
moisture supplies increase (Hulbert 1955). Both species occur in 
South Dakota, but Japanese brome is more abundant on range- 
land. Japanese brome is a newcomer to parts of South Dakota. In 
western South Dakota, Lewis et al. (1975) observed Japanese 
brome in one small area of their research pastures in 195 1. By 1955 
the invading grass was a major component of this rangeland. Since 
then the abundance of Japanese brome has been highly variable, 
depending on favorable fall moisture. 

Atrazine [2-chloro-4-(ethylamino)-6-(isopropylamino)+ 
trazine] has been demonstrated to be effective in controlling 
annual bromes (Arnold and O’Neal 1972; Morrow et al. 1977). 
Nitrogen (N) fertilization is widely known to increase the produc- 
tion of cool-season species. Several studies have combined applica- 
tion of atrazine with N fertilization on rangeland for various 
reasons. Houston and van der Sluijs (1973; 1975) have shown that 
atrazine and nitrogen stimulated protein production on shortgrass 
ranges. Hyder et al. (1976) investigated the drought resistance of 
blue grama (Bouteloua gracilis) as affected by atrazine and nitro- 
gen fertilizer. Nitrogen fertilization plus atrazine used to control 
downy brome invasion increased the 4-year average yields of Gree- 
nar intermediate wheatgrass (Agropyron intermedium) 100% over 
fertilization alone (Kay 1971). 

It was felt that control of Japanese brome in conjunction with N 
fertilization might result in increases in yields of western wheat- 
grass (A. smithii). The objectives of this experiment were: (1) to 
determine if western wheatgrass production could be increased by 
controlling Japanese brome with atrazine; (2) to determine if atra- 
zine control of Japanese brome in combinatron with nitrogen 
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Fig. 1. Actual (bars) and long-term (solid lines) monthly precipitation 
(mm) at the study sites. 

fertilizaton would increase herbage production more than fertiliza- 
tion alone; and (3) to determine the effects of repeated applications 
of atrazine on other components of the vegetation. 

Study Area and Methods 

This study was conducted on two Clayey range sites (U.S.D.A. 
1977) in western South Dakota. Site A, located near Rapid City, 
was in excellent range condition in 1973 and Site B near Cotton- 
wood was in good range condition, following procedures of Dyk- 
sterhuis (1949). Major species of the study sites were western 
wheatgrass, blue grama, and buffalograss (Buchloe dactyloides). 
Forbs were a very minor component, contributing less than 5 
percent of the total production. Both sites had approximately 
equal proportions of western wheatgrass and shortgrass (blue 
grama and buffalograss), while Site B had a much higher propor- 
tion of Japanese brome, which accounted for the lower range 
condition. Figure 1 shows monthly and yearly (September through 
August) precipitation for weather stations located 1.2 km north- 
west of Site A and 4.2 km southeast of Site B. Long-term normal 
precipitation is 435 mm ( 17.12 in) for Site A and 408 mm ( 16.06 in) 
for Site B, with the major portion falling as rain during spring and 
early summer. 

A split-plot design was used with two replications.’ Herbicide 
treatments were assigned to whole plots and fertility treatment to 
subplots. Atrazine was applied prior to the 1973, 1974, and 1975 
growing seasons. Atrazine treatments resulting after 3 years were: 

1) Control, no atrazine applied. 
2) Atrazine applied in only one year (1973). 

‘The study was originally designed with four replications. However, after initiation it 
was decided to reapply herbicide. Two replications were eliminated to allow enough 
space for the additional herbicide splits, each containing the same fertility treatments. 
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Table 1. Interaction means for 1974 western wheatgrass dry matter production (kg/ha) at site A.1 

Nitrogen rate (kg/ ha) 

Atrazine treatment 0 33 66 132 264 33AF2 33AS 

Control 317c3 969a 944a 907a 1077a 446bc 821ab 
1973 560ab 382ab 284b 712ab 805a 496ab 436ab 
1973, 1974 51lb 505b 344b 675ab 1041a 572b 445b 
Mean 462~ 619bc 524bc 764ab 974a 504c 575bc 

Mean 

783 
529 
585 

LSD.10 = 41g4 

‘The atrazine-nitrogen treatment interaction was significant at the 10% level. 
2AF and AS designate annual fall and spring application, respectively. 
‘Numbers in the same row followed by the same letter do not differ significantly at the 5% level by Duncan’s multiple range test. 
4For atrazine treatments within a single rate of nitrogen (column). 

3) Atrazine applied in two consecutive years (1973, 1974). 
4) Atrazine applied in alternate years (1973, 1975). 
5) Atrazine applied in three consecutive years (1973, 1974, 

1975). 
Years, as discussed here, refer to growing seasons in which the 
herbage was sampled, rather than the time of herbicide applica- 
tion. Atrazine, at the rate of 1.1 kg/ ha (1 lb/acre) in water with 
crop oil, was applied with a ground sprayer in the fall prior to the 
growing season, except for 1975 when circumstances dictated a 
spring application. 

Subplots in each of the atrazine treatments received one applica- 
tion of ammonium nitrate in the fall of 1972. Rates were 0, 33,66, 
132, and 264 kg N/ha (0, 30, 60, 120, and 240 lb N/acre). In 
addition, 33 kg N/ha were applied annually each spring and fall as 
two separate treatments for a total of seven fertility treatments 
within each herbicide treatment. 

Each year a 61 cm X 146 cm (2’X 4.8’) plot was clipped to ground 
level, sorted, and oven dried to determine herbage production for 
each treatment. Species categories were western wheatgrass, Japa- 
nese brome, short grasses (blue grama, buffalograss), forbs, and 
other (perennial grasses and sedges). A standard analysis of var- 
iance for a split-plot design (Steele and Torrie 1960) was performed 
for species components within each year, with the exception of the 
category designated as “other.” 

Results and Discussion 

Nitrogen fertilization of rangeland in western South Dakota to 
increase cool-season perennial grasses has often produced dra- 
matic increases in Japanese brome. Removal with atrazine of 

annual brome competition in conjunction with N fertilization was 
expected to result in an increased response of western wheatgrass 
to the N. This type of interaction was not observed. An interaction 
was detected for western wheatgrass at Site A in 1974 (Table 1). In 
this instance, both the single application of atrazine in 1973 and 
two consecutive years of atrazine (1973, 1974) decreased 1974 
western wheatgrass production at the lower levels of N (33,66 
kg/ ha), but not for the other N treatments. The use of atrazine to 
control Japanese brome did not increase the response of western 
wheatgrass production to N but actually caused decreases, which 
were overcome by higher rates of N. Other researchers (Houston 
1977; Houston and van der Sluijs 1975; Morrow et al. 1977) have 
also reported that atrazine was detrimental to cool-season grasses. 
A significant atrazine X N interaction was also observed for Japa- 
nese brome. This resulted because Japanese brome generally 
responded to N where the species was not controlled but could not 
respond where it had been removed by atrazine. Because these were 
the only significant interactions, the differences discussed in the 
rest of this paper refer to overall means for either atrazine or 
fertility treatments, except for Japanese brome responses to N. 

Atrazine decreased the production of Japanese brome during 
the growing season following application (Table 2). However, in 
1974 and 1975 where atrazine was not reapplied the second or third 
year, Japanese brome production increased to the level of the 
control (Fig. 2). In 1975, the plots receiving two consecutive appli- 
cations of atrazine (1973, 1974) but no atrazine in 1975, had 
significantly less Japanese brome than the control and nor more 
than those plots treated for three consecutive years (1973, 1974, 
1975). 

Table 2. 1973-75 dry matter production (kg/ha) by species at two study sites for 5 atrazine treatments over all fertility levels. 

Growing season for which atrazine was applied 

Species 

Western wheatgrass 

Japanese brome 

Year Control 1973 

1973 1318a2 1074a 
1974 783a 529a 
1975 1968a 1754a 

1973 148a 16a 
1974 317a 417a 
1975 317b 579a 

Site A 
1973,74 1973,75 1973,74,75Control 1973 

855a 825a 
585a 513a 440a 

2346a 1927a 1678a 1336a 718a 

718a Ob 
lob 949a 972a 
34c 220bc 5c 262a 339a 

Site B 
1973,74 1973,75 1973,74,75 

747a 
718a 690a 627a 

<lb 
lob 25b <lb 

Shortgrasses 1973 263a 512a 
1974 128b 195b 
1975 303c 295~ 

455a 
568ab 405bc 

300b 678a 
149a 488a 670a 

751a 361a 867a 1225a 1088a 1124a 

Total’ 
1973 2048a 1756a 
1974 1297a 1183ab 
1975 2797a 2747a 

1087b 
3052a 2717a 

1903a 1528a 
1613a 1914a 

2621a 2050a 1996a 
1454a 
2019a 1836a 1844a 

Total 1973 1900a 1741a 1105a 1529a 
minus 1974 982a 766a 1074a 644b 932ab 1428a 
Japanese brome 1975 2440a 2161a 3018a 2488a 2705a 1751a 1624a 1969a 1800a 1805a 
‘May include a minor amount of other perennial grasses, forbs and sedges in addition to components listed. 
*Means in the same row for a particular site and species followed by the same letter do not differ significantly at the 5% level by Duncan’s multiple range test. 
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Table 3. 1973-75 dry matter production (kg/ha) by species at two study sites for 7 rates of nitrogen’. 

Rates of nitrogen (kg/ ha) 

Site A Site B 

Species Year 0 33 66 132 264 33AF3 33AS3 0 33 66 132 264 33AF3 33AS 

Western 1973 757b5 901b 1084b 1565ab 2187a 1007b 868b 535a 871a 759a 894a 1217a 714a 888a 
wheatgrass 1974 462~ 619bc 524bc 764ab 974a 504c 575bc 351~ 388bc 447bc 881a 665abc 678ab 555bc 

19754 991d 2536ab 2894a 1927bc 136Ocd 436b 939a 960a 1048a 707ab 

Japanese bromc 1973 86b 74b 119ab 361a 270ab 59b 54b 692abc 372~ 639bc 971ab 1243a 770abc 279~ 
1974 15Oc 128~ 171c 252~ 492b 721a 273~ 686bc 485~ 750bc 1005ab 1370a 1293a 966abc 
19754 188b 72b 216b 899a 192b 99c 155bc 592a 182bc 268b 

Shortgrasses 1973 409a 546a 281a 535a 235a 543a 168a 300a 360a 535a 582a 518a 354a 497a 
1974 267a 209a 261a 232a 116a 445a 288a 365a 519a 516a 286a 488a 271a 604a 
19754 595ab 382bc 264c 622a 459abc 91 la 854a 883a 934a 1083a 

1973 1426b 1533b 1619b 3038a 2791a 1692b 1217b 1194~ 1438~ 1620bc 2010ab 2420a 1514bc 1533ab 
Total2 1974 934c 1094abc 1052bc 1255ab 1414a 1354ab 1222abc 1117d 1407cd 1522bc 1886a 2065a 1791ab 1833ab 

19754 1718~ 3276ab 3547a 2933ab 2462bc 1460b 1998a 2125a 2169a 1995a 

Total minus 1973 1381b 1495b 1558b 2856a 2648a 1657b 1149b 843b 1247ab 1296ab 1519ab 1790a 1123ab 1403ab 
1974 791a 893a 826a 1042a 1120a 962a 945a 718b 911ab 967ab 1169a 1171a 959ab 1161a 

Japanese brome se 19754 1968~ 3103a 3316a 2642ab 2051bc 1395b 1832a .1876a 2041a 1806a 

‘Means presented here are over all atrazine treatments except for Japanese brome, where atrazine treatments were excluded from the means. 
*May include a minor amount of other perennial grasses and sedges in addition to components listed. 
3AF and AS designate annual fall and spring applications, respectively. 
4The one time applications of 33 and 66 kg/ ha N were not harvested in 1975. 
SMeans in the same row for a particular site and species followed by the same letter do not differ significantly at the 5% level by Duncan’s multiple range test. 

By 1975 shortgrass production appeared to have been favored by 
atrazine application. Specifically, production was increased at Site 
A after two and three consecutive years of application. At Site B, 
shortgrasses tended to increase for all atrazine treatments. Hyder 
et al. (1976) found that atrazine “protected” blue grama from 
drought, presumably from cumulative effects of weed control 
and/ or reduced transpiration, especially when nitrogen fertilizer 
caused increased drought severity in a shortgrass prairie. In our 
situation, western wheatgrass is the primary forage species and an 
increase in shortgrasses will actually decrease range condition. 

Forbs were not affected by the atrazine treatments at either 
study site and are a minor component of this range site. 

Total herbage production was not significantly affected by atra- 
zine except for a decrease in 1974 at Site A following two consecu- 
tive years of atrazine treatment. Reduction of Japanese brome by 
the herbicide treatment would decrease total herbage production 
unless some other forage component increases. If a herbage com- 
ponent increases and offsets the loss of Japanese brome, the 
increase would not be reflected in an analysis of total herbage 
herbage production. For this reason, we also examined “total 
production minus Japanese brome”as a measure of the response of 
perennial herbage. This category only increased significantly in 
1974 from atrazine applied in 1973 and 1974 at Site B. Japanese 
brome comprised 60% of the vegetation of the control in 1974 at 
Site B. This was the highest proportion of Japanese brome during 
the study period. Apparently, Japanese brome was not competing 
significantly with perennial forage species except at the high level 
of infestation at Site B in 1974. An alternative explanation may be 
that the herbicide in some way negated positive effects from the 
removal of Japanese brome at all except the highest level of infesta- 
tion. Lower rates of atrazine (5 lb/acre) have been used to control 
annual bromes (Morrow et al. 1977) and may be less damaging to 
cool-season grasses than the higher rate used in this study. 

Cool-season grasses are known to respond to N fertilization. In 
this study, higher rates of N generally increased production of 
western wheatgrass the most and had the longest carryover 
response (Table 3). The one-time application of 33 and 66 N/ha 
produced no significant differences in western wheatgrass during 
the first two years and thus was not sampled in 1975. In 1975, the 
two highest rates of N were still showing a significant carryover 
response. The annual fall application of 33 kg N/ha was also higher 
than the control. 

24 

Fig. 2. Study Site Bin 1974 showing high level of Japanese brome infesta- 
tion on left and nearly complete absence on right. Atrazine was applied to 
both plots prior to the 1973 growing season, with reapplication on the 
right prior to 1974. On the left, Japanese brome production in 1974 
equalled amounts from the untreated areas. 

Japanese brome responded to N fertilization in all years. Higher 
rates generally gave largest responses. Carryover response to the 
highest rates of N was significant in 1975 at Site B but not at Site A. 
Responses to the annual spring and fall applications were incon- 
sistent and could not be explained by precipitation patterns (Fig. 
1). 

The only significant response of shortgrasses to N fertilization 
was a decrease at high rates of N at Site A in 1975. Forbs demon- 
strated a significant increase in 1973 at Site A from 132 kg N/ha, 
but in general no response was noted. 

Total herbage production and “total minus Japanese brome” 
generally increased with higher rates of fertilizer. Carryover at the 
highest rates was still evident in 1975. 

Conclusions 

The use of atrazine to control Japanse brome did not benefit the 
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major forage species, western wheatgrass. Nitrogen fertilizer alone 
increased western wheatgrass production as much as nitrogen in 
combination with atrazine. Unless atrazine was applied in two 
consecutive years, Japanese brome was as abundant the year after 
treatment as where it had not been controlled. Atrazine increased 
the production of shortgrasses at one study site with a similar trend 
at the second site. This shift in composition represents a decrease in 
range condition on a Clayey range site. Thus, results of this study 
did not show consistent benefits to atrazine use. However, there 
may be other indirect benefits from controlling Japanese brome, 
such as increased forage quality (perennials vs. annuals) or better 
livestock distribution (reduced area avoidance). These benefits 
would have to be substantial in order to make the use of atrazine 
economically justifiable in our situation. 
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Vegetation Development over 25 Years with- 
out Grazing on Sagebrush-dominated Range- 
land in Southeastern Idaho 
JAY E. ANDERSON AND KARL E. HOLTE 

Abstract 

Data from permanent vegetation transects, established on the 
Idaho National Engineering Laboratory Site in 1950, were ana- 
lyzed to determine what changes had taken place in the vegetation 
complex over the past 25 years in the absence of grazing by 
domestic livestock. Cover of shrubs and perennial grasses has 
nearly doubled. Shrub cover in 1975 was 154% greater than in 
1950; this change was almost entirely due to increases in cover of 
big sagebrush between 1957 and 1965. Cover of perennial grasses 
increased exponentially over the 25-year period, from 0.28% in 
1950 to 5.8% in 1975. This was paralleled by significant increases in 
density and distribution of the four most important grasses on the 
study area. The 20-fold increase in perennial grass cover has not 
been at the expense of the shrub overstory. There was no obvious 
correlation between trends for perennial grass cover and precipita- 
tion patterns. Rather, the exponential growth is believed to reflect 
the availability of seeds as formerly depleted populations increase 
in size. No evidence of seral replacement, as predicted by classical 
succession, was found. The data seem more consistent with the 
“initial f’loristics/relative stability” concepts of vegetation 
development. 

A widely held generalization about recovery of overgrazed 
rangelands following protection from grazing is that provided by 
classical successional theory: Vegetation development will be 
directional and predictable, leading to the re-establishment of a 
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climax community (Stoddart et al. 1975; Heady 1975). If such a 
view is valid, then it becomes imperative that range scientists and 
managers know (a) the expected direction and how individual 
species will respond, (b) the expected time required for recovery, 
and (c) the nature of the climax community. If, on the other hand, 
the classical view is not valid, it is imperative that range scientists 
and managers seek appropriate alternative models and understand 
their implications for management and the interpretation of results 
of experiments as well as managerial decisions. 

Past studies of vegetal dynamics on exclosures or other pro- 
tected areas do not provide a clear choice regarding the validity of 
the classical model. McClean and Tisdale (1972) estimated that 
from 20 to 40 years were required for rough fescue and ponderosa 
pine ranges to recover to excellent condition under full rest. The 
developmental trends were generally similar across three sites in 
each range type, and the authors were able to generalize about the 
individual responses of a number of shrub, forb, and grass species. 
Thus, the trends appeared to be both directional and predictable. 
In contrast, Rice and Westoby (1978) found that vegetal changes 
on protected areas in semidesert shrub vegetation of northern Utah 
were neither consistent across sites nor predictable, and they con- 
cluded that the classical concept of range succession was not useful 
in interpreting the results of excluding grazers from those ranges. 
Similar results were reported for Texas ranges by Smeins et al. 
(1976), who found that vegetation change over 25 years had been 
primarily an adjustment in relative dominance of species rather 
than species replacement. They concluded that woody species, 
once established, tend to increase to a point of stabilization under 
complete protection, and they stated, “It seems probable that after 
each round of disturbance, natural or manmade, community 
development tends toward a relatively stable community, but fidel- 
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ity of reestablishment of the same community composition on the 
same site after each disturbance is suggested to be relatively low.” 
This is essentially a restatement of the initial floristics/relative 
stability hypothesis of vegetation development (Egler 1954; Nier- 
ing and Goodwin 1974), which has found recent support among 
studies from a variety of ecosystems (Henry and Swan 1974; Nier- 
ing and Goodwin 1974; Lyon and Stickney 1976). 

In 1950 and 1957,2,3 15 km2 of semiarid, cold desert rangelands 
were purchased or withdrawn from the public domain to form the 
National Reactor Testing Station, which was later designated the 
Idaho National Engineering Laboratory (INEL) Site. In 1975, the 
site became a National Environmental Research Park and is pres- 
ently administered by the U.S. Department of Energy. Vegetation 
studies were initiated on the Site in 1950 with the establishment of 
99 permanent sample plots along two perpendicular transects. The 
original vegetation survey was established to determine what types 
of vegetation occurred on the Site and to provide baseline data for 
later assessment of the effects of nuclear reactor testing. Although 
there have been no detectable effects of radioactivity on the vegeta- 
tion (Harniss and West 1973a), the transects have been maintained 
for ecological studies. Transect data were collected in 1950, 1957, 
and 1965, and trends in vegetation development through 1965 have 
been described by Harniss (1968) and Harniss and West (1973a, b). 
The present study was initiated in 1975, at which time the transect 
data were collected for a fourth time. The purposes of the study 
were to determine what changes had taken place in the vegetation 
complex over the past 25 years and to compare the trends for the 
1965-1975 decade with those prior to 1965. Although the study 
does not provide a rigorous test of the validity of the classical 
successional model, the results raise further questions of its appli- 
ability and suggest that alternative models may be more useful for 
interpreting the results of such studies. 

Study Area 

The INEL Site lies along the western edge of the Upper Snake 
River Plain near the southeastern foothills of the Lost River and 
Lemhi mountain ranges. The climate is strongly influenced by the 
mountain ranges to the west. Average annual precipitation for the 
1950-1978 period was 21 cm. Precipitation tends to be relatively 
uniform throughout the year except for a strong peak early in the 
growing season and a low during July (Fig. 1). On the average, 40% 
of the annual precipitation falls during April, May, and June. 
Mean annual temperature is about 5.5”C. Winters are cold with 
snowcover persisting from December through March; summers 
are hot, and temperatures may reach over 38°C. The frost free 
period averages 9 1 days; a minimum of 68 days and a maximum of 
123 days have been recorded. Average elevation of the study area is 
about 1,490 m. 

I,, I I I I, II 
JFMAMJJASOND 

MONTHS 

Fig. 1. Annual precipitation pattern for the Idaho National Engineering 
Laboratory Site. Points represent averages for the period, 1950-1978. 
Vertical bars are 95% confidence intervals. 

The topography of the study area is flat to gently rolling, with 
occasional lava outcrops. Although the area is underlain by some 
1,500 m of basalt, most INEL Site soil is derived from older silicic 
volcanics and paleozoic rocks from the surrounding mountains 
and buttes (McBride et al. 1978). Soils of the study area are 
primarily aeolian sandy loams and loess, but some alluvial deposits 
which are gravelly on the surface and underlain by a sandy loam 
occur along the Big Lost River (McBride et al. 1978). These soils 
would all be classified as Aridisols (USDA 1960). 

The dominant and most conspicuous plant on the INEL Site is 
big sagebrush (Artemisia tridentata Nutt.). Most of the big sage- 
brush on the Site is A. tridentata subspecies wyomingensis (Win- 
ward and Tisdale 1977), but scattered populations which key 
(Winward and Tisdale 1977) to A. tridentata subspecies tridentata 
occur on deeper soils. Other conspicuous shrubs include green 
rabbitbrush (Chrysothamnus viscidiflorus (Hook.) Nutt.), prickly 
phlox (Leptodactylon pungens (Torr.) Nutt), and snakeweed 
(Gutierrezia sarothrae (Pursh) Britt. & Rusby.). The most impor- 
tant grasses are bottlebrush squirreltail (Sitanion hystrix (Nutt.) 
J.G. Smith), thick-spiked wheatgrass (Agropyron dusytachyum 
(Hook.) Scribn.), I n ian ricegrass (Oryzopsis hymenoides (R. & d 
S.) Ricker) and needle-and-thread grass (Stipa corn&a Trin. & 
Rupr.). Communities dominated by shadscale (AtripZex conferti- 

folia (Torr. & Frem.) Wats.) or winterfat (Ceratoides lanata 
(Pursh) J.T. Howell) occur in depressions and open areas where 
soil is more alkaline. The most important grasses in these commun- 
ities are bottlebrush squirreltail and Great Basin wildrye (Elymus 
cinereus Scribn. and Merrill.). 

The early grazing history of the Site was not well documented, 
but some generalizations are possible. Much of the upper Snake 
River Plain has been grazed by sheep and cattle since the late 1800’s 
(Harniss 1968). The area was used extensively for spring/fall sheep 
grazing. In addition, the Site was crossed by a trail used for large 
herds of cattle moving to eastern markets during the late 1870’s 
(USAEC 1966). Harniss and West (1973a) concluded that competi- 
tion for forage resulted in severe overgrazing prior to 1950. During 
World War II, 700 km2 was closed to grazing for use as a Navy 
gunnery range. In 1950, grazing was excluded from 445 km2 of the 
southcentral portion of the Site, and in 1957 an additional 240 km2 
were closed to livestock use (Harniss and West 1973a). 

Methods 

Collection of data followed the procedures established by D.L. 
Goodwin in 1950, as described by Harniss (1968), with minor 
modifications. Details of the overall sampling design and tech- 
niques can be found in Anderson et al. (1978). Permanently 
marked sample plots were established in 1950 at 1.6 km intervals 
along two perpendicular lines that transect the Site from north 
south and from east to west. Each plot consists of two 15.24-m 
transect lines and 20 density/frequency quadrats (0.3 X 1 m). 
Density and frequency of all perennial species were recorded in 
each of the 20 quadrats. Cover was determined by measuring the 
length of a tape intercepted by the crown of shrub species and the 
basal area of perennial grasses. No cover measurements were made 
for other species. In this study, cover is expressed as a percentage of 
the total transect length for a plot or sample of plots. Data were 
collected in 1950, 1957, 1965, and 1975. Because above-average 
precipitation was received during the 1975 growing season, data 
for the plots included in the present study were collected again in 
1978 in an effort to determine the extent to which trends indicated 
by the 1975 data might be attributable to favorable growing 
conditions. 

The original sampling design placed definite limits on the ana- 
lyses that could be made. Density and frequency data were col- 
lected for all perennial species; however, these statistics alone are of 
limited value for assessing importance of the various species in the 
community, especially when different life forms are included in the 
analysis (Mueller-Dombois and Ellenberg 1974). Cover is thought 
to provide a more meaningful measure of the ecological signifi- 
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cance of a species (Daubenmire 1968). Unfortunately, cover data sagebrush. Perennial grass cover amounted to only 0.28%; cover 
were available only for shrubs and perennial grasses. We therefore byshrub species was 17.2% with big sagebrush contributing 89% of 
chose to limit the analyses to these plants. They are by far the most that total (Fig. 2). Total cover of shrubs and perennial grasses was 
abundant and important plants on the study area, and it seems only 17.5%. These data indicate that the range was in fact in a 
unlikely that inclusion of perennial forbs would significantly alter deteriorated condition at the time grazing was excluded from the 
the interpretation or conclusions. area. By 1975, total cover of shrubs and perennial grasses had 

For statistical analysis, it was necessary to assume that the 
original sampling design would provide random, representative 
samples of the vegetation. Because the original transect plots were 
established systematically, vegetation would have to be randomly 
distributed for such an assumption to be valid for the entire area. 
Clearly, this is not the case; distinct plant communities have been 
recognized by earlier investigators (Harniss 1968; Harniss and 
West 1973a; McBridge et al. 1978). However, it did seem reasona- 
ble to assume that the sample plots were established without bias 
and that data from plots within a vegetation type having a similar 
history were random samples of a relatively homogeneous plant 
community in which individuals were randomly distributed. Har- 
niss and West (1973a) concluded that a large central portion of the 
Site was potentially a big sagebrush/ bottlebrush squirreltail 
climax. We chose plots on the basis of overall floristic similarity 
from this and adjacent areas to form a sample of 36 plots, which 
provided a relatively large sample for the statistical analyses. Most 
of the plots fell within the areas designated as the Artemisia triden- 
tata/ Chrysothamnus viscidiflorus/Sitanion hystrix type or the 
Artemisia tridentatal Oryzopsis hymenoidesl Stipa comata type by 
McBride et al. (1978). Seven of the 36 plots were within the area 
that remained open to grazing between 1950 and 1957. The other 
plots were all within the area which has not been grazed by domes- 
tic livestock since 1950. 

nearly doubled; shrub cover was 154Y0 of the 1950 value, and grass 
cover had increased to about 20 times its original value. 

Between 1950 and 1957, there was no significant change in shrub 
cover, but between 1957 and 1965, a 42% increase in the cover of 
big sagebrush was observed (Fig. 2). Cover of green rabbitbrush 
also appeared to increase during that period, but the difference was 
not statistically significant. The plot-to-plot and year-to-year var- 
iances in cover values for green rabbitbrush were much higher than 
for big sagebrush, and it is possible that actual trends for the 
former species were masked by the large error terms. For example, 
the coefficient of variation for big sagebrush across the 36 sample 
plots for 1965 was 39.9%; for green rabbitbrush it was 134%. The 
higher variability of the green rabbitbrush cover data suggests a 
higher turnover within the population for that species. There was 
no increase in shrub density between 1957 and 1965; therefore, the 
increase in cover of big sagebrush must have been due largely to an 
increase in the size of the canopy of individual plants. Precipitation 
during the 1957-1965 period was much more favorable than it was 
between 1950 and 1957 (Fig. 3). Thus, the increase in shrub cover 
may have resulted from more favorable moisture conditions (Har- 
niss and West 1973b), or it may simply reflect increases in canopy 
size of maturing plants or release from grazing pressure. No signifi- 
cant changes in shrub cover were observed after 1965. 

The question that we asked statistically was: Has there been a 
significant change over the past 25 years (1950-1975) in the quan- 
tity (cover or density) of a particular species or group of species 
across the 36 plot sample? A randomized block analysis of variance 
was used to test for significance of overall trends. The Newman- 
Keuls multiple range test (Zar 1974) was used to compare mean 
values for a particular year with the corresponding values for each 
other sample date. We chose 0: = 0.05 to indicate statistical signifi- 
cance. For individual species comparison, only those plots on 
which the species occurred were considered as samples. Thus, 
sample size was smaller than 36 in many cases. 

The data revealed some apparent discrepancies in species identi- 
fication by the various investigators over the years, especially 
among the wheatgrasses and bluegrasses. Therefore, species within 
each of these groups were lumped for the present analyses. 

Results 

1950 1980 
YEARS 

Fig. 3. Yearly precipitationfor the Idaho National Engineering Laboratory 
Site, 1950-1978. Vertical bars indicate annual totals; hatched portions 
represent precipitation falling during April, May, and June. Top dashed 
line is mean annual precipitation for the period; bottom dashed line is 
mean April-June precipitation. Solid line connects three-year sliding 

In 1950, the 36 sample plots were dominated heavily by big averages. 

;;: 

Although the analysis of variance revealed no significant 
C 

; 

increase in total grass cover between 1950 and 1965 (Fig. 2), 
Shrubs 8 

Grasses 

regression analysis indicated that total grass cover has increased 
b exponentially since 1950 (Fig. 4). This suggests that the increases 
~_---- 

/e -E- 
w”Shrubs 

noted between 1950 and 1965 are real. A large increase in perennial 
/ 

/ grass cover was noted between 1965 and 1975 (Fig. 2), which 
/ 

/ Q resulted from a significant increase in the cover of all of the most 

a 
a / 9 

2 

ARTR important grasses on the area (Fig. 5). 
a---- The 1975 growing season was cool and above average in precipi- 
f f 

2 
tation (Fig. 3), resulting in high productivity over the area. In 
contrast, the 1978 season was hot and quite dry. Thus comparison 

IO- of the cover values for 1975 with those for 1978 should provide an 

i 
indication of the effects of difference in precipitation on cover 

5 H/q \ 
values. Figures 2 and 5 show that in all cases cover values for 

h /’ 
0 

h h Grasses perennial grasses were lower in 1978. However, substitution of the 
“__-~~-----~ 1978 data for the 1975 data does not affect the overall indication of 

1950 1960 1970 1980 

YEARS 
trends. For each grass species (Fig. 5), the 1978 values were signifi- 

Fig. 2. Cover of shrubs and perennial grasses for the 36plot sample. On 

cantly higher than the 1965 (or earlier) values. Similarly, total grass 

each line, dtfferent letters indicate that the corresponding means are 
cover in 1978 was significantly higher than the 1965 value, but there 

significantly dtfferent at (Y = 0.05. ARTR = Artemisia tridentata. 
was no significant difference between total shrub cover in 1978 
compared to that for 1965. In the case of bottlebrush squirreltail 
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Fig. 4. Semi-logarithmic plot of cover for shrubs and perennial grasses. 

(Fig. 5), substitution of the 1978 data for the 1975 data in the 
analysis of variance resulted in the 1965 value being significantly 
greater than those for 1950 and 1957; and, the 1978 mean was 
significantly greater than the 1965 value. 

An important question is whether the increase in perennial grass 
cover between 1965 and 1975 resulted from an increase in the size 
of individual plants or an increase in the density and distribution of 
these species. With the exception of the wheatgrasses, which in this 
case include only rhizomatous species, significant increases in 
cover between 1965 and 1975 were accompanied by significant 
increases in density. In addition, the number of plots for which 
cover data were recorded for a species should be indicative of the 
general distribution and abundance of that species. The number of 
plots upon which grass cover was recorded over the 25-year period 
tended to increase (Table l), and rather large increases were noted 
between 1965 and 1975 for the four dominant grasses, especially 
Indian ricegrass and needle-and-thread. These data clearly show 
that the overall increase in perennial grass cover was not due 
simply to an increase in the size of individual plants that inter- 
cepted the transect lines. 

There were no apparent differences in trends for the 1950 to 1957 
period or for the entire 25-year period between the seven plots 
which were open to livestock grazing until 1957 compared with the 
29 that are within the area closed in 1950. Because of the similarity 
in trends and overall vegetal composition, and because we have no 
way of knowing whether those plots were actually grazed during 
that period, we included those plots in the overall analysis. 

Discussion 

Several recent studies suggest that forest and shrub communities 

Table 1. Number of plots for which cover data were recorded for the major 
grass species. 

Snecies 1950 

Sample Dates 

1957 1965 1975 

Indian ricegrass 9 17 I1 28 
Needle-and-thread 6 11 8 19 
Bottlebrush squirreltail 9 15 28 32 
Wheatgrasses 10 13 15 20 

[L 2.0 = 2.0 
W W 
$ 1.6 5 1.6 
0 0 
5 1.2 + 1.2 

g 0.8 ; 0.8 

% 0.4 % 0.4 

YEARS YEARS 

Oryzopsis hvmenoides Stip_a comata 
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z ” 0.8 

= 0.6 

i 0.4 

kf 0.2 

E I.0 

5 0.8 
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Fig. 5. Trends in coverfor thefour dominantperennialgrasses. Agropyron 
spp. = wheatgrasses; Sitanion hystrix = bottlebrush squirreltail; Ory- 
zopsis hymenoides = Indian ricegrass; Stipa comata = needle-and- 
thread grass. 

may be exceptionally stable in the absence of external perturba- 
tions and that community composition may depend more upon the 
nature of previous disturbances and the flora that developed imme- 
diately thereafter than upon successional development (Henry and 
Swan 1974; Lyon and Stickney 1976; Niering and Goodwin 1974). 
Niering and Goodwin’s (1974) data from the hardwoods forest 
region in Connecticut demonstrate the high stability of well- 
established shrub cover and its resistance to invasion by other 
species. In addition, they cite numerous studies that challenge the 
traditional views of succession and support their conclusion that 
“old field vegetation development . . . is not necessarily an orderly 
or predictable process. . . . ” The results of a study in which the 
300-year history of a New Hampshire forest was reconstructed 
indicated that “autogenic succession” did not contribute signifi- 
cantly to changes in vegetation composition over the period 
(Henry and Swan 1974). Rather, disturbance was an important 
factor, operating in concert with the behavior of individual species. 

Vegetation data from the INEL Site suggest that we are witness- 
ing a similar situation on the sagebrush-dominated ecosystems of 
the Snake River Plain. Prior to 1950, stable communities domi- 
nated by long-lived shrub species had developed. The extent to 
which grazing practices may have influenced the development and 
structure of these communities is not known, but the data from 
1950 certainly support the assumption that the area was heavily 
grazed. There have been no major disturbances such as fire, herbi- 
cide use, or mechanical treatment on the study area since 1950. 
After 25 years of protection from grazing by domestic livestock, 
the plant communities are still dominated by shrubs. In 1975, cover 
of big sagebrush was 54% greater than it was in 1950 (Fig. 2). This 
apparently was not accompanied by a significant increase in shrub 
density, suggesting that the population of dominant shrubs has 
been relatively stable over the 25-year period. Despite the high 
turnover within the rabbitbrush population, neither cover nor 
density changed significantly over the period. We found no evi- 
dence of seral replacement of this species. In the absence of a major 
perturbation, it seems unlikely that the composition of the shrub 
overstory will change much with time. 

In contrast, the populations of perennial grasses have not 
remained stable over the study period. There are some important 
differences in the trends over the past decade compared to those 
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reported by earlier investigators, and there are some important 
differences in our interpretations of the trends for the entire period. 
Harniss (1968) and Harniss and West (1973b) reported that Indian 
ricegrass and needle-and-thread decreased in importance between 
1950 and 1965. Total perennial grass cover increased over the same 
period because of increases in bottlebrush squirreltail. Based on 
these apparent trends and the concomitant increase in the big 
sagebrush cover, Harniss and West (1973a, b) concluded that the 
area was probably an Artemisia tridentata/Sitanion hystrix 
climax. Clearly, the present data do not support such a conclusion. 
Cover for both Indian ricegrass and needle-and-thread, as well as 
that for the wheatgrasses and bottlebrush squirreltail, has 
increased dramatically over the past decade. Although our analysis 
also showed that the mean cover values for Indian ricegrass and 
needle-and-thread were lower in 1965 than in 1957, the differences 
were not statistically significant. We prefer the interpretation, 
based on the exponential increase in perennial grass cover over the 
25-year period coupled with the fact that all of the major grasses 
showed large increases between 1965 and 1975, that all of these 
species have increased exponentially during the study period. 
Thus, it seems probable that the apparent decrease in cover of 
Indian ricegrass and needle-and-thread between 1957 and 1965 was 
simply a result of random error rather than an actual trend. 

The increase in shrub cover between 1957 and 1965 may have 
been in response to generally more favorable precipitation during 
that period (Fig. 3). There is no apparent correlation, however, 
between precipitation patterns and the overall trend for perennial 
grass cover. On an annual basis, precipitation over the past decade 
has been somewhat above the average for the entire study period, 
but that has not been true for precipitation during the growing 
season. Although there is no doubt that year-to-year variations in 
precipitation will affect perennial grass cover on the study site, as 
shown clearly by comparing the 1975 and 1978 data (Fig. 2), we 
must look elsewhere for an explanation that would account for a 
20-fold increase. It seems probable that there were few remnant 
perennial grasses present in 1950 and that the results through 1965 
reflect the scarcity of seed sources. Increases in cover during this 
“lag phase” in the growth of perennial grass populations were 
hardly noticeable, but over the past decade we have witnessed the 
effect of exponential increase as propagules become more readily 
available. 

These observations may provide some insights for the interpre- 
tation of previous exclosure studies. Numerous investigators have 
reported that “recovery” of depleted rangelands is slow, especially 
in arid environments (see e.g. Gardner 1950; Rice and Westoby 
1978; Smeins et al. 1976). McLean and Tisdale (1972) reported that 
on rough fescue and ponderosa pine zone ranges protected for 20 
to 40 years most improvements came about in the last ten years of 
protection, with relatively little improvement during the first ten. 
These results suggest that a general pattern may be slow change 
during the first decade or so of rest followed by more rapid revege- 
tation as previously depleted populations build up their size and 
seed production. Aridity and poor initial condition would tend to 
lengthen the time before noticeable improvement would be 
detected. 

The increase in grass cover on the INEL Site has not been at the 
expense of the shrub overstory. In the absence of a major distur- 
bance, such as fire, we would predict that the grasses will reach 
some sort of stable equilibrium with the present shrub community. 
Although the trends for perennial grasses appear to be directional, 
we have no evidence of seral replacement among the grass species. 

The results of most long-term vegetation studies on western 
rangeland have been interpreted in terms of classical successional 
theory, i.e., the recovery of depleted rangeland should follow a 
directional and predictable progression toward a climax commun- 
ity (Haskell 1945; McLean and Tisdale 1972; Harniss and West 
1973a,b; Smith and Schmutz 1975; Tisdale et al. 1969). The relative 
stability/initial floristics model (Egler 1954) provides an alterna- 
tive paradigm with which to interpret the results of such studies. 
Perhaps the most important consequence of the model is that one 

would expect that many different assemblages of the same species 
could form relatively stable communities on a given site. The 
relative abundances of the component species would depend large- 
ly on the disturbance history, the nature of past disturbances, and 
the vegetal composition at the time of disturbance. Any of the 
relatively stable community assemblages might be considered 
“climax.” Such a model may prove to be more useful as an aid to 
managers who attempt to understand the vegetal patterns that they 
are confronted with than the classical model which predicts a single 
climax community. 
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Effects of Tebuthiuron on Western Juniper 

C.M. BRITTON AND F.A. SNEVA 

Abstract 

A sagebrush-bunchgrass community supporting western juniper 
was treated with aerial applications of 2 or 4 kg/ha (active ingre- 
dient) of tebuthiuron pellets. The treatments did not effectively 
control western juniper and caused appreciable damage to her- 
baceous vegetation. Individual tree applications of tebuthiuron at 
rates of 20 or 40 g a.i./tree killed most of the western juniper less 
than 2 m tall. 

Western juniper (Juniperus occidentalis subsp. occidentalis) 
occupies some 717,600 ha of rangeland in eastern Oregon (Forest- 
Range Task Force 1972). Distribution extends east of the Cascades 
through eastern Oregon and includes small areas in southern 
Washington, southwestern Idaho, northwestern Nevada, and 
northeastern California (Burkhardt and Tisdale 1969). 

Little information is available on the ecology or control of 
western juniper. In southwestern Idaho, Burkhardt and Tisdale 
(1969) verified the widely accepted opinion that western juniper is 
invading sagebrush-bunchgrass communities. This invasion pro- 
cess, apparently initiated about 1860 when the juniper expanded its 
sphere of influence beyond the climax position on rocky ridges and 
rimrocks onto the deeper soils of valley slopes and bottoms, has 
been attributed to many factors. The most commonly mentioned 
include overgrazing, fire control, greater seed dispersal, or an 
overall climatic shift (Phillips 1910; Leopold 1924; Cottam and 
Stewart 1940; Parker 1945). Regardless of the causes of the inva- 
sion, the need for effective control is widely accepted. 

Many control techniques have been applied to junipers with 
various degrees of success. Most of the commonly used herbicides 
have been evaluated, with soil-applied formulations giving good 
results on some southern junipers. (Jameson and Johnsen 1964; 
Scifres 1972). Prescribed burning has also been effective in some 
areas (Wink and Wright 1973) although closed stands of western 
juniper usually do not support adequate fine fuel to carry an 
effective fire. Tebuthiuroni (I-5(5-tert-butyl-1,3,4-thiadizol-2-yl)- 
1, 3-dimethylurea) effectively controls many undesirable species. 
Meyer et al. (1978) stated that tebuthiuron was more effective than 
other soil-applied herbicides in controlling oaks (Quercus sp.), 
winged elm (Ulmus alata), and white ash (Fraxinus americana). 
Scifres et al. (1979) controlled whitebrush (Aloysia lycioides) 
spring hackberry (Celtis pallida) and Berlandier wolfberry 
(Lycium berlandieri) with aerial applications of 2.24 kg/ha of 
tebuthiuron. In south Texas, aerial application of tebuthiuron at 
2.24 kg/ ha significantly increased grass yields (Scifres and Mutz 
1978). Where 1 kg/ ha or more of the herbicide was applied, forb 
production and diversity decreased but recovered after 3 years. 

The objectives of this study were to evaluate the effects on 
western juniper of aerial and individual-tree applications of 
tebuthiuron. 

Authors 
of Agriculture, Burns, Oregon 

in part by Lilly 
a cooperative investigation of Oregon Agr. Exp. 

Materials and Methods 

The study area was located on the Squaw Butte Experiment 
Station, about 65 km west of Burns, Oregon, at an elevation of 
1,370 m. This high desert range receives an average of about 30 cm 
of precipitation annually. Approximately 60% of this precipitation 
occurs during fall and winter, generally as snow, with 25% as rain 
during May and June. Soil on the study area is a loam that varies in 
thickness from 25 to 40 cm above a fractured rock layer. 

Tree-layer vegetation consists of western juniper with an average 
density of about 120 trees/ ha. Shrub vegetation is primarily low 
sagebrush (Artemisia arbuscula) with lesser amounts of green 
rabbitbrush (Chrysothamnus viscidiflorus) and occasional clumps 
of big sagebrush (Artemisia tridentata). Grass vegetation is domi- 
nated by Sandberg bluegrass (Pea sandbergii), Idaho fescue (Fes- 
tuca idahoensis), bottlebrush squirreltail (Sitanion hystrix), 
bluebunch wheatgrass (Agropyron spicatum), and Thurber nee- 
dlegrass (Stipa thurberiana). A wide variety of forbs are present on 
the study area but make up less than 10% of the herbaceous 
production. 

Plots were established in uniform stands of western juniper. 
Tebuthiuron (20% a.i. pellets) was aerially applied at 2 and 4 kg/ ha 
to duplicate square, 2-ha plots during late October 1975. Mortality 
was determined annually from 50 marked trees in each plot. 
Untreated plots were established adjacent to the treated plots. 

Tebuthiuron was applied to 160 individual trees, adjacent to the 
aerially treated plots, at rate of 0, 10,20, and 40 g a.i./ tree in early 
April 1976. Trees were separated into two size classes, large 
(greater than 2 m tall) and small (less than 2 m tall). Ten trees 
receiving each treatment were considered a replicate, and the treat- 
ments were duplicated. Of the 10 trees receiving each herbicide 
rate, five were treated with pellets and five with bolus preparations. 
The herbicide was applied around the crown dripline of the trees. 

Mortality data represents actual counts of marked trees. On the 
aerially treated plots, the effect of tebuthiuron on herbaceous 
production was evaluated in June by clipping 10, 1 m2 circular 
quadrats per plot. Frequency of all species was recorded as de- 
scribed by Hyder et al. (1963). In each plot, two sampling lines were 
randomly located. At 10 random distances along the lines and at 
random distances perpendicular to the lines, 10 contiguous 900- 
cm2 quadrats were evaluated. In each plot, 200 quadrats were 
sampled in June 1976 and June 1978. Mortality and frequency data 
were evaluated by chi-square analyses. 

Results and Discussion 

Aerial applications of tebuthiuron at either rate did not effec- 
tively control western juniper (Table 1). Although crowns of most 
trees were scorched, only 22% were killed by the 4 kg/ ha rate. 

Tebuthiuron did cause appreciable damage to the understory 
vegetation (Fig. 1). In 1976, one growing season after herbicide 
application, the plots treated with 2 or 4 kg/ ha produced 62 and 
42%, respectively, of the herbaceous vegetation yielded on 
untreated plots (Fig. 2). Two years after tebuthiuron was applied, 
the herbicide effects were more apparent than during the first 
growing season. Plots treated wiih 2 kg/ha of the-herbicide 

‘This paper reports the results of research only. Mention of a pesticide in this paper 
does not constitute a recommendation by the USDA nor does it imply registration 

produced about 5% and those receiving 4 kg/ ha yielded slightly 
under FIFRA. more than 1% of that yielded on untreated areas. 
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The growing season precipitation the year followingapplication 
was lower than average, about 90% ofaverage crop-yearprezipita- 
tion. In 1977, the second year after application, only 60% of 
average crop year precipitation was received. However, precipita- 
tion in 1978 was approximately 130% of the long-term annual 
average. These variations in moisture conditions probably affected 
vegetation responses to tebuthiuron. The dry conditions of 1976 
and 1977 probably had a negative effect on herbaceous vegetation 
weakened by the herbicide. Although other published research 
does not reflect these strong negative effects from these rates of 
tebuthiuron, they have been observed in more recent studies. Sci- 
fres (1979, Personal communication) has recorded severe depres- 
sions in grass forage production with applications of 2 kg/ha or 
more of tebuthiuron in late winter or early spring when followed by 
dry conditions through the following growing season. When pre- 
cipitation was above the normal long-term average during the 
second and third growing seasons after tebuthiuron application, 
Scifres and Mutz (1978) found that grass yield was increased where 
2.24 kg/ha was applied, although forb production was decreased 
for 3 years after tebuthiuron was applied at 1 kg/ha. 

Effects of tebuthiuron on the understory vegetation is also illus- 
trated by frequency of species occurrence on treated compared to 
untreated plots (Table 2). Frequency of all grasses was reduced by 
the herbicide treatments although Idaho fescue appeared the most 
tolerant. Frequency of shrubs, low sagebrush, and big sagebrush, 
was severely reduced, even following application of the low herbi- 
cide rate. In addition, big sagebrush frequency was lower on the 
untreated plots. Green rabbitbrush, a plant that has resisted con- 
ventional control measures, was also damaged by the aerial appli- 
cation of tebuthiuron. The 4 kg/ ha rate virtually eliminated green 
rabbitbrush and 2 kg/ha reduced itsfrequencyfrom II.5 to 3.3%in 
1978. Except for Lomotium sp. and Lupinus sp., forb response 
generally followed the same trend as described for grasses and 
shrubs. 

The application of tebuthiuron to individual trees was consider- 
ably more effective for westernjuniper control than were broadcast 
applications (Table 3). Young trees (< 2 m tall) were highly sus- 
ceptible to the 20 and 40 g/tree rates. There was no significant 
differences in the response to these herbicide rates and either killed 
over 80% of the smaller trees. Trees less than 2 m tall arc generally 
less than 50 years old (Britton 1979, unpublished data). 
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No significant difference in western juniper mortality could be 
attributed to tebuthiuron formulation, bolus or pellet. Visually, 
there appeared to be a more consistent and greater degree of crown 
damage from the pelleted preparation. This can probably be attrib- 
uted to improved distribution of the herbicide when applied in the 
pelleted, compared to the bolus, formulation. 

Aerial application of tebuthiuron pellets does not appear to be a 
practical management technique for areas supporting scattered 
western junipers and appreciable quantities of herbaceous vegeta- 
tion. However, closed stands of juniper, where most control tech- 
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Summer Diet of Spanish Goats Grazing 
Chaparral 

AHMED E. SIDAHMED, J.G. MORRIS, AND S.R. RADOSEVICH 

Abstract 

The browsing preference and feed intake of Spanish goats was 
studied on a 0.2-ha chaparral field in which a wild fire had occurred 
5 years earlier. The dominant shrub speices were chamise (A denos- 
toma fasciculatum), scrub oak (Quercus dumosa), eastwood man- 
zanita (Arctostaphylos glandulosa), and ceanothus (Ceanothus 
greggii). Four goats with esophageal fistulae were used to sample 
the forage. The browsing preference of Spanish goats was highly 
directed (about 80%) towards scrub oak and chamise. The 
remainder of the diet was mostly grasses and forbs, while eastwood 
manzanita and cupleaf ceanothus made a negligible contribution. 
Shrub preference was not related to availability as manzanita and 
ceanothus had the highest volume and were the most abundant 
species. Regression models to estimate IVDMD from the diet’s 
chemical and botanical contents were derived. IVDMD of esopha- 
geal samples was positively correlated with the content of grass and 
forbs and negatively correlated with the sum of the percentages of 
scrub oak and chamise. 

by grazing ruminants is reported to vary widely 
with season, alternative vegetation, and type of animal (Wilson 
1969). Several studies in the United States (Merrill 1975 and Davis 
et al. 1974), Australia (Wilson et al. 1975), Africa (Griego and 
Malechek 1975 and Du Toit 1972), and Malaysia (Davendra 1978) 
indicate that goats may consume large amounts of browse. Wilson 
et al. (1975) reported that young feral goats grazing alone had 50% 
browse in their diets and consumed 70% to 90% browse when they 
grazed plots following sheep. Malecheck and Leinweber (1972 a,b) 
reported that goats grazing on ranges in the Edwards Plateau of 
Texas showed a distinct preference for grass from June to October, 
while browse was an important food item in winter and early 
spring. They showed that the botanical and chemical composition 
of the diet of goats was responsive to range condition and to the 
stocking rate. Similarly, earlier studies by Fraps and Cory (1940) 
indicated that goats had a greater tendency than cattle or sheep to 
vary their diet with changing seasons. The ability of goats to utilize 
browse is probably an important factor contributing to their survi- 
val in marginal areas where the feed quality is poor and does not 
provide minimal nutrition to support cattle and sheep (Davendra 
1978, Huston 1978, and Wilson 1969). Comparative studies 
between angora and Spanish goats by Merrill (1975) and Davis et 
al. (1974) indicate that Spanish goats eat less grass and forbs than 
angora goats. Also, Taylor (1975) and Merrill and Taylor (1976) 
found that Spanish goats are more effective than angora goats as a 
brush control agent, particularly under poor range conditions. 
Under more favorable range conditions, angora goats were more 
efficient. 

The purpose of this study was to assess summer diet selection 
and feed intake by Spanish goats browsing chaparral. Regression 
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coefficients and other statistical parameters relating the dietary 
chemical and botanical composition (X’s) to the in vitro dry matter 
digestibility (I’) were also computed. 

Materials and Methods 

Field-Procedure-Plants 
The study took place during the summer of 1977 on a 0.2-ha 

chaparral brush field in the Discanso Ranger District, Cleveland 
National Forest, San Diego County, in which a wild fire had 
occurred 5 years earlier. The elevation was approximately 1,200 
meters, and the dominant shrub species were chamise (Adenos- 
toma fasciculatum), scrub oak (Quercus dumosa), eastwood man- 
zanita (Arctostaphylos glandulosa), and cupleaf ceanothus 
(Ceanothus greggii). Less than 2 weeks before sampling, an unsea- 
sonal early and heavy rain contributed to the growth of herbaceous 
vegetation (grasses and forbs). 

Animals 
Nine l- to 2-year-old (24-38 kg body weight) Spanish goat 

wethers were used. Permanent esophageal fistulae were established 
and closed with removable plugs in four goats to collect diet 
samples (VanDyne and Tore11 1964). Fresh cuts of the dominant 
shrub species were pen fed to the goats for four days before 
sampling. Goats were confined overnight in a coyote-proof pen 
(supplied with drinking water and salt) to protect them from 
predator attack. Our previous work (Sidahmed et al. 1977) indi- 
cated that moderate fasting (12 to 24 hr.) did not have a pro- 
nounced effect on the composition of samples collected by sheep. 
Diet samples were collected after a 1 to 2 hour period of grazing 
each morning, and fecal bags were emptied at 0800 hr daily. After 
both diet and fecal samples were collected, the animals were left to 
forage freely until sunset. Diet samples were frozen immediately 
with dry ice and kept frozen until analyzed. 

Analytical Procedures 
Botanical identification (Harker et al. 1964) was performed on 

all esophageal samples after freeze drying. The freeze-dried sam- 
ples were spread on an aluminum tray (24X 15 cm). The fragments 
occurring under the crosshair of a binocular microscope were 
identified at 16X magnification where 200 points were selected in 
an ordered I- cm* grid. The percentage botanical composition of a 
species was calculated as: 

No. of points on a species Xl00 

Total no. of identifiable points 

Samples were ground in a Wiley Mill (l-mm screen) for proximate 
analysis and in vitro dry matter digestibility (IVDMD) (Tilley and 
Terry 1963) using rumen liquor from a goat fed alfalfa hay. The 

mean daily dry matter intake (g/W kg3’4) was calculated from the 
mean daily weight of fecal dry matter output and IVDMD of the 
esophageal samples. 

A general multiple regression analysis (GMRA) computer pro- 
gram was used to develop the regression equations (Huszar 1973), 
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Fig. 1. Botanical composition of the diet samples in respect to time (means of four goats f SE). 

which were analyzed according to methods described by Steel and 
Torrie ( 1968). 

Results and Discussion 
The botanical composition of the diet samples is shown in 

Figure 1. The contribution of grass and forbs to the diet was 
reasonably constant at about 20% except for higher intakes on the 
first and the third day of sampling. For days four to seven, the 
dietary samples were predominantly scrub oak, and at times this 
was in excess of 80?4c. Chamise was also a major component of the 
diet and attained 70% on the last day of the study when the 
contribution from scrub oak and grass and forbs decreased. These 
data are in agreement with those reported by Carrera (as quoted by 
Davendra 1978) on goats in Mexico in which 83% of the bites were 
on browse and forbs and 17 % were on grass. Similarly, other 
studies from Mexico by Huss (1972) and Zertuche (as quoted by 
Davendra 1978) indicated that Spanish goats preferred browse 
even when there was an abundance of grass. 

their increased availability due to growth following the rain before 
the study commenced. The amount of chamise in the diet was low 
when scrub oak and grass and forbs were major contributors to the 
diet. However, browsing on chamise increased when the scrub oak 
was depleted from the area. Chamise made its greatest contribu- 

Table 1: Percentage, crude protein, ether extract, ash and in vitro dry 
matter digestibility (IVDMD) of four clipped shrub species. 

Dead material from herbaceous plants and leaves from a fallen 
liveoak tree in the plot contributed a mean of 19% of the total dry 
matter intake. During the last week of the study, the greater 
percentage of grass and forbs in the diet possibly resulted from 

Species 
Adenostoma fasciculatum 

(chamise) 

Quercus dumosa 
(scrub oak) 

Arctostaphylos glandulosa 
(eastwood manzanita) 

Ceanothus greggii 
(cunleaf ceanothus) 

Crude Ether 
protein extract Ash IVDMD 

10.5 5.4 4.2 28.5 

12.7 2.2 4.7 38.6 

6.7 7.5 3.9 28.4 

13.5 3.7 6.5 53.9 

34 JOURNAL OF RANGE MANAGEMENT 34(l), January 1981 

80 

60 



Table 2: The regression parameters and (C) test analysis of the relationship of the IVDMD (%) of goat diets with their botanical constituents. 

Coefficient Scrub oak Chamise 
The botanical components of the diet sample 

Oak and chamise Grass and forbs Manzanita Ceanothus Dead 

a 53.07 52.83 53.31 53.08 57.41 57.40 46.06 46.17 49.1 49.42 50.65 49.13 
b -0.05 -0.00 1 -0.09 -0.002 -0.12 -0.002 +0.23 +0.004 +0.27 +0.006 +4.14 +O. 127 
r* 0.117 0.111 0.139 0.135 0.459 0.442 0.511 0.500 0.084 0.105 0.21 0.123 
Syx 4.96 0.097 4.90 0.096 3.88 0.077 3.69 0.073 5.05 0.097 4.68 4.94 

t test NS NS NS NS ** ** ** ** NS NS NS NS 

Regression 
form’ L E L E L E L E L E L L 

**Significant (KO.01) 
‘Form of the regression, L = linear, E = exponential. 

tion to the diet when the percentage intake of both dead material 
and grass and forbs declined. Manzanita and ceanothus were 
minor components of the diet and were eaten only when the scrub 
oak crowns were depleted of shoots. 

A comparison of the IVDMD of clipped samples from the four 
browse species (Table 1) and the esophageal fistulae samples (mean 
5 1.6%) shows that the goats always selected a diet with an IVDMD 
greater than that of the most favored shrub species (scrub oak 
38.6% and chamise 28.5%). This indicates that either the goats 
selected more digestible parts of the shrubs than harvested by 
clipping or that the herbaceous and dead material in the diet caused 
an enhancement in the overall digestibility. Ceanothus had the 
highest in vitro digestibility (53.9 %) and the highest crude protein 
content (13.5%) but was not preferred by the goats. Goats, there- 
fore, did not select on the basis of protein composition alone. 

There was a significant positive association (KO.01) between 
IVDMD and the percentage of grass and forbs in the esophageal 
samples (Table 2). Grass and forbs as the independent variable 
accounted for 50% of the total variation in the IVDMD and so 
contributed significantly to the digestible energy intake of goats. 
No significant relationships were found between the IVMD and 
the percentage of the other dietary constituents. The sum of scrub 
oak and chamise in the esophageal samples was significant 
(KO.Ol), and negatively related to IVDMD and accounted for 
about 45% of the total variation. The regression coefficients of 
crude protein (CP), ether extract (EE), and ash on IVDMD were 
not statisticaly significant. In a step-wise regression analysis of 
variation in IVDMD using ten independent variables (grass and 
forbs, ceanothus, chamise, scrub oak, manzanita, crude protein, 
ash, EE, and sampling days), percentage grasses and forbs in the 
diet had the highest contribution (IVDMD= 46.07 + 0.23 (percent 
grasses and forbs), r2 = 0.51, SEE 3.69, KO.01). All other varia- 
bles caused only a minor reduction in the error sum of squares. 

The average dry matter intake of our five Spanish goats (30 kg 
body weight) was 61 g/ W kg”‘” which is comparable to the require- 
ments cited by Huston et al. 1971 and Huston 1978. 
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Effect of 
ing of Deer 

Strip Width on Helicopter Census- 

SAMUEL L. BEASOM, JEFFREY C. HOOD, AND J. RICHARD CAIN 

Abstract 

Evaluation of the numbers of white-tailed deer observed in the 
first (inside) 50 m compared to the second (outside) 50 m strips 
from helicopter census transects on brush-covered rangelands in 
Texas revealed from 34073% fewer animals in the latter. The 
average reduction of approximately 53% suggests that helicopter 
censuses yield density estimates about 25% low. Correction for 
these underestimates could lead to more efficient management of 
the resource as well as elevated income in areas commercializing 
hunting. 

The basic line transect method of animal population enumera- 
tion has become widely accepted and is adaptable to a variety of 
specific applications. The major problem associated with the 
method appears to be a determination of actual strip width. 
Numerous mathematical and mechanical alterations have evolved 
to improve the results obtained from its application (Yapp 1956, 
Skellam 1958, Gates et al. 1968, Gates 1969). 

Anderson and Posphala (1970) further determined that the 
number of animals detected along ground transect lines declined in 
proportion to the distance from the midline. In fixed wing aerial 
censusing, Caughley (1974) and Caughley et al. (1976) noted a 
direct correlation between strip width and speed and number of 
animals observed, with an indirect correlation between number 
observed and altitude. 

The use of a helicopter theoretically overcomes many of the 
practical censusing difficulties because of the facility by which 
speed and altitude can be altered to achieve good sightability under 
a wide range of climatic, physiographic, and phytosociological 
conditions. The influence of strip width on animal sightability 
from a helicopter remains undetermined. The present investigation 
was designed to evaluate this relationship for white-tailed deer 
(Odocoikus virginianus) on brush-covered rangelands in southern 
and western Texas. 

Methods and Materials 

Study areas comprising approximately 80,000 ha were selected 
on 11 ranches in Zavala, Duval, Sleicher, Terrell, and La Salle 
counties, Texas. Vegetative types on the areas were predominantly 
mesquite (Prosopis glandulosa)-juniper (Juniperus spp.), 
mesquite-blackbrush (Acacia rigidula), mesquite-guajillo (A. ber- 
landieri) or juniper-live oak (Quercus virginiana); canopy cover 
was estimated from aerial photos to range from approximately 
30-70%. 

The study was conducted from January 1978 through January 
1979. The helicopter utilized was a Bell G4-A model except in 
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January 1979 when a Bell Jet Ranger III was used. Three observers 
were used on each census. The two primary observers counted only 
those animals on their respective side of the transect midline. The 
pilot aided the other two observers by counting on both sides of the 
craft as well as maintaining an accurate compass course, an alti- 
tude of about 20 m, and a speed of 25-30 kph. 

Strip width was estimated at 100 m on each side of the midline as 
was suggested by Saugstad (1942) for aerially censusing whitetails 
in wooded habitat in North Dakota. Observers were “calibrated” 
prior to each flight by airborne observation of known-distance 
objects at 50 and 100 m. Each respective side was sub-divided into 
two intervals, O-50 m and 50-100 m. The O-50 m divisions on either 
side of the line were termed “inside,” and the 50-100 m divisions 
were referred to as “outside.” 

Upon the sighting of an animal, it was immediately judged as 
being “inside” or “outside” and identified as to age and sex when 
possible. All classifications were made audible to the observer 
recording the data to cause as little distraction from his work as 
possible. Any deer not positively identified as to sex were classified 
as “unknown.” Animals sighted outside of the designated transect 
width were not counted. Transects were spaced at an estimated 400 
m apart so that approximately 50% of each ranch would be cen- 
sused. Transect length was measured from scaled aerial photos, 
however, to assess the actual amount flown. 

Results and Discussion 

Overall there were significantly (KO.05) fewer deer observed in 
the outside strip than in the inside strip. On a practical sense, this 
figure averaged approximately 53% lower in the outside strip with 
a range from about 34-73% (Table I). Similar results have been 
shown with fixed-wing aerial censuses of caribou (Rangifer arcti- 
cus) in northern Canada (Banfield et al. 1955), elephants (Loxo- 
dontia africana) and wildebeeste (Connochaetes taurinus) in 
eastern Africa (Caughley 1974), and red kangaroos (Megaleia rufa) 
in New South Wales (Caughley et al. 1976). 

These data suggest that a correction factor should be employed 
to improve population estimations of white-tailed deer when heli- 
copter strip transects are utilized. It is also apparent that this 
correction should be derived for each area censused because of 
variability in canopy cover, terrain and potential different flushing 
behavior of the animals. Although canopy cover doubtless affects 
animal observability, at least at the extremes, no significant 
(DO.05) correlation was noted between the grossly estimated 
values in this investigation. 

The obvious result of reduced visibility of animals at an increas- 
ing distance from the midline is an underestimation of true density. 
More refinement in the correction of bias in these data probably 
could be developed if the total strip width was broken down into 
smaller units than those deployed here, but we judged the 50-m 
intervals to be the minimum feasible under the conditions obtain- 
ing in this study. Regardless, in this study, the apparent underesti- 
mate of whitetails was at least 26% on the average. A correction for 
this bias doubtless would improve deer management efficiency. 
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Table 1. Differences in numbers of white-tailed deer observed in inside and outside 50-m strips of transects flown by helicopter on brush-covered 
rangeland. 

Total deer observed 

Predominant Estimated % 
Study area vegetative type’ canopy coverage Date flown 

Cameron ME-BB 40 Jan 1978 
Cameron ME-BB 40 Jan 1978 
Dobie ME-BB 50 Jan 1978 
Cameron ME-BB 50 Apr 1978 
Cameron ME-BB 50 Apr 1978 
Cameron ME-BB 50 Apr 1978 
Cameron ME-BB 60 Aug 1978 
Kiefer ME-BB 40 Aug 1978 
Rockhouse ME-GO 60 Aug 1978 
Heirs ME-GO 60 Aug 1978 
Maynard JU-LO 60 Sep 1978 
Hayre JU-ME 30 Sep 1978 
Oasis JU-LO 70 Sep 1978 
Riggs JU-ME 30 Sep 1978 
Turk JU-ME 35 Sep 1978 
Wroe JU-ME 35 Sep 1978 
Cannon JU-ME 40 Sep 1978 
Dobie ME-BB 50 Jan 1979 
Cameron ME-BB 40 Jan 1979 
Cameron ME-BB 40 Jan 1979 

Totals 

IME = mesquite, BB = blackbrush, GO = guajillo, JU = juniper, LO = live oak. 

Distance flown Inside Outside % Difference 
(km) 50m 50m G/L 

234.3 199 131 -34.2 
223.9 180 112 -37.8 
141.0 90 45 -50.0 
161.9 141 72 -48.4 
161.9 139 80 -42.4 
161.9 134 62 -53.4 
175.4 151 65 -57.0 
96.7 56 33 -41.1 

112.3 109 34 -68.8 
164.0 157 47 -69.1 
127.5 190 94 -50.5 

127.8 97 39 -59.8 
99.8 142 38 -73.3 

132.8 .148 72 -51.4 
125.2 118 41 -65.3 
166.6 189 98 -48.2 
106.1 69 28 59.4 
137.9 95 47 -51.5 
179.3 147 62 -57.8 
195.5 197 85 -57.9 

3,031.8 2,748 1,285 -53.2 

For example, if the true density of deer was 10 ha/animal, the 
correction for sightability may account for as many as 17-36 deer 
for every 1,000 ha of land. This would lead to the ability to elevate 
suggested harvest rates by the corrected amount without detriment 
to the population. On areas where harvesting is commercialized the 
benefits of this are obvious. 
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Understory Biomass Response to Microsite 
and Age of Bedded Slash Pine Plantations 

MARK J. BALL, III, DENNIS H. HUNTER, AND BENEE F. SWINDEL 

Abstract 

Understory standing crop biomass was studied on three cultu- 
rally imposed microsites (bed, furrow, and flat) bedded slash pine 
(Pinus elliottii) plantations in north Florida. Biomass was clipped 
in the late spring of 1977 on plantations 2,5, and 10 years old and 
separated into five classes: grass, forb, sedge, shrub, and litter 
(including standing dead). After an initial abundance following site 
preparation, sedges and forbs dropped to relatively low levels 
within the first 5 years of plantations development. Grasses were 
the dominant live vegetation in two-year-old plantations. Shrubs 
became dominant by the fifth year and remained so through the 
10th year. Litter, as a result of the lack of cultural treatments 
designed to remove accumulated dead vegetation, was the major 
biomass class (more than 8,000 kg/ha by the fifth year following 
pine establishment). Total live understory biomass increased from 
the second to the fifth year after which it decreased. Grass standing 
crop biomass was highest on the flats, lowest in furrows. Hence, 
forage inventories should be stratified by microsite. Prescribed 
burning on a properly managed cattle operation may prevent high 
accumulations of litter while effectively improving the availability 
of palatable forage. Forage may also be increased by decreasing the 
proportion of land occupied by the less productive microsites, 
namely the furrows and beds. 

Forest management in the Atlantic and Gulf Coastal Plains 
relies heavily on mechanical site preparation (e.g., chopping, dis- 
king, and bedding) and artificial regeneration for successful estab- 
lishment and rapid growth of pines (Worst 1964; Wilhite and 
Harrington 1965; McMinn 1969; and Harris et al. 1974). Bedding 
(Fig. 1) disturbs the soil and litter more than most other site 
preparation techniques, and it creates three distinct microsites: (1) 
bed or tree row; (2)furrow created by the bedding plow; and (3)j7ut 
midway between tree rows (White 1975). The furrow is most 
altered. The bedding plow removes top soil and leaves a relatively 
infertile subsoil. The bed is also highly disturbed, with organic 
matter and nutrients from the furrow concentrated on this micro- 
site (Schultz 1976). The microsite midway between tree rows is 
little disturbed by bedding and closely represents the conditions of 
the site before bedding. 

Bedding not only changes the microtopography from flat to 
undulating (Schultz and Wilhite 1975), but also brings about a 
vegetational response reflecting the different conditions of the 
three microsites (White 1975). The purpose of this study was to 
assess the differences in understory biomass among these culturally 
imposed microsites in bedded slash pine (Pinus elliottii) planta- 
tions of various ages near Gainesville, Florida. 
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Avenue, Miami, Florida 33155 and formerly graduate student, School of Forest 
Resources and Conservation, University of Florida; senior environmental engineer, 
Environmental Quality Department, Utah International Inc.; and research forester, 
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32611. 
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assistance by Container Corporation of America with field installations and historical 
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I Bed 

2 Furrow 

3 Flat 

Fig.1. Three culturally imposed microsites created by bedding. Adapted 
from White, 1975. 

Study Areas and Methods 

Study plots were located in bedded slash pine plantations 2-, 5-, 
and IO-years old (from time of planting), approximately 10 km 
west of Starke, Bradford County, Florida. Soils are sandy, silice- 
ous, thermic family of Ultic Hapalquods of the Mascotte series. 
The climate is subtropical and humid, with a frost free season of 
approximately 276 days and average annual precipitation of 130 
cm (USDA 1954). During the month of sampling, rainfall in Starke 
(closest weather station to the sites) was 10.2 cm. Average high and 
low temperatures for the month of June are 26” and 190 C, respec- 
tively (Mitchell 1977). 

Site preparation following clearcutting consisted of chopping, 
burning, and bedding, and was completed during the summer 
preceding the winter of planting. Beds were oriented nearly north 
and south-allowing each microsite to receive the same potential 
amount of sunlight. Sites were machine planted with 1,544 trees 
per hectare. No post planting cultural treatments (such as burning, 
grazing, or fertilization) were imposed. Site index at age 25 years is 
approximately 20 m for all plots. 

Two replicate plantations of each age were chosen. A 15-meter 
zone around the perimeter of each plantation was excluded to 
avoid edge effects. Three 30 X 30 meter plots were randomly 
selected in each plantation. Plot borders were oriented parallel and 
perpendicular to bedding direction. Five transects were randomly 
selected within each plot for biomass sampling. Transects were 0.5 
meters wide and extended from the middle of the bed across the 
furrow to the middle of the flat (Fig. 1). Understory biomass was 

*harvested between May 25 and June 30, 1977. We estimate that 
vegetation present during this period represents approximately 1 / 3 
of the potential yearly production. 

Vegetation was harvested by microsite and separated into five 
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biomass classes: (1) grasses, (2) forbs, (3) sedges, (4) shrubs, and (5) 
litter [all dead, fallen biomass and standing dead understory bio- 
mass]. Grasses, forbs and sedges rooted within the transect were 
clipped to ground level. Shrub biomass rooted within or overhang- 
ing the transect was clipped to ground level. One additional bio- 
mass class, (6) total live understory, was constructed in analysis as 
the sum of grass, forb, sedge, and shrub biomass. Harvested vege- 
tation was oven dried and expressed in kg/ ha for each microsite. 
Mean values for each biomass class within each age were deter- 
mined for each microsite. To account for the difference in size and 
productivity of microsites, these mean biomass class values were 
weighted (by percentage area occupied by microsite) to arrive at a 
weighted mean biomass value for each age. 

A general linear model, as described by Steel and Torrie (1960) 
was fitted to test microsite effects on biomass classes for each 
plantation age using the Statistical Analysis System (SAS) on the 
NERDC computer AMDAHL 470 (Barr et al. 1976). Significant 
differences (P<.O5) were evaluated using Duncan’s new multiple 
range test. 

Results 

Grass Biomass 
Grasses are the most important cattle forage in Coastal Plain 

pinelands. Weighted mean grass biomass was 2,190 kg/ ha (Fig. 2) 
in the 2-year old plantations studied and was the dominant live 
biomass class. This represents a large increase in grass standing 
crop biomass over undisturbed sites in the short period of time, and 
provides a large potential forage resource not now utilized. Beck- 
with (1964) reported a marked increase in forage two years after 
site preparation on a Florida sandhill site. 

The flat and bed microsites produced significantly more grass 
biomass than the furrow in the 2-year-old plantations (Fig. 3). 
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Fig. 2. Relationship of live plant standing crop to age of beddedslashpine 
plantations in north Florida. 
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Fig. 3. Microsite effect on live grass biomass in bedded slash pineplanta- 
tions of different ages in north Florida. (Microsite means connected by a 
vertical line were not significantly (pC.05) different.) 

Microsite differences were all significant at 5 and 10 years of age, 
that is, the flats produced more grass than the beds, and the beds 
more than the furrows in older plantations. 

Weighted mean grass biomass appeared to follow a linear 
decreasing function, from 2,187 kg/ ha to 686 kg/ ha by the 10th 
year (Fig. 2). This decrease in grass standing crop biomass with 
plantation development has been documented by several other 
researchers. Major grass species noted were chalky bluestem 
(Andropogon capillipes), broomsedge bluestem (Andropogon vir- 
ginicus), and Florida dropseed (Sporobolus floridanus). Also 
abundant were needleleaf panicum (Panicum aciculare), narrow- 
leaf panicum (Panicum angustifolium), Webber panicum (Pani- 
cum web berianum), and fringeleaf paspalum (Paspalum 
cilia tifolium). 

Forb Biomass 
Forbs are often good invader species that respond favorably to 

soil disturbance. The second growing season after plantation 
establishment, weighted mean forb biomass was 334 kg/ ha (Fig. 
2). Other researchers (White 1975; Schultz and Willhite 1975; 
Harris et al. 1974; and Hebb 1971) have reported temporary 
increases in forb biomass after similar site disturbances. In the 
2-year-old plantations, beds produced significantly more forb bio- 
mass than the other microsites (Fig. 4). White (1974) found the 
furrow produced the most forb biomass followed by the bed and 
flat microsites, respectively. White’s study was conducted on a 
poorly drained and very wet site in west Florida. Our study site is 
drier. Moreover, the mechanical action of the bedding plow on the 
Mascotte soils of the present study removed the more fertile Ai 
horizon, leaving a relatively infertile & horizon in the furrow 
microsite. This may explain the lack of robust forb invasion in this 
microsite, thereby leaving beds as the major early forb producer. 
Major forb species observed were Maryland meadowbeauty 
(Rhexia mariana), grassleaf goldaster (Heterotheca graminifolia), 
whitescale eupatorium (Eupatorium leucolepis), blackroot (Ptero- 
caulon pycnostachyum), littleheaded goldenrod (Solidago 
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Fig. 4. Microsite effect on live forb biomass in bedded slash pine planta- Fig. 5. Microsite effect on life sedge biomass in bedded slashpineplanta- 
tions of different ages in north Florida. (Microsite means connected by a tions of different ages in north Florida. (No two microsite means at the 
vertical line were not signifi:cantly (K.O.5) different.) same age were signtficantly (P<.O5) different.) 

microcephala), and pennywort (Centella asiatica). 

Sedge Biomass 
Sedges contribute less to understory biomass than other vegeta- 

tion classes studied. This was probably due to sedges being 
excluded by more efficient grass and forb invader species. Sedge 
biomass decreased with plantation age (Fig. 2) from a maximum of 
117 kg/ ha in the two-year-old plantations to a low of 0.42 kg/ ha by 
age 10. No significant differences among microsites were found 
(Fig. 5). This result disagrees with other studies (Bennett 1965; 
White 1975) that showed wet site species, namely sedges, tended to 
be stratified by microsite and have most biomass in the wetter 
furrows. White (1977) found moderate site disturbance increased 
sedge production over no disturbance and intense disturbance. 
Sedge biomass on our plots was highest on the least-disturbed 
microsites, although not significantly so. We observed four sedge 
species: maidenhair sedge (Eleocharis albida), netted nutrush 
(Scleria reticularis), common breakrush (Rhynchosporafascicula- 
ris), and breakrush (Rhynchospora spp.). 

Shrub Biomass 
Shrubs contributed more biomass in the older age plantations 

than other classes of vegetation. Weighted mean biomass was only 
733 kg/ ha in 2-year-old plantations, but amounted to over 2,700 
kg/ ha by age five (Fig. 2). White (1975) and Hebb (1977) reported 
shrubs were slow to return to their original frequencies after site 
preparation. Flat microsites contained significantly greater shrub 
biomass than the furrows and beds during early years (Fig. 6). This 
agrees with Schultz and Wilhite (1975) and White (1974) where 
they found shrub biomass to decrease with intensity of site prepa- 
ration. There was an apparent stabilization of shrub biomass from 
the 5th to 10th year on all microsites (Fig. 6). Major shrub species 
were common gallberry (Ilex glabra), saw-palmetto (Serenoa rep- 
ens), Southern waxmyrtle (Myrica cerifera), blackberry (Rubus 
spp.), ground blueberry (Vaccinium myrsinites), staggerbush 
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Fig. 7. Microsite effect on litter biomass (including standing dead) in 
bedded slash pine plantations of dtfferent ages in north Florida. (No two 
microsite means at the same age were sigmficantly (PC.05) different.) 

(Lyonia ferruginea), and sticky laurel (Kalmia hirsuta). 

Litter Biomass 
Litter accounted for a greater amount of biomass than all other 

understory vegetation combined (Fig. 2). This was due to a lack of 
cultural treatments designed to remove accumulated dead vegeta- 
tion, such as prescribed burning or cattle grazing. Weighted mean 
litter biomass for the 2-year-old plantations was 3,605 kg/ ha and 
over twice that value for the 5- and lo-year-old plantations (Fig 2). 
These high litter accumulations, mainly due to the abundant blues- 
terns, create a significant wildfire hazard. Significant differences 
were not detected in litter accumulation among microsites in any of 
the plantations (Fig. 7). 

Total Live Understory Biomass 
Total live understory averaged 3,410 kg/ ha for 2-year-old plan- 

tations (Fig. 2). This represented a large increase in understory 
standing crop biomass from nearly bare ground at the time of site 
preparation. The maximum total live understory standing crop 
(4,400 kg/ ha (Fig. 2)) occurred at age 5 years and averaged approx- 
imately 1,000 kg/ ha less at age 10 years. Beds produced a signifi- 
cantly larger amount of total live understory biomass than furrows 
in 2-year-old plantations, while flats had a significantly greater 
standing crop than furrows in all plantations (Fig. 8). 

Discussion and Conclusions 

Litter dominated the plantations classes studied, amounting to 
over 8,000 kg/ ha by the fifth year. This accumulation in the 
younger plantations may be attributed to abundant bluestems (a 
preferred cattle forage). White (1975) and Schultz and Wilhite 
(1975) also found high litter accumulation associated with abund- 
ant bluestems in pine plantations. Besides constituting a serious 
wildfire hazard, litter buildup suppresses the amount of forage 
available (Beckwith 1964) and may immobilize nutrients needed 
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Fig. 8. Microsite effect on total live understory biomass in bedded slash 
pine plantations of different ages in north Florida. (Microsite means 
connected by the same vertical line were not signtficantly (P<.os) 
different. 

for vegetation growth. Prescribed burning or a properly managed 
cattle operation may prevent these high accumulations of litter, 
reduce the risk of wildfire, improve the availability of palatable 
forage, and extend forage production further into the plantations 
rotation cycle. 

Grasses were the major biomass class in the 2-year-old planta- 
tions with a maximum of 2,698 kg/ ha recorded for the bed. Cultu- 
ral land treatments associated with current forestry operations for 
the north Florida area have promoted the more desirable range 
plant species. These species have increased to a point where an 
excellent seed source is available in many areas allowing quick 
recovery to produce good range forages following site preparation. 
Hence, there is a tremendous potential on this land for a profitable 
timber-range operation if properly managed. 

Many of the biomass differences which seemed large were not 
statistically significant. This is attributed to the low sampling 
intensity on these highly diverse, inherently variable, flatwoods 
sites. It is suspected during early stages of plantation development 
that microsite vegetation may be highly related to soil moisture. 
Also, it is suspected that shrubs may inhibit herbage production 
more than the pines in developing plantations. Further study is 
needed in these areas. 

The grass biomass class was the plant group most affected by 
microsite differences. Hence, in bedded plantations, understory 
forage inventories should be stratified according to the approxi- 
mate proportion each microsite occupies of the total area. Forage 
may be increased in bedded plantations by increasing the propor- 
tion of land occupied by the more productive flat and bed micro- 
sites while maintaining the same tree densities. This can be 
accomplished by increasing spacing between tree rows, and 
decreasing tree spacing within rows. 
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Grazing Animal Preferences for Cultivated 
Forages in Canada 
R.H. GESSHE AND P.D. WALTON 

Abstract 

Ten perennial forage species and one forage mixture were evalu- 
ated for yield and animal preference at three growth stages. The 
most preferred but lowest yielding grass was Russian wild rye. 
Intermediate wheatgrass yielded most but was less preferred. 
Bromegrass gave high yields and was a preferred species. For the 
legumes, birdsfoot trefoil had the highest preference rating and 
also gave some high yields. Alfalfa was a productive, preferred 
species. The advantages, in terms of both animal preference and 
production, of a mixed forage stand over pastures containing a 
single species were demonstrated. Plant moisture, crude protein, 
digestibility, and crude fibre all influenced preference at certain 
times of the growing season. 

Animal nutrition plays an important role in grazing manage- 
ment. The animal makes a marked contribution to this manage- 
ment process by selecting plant species and plant parts from a 
mixed sward. Consequently, it determines its own nutritional level 
in terms of both quality and quantity. Animals ingest greater 
quantities of preferred species and this increased intake affects the 
animal’s weight gain (Cowlishaw and Alder 1960, Tribe 1952). 
Also, the physical and chemical properties of a forage influence 
selective grazing behaviour of animals (Hardison et al. 1954, 
Meyer et al. 1957, Tribe 1952) so that the quality of the material 
consumed is also determined by animal selection. 

Much research in animal grazing preference has been conducted 
on native rangeland. Information regarding animal preference for 
cultivated forage species in western Canada is limited. Thus, this 
study undertook to determine the preferences of steers offered an 
assortment of cultivated forages. The forage quality characteristics 
of the material for which the animals showed a preference was also 
studied. 

The authors are, respectively, instructor in the Plant Science Department at Old’s 
College and professor and chairman of the Department of Plant Science, University of 
Alberta. This work was made possible by grants from the Alberta Cattle Commission 
and the Alberta Agricultural Research Trust. 
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Materials and Methods 

The study was conducted at the University of Alberta Ranch at 
Kinsella, situated in the thin black soil zone in east-central Alberta. 
The soil was a glacial loam of the Viking moraine (Wyatt et al. 
1944). Topographically, the area is rolling to hilly with sloughs 
occurring in the depressions. Mean annual precipitation is 40.6 cm 
with the maximum precipitation occurring between July 1st and 
July 15th (Wonders 1969). Ten forages and one forage mixture 
(2.24 kg/ ha alfalfa, 4.48 kg/ ha creeping red fescue, 6.72 kg/ ha 
bromegrass) were sown on May 3 1 and June 2,1972, in strips 3.5 m 
wide and 45.7 m long at the rates and row spacings listed in Table 1. 
By the second year, forage establishment was good. The study area 
was separated into three pastures each containing four replications 
of each species and the mixture. A 15.2-m length from each 3.5-m 
strip was fenced to form exclosures. In 1973, these three pastures 
were grazed when the plants were in the vegetative stage (May 31 to 
June 17), at heading or flowering (June 21 to July 10) and at or 
after seed set (July 11 to July 31). After each grazing period, 
one-half meter samples were clipped from each plot in both the 
grazed and exclosed area. Samples were divided into leaves and 
stems, dried at 65” C, and weighed. 

Production was the total dry weight from each clipped species in 
the exclosed area. Utilization was the difference between the total 
forage clipped from the grazed area and that corresponding from 
the exclosure. The preference rating was calculated by the method 
used by Van Dyne and Heady (1965) and Rosiere et al. (1975). 
Values greater than 1 .O indicated preference, values less than 1 .O 
indicated avoidance. In addition to evaluating dry matter produc- 
tion (and, consequently, percent moisture) for leaves and stem, the 
clipped samples were used to determine the proportion of leaves by 
weight as well as percent crude protein, acid detergent fibre, and 
acid-pepsin dry matter disappearance. Crude protein was deter- 
mined with a Colman nitrogen analyzer (Stavant et al. 1963). The 
Van Soest method (1963) was used for acid detergent fibre evalua- 
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Table 1. Seeding rates, production, utilization, and relative preference rating for ten forages and a forage mixture for three grazing periods.1 

Species 

Seeding 
rate 

(kg/ ha) 

Grazing Period 1 Grazing Period 2 Grazing Period 3 

Produc- Utiliz- Pre- Produc- Utiliz- Pre Produc- Utiliz- Pre- 
tion ation ference tion ation ference tion ation ference 

(kg/ ha) (kg/ ha) rating (kg/ ha) (kg/ ha) rating (kg/ ha) (kg/ ha) rating 

Bromegrass 6.7 2320 1320 1.2 5700 2840 1.0 6140 2800 1.2 
Creeping red fescue 9.0 2900 1400 1.1 5130 1510 0.6 5190 0 0.0 
Crested wheatgrass 11.2 1550 560 0.8 3140 340 0.2 4170 0 0.0 
Intermediate wheatgrass’ 9.0 2870 1560 1.2 6160 690 0.2 5760 42 0.0 
Redtop 10.1 1260 530 0.9 4080 2060 1.1 6330 3500 1.5 
Russian wild ryegrass 5.6 650 350 1.2 790 720 1.9 1580 1000 1.7 

Alfalfa 6.7 
Birdsfoot trefoil 12.3 
Sainfoin 20.2 
White clover 7.8 

1700 
830 

1640 
1020 

2320 

980 
350 
380 

20 

3260 1.5 
4630 1.8 
1060 0.7 
2220 1.2 

3730 1.3 
3060 1.9 
1200 0.8 
3770 1.6 

Forage mixture* 

Mean 
at 5% Level 

1% Level 

13.4 

1730 
835 

1125 

1320 

800 
939 

1.3 4370 
0.9 5270 
0.5 3330 
0.0 3680 

1.2 5780 3640 1.3 

7680 
4360 
4170 
6250 

8300 4230 1.4 

4310 
2120 

3040 

2090 
2250 

5450 
3380 

3730 

2040 
2760 

2850 4550 

‘Row spacing was 17.8 cm except for Russian wild ryegrass, which was 35.6 cm. 
*Alfalfa (2.24 kg/ ha), creeping red fescue (4.48 kg/ ha) and bromegrass (6.72 kg/ ha). 

tions. The acid-pepsin determination was that used by Donefer et 
al. (1966), Koundall et al. (1970) and Sleper et al. (1973). 

The various chemical and physical forage characteristics studied 
were compared with the animal preference rating by using stepwise 
multiple regression. This method introduced variables into the 
regression equation according to the proportion of variation of the 
dependent variable accounted for. The regression analysis was 
considered complete when the introduction of a new independent 
variable resulted in a change of less than one per cent of the 
variance of the dependent variable. Simple correlation coefficients 
were calculated between all variables studied. 

Results and Discussion 

Animal Preference 
During the first grazing period, plants were in vegetative stage 

and differences in preference were small, with the exception that 

white clover and sainfoin were rejected. Some preference was 
shown for bromegrass, intermediate wheatgrass, Russian wild rye- 
grass, alfalfa and the forage mixture. With the exception of Rus- 
sian wild ryegrass, these species were also high yielding (Table 1). 
Overall, grasses were preferred (Preference rating = 1.06) over 
legumes (0.78). By the second grazing period this situation was 
reversed. The grasses had a mean preference rating of 0.6, while 
that for legumes was 1.04 (Table 1). Russian wild ryegrass was the 
most highly utilized species, closely followed by birdsfoot trefoil 
which gave a high yield. Alfalfa was another preferred species 
which was also highly productive. The animals avoided crested 
wheatgrass, intermediate wheatgrass and sainfoin during this graz- 
ing period. This rejection of intermediate wheatgrass is unfortu- 
nate in view of the high yield obtained (6,160 kg per ha). During the 
third grazing period (Table 1) three grasses (creeping red fescue, 
crested wheatgrass and intermediate wheatgrass) were rejected 
entirely. The animals avoided only one legume (sainfoin). The 
forage mixture yielded the highest (8,300 kg per ha) and it was well 

Table 2. Protein, acid detergent fibre, digestiblity (acid pepsin dry matter disappearance) moisture content and per cent leaf for ten forage species for three 
grazing periods’. 

Species 

(Crude fibre) 
(Digestibility) 

Crude protein (%) Acid detergent fibre (%) 
Acid pepsin dry matter dis- 

Moisture 
Leaf dry weight 

appearance (%I as TO of total 

Leaf Stem Leaf Stem Leaf Stem 
content plant dry weight 

Grazing Period Grazing Period Grazing period Grazing Period Grazing Period Grazing Period Grazing Perid Grazing period 

12 3 12 3 12 3 12 3 12 3 12 3 12 3 12 3 

Bromegrass 16.9 18.9 15.0 10.9 8.5 7.2 34.3 33.8 33.4 37.8 44.3 39.6 34.9 35.0 35.0 27.0 23.5 29.0 76 67 54 43 44 24 
Creeping red fescue 17.6 11.7 8.6 14.6 8.5 5.5 34.0 34.6 32.5 36.0 44.5 45.6 31.4 30.7 35.0 26.1 19.9 19.1 66 68 57 37 38 50 
Crested wheatgrass 24.2 19.1 17.8 13.5 10.7 10.2 31.0 33.0 34.0 33.6 39.7 39.8 40.5 35.7 31.2 34.1 28.0 25.9 71 62 54 35 20 25 
Intermediate wheatgrass 18.6 15.3 15.9 11.2 8.3 7.8 34.8 34.0 33.7 32.1 44.6 41.5 32.7 28.9 28.4 35.0 17.6 24.1 69 69 55 55 35 26 
Red top 21.6 16.3 16.1 11.1 9.9 7.4 38.2 32.4 36.3 29.4 38.9 39.4 43.1 32.2 28.2 38.2 25.0 27.9 73 75 62 47 55 36 
Russian wild ryegrass 23.0 21.8 16.5 14.9 12.1 8.3 31.5 31.0 33.1 40.3 42.2 45.2 37.7 35.6 30.9 23.5 23.0 17.2 71 69 64 82 89 83 

Alfalfa 26.5 25.4 28.2 13.9 10.5 11.9 22.6 19.7 22.2 42.4 49.7 47.6 58.6 54.6 52.7 37.1 30.2 30.6 78 73 66 55 51 44 
Birdsfood trefoil 28.0 19.6 19.8 14.5 10.9 9.2 23.2 26.5 42.0 50.1 50.1 49.4 55.1 47.0 42.8 36.5 28.1 27.7 81 74 71 62 45 42 
Sainfoin 26.0 26.5 22.8 11.4 13.7 9.8 34.6 22.2 26.7 46.9 45.9 47.6 41.0 47.2 42.8 30.6 30.2 26.9 82 75 64 53 47 40 

White clover 

LSD (0.05) 
LSD (0.01) 

20.8 19.6 18.4 -* - - 27.9 33.7 36.0 - - - 47.1 41.8 38.8 - - - 79 78 69 - - - 

1.1 1.6 1.0 0.9 0.9 0.9 0.4 0.6 0.1 0.1 0.5 0.3 0.7 1.2 0.8 0.8 0.6 1.3 
1.6 2.3 1.4 1.3 1.3 1.3 0.6 0.8 0.2 0.2 0.7 0.4 1.0 1.7 1.2 1.1 0.9 1.9 

‘Row spacing was 17.8 cm apart for all species except Russian wild ryegrass, which was 35.6 cm. 
*White clover stems not analyzed 
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liked by the animals. 
Considering all grazing periods, steers preferred Russian wild 

ryegrass but it had low yields because of wide row spacing and slow 
establishment. Once established, it has been reported to out-yield 
bromegrass and crested wheatgrass in the brown soil zone (Law- 
rence and Heinrichs 1966). Russian wild ryegrass was probably 
preferred because it had the highest proportion of leaves and 
highest moisture content of all the grass species (Table 2). 
Bromegrass yielded slightly less than intermediate wheatgrass but 
was most utilized of all grasses throughout the trial. Animal 
preference for red top increased as the season progressed. This 
species matures late, retaining many leaves and having relatively 
high moisture toward the end of the season. For intermediate and 
crested wheatgrasses, the decline in preference from the first of the 
third grazing period was associated with a decline in the proportion 
of leaves and leaf moisture and an increase in crude fiber (Table 2). 
Intermediate wheatgrass was the highest producing species. It grew 
rapidly, matured late and was relatively low in protein. Lawrence 
et al. (1971) recommended intermediate wheatgrass over 
bromegrass or reed canarygrass (Phalaris arundinacea L.) for 
irrigated conditions because of its high dry matter yield. 

With the exception of the first grazing period, birdsfoot trefoil 
was the most preferred legume, giving high yields and out- 
producing alfalfa during the second grazing period. The animals 
did not readily graze this species when first turned into a pasture, 
but subsequent utilization was high. Alfalfa was a productive, 
well-utilized species with a high proportion of leaves. Sainfoin was 
avoided throughout the trial. It was relatively high yielding during 
the first grazing period but was the lowest yielding legume in the 
second and third periods. Hanna et al. (1972) reported sainfoin 
yields to be 85% of alfalfa. The animals selected only the leaves of 
this forage, leaving stems untouched. White clover yielded little in 
the first grazing period but yields increased later in the season. 
Cooper et al. (1971) in Montana also reported poor forage yields 
for white clover. 

Animals preferred the forage mixture during all grazing periods, 
suggesting that grazing animals were attracted to a heterogenous 
plant community (Jones 1952). The high production from the 
mixture may be attributed to the effect which the nitrogen fixing 
legume had on grass yields. The variation in individual animal 
preference gave the forage mixtures on advantage when compared 
to pure stands because each animal had a choice of forage, allowing 
individuals to adjust their own diets. The forages tested in this trial 
are all commonly seeded into Alberta pastures. Any of them would 
be readily utilized by cattle if no alternatives were offered. Minor 
variations in utilization, such as were obtained during the first 
grazing period, were of little practical significance because they 
probably would not affect animal intake. Also, variations in indi- 
vidual animal grazing behaviour nullified (P>O.O5) the importance 
of small over all differences in animal preference. 

Forage Quality Characters Associated with Animal Preference 

For each grazing period (vegetative, flowering, and seed set) a 
multiple regression equation was developed to evalute the effect of 
various forage quality factors on the preference rating (I’). The 
prediction equation developed for the first grazing period was not 
significant. The high quality (Table 2) of all species at this time 
discouraged selective grazing patterns based on forage quality. A 
significant (P<O.Ol) multiple regression equation was developed 
for the second grazing period. Simple correlation coefficients indi- 
cated that the percent leaves, stems, crude fibre, and stem acid- 
pepsin dry matter disappearance had a positive influence on the 
preference rating during this period, while both leaf and stem 
protein decreased animal preference. The prediction formula was 
(R2 = 0.94). 

Y = -4.21 + 0.04~2 + 0.07~13 + 0.12x9 - 0.07X4 - 0.12X7 

where x2 was percent leaves by weight, xs percent crude fibre in the 
stem, x9 acid-pepsin dry matter disappearance in the stem, x4 

percent leaf crude protein, and x7 percent stem crude protein. The 
mature forage data from the third grazing period showed (KO.01) 
that moisture (xl) was the major positive influence on the prefer- 
ence rating. The prediction equation (R2 = 0.77) was: 

Y = -2.42 + 0.16x1 - 0.15~8 + 0.01x2 
where X8 -2.42 -I- 0.16~1 - 0.15~8 i- 0.01~2 

Coleman and Barth (1973), Fontenot and Blaser (1965), Hardi- 
son et al. (1954), Weir and Tore11 (1959), and Rama Rao et al. 
(1973) all showed that grazing animals tend to select diets high in 
crude protein, easily digestible, and low in crude fibre when offered 
a variety of forage. Other workers (Crampton 1957, Dubbs 1966, 
Meyer et al. 1957, Milford and Minson 1966, Tribe 1952, Van 
Soest 1964) reported poor correlations between preference or 
intake and the nutritional value of forages. Crampton (1957) indi- 
cated that as long as the animal’s basic nutritional needs were 
satisfied, little selection was likely to occur. In other studies, a close 
relationship existed between preference or intake and nutritive 
forage value (Blaxter et al. 1961, Blaser et al. 1960, Cook 1959, 
Plice 1952). This study indicated that the various quality compo- 
nents do influence animal preference. The multiple regression 
relationships between crude protein, digestibility, and crude fibre 
associated these characters with animal preference. Moisture con- 
tent of forage is seldom mentioned as a factor in forage preference. 
Here, moisture content significantly (P<O.Ol) affected preference 
in the third grazing period. Hilton and Bailey (1972) also working 
on the University of Alberta Ranch, reported the importance of 
moisture content to animal preference for native forage species. 
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Seed Production and Spring Seedling Estab- 
lishment of Diffuse and Spotted Knapweed 
ROLAND SCHIRMAN 

Abstract 

Annual seed production of diffuse (Centurea diffusa) and spot- 
ted knapweed (Centurea maculosa) is reduced in dry years by a 
reduction in the number of viable seeds per seed head and increases 
when above-normal precipitation occurs by increase in the number 
of heads/flower stem. Seed production was approximately l,OOO- 
fold that needed to maintain observed levels of infestation. Seed- 
lings emerging in April had a high rate of survival with most plants 
flowering the following season, while those emerging after May 15 
had a very low survival rate and almost no flower stem production 
the following season. 

(Table 1). Each site was sampled annually the first week of August 
in 1973 through 1976. The number of flower stems per unit area 
was estimated by random counts of m* hoop. Each area was 
subsampled to determine the number of seed heads/flower stem 
and the number of mature achenes/flower head. Only seed heads 
that were in the maturity range of well-developed seed, but had 
bracts still tightly closed, were counted for the latter measurement. 
Location and general features of each site are shown in Table 1. 

Diffuse and spotted knapweed are short-lived perennials of the 
Centaurea genus that have become major weed problems on semi- 
arid range and pasture lands of the Pacific Northwest. The prob- 
lem of these weeds, which are continuing to spread into many 
prime grazing areas, was recently reviewed (Maddox 1979). Con- 
trol of these species is possible by chemical means (Renney and 
Hughes 1969) but these measures are not always practical because 
of economics, terrain, or environmental considerations. Several 
biotic agents are under study [Maddox (1979); Watson and Ren- 
ney (1974,] but at present have only a minor impact. 

Watson and Renney (1974) summarized observations related to 
the reproduction of these species. In general, they reported that 
these species under range conditions were capable of producing 
400-900 seeds/plant that would germinate under a range of 
temperatures of 7 to 34O C when optimum moisture was supplied. 
Some post harvest and light-induced dormancy was measured. We 
have also observed viability greater than 80% of the seeds still 
retained in the seed heads of diffuse in April. These normally are 
fully dispersed by mid June. Both fall and spring seedling emer- 
gence is common with these species. 

Table 1. Location and description of knapweed sites sampled for estimate 
of seed production. 

Site No. Location (near) Description 

1 Spokane, Washington Abandoned farm land 
2 Add y, Washington Abandoned farm land 
3 Addy, Washington Pasture 
4 Addy, Washington Rangeland 
5 Barstow, Washington Forested 
6 Gifford, Washington Rangeland 
7 Fruitland, Washington Rangeland 
8 Garwood, Idaho 2nd growth timber 
9 Chilco, Idaho Pasture 

10 Segal, Idaho Timber (disturbed) 
11 Athol, Idaho Rangeland (ungrazed) 

Spring Seedling Establishment 

The objective of this study was to assess the reproductive ability 
of these species under a wide range of sites prior to the introduction 
of bio-control agents and to measure the establishment of seedlings 
that would emerge following the date when herbicide treatments 
would normally be made in the spring. 

Methods 

Annual Seed Production 
Natural field infestations in 11 diverse sites of northwestern 

Washington and northern Idaho were selected for evaluation 

Author is research agronomist, Agricultural Research, Science and Education 
Administration, U.S. Department of Agriculture, Western Region, Pullman, 
Washington 99164. 

This report is a contribution of Agr. Res., Sci. and Educ. Admin., U.S. Dep. Agr., in 
cooperation with the College of Agriculture Research Center, Washington State 
University, Pullman. Scientific Paper No. 5344 of the latter. 

Manuscript received June 18, 1979. 

A site near Spokane, Washington, with Garrison Gravely loam 
soil that represented the habitat where knapweeds are commonly 
established was selected for this experiment. In 197 1 only diffuse 
knapweed was seeded, while in 1972 and 1973 both diffused and 
spotted knapweed were sown at 3-week intervals, beginning the 
last week in March. Existing native vegetation was removed prior 
to the start of each season and the trial area maintained free of 
competition during the observation period. One hundred seeds in 
three replications were sown on each date in rows 1 meter long. 
Each seed row was separated from the adjacent rows by 33 cm. 
Approximately 5 mm of soil was placed over the seed to improve 
the seed-soil contact. In 197 1 and 1972 seeds were sown within the 
plot at random, while in 1973 seeds were precision placed to allow 
exact identification of emerged seedlings. The seed for each year 
was collected the prior fall from a nearby field infestation. Labora- 
tory germination tests showed greater than 95% viability of all seed 
lots. Plants were counted at weekly intervals for at least 6 weeks 
after seeding and observed at the onset of fall regrowth and at the 
time of flower stem bolting the following year. 
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Table 2. Components of annual seed production of diffuse knapweed 
sampled at selected sites in N.E. Washington. 

loo 1971 

80 f 
Site No. 1973 1974 1975 1976 1973 1974 1975 1976 

I 
2 
3 
4 
5 
6 
7 
Avg 

I 
2 
3 
4 
5 
6 
7 
Avg 

Number flower stems/m* Avg. number seed head flower 
stem 

17.9 40.4 30.3 26.9 119.7 49.5 282.9 103.6 
7.8 29.2 20.2 15.7 73.8 91.3 140.1 121.7 

43.7 13.5 24.7 24.3 28.6 66.7 132.6 86.8 
61.1 19.6 15.7 34.0 46.7 48.4 134.6 91.7 
16.8 10.7 10.7 20.5 30.4 41.7 125.2 61.8 
33.1 16.3 12.3 37.3 40.2 89.1 180.8 46.8 
28.6 10.1 10.1 14.2 33.4 65.0 65.1 73.6 
29.8 19.9 20.5 24.7 53.3 64.5 151.6 83.7 

Avg. number seed/flower head Calculated, 000 seed/m* 
6.4 11.5 17.1 13.7 13.7 22.5 146.3 38.2 
7.3 15.6 17.1 17.3 4.2 35.8 48.3 33.0 
9.7 18.4 20.5 16.5 10.6 16.0 67.0 34.8 
8.1 14.3 10.0 15.9 21.9 12.8 21.1 49.5 
9.1 15.2 13.0 12.6 6.2 6.8 17.3 15.9 

11.6 11.4 13.1 12.6 15.9 17.1 29.2 22.0 
6.4 9.6 12.1 11.9 5.9 6.3 7.9 12.4 
8.4 13.7 15.2 14.4 11.2 16.7 48.1 29.4 

Results 

Annual Seed Production 
The diffuse knapweed sites that were sampled all occurred 

within a precipitation zone of 40 to 50 cm and were characterized 
by well-drained soils. The general productivity classification of the 
sites is reflected primarily in the number of flower stems/site and, 
to a lesser degree, in the number of seed heads/ stem and achenes/ 
flower. We attribute variations between years shown in Table 2 to 
be primarily due to seasonal differences in precipitation. The grow- 
ing season of 1973 was hot and dry when compared with the 

Table 3. Components of annual seed production of spotted knapweed 
sampled at selected sites in Northern Idaho. 

Site No. 1973 1974 1975 1976 1973 1974 1975 1976 

Number flower stems/m* Avg. number seed head/flower 
stem 

8 36.4 49.3 48.8 41.3 21.7 7.4 8.6 12.6 
9 11.2 39.8 25.2 31.4 12.0 8.0 9.3 9.3 

10 - 94.2 65.0 51.6 - 25.8 37.3 17.9 
I1 - - 50.5 59.4 - - 6.0 4.9 
Avg 23.8 61.1 47.4 45.9 16.8 13.7 15.3 11.2 

Avg. number seed/flower head Calculated, 000 seed/ m* 

8 24.2 32. I 25.6 30.3 19.3 10.4 10.7 15.7 
9 24.4 29.4 36.7 35.0 3.3 7.2 8.6 10.2 

IO - 27.5 37.2 33.7 - 70.3 90.2 31.1 
II - - 29.1 32.9 - - 8.8 9.6 
Avg 24.3 29.7 32.2 33.0 11.3 29.3 29.6 16.7 

loo 1972 

80 f 

APRIL MAY JUNE JULY 

Fig. 1. Observed stand of difSuse knapweed seeded on various dates in 
1972, 1972 and 1973. Cumulative emergence is shown for the April 11 
and May 2, 1973, seedings (---). 

long-term average and the resultant lowering of achenes/seed head 
is observed. In contrast, the 1975 season had above-normal precip- 
itation and significant increases in the number of seed heads/ 
flower stem and total seed production were measured. 

All the sites sampled for spotted knapweed occurred in the 64 to 
76 cm precipitation zone. Less variability between years was mea- 
sured with diffuse knapweed (Table 3). Although seed production 
per unit area is similar for these two species, the fact that spotted 
knapweed normally produces multiple flower stems would reflect 
higher levels of seed production per plant. 

It is readily apparent that survival of only about 0.1 percent of 
the seed produced is required to maintain the stand at the level we 
observed. If biocontrol agents, such as Urophora affinis, that act 
primarily on the developing seed are to reduce the density of 
existing stands, it appears that very high levels of parasitism would 
be necessary. Such agents, nevertheless, might be ineffective in 
retarding the spread of these weeds to adjacent, noninfested areas. 

Table 4. Stnad @O./m*) and percent of plants flowering 1 year after seeding diffuse and spotted knapweed. 

Seeding date 1972 

March 25 - 
April II 41 
May 2 37 
May I4 25 
May 23 8 
June IO 3 
July 3 - 

Diffuse Spotted 

Stand % flowering Stand % flowering 

1973 1974 1972 1973 1974 1972 1973 1972 1973 

45 22 - 89 70 27 29 93 89 
51 30 88 76 70 18 I4 94 21 
34 7 70 62 I4 0 3 0 0 
- - 72 

1 0 25 65 ; i 1 < i 
0 2 0 0 0 0 2 0 0 

0 I3 - 0 0 0 I6 0 0 
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Fig. 2. Observed stand of spotted knapweed seeded on various dates in 
1972 and 1973. Cumulative emergence is shownfor the April 1 I and May 
2, 1973, seeding. 

Spring Seedlings Establishment 
Seedlings stands observed on various dates after seeding are 

shown in Figures 1 and 2. The maximum stand observed for 
seedings prior to June is basically the same. However, the survival 
of these plants decreases with delay in emergence as shown by the 
survival of these plants 1 year after seeding (Table 4). 

Since maximum observed values in the field were considerably 
below the viability level shown in laboratory tests, we attempted in 
1973 to measure mortality and delayed emergence. The total 
observed emergence from the April 11 and May 23 dates are also 
shown in Figures 1 and 2. It is possible that seedlings emerged and 
died between our weekly observations. Seedlings emerged in the 
fall only from seed planted in June or July and had given no 
emergence during the summer season. The factor of dormancy 
caused by light suggested by Watson and Renney (1974) should 
have been minimized in that the seeds were covered with soil, yet a 
significant number of seed failed to emerge. 

In all years the leaves of the emerged seedlings totally dessicated 
during August. Fall regrowth occurred only on those plots where 
seedlings had emerged prior to June. 

Flowering the year of seeding was observed only from the earli- 
est seeding date and was less than 1% of the plants in any year. 
Flowering 1 year after seeding was also directly related to the time 
of emergence. March and April seeding produced flower stems 
from 70 to 95% of the plants while no flowering occurred from the 
June or July plants. Therefore, if emergence is effectively con- 
trolled with herbicides through June, only minimal flowering is 
likely to occur in the following growing season. 
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Productivity Dynamics of a Native Temperate 
Grassland in Argentina 

OSVALDO SALA, V. ALEJANDRO DEREGIBUS, TOMAS SCHLICHTER, AND HORACIO ALIPPE 

Abstract 

Studies of aerial net primary productivity (ANPP) were made on 
a grassland that had been excluded from livestock grazing for four 
years. ANPP was calculated by summation of individual species 
and corrections based on fluctuations of standing dead litter. The 
grassland produced a minimum of 4 kg of dry material *ha-‘*d-l in 
the fall and a maximum of 30 kg of dry material -ha-‘-d-’ during the 
spring. 

Salado River Basin occupies an area of 5,800,OOO ha in Buenos 
Aires Province, Argentina, 80% of which is covered by native 
grassland utilized for cattle production. The proximity of the area 
to the city of Buenos Aires makes it important as a source of beef to 
this large area of population. 

The general aspect of the basin is that of an extensive plain with 
little or no slope. This results in a great number of permanent 
ponds and areas subjected to frequent flooding. However, vegeta- 
tion of the area also suffers from severe summer droughts because 
of shallow soils. Climate is temperate and humid. Annual precipi- 
tation is 900 mm of rainfall that is evenly distributed throughout 
the year. No snow deposition occurs. This mild weather permits the 
grasses to maintain productivity during the entire year. 

The objectives of this study were to describe the (I) dynamics of 
the aerial biomass and (2) the dynamics of the aboveground net 
primary productivity (ANPP) of a native grassland of the Salado 
River Basin and of its major species throughout an entire year. The 
study was conducted in one of the most conspicuous communities 
of the basin. This community was described by Leon (1975) using 
Braun-Blanquet (1950) techniques and named Piptochaetium 
montevidense, Ambrosia tenuifolia, Echpta bellidioides, and 
Metha pulegium. 

Methods 

Estimates of ANPP were made using a method of successive 
harvests throughout the entire calendar year. Clippings were made 
in an ungrazed area that had been excluded from livestock grazing 
for 4 years. 

Six harvests were made during the year utilizing rectangular 
sample plots 0.2 X 3 m. This type of sample plot was selected 
because it best covered the heterogeneity of the grassland (Fonseca 
et al. 1976). The number of plots clipped during each sampling 
period was such that the required level of accuracy for biomass of 
the main species was fixed at 30% of the mean at 5% level (Milner 
and Hughes 1970). This resulted in 30 to 40 samples being clipped 
for each sampling period. Quadrats were randomly located and 
never occurred in previously clipped places. 

Litter was collected by hand from each harvested plot. Standing 
crop samples were clipped to ground level and kept in a freezer 
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until they could be separated into 32 categories. The categories 
were 24 grass species, five forbs, two miscellaneous and one stand- 
ing dead. After separation, the samples were oven dried at 60-70” C 
and weighed. 

The specific ANPP (Pi) was calculated as the positive difference 
of two successive measurements of the green biomass compart- 
ment divided by the number of days between harvests (At) (Kelly et 
al. 1974). When the difference was negative the value calculated 
was called specific net senescence (Si). All these estimations are, 
however, biased since productivity and senescence are simultane- 
ous processes. Therefore, the calculated Pi or Si represents a 
predominance of one process over that of the other during one time 
period. 

The grassland under study had no synchronized growth habits 
among species. Therefore, the analysis of the dynamics of each 
species biomass was necessary to avoid the masking effects of 
specific senescences in total productivity (Sims and Singh 1971). 
The total ANPP was calculated by 

ANPPt = i Pi + SC + Fc, 

i=l 
(1) 

Where SC and Fc are correction factors that account for the 
senescence and decay processes, respectively. SC represented the 
increment of standing dead material not justified by the summa- 
tion of individual species senescences. SC is, therefore, material 
that was produced but did not generate an increase of any green 
biomass compartment because it occupied the place left by mate- 
rial which was senescent during the same period. SC is expressed 
mathematically as the daily increment of the senescence compart- 
ment (A’SD/At) minus the summation of specific net senescence 
(Si) and is shown in equation (2). 

A+ SD 
sc=-- 4 Si. 

At i=l 

SC has the restriction of being L 0. 
Fc is the correction factor for detached plant material and was 

developed similarly. In this way, Fc represents the increment of 
litter not justified by the decrease of the standing dead compart- 
ment. Fc is expressed mathematically as the daily increment of the 
litter compartment (A’L/ At) minus the daily decrease of standing 
dead (A-) as shown in equation (3), 

Fc = A+L - A-SD 
(3) 

At 

Fc has the restriction of being L 0. The biomass differences among 
dates were tested for the four functional compartments using a 
t-test. For the biomass data of each species, 95% confidence inter- 
vals were calculated. 

This methodology for calculating Pi and ANPPt may be an 
overestimation because it includes not only the differences of 
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biomass among dates that were statistically significant @s 0.05). 
but all the differences. On the other hand, since the processes of 
productivity and senescence occur simultaneously, this method- 
ology may underestimate productivity because it utilizes the rate of 
net accumulation of biomass within a specific compartment as the 
specific productivity value. If the methodology had taken into 
account only those differences that were statistically significant. it 
would have pooled all the other species with different productivity 
seasonality in one compartment. Therefore, the overlapping of 
productivity and senescence would have been greater and the 
underestimation of productivity also would have increased. The 
solution to this compromise is to increase the total sampling area 
until all the differences are statistically significant. This solution 
means an important increase in the cost of the project, however. 

Results and Discussion 

Total aboveground standing dead. green biomass and litter are 
shown throughout a year in Figure I. Significant changes in the 
standing dead material accounted for most of the changes in total 
aboveground biomass. Conversely, green biomass and litter 
showed little change within the year. Seasonal variations were 
observed in the different compartments. While green biomass and 
litter were at a minimum during the winter. the standing dead 
material maintained a constant increment with a maximum slope 
during spring. 

Green biomass of the major species is shown in Figure 2. Two 
different patterns of biomass distribution throughout the yearwere 
observed. Briza subnristato, Danthonia montevidensis, and Carex 
phalaroides (Fig. 2a) showed a peak of biomass during spring and 
were considered cool-season (CS) species. Ambrosia fenuifolia, 
Bothriochloa laguroides, Distichlis spicata and Stipa POPPOSO 
(Fig. 2b) showed maximum biomass peaks during the summer and 
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fall and were considered warm-season (WS) species. A similar 
pattern was also shown by Paspalum dilotum, although seasonal 
differences were not significantly different @ 2 0.05. There was 
green biomass of both CS and WS species throughout the year. 

Aboveground net primary productivity of two major species, 
&+a subaristatn and Danthonia montevidensis, had maxImum 
values of specific productivity (Fig. 3a), whereas specific produc- 
tivity values for WS species were lower (Fig. 3b). During summer 
there were more species growing than during the spring (Fig. 4). 
Most ANPP during the spring was provided by a few species, Brim 

subaristata, Danthonia montevidensis, and Carex ghalaroides. 
Conversely, during the summer and fall ANPP was distributed 
among a greater number of species. 

0 J F H A H J J A 5 0 N 0 MONTHS 

Fig. 4. Proportronolproductivity of the different species throughout the 
yew 

Annual patterns in specific diversity were analyzed using Simp- 
son’s (I 949) index (Fig. 5). Maximum values of this index occurred 
during the spring which represents the minimum specific diversity 
of the grassland. Conversely, maximum diversity values were 
observed during the fall. 

A unique peak of 30.45 kgha-‘d’ in total ANPP occurred 
during the spring and the beginning of summer (Fig. 6). Annual 
average was 14.6 kgha-‘+I corresponding to an annual produc- 
tion of 532 gmm2 of dry matter. Although this grassland has 
drought periods during the summer, it has climatic characteristics 
similar to some of the North American tallgrass sites according to 
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Fig. 5. Values of Simpson’s (Simpson 1949) diversity index throughout 
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Lauenroth (1979). Several authors have reported annual ANPP 
data for these grasslands. Lauenroth (1979) reported ANPP of 567 
gm-‘.yr-’ for Pawhuska, Oklahoma, whereas Sims and Singh 
(1978) presented a value of 345 gm~‘~yr~’ (3-year average) for an 
ungrazed treatment lor the same area. Kucera et al. (1967) reported 
634 gm-‘.yi’ for Columbia, Missouri. Owensby and Anderson 
(1967) reported 387 gyr-’ for Manhattan, Kansas. Therefore, the 
annual ANPP reported in this paper is within the range of those 
reported for native grasslands of areas with similar climates. 

Spring productivity peak occurred when specific diversity was 
near its minimum. During the fall when specific diversity was at a 
maximum, ANPPt was at the minimum rate recorded. 

In order to analyze the specific ANPP independently of the 
biomass that resulted in this productivity, an efficiency index was 
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utilized. This index was similar to the one developed by Briggs et al. Literature Cited 
(1920) and was named the Relative Productivity Rate (RPR). This 
rate expressed the relationship between the productivity of each Braun-Blanquet, J. 1950. Sociologia Vegetal. Estudio de las comunidades 

species and the biomass measurements used to calculate those vegetales. Acme Agemcy. Buenos Aires. 444 p. 

productivities. The mathemtical expression of RPR is 
Briggs, G.E., R. Kidd, and C. West. 1920. Quantitative analysis of plant 

growth. Ann. Appl. Biol. 7:103-123, 202-223. 
PI 

RPR, = x 100, (4) 
Fonseca, E.A., E.E. Gobbee, and O.E. Sala. 1976. Estimation de la bio- 

Pi1 + w/2 

aerea de un pa&al natural de la depresion de1 Salado. Comision de 
lnvestigaciones Cientificas. La Plata (Argentina) Monografia No. 6. p. 

where Bl is the biomass of the ith species at time 1, BQ is the biomass 1 l-29. 

of the ith species at time 2, and Pi is the productivity of the ith Kelly, J.M., G.M. VanDyne, and W.F. Harris. ;974. Comparison of three 

species. 
methods of assessing grassland productivity and biomass dynamics. 

Use of this index allowed us to compare the production capabili- 
Amer. Midl. Natur. 92:357-369. 

ties of the different species. The WS species showed a greater RPR 
Kucera, C.L., R.C. Dahlman, and M.R. Koelling. 1967. Total net produc- 

than did CS species (Fig. 7). Paspalum dilatatum and Distichlis 
tivity and turnover on an energy basis for tallgrass prairie. Ecology 
48:536-54 1. 

scoparia are known to have the c4 photosynthetic pathway, while Lauenroth, W.K. 1979. Grassland primary production: North American 
species of the genus Bothriochloa were already described as Cd grasslands in perspective. In: Perspectives in Grasslands Ecology, N.R. 
plants (Smith and Brown, 1973). French (ed.). p. 3-24. Springer-Verlag, New York. 

Leon, R.J.C. 1975. Las comunidades herbaceas de la region Castelli-Pila. 

Conclusions Comision de Investigaciones Cientificas, La Plata (Argentina). Mono- 

This temperate grassland in Argentina has primary productivity 
grafia No. 5. p. 73-109. 

throughout the entire year, even during flood conditions during the 
Milner, C., and R.E. Hughes. 1970. Methods for the Measurement of the 

winter and early spring. An important characteristic of the grass- 
Primary Production of Grassland. IBP Handbook No. 6. Blackwell Sci. 

land was its reduced productivity during the fall. This problem is 
Publ. Co., Oxford. 70 p. 

Owensby, C.E., and K.L. Anderson. 1967. Yield responses to time of 
worsened when one considers usable forage production, because burning in the Kansas Flint Hills. J. Range Manage. 20:12-16. 
two of the most productive species during this season are undesira- Simpson, E.H. 1949. Measurement of diversity. Nature 163:688. 

ble Ambrosia tenuifolia and Distichlis scoparia. The species of Sims, P.L., and J. Singh. 1971. Herbage dynamics and net primary produc- 

higher relative productivity rate also grow during this period. tion and certain ungrazed and grazed grasslands of North America. In: 

Therefore, an increase in the proportions of Paspalum dilatatum Preliminary Analysis of Structure and Function in Grasslands, N.R. 

and Bothriochloa laguroides in the grassland might reduce this 
French (ed). p. 59-124. Range Sci. Dep. Sci. Series No. 10. Colorado 

problem. An increase in the more desirable species might be 
State Univ., Fort Collins. 

obtained by adequate rest of the grassland or seeding of these two 
Sims, P.L., and J.S. Singh. 1978. The structure and function of ten western 

species. The high RPR of these two species indicates that it is 
North American grasslands. III. Net primary production, turnover and 
efficiencies of energy capture and water use. J. Ecol. 66:573-597. 

possible to obtain higher production during this season by small Smith, B.C., and W.U. Brown. 1973. The Kranz Syndrome in the grami- 
biomass increases. Conversely, to obtain a substantial increase in neae as indicated by carbon isotopic ratios. Amer. J. Bot. 60:505-513. 

winter productivity, it will be necessary to provoke very high 
accumulations of biomass. 
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Responses of Vegetation and Cattle to Various 
Systems of Grazing on Seeded and Native 
Mountain Rangelands in Eastern Utah 

W.A. LAYCOCK AND P.W. CONRAD 

Abstract 

Several grazing systems were compared on the Diamond Moun- 
tain Cattle Allotment of the Ashley National Forest in Utah. The 
area is about 8,000 ft in elevation and receives 20-25 inches of 
precipitation annually. On native sagebrush-grass range, a com- 
parison of summer-long (July-September) grazing every year, 
summer-long in alternate years, and 3-unit rest-rotation systems 
revealed no differences between systems in cover, production, or 
species composition of vegetation after 7 years of grazing. Average 
daily gains of cattle over the entire period were the same for all 
systems. During the period of study on this range, which was in fair 
to good condition and grazed at a moderate intensity, rest-rotation 
was not a better system than summer-long grazing. The key to this 
lack of difference was management. Rest-rotation systems require 
intensive management of water, salt, riding, etc. All units in both 
systems in the study had good distribution of water and salt and 
adequate riding to insure uniform cattle distribution. The unit 
grazed summer-long every year received the same degree of man- 
agement and thus remained as productive as ranges under rest- 
rotation management. On seeded units of the allotment, heavy 
grazing in June in alternate years increased production on areas 
dominated by crested wheatgrass and smooth brome. 

Practical and efficient methods of managing cattle on high- 
elevation ranges of the Intermountain area are needed. This study 
was started in 1959 and continued through 1967 and was designed 
to test two systems of spring (June) grazing on seeded mountain 
rangeland and three systems of summer grazing on native range- 
land. The relative effects of the grazing systems on forage produc- 
tion, amount and pattern of utilization, ground cover, and cattle 
production were compared. It was a cooperative effort of the 
Diamond Mountain Cattle Association and the Intermountain 
Forest and Range Experiment Station and the Ashley National 
Forest of the U.S. Forest Service. 

Experimental Area 

The study was conducted on the Diamond Mountain Cattle 
Allotment approximately 25 miles north of Vernal, Uintah 
County, Utah, on the Ashley National Forest. The allotment is on 
the plateau on the east end of the Uinta Mountains. Elevations on 
the allotment vary from 7,000 feet on the southeast to 8,200 feet on 
the northwest. The allotment is predominately rolling tableland 
bordered on the southwest and dissected on the south side by steep 
canyons. Precipitation records from the Kings Cabin storage 
gauge (4 miles west of the allotment but slightly higher elevation) 
indicate an average annual precipitation of 24.0 inches for an 
1 l-year period, l957- 1967. 

The allotment is representative of the upper sagebrush-grass and 
lower aspen zones throughout the Intermountain area. The allot- 
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ment covers approximately 11,000 acres of which 9,935 acres are 
usable by cattle. It is divided into 7 pastures or units ranging from 
1,105 to 1,920 acres in size. 

The most extensive vegetation type on most of the rolling ridges 
and tablelands on the allotment is a sagebrush-grass dominated by 
big sagebrush (Artemisia tridentata spp. vaseyana) with an under- 
story of grasses and forbs. Other vegetation types on different 
topographic sites include: aspen (Populus tremuloides) with a 
dense understory of grasses and sedges on some drainage ways and 
gentle north-facing slopes; mixed shrub [sagebrush, bitterbrush 
(Purshia tridentata), serviceberry (Amelanchier alnifolia), snow- 
berry (Symphoricarpos oreophilus), and other shrubs] on south- 
facing slopes and in canyons; and swales along drainageways 
dominated by Kentucky blue grass (Poa pratensis). The native 
units were in fair to good range condition at the start of the study. 

Two of the units were seeded with introduced grasses in the 
mid-1950’s. One of the seeded units was predominately crested 
wheatgrass (Agropyron cristatum and A. desertorum) and will be 
referred to as the “crested wheatgrass unit.” The other seeded unit 
had a mixture of crested wheatgrass and smooth brome (Bromus 
inermis) on upland sites and almost pure smooth brome on swale 
sites. This will be referred to as the “crested-brome unit.” 

The soils on the allotment are loams to clay loams derived 
mainly from sedimentary rocks of the Browns Park and Morgan 
formations. The following summarizes the characteristics of the 
top 4 inches of soil (Laycock and Conrad 1967): 

Gravel (%) 
Bulk density (g/cc) 
Organic matter (%) 

Location 

Upland Swale 
9-10 4-6 

1.16-1.24 1.04-1.10 
4-6 5-8 

Methods 

Grazing Treatments 
Each year 506 mature cattle and approximately 350 calves 

grazed on the allotment for an average of 126 days (June 
2-October 5). In 1959 all units were grazed at a uniform rate and 
each was evaluated for grazing capacity. Stocking rates were then 
set for the grazing treatments to be compared. The rates were 
designed to remove 30 percent of the grass when all years were 
averaged, including any years of rest. 

The grazing treatments listed in Table 1 started in 1960 and 
continued through 1966, on both seeded and native range. On the 
seeded range, the crested wheatgrass unit was grazed with all of the 
cattle during even-numbered years for about the first 34 days of 
grazing. The crested-brome unit was grazed similarly during odd- 
numbered years; then it was grazed lightly with about one-sixth of 
the cattle for the balance of the summer. 

After the 34day period on the seeded units, the cattle grazed the 
native range for the balance of the summer in the following grazing 
systems: (1) summer-long grazing every year; (2) three-unit rest- 
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rotation grazing; and (3) summer-long grazing in alternate years. 1961 was also done in 1967, the year following the last year of the 
The animals in the three-unit rest-rotation system grazed for grazing treatments. All comparisons of vegetation trends are 
approximately 45 days in one unit and then were moved to another presented for the years 1961-1967. The number of study plots 
unit. The third unit in this system was rested from grazing each sampled in each unit in 1961 and 1967 is shown in Table 1. 
year. The early summer, late summer, and rest treatments were Sampling was done prior to grazing in most cases. Estimates were 
rotated each year. Cattle assigned to summer-long systems adjusted for utilization in the few instances where grazing occurred 
remained in the same unit the entire summer. before sampling. 

Water was available at several locations in each unit from live 
streams and beaver ponds or from impoundments that collected 
water from snow melt or rain. Rock salt and mineral supplement 
were located throughout each unit (away from water) to aid in the 
distribution of animals. 

Cattle Response 
To determine the responses of cattle to the various systems of 

grazing, approximately 40 nursing cows and 30 yearlings were 
weighed during each of the five grazing seasons from 1961- 1965. 
An average of 20 calves were weighed during each of four seasons 
from 1961- 1964. No calves were weighed in 1965. The same 
marked animals were weighed four times during the grazing 
season: (1) when the cattle entered the allotment (about June 2); (2) 
when cattle were removed from the seeded pastures and divided 
into three groups (about July 4); (3) when the cattle in the three- 
unit rest-rotation system changed units (about August 11); and (4) 
just before the cattle left the allotment (about October 4). Weighing 
dates varied somewhat from year to year due to range readiness 
and degree of forage utilization. Cattle were weighed immediately 
after gathering without a shrinkage period. 

Green weight (peak aboveground standing crop) was estimated 
for each species within one-foot-square quadrats. Green weight 
was later converted to weight on an oven-dry basis. Data were 
taken on 50 quadrats located on a stratified random basis (25 in the 
exclosure and 25 in the grazed area) every time each study plot was 
sampled. Each sample of 25 quadrats resulted in the following 
range of standard errors of the mean total grass production at the 
95% confidence level: 

% of Mean 

Vegetation Type Range Average 
Sagebrush 14-46 22.5 
Seeded 13-37 22.0 
Aspen 20-66 41.4 
Native swale 23-43 26.6 

For individual species, confidence intervals would be much larger. 
Total cover of the aerial portion of herbaceous plants, litter, and 

bare ground (including rock) in each quadrat was also estimated. 
Where shrubs were present, the amount of each quadrat covered by 
the canopy was also estimated independently. Cover was defined as 
the vertical projection on the ground of all live vegetation. 

The cattle weighed were mostly registered Herefords and were 
representative of about 60% of the cattle on the allotment. The 
cows averaged about 6 years of age. The calves were 3-4 months 
old and the yearlings were 15-16 months old at the time they 
entered the allotment. 

Herbage Production and Utilization Surveys 

Vegetation Sampling on Study Plots 

Several study plots were established in each unit in 1959, each 
consisting of an exclosure (33 ft X 33 ft) and an adjacent (within 50 
ft) 50 ft X 50-ft marked area open to grazing. In some of the study 
plots vegetation was sampled in 1959 or 1960, but an inventory of a 
majority of plots (2 to 6 in each unit) in the same year was not 
completed until 1961. An inventory of the same plots sampled in 

Before grazing each year, total grass production in each unit was 
mapped by production classes using a reconnaissance method. 
This was done independently from the more detailed sampling of 
the study plots previously described. The total acreage covered by 
each production class multiplied by the midpoint of that 
production class (in pounds per acre) enabled us to estimate total 
pounds of grass available for grazing in the unit excluding any 
growth or regrowth that took place during the grazing period. 

The percentage utilization of each grass species was ocularly 
estimated using the method described by Pechanec and Pickford 
(1937) immediately after cattle grazed in each unit each year. 
Utilization cages were placed near each study plot prior to grazing. 

Table 1. Average utilization (To) of the total grass production on the sampled study plots and in each entire unit, Diamond Mountain Cattle Allotment 
1960-196F. 

Seeded 
or native Grazing system Unit Veg. type 

No. of study 
plots sampled 

Utilization (%) Utilization (%) 
on study plots in entire unit 

Years grazed’ All years* Years grazed’ All years2 

Heavy 
spring “crested” Upland 5 53 27 
grazing in Swale 73 37 44 22 

Seeded alternate 
years “crested- Upland 3 53 27 

brome”3 Swale 1 73 37 55 28 

Native Summer long 
every year Sagebrush 4 37 37 37 37 

2 Sagebrush 4 34 22 39 

Rest- 4 Sagebrush 1 35 23 
Native rotation Aspen 1 40 27 39 

7 Sagebrush 3 37 24 
Swale 1 45 30 35 

Native Summer long 
Alternate - Sagebrush 1 40 20 
years Aspen 1 20 10 44 

IAverage utilization for the years the unit was actually grazed 
*Average of all years including “0” utilization in years not grazed. First o years is used to give an unbiased estimate for both 2-unit and 3-unit systems. 
3This unit also received light summer-long grazing in the same years it was grazed heavily in the spring. 

26 

26 

23 

22 

JOURNAL OF RANGE MANAGEMENT 34(l), January 1981 53 



We trained for estimating utilization by clipping these protected 
areas at various levels. The entire unit was also surveyed by a 
reconnaissance method as soon as possible after grazing to 
determine total utilization of all grass produced in the unit. 
Utilization of the total grass production was mapped by classes. 
Overlays of production and utilization maps enabled us to estimate 
the total pounds of grass removed and to calculate a weighted 
average percent utilization for the unit. Because production of 
regrowth during the grazing period was not taken into acount, the 
utilization figures for each unit probably are slightly too low. 

Results 

The seeded units received much heavier use in the years they 
were grazed than most of the native units. Average utilization of 
the total grass production in the seeded units was 44 to 55% in the 
years grazed but 22 to 28% when averaged over all years (Table 1). 
Utilization in the grazed portion of the study plots generally was 
similar to the average for the entire unit (Table I). However, in 
both seeded units average utilization was considerable higher in 
swale study plots than in upland plots. 

Prior to the study, rather low utilization of crested wheatgrass 
had been a problem in the crested-brome unit. Under moderate 
grazing on upland sites in 1959, 40% of the smooth brome was 
utilized while only 20% of the crested wheatgrass was used. In the 
swales, brome was heavily utilized (80%). Under heavy grazing in 
alternate years, heavy utilization of brome (75%) continued. On 
upland sites, however, use of crested wheatgrass (48%) was about 
two and one-half times greater than it had been in 1959 while use of 
brome (58%) was only moderately higher. Thus, the heavy grazing 
resulted in much better utilization of the crested wheatgrass on 
upland sites than had been achieved under moderate grazing. 

In the native units, average utilization in the years grazed was the 
same (37%) for both the rest-rotation and the summer-long every 
year systems and slightly higher (44%) for the unit grazed summer- 
long in alternate years. When years of rest were included in the 

average, the system grazed summer-long every year received the 
heaviest grazing rate (37%) while the rest-rotation system averaged 
25% and the system grazed summer-long in alternate years aver- 
aged 22%. 

Trends in Production, 1961-1967 
Native Vegetation 

Patterns of herbage production changes in the sagebrush and 
mixed shrub vegetation types were generally similar for the three 
grazing systems (Table 2). The differences that did occur are diffi- 
cult to explain and seem to be caused by factors other than differ- 
ences in the grazing systems. Trends in production in the grazed 
areas were similar to those in the exclosures, indicating that the 
various grazing systems had little effect on composition or produc- 
tion of vegetation. 

Only the rest-rotation and the summer-long alternate year sys- 
tems contained study plots in vegetation types other than 
sagebrush-grass and mixed shrub. However, the aspen type 
sampled in those two grazing systems had different species in the 
understory so comparisons were difficult. 
Seeded Units 

Total grass production in the seeded units increased considera- 
bly between 1961 and 1967 on almost all plots (Table 3). The 
increase was statistically significant (p1.05) as determined by a t 
test of grass production on all study plots in 1961 compared to 
production in 1967. Much of this increase undoubtedly was due to 
more precipitation in the year immediately preceding the vegeta- 
tion sampling in 1967 than in 1961. At the King’s Cabin storage 
gage, precipitation for the preceding July-June period was 17.1 
inches in 1960-61 and 28.1 inches in 1966-67. It is interesting to 
note that production of the seeded grasses reflected this difference 
in precipitation while production of the native grasses in 1967 was 
not statistically significantly different from production in 1961. 

Except for the swale area in the crested wheatgrass unit, produc- 
tion increased as much as or more in the grazed areas than it did in 
the exclosures indicating that the heavy use in alternate years was 

Table 2. Herbage production (peak aboveground standing crop) and ground cover on native sagebrush and mixed shrub vegetation in ungrazed 
exclosures and areas grazed under three different management systems, Diamond Mountain Cattle Allotment, 1961-1967. 

Species 

Herbage production (lb/acre) 

Summer-long every year 3-unit rest-rotation Summer-long alt. years 
Exclosures Grazed Exclosures Grazed Exclosures Grazed 

1961 1967 1961 1967 1961 1967 1961 1967 1961 1967 1961 1967 

Agropyron spp. (mainly A. smithii, 
A. dasystachyum) 

Carex spp. 
Poa. spp. (mainly P. fendleriana, P. 
secunda) 

Sitanion hystrix 
Stipa columbiana 
Stipa comata 
Other Grasses 
Achilles millefolium 
Antennaria rosea 
Arenaria congesta 
Balsamorhiza spp. 
Eriogonum umbellatum 
Lupinus caudatus 
Phlox spp. 
Other Forbs 

Total prod. grass 
Total forb prod. 
Total herbage prod. 

Cover (%) 

5 24 9 20 57 55 26 45 2 30 21 54 
6 11 2 8 23 25 15 11 58 74 46 78 

189 75 137 97 159 132 119 136 63 33 87 27 
97 40 43 24 13 26 13 7 47 24 47 55 
75 32 8 30 10 7 5 18 4 23 14 36 

370 285 262 251 88 114 65 106 111 214 71 184 
8 20 36 48 49 48 38 67 15 20 7 71 

12 24 3 6 2 3 2 4 0 0 2 12 
4 8 3: 2: 17 17 7 28 5 15 13 32 

34 25 19 13 22 22 36 38 40 34 
0 1 9 16 93 188 80 113 0 0 0 0 

26 1 4 2 3 2 4 1 16 28 13 4 
8 64 51 60 7 16 17 14 2 10 27 37 
T 2 0 1 69 59 47 32 102 60 157 117 

73 159 135 168 207 286 206 294 184 267 174 211 

750 487 497 478 399 407 281 390 300 418 293 505 
157 284 239 277 417 584 385 508 345 418 426 447 
907 771 736 755 816 991 666 898 645 836 719 952 

Shrubs (mainly Artemisia tridentata) 8 16 5 13 12 13 15 13 23 14 10 12 
Total plant cover 41 42 23 41 38 44 35 42 47 45 30 45 
Litter 55 52 65 44 54 40 54 34 49 48 67 42 
Bare ground 4 6 12 15 8 16 11 24 4 7 3 13 
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Table 3. Herbage production (peak aboveground standing crop) and ground cover on seeded units grazed heavily in alternate years, Diamond Mountain 
Cattle Allotment, 1961-1967. 

Location Species 

Crested wheatgrass unit Mixed crested wheatgrass and smooth brome unit 

Exclosure Grazed Exclosure Grazed 

1961 1967 1961 1967 1961 1967 1961 1967 
Swale 

Agropyron cristatum 
Agropyron spp.1 
Bromus inermis 
Poa pratensis 
Poa spp. 
Other Grasses 
Aster chilensis 
Astragalus spp. 
Taraxacum officinale 
Other Forbs 

Herbage production (lb/ acre) 
635 
213 

66 
49 

0 
65 

108 
0 

718- 
165 
342 

17 
29 
85 
74 
0 

69 128 

407 
293 
120 
25 

0 
58 
86 

0 
0 

86 

Total grasses 
Total forbs 
Total herbage 

Shrub cover 
Total plant cover 
Litter 
Bare ground 

Upland 

Agropyron cristatum 
Agropyron spp.1 
Bromus inermis 
Poa spp. 
Other Grasses 
Astragalus spp. 
Lupinus caudatus 
Solidago petradoria 
Other Forbs 

Total grasses 
Total forbs 
Total herbage 

Shrub cover 
Total plant cover 
Litter 
Bare ground 

1028 
178 

1206 

6 
36 
48 
16 

1227 
53 
37 
20 

0 
0 

176 
6 

1338 
182 

1520 

Tr 
30 
45 
25 

1356 
203 

1559 

6 
31 
59 
10 

903 
172 

1075 

Aerial cover (%) 
3 

31 
44 
25 

57 
106 
319 

0 
101 
119 
93 

0 
2 

265 

702 
360 

1062 

11 
39 
29 
32 

Herbage production (lb/acre) 
1542 911 1596 

14 8 15 
9 24 34 
0 3 44 

14 1 35 
0 0 0 
0 0 0 

112 165 87 
6 0 15 

1579 947 1724 
118 165 102 

1689 1112 1825 

Aerial cover (%) 
Tr 0 1 
31 25 36 
52 31 49 
17 44 15 

IA. dasystachyum, A. repens. A. smithii, and A. tricophorum. 
2Tr = trace = less than OS%__ cover. 

not detrimental to grass production. On the swale plot in the 
crested wheatgrass unit a slight decline in grass production 
occurred. However, utilization was no heavier on this plot than on 
the swale plot in the crested-brome unit so the reason for the 
decline is not known. 

On upland sites in the crested wheatgrass unit, crested wheat- 
grass remained the dominant species. However, in the crested- 
brome unit smooth brome made up only 16% of the total herbage 
production of the grazed upland sites in 1961 but increased to 42% 
of the total by 1967. Smooth brome also increased markedly both 
in production and percentage composition on the swale plot in the 
crested wheatgrass unit. In the crested-brome unit, smooth brome 
was the dominant species in the swale, both in 1961 and in 1967. 
Shrub and Ground Cover 

summer-long alternate year system. Shrub cover decreased in the 
exclosures in the latter system but increased in both the exclosures 
and grazed areas in the unit grazed summer-long every year. Some 
sagebrush control (probably railing) was done in the early 1950’s in 
the unit grazed summer-long every year. The increase in sagebrush 
cover probaly was natural recovery following this control. This 
finding agrees with that of Hughes (1980), who found that sage- 
brush return after removal is independent of presence or absence of 
grazing or type of grazing system. 

The changes in ground cover provided little additional informa- 
tion for interpretation of differences between grazing systems. 
Total ground cover (plant plus litter) either remained the same or 
decreased somewhat in all areas in the native units and no differen- 
ces between systems could be determined (Table 2). Shrub cover 
(mainly big sagebrush) remained constant in both grazed areas and 
exclosures in the rest-rotation system and in the grazed areas in 

In the seeded units, total ground cover changed little except for 
an increase in total ground cover in both grazed areas and exclo- 
sures in the upland lots of the crested wheatgrass unit. Sagebrush 
was beginning to reinvade the upland areas in the crested-brome 
unit at the start of the study. By 1967, cover of sagebrush had 
decreased slightly in the exclosures and had increased in the grazed 
areas in that unit, indicating that grazing may have created condi- 
tions favorable for the return of sagebrush on the seeded range 
because the cattle did not eat the sagebrush even under heavy 
grazing pressure. 
Cattle Weights 

The pattern of weight gains of all cattle on the allotment was 
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3 

1009 
16 
65 
33 

0 
21 
38 

227 

1129 
286 

1415 

Tr2 
43 
51 
6 

124 
51 

278 
127 
73 
28 
36 
94 

157 

653 
315 
968 

14 
38 
58 
4 

2 
3 

2735 
74 
43 

7 
37 

9 
55 
51 

2864 
152 

3016 

0 
34 
65 
1 

97 
34 

993 
51 

116 
45 
26 
15 

224 

1291 
310 

1601 

0 
18 

354 
127 

6 
32 
42 
13 
65 
31 

0 
32 
47 
18 

194 
19 

131 
63 

105 
31 
50 
30 

180 

512 
291 
803 

8 
29 
57 
14 

0 
36 

1124 
180 
330 
262 
128 
25 

128 
70 

1932 
351 

2283 

0 
56 
22 
22 

207 
43 

651 
84 

192 
82 
10 
90 

198 

1177 
380 

1547 

II 
36 
46 
18 



Table 4. Comparison of average cattle weight gains (lb/day) among grazing systems for early summer (July-mid Aug.), late summer (mid Aug.-early Oct.) 
and ail summer on the Diamond Mountain Cattle Allotment, 1961-1965). . 

Class of cattle Period Summer-long every year Rest-rotation 

Summer-long, alternate years’ 

Seeded Native 

cows 
Early summer 
Late summer 
All summer 

Calves 
Early summer 
Late summer 
All summer 

Yearlings 
Early summer 
Late summer 
All summer 

2.29 2.28 1.69 
0.68 0.44 0.63 
1.17 1.20 0.98 

2.00 2.00 1.80 2.15 
1.86 1.89 1.87 1.82 
1.91 1.92 1.84 1.96 

1.86 1.93 1.97 1.62 
1.23 1.29 1.20 1.30 
1.47 1.54 1.47 1.40 

1.71 
0.68 
1.06 

‘In 1961, 1963, and 1965 grazing was in the crested-brome seeded unit. In 1962 and 1964 grazing was in the native unit. 

summarized by Conrad and Laycock (1968). Average weights at 
the beginning and end of the grazing season for the period 1961-65 
were: 865 and 1,049 lb for cows, 624 and 821 lb for yearlings, and 
238 and 429 lb for calves. The average pounds of gain per day 
during the period were: 

Spring Early summer Late summer 
(June 2- (July 5- (Aug. 12- Entire 
July 4) Aug. 11) Oct. 5) season 

cows 2.4 2.2 0.5 1.5 
Calves 1.8 2.0 1.8 1.9 
Yearlings 1.8 1.8 1.3 1.6 

Average daily weight gains for the entire season did not differ 
significantly among years for any class of cattle. Weight gains for 
the entire study period were not significantly different between the 
spring (June) and early summer periods for any class of cattle. 
However, in some years weight gains of cows and heifers were 
significantly greater in the spring; in other years, gains were greater 
in early summer. This probably resulted from either the condition 
of the cattle or the growth stage of the vegetation at the time the 
cattle entered the allotment each year. Cows and yearlings gained 
significantly less in late summer than earlier in the season. The 
reduction in gain was less for heifers than for cows. Calves main- 
tained relatively uniform weight gains during the spring and 
summer every year. 

In our study calves gained the same and cows gained about 
double the amounts reported by Harris and Driscoll (1954) on 
ponderosa pine summer range in Oregon. 

Differences between the Summer Grazing System 
For the entire study period there were no differences in daily 

gains among grazing systems for the two summer grazing periods 
or for the entire summer (Table 4). For cows and yearlings, some 
differences did occur among systems in specific years but no patt- 
ern was present. For example, in late summer in 1961 and 1963, 
cows gained less in the rest-rotation system than in either of the 
summer-long systems. However, in 1961 cows gained more in late 
summer in the rest-rotation system than in the other two systems. 
These differences may relate to relative degree of utilization among 
systems in particular years. For example, in 1962 the grass in the 
unit of the rest-rotation system grazed in late summer was utilized 
28% while the utilization in the other two systems was 34-35s. 

The daily gains from this study were similar to those reported by 
Smith et al. (1967) for cattle on high elevation summer ranges in the 
Big Horn Mountains in Wyoming. They also found no differences 
in daily gains of steers on units grazed under season-long use and 
gains on units grazed under a rotation system. 

Gain per Acre 
The only statistic indicating any differences among grazing sys- 

Table 5. Comparisons of average cattle gains, acres/Animal Unit Month (AUM), grass production, and utilization in different grazing systems, Diamond 
Mountain Cattle allotment, 1961-1965. 

Grass 
production 

(lb/ acre) 
Average daily gain (lb) Average gain (lb ) Upland Average utilization 

per head per acre-all animals Acres per AUM sites (%) of grass 

Season of grazing Units All units Years All Years All 

and range type Grazing system cows Calves Yearlings grazed for all years grazed years 1967 grazed years 

Spring (June) 2 units grazed in 
seeded range alternate years 2.38 1.83 1.81 40.6 20.1 2.5 5.0 1450 50 25 

Rest-rotation 1.20 1.93 1.54 17.1 11.3 3.8 5.9 390 37 25 

Summer 
(July-Sept.) Summer-long 
native range every year 1.17 1.91 1.47 18.3 18.3 3.7 3.7 478 37 37 

Summer-long 
alternate years .98 1.96 1.44 19.0 9.5 4.0 8.0 505 44 22 

Summer 
(July-Sept.) Summer-long 
seeded range alternate years 1.06 1.84 1.44 17.9 9.0 3.9 7.8 530’ 55 28 

‘Amount of grass estimated to remain after heavy spring grazing. 

56 JOURNAL OF RANGE MANAGEMENT 34(l), January 1961 



terns was gain per acre summed for all classes of cattle. However, 
gain per acre figures can be misleading unless careful comparisons 
are made that include stocking rate and amount of utilization. 
When just the units grazed each year were used in the computation, 
the average gain per acre was more than twice as high on the seeded 
units grazed in the spring as for the native units grazed during the 
summer (Table 5). This comparison was confounded by time of 
grazing, however, because gains almost always tend to be higher 
early in the season than in late summer as a result of less herbage of 
poorer quality in late summer. 

When only those units actually grazed are considered, the three 
grazing systems on native range had similar gains per acre. When 
the units rested are included in the computations, the gain per acre 
in the unit grazed summer-long every year was almost as high as the 
average gain per acre in the seeded units and was twice that of the 
rest-rotation and the summer-long alternate years systems. 

The comparison on native range was confounded by differential 
grazing pressure (as indicated by utilization) in the three systems. 
Average utilization over all years in the unit grazed summer-long 
every year was 48% higher than utilization in the rest-rotation 
system and 68% higher than the unit grazed summer-long in alter- 
nate years. If stocking had been such as to achieve the same average 
utilization and ifgain per head had been the same under the heavy 
stocking, the gains per acre in the various systems would have been 
much closer. However, studies in other areas (Frischknecht and 
Harris 1968; Hargrave 1949, McIlvain and Savage 1951) have 
reported that moderate to heavy summer-long grazing generally 
produces greater daily gains than does rotation grazing. 

Discussion 

Native Range 
The reader should be aware that treatments in this study were 

not replicated in space. All systems were repeated in time, i.e., the 
3-unit system was repeated twice and the 2-unit systems were 
repeated 3 times during the course of the study. Based on the 
available data, trends in production or composition of vegetation 
showed no consistent differences between rest-rotation grazing, 
grazing summer-long every year, and grazing summer-long in 
alternate years. Earlier studies indicated that grazing on the allot- 
ment caused no measureable increases in soil bulk density in the 
native units (Laycock and Conrad 1967). 

Daily weight gains of all classes of cattle were the same for all 
grazing systems. However, weight gain per acre, based on all the 
area assigned to a grazing system, including areas not grazed, 
indicated a superiority of the system grazed summer-long every 
year. Gain per acre figures can be misleading because high gains 
per acre resulting from too-heavy grazing can lead to deterioration 
of the range. However, none of the grazing systems tested signifi- 
cantly affected either the vegetation or the soil. This indicated that, 
for the area and degree of forage utilization studied, grazing native 
ranges summer-long every year will produce more beef per acre 
than rest-rotation or summer-long, alternate year systems with no 
damage to the soil or vegetation resource. The cost of the addi- 
tional fencing needed for a rest-rotation system and not needed for 
a summer-long system must also be considered in an economic 
analysis of the systems. In other areas or under equal or heavier 
grazing intensities, the results might be different. 

In many situations when a rest-rotation system is to be applied, 
fences are built; water is developed; and salting, riding, and other 
management is intensified. Then, if a favorable response in the 
vegetation is detected, the tendency is to say-“Look what rest- 
rotation has done for this range.‘* In reality, the proper statement 
is-“Look what good range management has done.” In this study, 
units in all systems had adequate and well-distributed water, good 
distribution of salt, and adequate riding at the same intensity for all 
systems. 

In spite of the fact that rest-rotation systems has been widely 
applied, especially on federally owned land in the Western United 
States, few controlled studies have been made comparing rest- 
rotation with other systems. The only attempt at evaluation of a 

rest-rotation system on mountain rangelands found in the litera- 
ture was published by Johnson (1965) on mountain grassland 
shrub vegetation in the Medicine Bow Mountains of Southeastern 
Wyoming. Rotation (4 units) and rest-rotation (4 units) grazing 
during the summer were reported to have significantly reduced 
utilization of grasses. The biggest reduction resulted from the 
rest-rotation system where utilization during treatment was about 
one-half that during pre-treatment summer-long grazing. No 
explanation was given for the great reduction in utilization. After 4 
years, plant cover was about the same under the rotation system 
but increased under the rest-rotation system. Stocking rates were 
much lighter in the rest-rotation system than in the rotation 
system. 

Evaluations of the original rest-rotation study at Harvey Valley, 
California, contained many inconsistencies and the results are not 
as significant as might be expected (Hormay 1970, Hormay and 
Talbot 1961, Hormay and Evanko 1958, Ratliff et al. 1972). Evalu- 
ations of other rest-rotation systems have been equally uncon- 
vincing. Ratliff et al. (1972) cited an example of “A lo-percent 
increase in the allowable number of cattle after only 1 year of 
rest-rotation grazing. This was on a range grazed yearlong and 
with only 9 inches of precipitation annually.” No system can be 
evaluated after only 1 year to determine if it has increased carrying 
capacity, especially in a low rainfall area where vegetation 
responses tend to be slow. Hughes (1979) found that rest-rotation 
systems in the Arizona strip caused undesirable changes in species 
composition if average utilization exceeded 55%. Use exceeding 
this caused deterioration regardless of the management system. In 
the same area, Hughes (1980) found that grazing systems, includ- 
ing rest-rotation, failed to prevent return of sagebrush following 
removal. 

Range managers should apply grazing systems that produce the 
most red meat in the most economical manner, while preserving 
the productivity, watershed, open space, wildlife values, and other 
attributes of ranges in good condition. If the best system for a given 
range type is a relatively complex system, like rest-rotation, then it 
should be used. If a simpler system gets equally good or better 
results, then it should be used. 

Seeded Range 
The heavy grazing in alternate years maintained or increased 

production of the introduced grasses in both seeded units. Even 
heavy grazing in the spring failed to cause measureable increases in 
soil bulk density in the seeded units (Laycock and Conrad 1967). In 
the crested wheatgrass unit, grazing systems that have been used 
successfully in other areas and that call for moderate to heavy use 
more frequently than every other year, probably could have been 
used. In Utah, Frischknecht and Harris (1968) found that 65% 
annual spring use of crested wheatgrass caused no major damage 
to the stands. Springfield (1963) found that 65-70% use of crested 
wheatgrass annually maintained the stands and produced satisfac- 
tory cattle gains. In Saskatchewan, a crested wheatgrass pasture 
utilized an average of 70% in early summer was more productive at 
the end of a 6-year period than a pasture grazed an average of 50% 
(Lodge, Smoliak, and Johnston 1972). Fifty % use of crested 
wheatgrass in Idaho likewise produced favorable results (Sharp 
1970). The high-producing crested wheatgrass stand on the Dia- 
mond Mountain Cattle Allotment probably could withstand rea- 
sonably heavy grazing more often than every other year. 

In the crested-brome unit, the heavy grazing in alternate years 
not only increased grass production but it also solved the problem 
of poor utilization of crested wheatgrass that occurred with moder- 
ate grazing. When the gain per acre figures for the combined spring 
and summer grazing periods are added (Table 5), the average 
amount of beef produced per year in this unit was almost 30 
pounds per acre, even when the alternate years of rest were consi- 
dered. This was much higher than the gain per acre figures for any 
other unit or system in the study and was accomplished with 
increased production and improved composition of the vegetation. 
Some system similar to that studied probably should be recom- 
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mended for high elevation pastures 
crested wheatgrass composition. 

with a mixed smooth brome- 
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Tetrax>loid Perennial Teosinte Seed Dormancy 
and Germination 
MARGARITA MONDRUS-ENGLE 

Abstract 

Tetraploid perennial teosinte is an endangered Mexican relative 
of maize with potential for use as a tropical rangeland and perman- 
ent pasture forage. Seeds are dormant when harvested, becoming 
more germinable as they afterripen. New-seed dormancy may be 
broken by pre-soaking seed in a gibberellic acid solution. Other 
pre-treatments are less effective or inhibit germination. Seeds 
enclosed in white fruitcases are less germinable than those in dark 
fruitcases, and frequently lack developed embryos. 

Resumen en Espanol 

El teosinite tetraploide perenne es una graminea rara, indigena a 
Mexico y afin al maiz, que se puede utilizar en 10s pastizales y 
pastos permanentes tropicales. Las semillas estin en estado dur- 
miente al cosechar, y aumenta la germination despues de un 
period0 de maduracion. El period0 durmiente de las semillas se 
puede terminar por medio de remojarlas en una solution de1 icido 
giberelico. Otros medidas de terminar el period0 durmiente son 
menos efectivas o impiden la germination. Las semillas blancas 
son menos capaz de germinar que las de color oscur, y frecuente- 
mente carecen de1 embrion. 

Teosinte is the closest known relative of maize (Zea mays L.) and 
hybridizes freely with maize. Three species of teosinte are recog- 
nized. The annual species (Zea mexicana (Schrad.) Reeves and 
Mangelsdorf) occurs throughout much of Mexico and Guatemala, 
and is cultivated as a forage crop in India and a few other tropical 
and subtropical regions (Bogdan 1977). A diploid perennial species 
(Zeu diploperennis) has recently been discovered near Ciudad 
Guzmin, Jalisco (Iltis et al. 1979), and is considered to have great 
potential in maize-improvement programs, including the potential 
for development of perennial maize. The tetraploid perennial species 
of teosinte (Zeu perennis (Hitch.) Reeves and Mangelsdorf) was 
discovered near Ciudad Guzman in 1910 (Hitchcock 1922), and 
live plants were collected by Collins and Kempton (Collins 1921) at 
the type locality. Perennial teosinte was not observed again in wild 
colonies until 1977 and was believed extinct in the wild. Guzman 
Mejia (1978) rediscovered the species in a few small colonies on 
Nevada de Colima Volcana near Ciudad Guzman in 1977. Because 
wild colonies are small and scattered, Zeuperennis is included on 
Mexico’s endangered species list. 

All species of teosinte closely resemble maize, with staminate 
flowers borne in tassels and pistillate flowers in axillary spikes (Fig. 
1). Teosinte has survived as a wild plant because the pistillate spike 
breaks up at maturity to disperse the kernels, which unlike maize 
kernels, are protected in heavy cellulose-lignin structures called 
“fruitcases” (Figs. 2-3). Fruitcases are composed of hard segments 
of the rachis of the spike, and lignified outer glumes (Beadle 1977), 
and may be black, gray with black speckles, or ivory white. The 
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perennial species of teosinte are rhizomatous. Annual and tetra- 
ploid perennial teosintes are photoperiodic short-day plants 
(Emerson 1924). 

Clones of the Collins and Kempton collection have been main- 
tained since 1920 by rhizome propagation at a number of research 
institutions. The author collected seeds from wild plants growing 
on the lower slopes of Nevada de Colima in December 1978. 
Potted specimens of the Collins and Kempton clone are main- 
tained in a greenhouse. Both perennial species of teosinte show 
considerable potential for rangeland, permanent pasture, and sil- 
age use in the tropics. 

Tetraploid perennial teosinte is readily propagated by rhizomes, 
and regrowth after repeated cutting is persistent. Unlike many 
perennial tropical forage grasses, teosinte reproduces sexually and 
could be improved through breeding techniques developed for 
maize. 
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perennial teosinte seeds are dormant when harvested, and to deter- 
mine the effects of various pre-treatments upon dormancy. Com- 
parisons of germination of dark and ivory white seeds were also 
made. 

Materials and Methods 

Seeds harvested in I97 1 from clones of the Collins and Kempton 
collection were obtained from the Tall Timbers Research Station 
in Florida. A mixture of 1974 and 1975 Collins and Kempton seeds 
was obtained from G.W. Beadle at the University of Chicago. 
Seeds from wild tetraploid plants were harvested by hand in 
December 1978, at about 2,000 m elevation on Nevado de Colima. 
Seeds used for this study were collected from plants approximately 
2.5 m tall, growing at the margin of peach orchards. Seeds from 
many plants were composited in a single collection, consisting of 
both dark and unshrivelled ivory white seeds. A tetrazolium test of 
white 1978 seeds, based on the tetrazolium test for maize (Leveck 
1962), indicated that 30% of the white 1978 seeds were viable. 
However, germination tests indicated considerably lower germina- 
bility. White seeds from other years were not available. 

An experiment was designed to determine whether perennial 
teosinte seeds require an afterripening period before germination 
will occur, and whether dark and white seeds are equally germina- 
ble. One month after harvest of wild seeds, a germination trial 
using 197 1, 1974-75, dark 1978 and white 1978 seeds was initiated. 
Four replications of 10 seeds each were germinated on moist filter 
paper in covered petri plates. The small size of replicates is justified 
by the rarity and endangered status of the species. Petri plates were 
placed in a dark germination cabinet at 20” C. Germination counts 
were made twice weekly for 3 weeks. Seeds were considered to have 
germinated when the radicle had emerged 1 cm. After the 3-week 
period seedlings were successfully transplanted to soil. 

When data indicating dormancy in 1978 seeds were obtained, a 
second experiment was initiated to determine whether dormancy 
could be broken by mechanical scarification, gibberellic acid treat- 
ment, or repeated washing and soaking in water. Four replications 
of 10 dark 1978 seeds each were subjected to the following pre- 
treatment: scarification of the fruitcase in a mechanical scarifier; 
removal of the fruitcase by mechanical scarification; soaking in 
water for 48 hours, with repeated rinsing to remove any soluble 
germination inhibitors; soaking in a 500 ppm gibberellic acid 
solution; soaking in a 1,000 ppm gibberellic acid solution for 24 
hours. Seeds receiving no pre-treatment served as a control. All 
treatments were germinated in petri plates in a dark germinator, 
and counts were made twice weekly for 3 weeks. 

Results of both experiments were analyzed using a completely 
randomized ANOVA and Duncan’s new multiple range test. 

Results and Dicussion 

New-seed dormancy was demonstrated for tetraploid perennial 
teosinte. Although the length of afterripening period required has 
not yet been determined, experiments indicated that 3 to 7-year-old 
seeds are more germinable than freshly harvested ones. Three-and 
four-year old seeds were more germinable than 7-year-old seeds 
(Table 1). 

Germination of dormant 1978 perennial teosinte seeds was 
enhanced by pre-treatment with gibberellic acid (Table 2). A 500 
ppm gibberellic acid solution increased germination of 1978 seed 

Table 1. Germination (%) of Zeu perennis seed harvested during 1971, 
1974-75, 1978. 

Fig. 2. Female spike with husks removed. 

Propagation of perennial teosinte from seeds has been very 
limited, and seed germination studies have not been previously 
reported. Wilkes (1967) stated that annual teosinte seeds are not 
dormant when harvested and germinate readily. Beadle (1977), on 
the other hand, cited unpublished evidence that annual teosinte 
seeds are dormant when harvested and require an afterripening 
period. This study was initiated to determine whether tetraploid 

Year of harvest Mean % germination 

Fig. 3. Seeds enclosed in fruii~ases. 

1974-75 
1971 
1978 (dark) 
1978 (white) 

97.5a1 
60.0 b 
20.0 c 
12.5 c 

‘Means followed by a different letter in the same column are statistically different 
using Duncan’s new multiple range test at the .05 level. 

JOURNAL OF RANGE MANAGEMENT 34(l), January 1981 



from 15% to 52.5%. Pre-treatment in 1,000 ppm gibberellic acid 
increased germination to 95%, and increased the rate of germina- 
tion, although less effectively. Mechanical scarification decreased 
germination both with and without removal of the fruitcase. Fruit 
case removal greatly increased growth of Rhizopus and Aspergil- 
lus niger on seeds. 

New-seed dormancy in tetraploid perennial teosinte is appar- 
ently due to a natural deficiency of gibberellins. The role of gibber- 
ellins in seed germination has been reviewed by McDonough. 
(1977), Mayer and Poljakoff-Mayber (1975), and many others. 
Gibberellic acid initiates seed germination by derepressing genes 
stimulating enzyme synthesis (Osborne 1965). Absence of gibberel- 
lins is the cause of new-seed dormancy in many species. 

The natural enclosure of teosinte seeds in hard fruitcases does 
not inhibit germination, and even careful removal of the fruitcase 
actually decreases germinability. Teosinte fruitcases are unique 
structures, and have not been studied thoroughly, except from the 
taxonomic and evolutionary standpoint. Fruitcases apparently 
serve a protective function in seed germination. Wilkes (1967) 
noted that seeds of annual teosinte passed intact through the 
digestive systems of cattle and mules, retaining 90% viability. The 
protective value of the fruitcase is apparent under such circumstan- 
ces, and Wilkes concluded that in some areas considerable distri- 
bution of annual teosinte seed in manure occurs. 

Mechanical scarification of the outer portion of the fruitcase 
inhibited germination slightly, and removal of the fruitcase 
resulted in a 50% decrease in germination compared with the 
control. Mechanical scarification and fruitcase removal may cause 
physical damage to the enclosed caryopsis, or release of natural 
gibberellins by the seed may somehow be inhibited. 

The slight increase in germination obtained by soaking and 
washing seeds in water can be explained by increased imbibition, 
and possibly by the removal of water-soluble germination inhibi- 
tors on the seed coat or fruitcase. 

Wilkes (1967) noted that ivory white annual teosinte fruitcases 
do not contain viable seeds. Results of this investigation indicated 
that at least 12.5% of unshrivelled white perennial teosinte seeds 
are developed and germinate without pre-treatment. A tetrazolium 
test suggested that up to 30% of white seeds may be viable. How- 
ever, germination of white seeds pre-treated in gibberellic acid was 
not improved. Only one of ten ivory white seeds receiving a 24- 
hour pre-soak in 1,000 ppm gibberellic acid germinated. White 
fruitcases are less indurated and can be more easily removed than 
dark ones. It is evident that the lack of pigment in perennial 
teosinte fruitcases is closely associated with absence or poor devel- 
opment of embryos. 

Table 2. Germination (%) of Zea perennis seed with and withoq_pre- 
treatment. 

Pre-treatment Mean ?Jo germination 

1,000 ppm GA 95.0 aI 
500 ppm GA 52.5 b 
Water 30.0 c 
Control (no pre-treatment) 15.0 cd 
Scarification, fruitcase not removed 12.5 cd 
Scarification, fruitcase removed 7.5 d 

‘Means followed by a different letter in the same column are staiistically different 
using Duncan’s new multiple range test at the .05 level. 

Conclusions 

Tetraploid perennial teosinte seeds are dormant when harvested. 
Germination can remain as high as 97.5% 3 to 4 years after harvest, 
and 60% 7 years after harvest. New-seed dormancy is effectively 
broken by pre-soaking in a solution of gibberellic acid. Mechanical 
scarification and removal of the fruitcase inhibit germination. 
Pre-soaking in water tends to increase germination to some extent. 
Although some seeds enclosed in unshrivelled ivory white fruit- 
cases are capable of germinating, most are either unpollinated or 
poorly developed. 
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Seasonal Fluctuations of Blue Grama Roots 
and Chemical Characteristics 
J.F. DORMAAR, S. SMOLIAK, AND A. JOHNSTON 

Abstract 
Root collections of blue grama (Bouteloua gracilis (H.B.K.) 

Lag.) were made at intervals near Manyberries, Alberta, over a 
3-year period. Root samples, after being weighed, were analyzed 
for C,N, ethanol/benzene-extractable C, methoxyl groups, lignin, 
soluble and structural carbohydrates, and calorific value. Signifi- 
cant fluctuations occurred over the seasons for all characteristics. 
Over 50% of the root mass was lost between October and May. 
This occurred regardless of soil moisture levels. The relationship of 
(C:N)(o/, lignin)/(% carbohydrate4’.5) showed significant differen- 
ces between the roots collected in the fall and those collected in 
spring and early summer. The chemical composition of the roots in 
the fall may have to be considered in explaining root mass losses 
between October and May. 

Blue grama (Boutelouagracilis (H.B.K.) Lag.) is a warm-season, 
short grass that is widely distributed throughout the Great Plains 
from Alberta to Mexico. It is the most xerophytic grass in the 
northern portion of the area, dominating in unmodified grasslands 
only on relatively arid sandy loam soils, but being the major species 
in overgrazed rangelands (Coupland 1961). Blue grama increases 
in abundance with grazing and is classed as an Increaser in the 
northern Great Plains where its dominance indicates fair to poor 
condition range (Wroe et al. 1979). It has a high density of roots in 
the surface layers of soil where, by weight, 84% of the root material 
occurs in the uppermost 15 cm and 93% in the top 30 cm of soil 
(Coupland and Johnson 1965). 

The organic C content of the grassland soils and the amount of 
roots produced by the grasses have been shown (Lutwick and 
Dormaar 1976) to increase generally from Brown to Dark Brown 
to Black Chernozemic soils. However, the production of root 
material by blue grama in the Brown Chernozemic soil zone 
equalled that by rough fescue (Festuca scabrella Torr.) in the Black 
Chernozemic soil zone, yet the organic C content of the Brown 
Chernozemic soil was 2.5% vs Il. 1% of the Black Chernozemic 
soil. The lower C content would indicate that additions of raw 
organic matter in the Brown Chernozemic soils are mineralized 
faster than additions in the Black Chernozemic soils. 

Dormaar et al. (1977) found that organic matter characteristics 
of a blue grama-dominated site on Brown Chernozemic soil were 
closely associated with seasonal fluctuations. Clark and Campion 
(1976) found that the N content of the root mass of blue grama 
changed significantly within the growing season. Time of sampling 
soils or roots is thus of great importance. Herman et al. (1977) 
noted that decomposition rates of a range of plant residues and 
changes during decomposition cannot be predicted from proper- 
ties of the original material such as C:N ratio, lignin content, or 
carbohydrate content when considered individually. When com- 
bined, however, they accurately predicted relative rates of decom- 
position and changes occurring during decomposition. It was thus 
possible with the help of this combination, i.e., (C:N)(% lignin)/ (Q/o 
carbohydrate”.$), to relate degree of decomposition to plant com- 
position. It was proposed that this type of quantitative measure of 
decomposition rates and of probable qualitative changes during 
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decomposition would help to explain the differences in the level of 
organic matter in soils produced from different plant communities 
or the differences with time in the same plant community. 

The equilibrium, under which the organic matter of the soil of 
heavily grazed Mixed Prairie forms and exists, is fragile (Dormaar 
et al. 1977). Since root mass is an important source for soil organic 
matter, a study was undertaken to follow seasonal fluctuations in 
root mass of blue grama and in the C, N, solvent-extractable C, 
methoxyl groups, lignin, carbohydrate, and caloric content of this 
root mass. 

Materials and Methods 

Roots of blue grama were collected from a portion (0.34 ha) of a 
field that had been heavily grazed (1.7 ha/AUM) for 19 years by 
sheep (Smoliak 1974). The soil is a member of the Brown Subgroup 
of the Solod Great Group of the Solonetzic order (Smoliak et al. 
1972). The field was divided into three plots of equal size. Within 
each plot, an area with an almost pure stand of blue grama was 
selected. Ten samples were taken at random within each blue 
grama stand with a golfcup-cutter (10.4 cm diam X 13 cm depth) 
three, four, and two times per year over the 3-year period, 1974 to 
1976. After removal of crowns from the soil plugs, the roots were 
washed essentially as described by Lauenroth and Whitman 
(1971). The washed roots were dried at 100’ C for 24 hours (Ward 
and Johnston 1960) and weighed; ash content was determined on a 
portion of each sample by ignition at 7000 C for 4 hours. Weight of 
organic mass was calculated on an ash-free, oven-dry basis and the 
values converted to kilograms per square meter for the 13-cm 
depth of sampling. After drying, the 10 root samples from each plot 
were combined and ground in a Wiley mill to pass through a 
loo-mesh sieve. 

Total organic C of the root samples was determined by dry 
combustion at 900°C for 15 min with the evolved C& collected 
and weighed; total N was determined using a macro-Kjeldahl 
procedure; and solvent-extractable C was obtained by extraction 
in a Soxhlet apparatus for 72 hr with a mixture of ethanol-benzene 
(1:l). Methoxyl groups were determined by a modified Zeisel 
technique (Technical Association of the Pulp and Paper Industry 
1945). Lignin, soluble carbohydrates, pentosans, and hexosans 
were determined as described by Deriaz (1961). Calorific values 
were obtained by combustion in a Parr 1241 adiabatic oxygen 
bomb calorimeter. All values are expressed on a dry, ash-free basis. 

The relationship established by Herman et al. (1977), (C:N) (% 
lignin)/(% carbohydrate*.5), was used as an index of decomposi- 
bility. Total carbohydrate was estimated by adding soluble and 
structural carbohydrate values together. Duncan’s multiple range 
test was used to compare means over time for each variable. 

Results and Discussion 

Mass and chemical characteristics of roots of blue grama 
showed highly significant changes over the seasons (Table 1). The 
root mass per unit volume of soil increased from early spring to 
October, then decreased so that by the next spring it was about the 
same as in the previous spring. Although the drier year (1974) led to 
increased root mass, the trend was the same regardless of soil 
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Table 1. Mass and chemical characteristics of blue grama root samples and soil moisture of a heavily grazed Mixed Prairie site near Manyberries, Alberta 
(average of three samples). 

Solvent- 
Carbohydrates 

Root* extractable 
Soluble Structural 

Calorific Decom- soil 
mass Cas%of OCH3 Lignin Pentosans Hexosans value posability moisture 

Collection date kg/ m2 (k) (2) total C (%) (%) (%) (%) (%) (Cal/g) index7 (%) 

1974 
April 17 0.71 g 51.8 d 2.32 e 6.71 f 3.11 d 27.0 c 2.16 f 10.1 b 23.2 h 4989 d 102 b 13.3 bc 
July 3 1.22 c 48.9 f 1.92 g 7.67 c 2.91 f 26.5 c 2.96 d 11.2 a 25.7 e 4341 f 107 a 2.76 g 
October 10 2.54 a 48.0 f 2.60 d 7.00 d 2.73 g 24.6 d 3.69 b 11.2 a 33.2 a 4082 h 65 e 2.75 g 

1975 
March 24 1.11 cd 56.4 a 3.22 a 6.56 g 3.41 a 30.3 a 3.37 c 11.3 a 27.0 c 5680 a 81 d 11.5 d 
May 21 0.86 fg 55.1 b 2.37 e 6.92 e 3.25 c 27.7 b 2.20 f 10.2 b 24.5 g 5273 c 106 a 18.5 a 
July 2 103 de 48.7 g 2.19 f 7.93 a 3.06 de 25.1 d 2.85 d 10.9 a 26.1 d 4488 e 89 c 8.99 e 
October 1 1.91 b 50.8 e 2.80 b 7.73 b 2.94 f 23.9 e 4.01 a 11.4 a 32.9 a 4161 g 62 e 8.09 f 

1976 
April 9 1.09 cd 55.2 b 2.70 c 6.74 f 3.34 b 29.4 a 3.42 c 11.1 a 29.1 b 5423 b 91 c 14.1 b 
May 11 0.91 ef 53.6 c 2.20 f 7.93 a 3.04 e 26.6 c 2.51 e 10.4 b 25.3 f 5012 d 104 ab 12.2 cd 

*Average of 30 cores (10.4 cm diam. X 13 cm depth). 
TDecomposability index = (C/ N)(% lignin)/ (To carbohydrates”.5). 
a,b Within a column, any two means followed by the same letter do not differ significantly (KO.05). 

moisture levels. Over 50% of the root mass was lost between 
October and May. The present data support those of Sims and 
Singh (1971) who showed that the root biomass in shortgrass 
prairie in Colorado had an annual average replacement of 49% of 
the roots. Dahlman and Kucera (1965), on the other hand, demon- 
strated that only 24% of the root mass was lost over winter in a 
tallgrass prairie. 

The root mass, as it goes into the winter, represents a potential 
source of available energy and nutrients. The energy potentially 
available between October 10, 1974, (i.e., 2.54 kg/m2 X 4,082 
Cal/g), and May 21, 1975, (i.e., 0.86X 5,273), and between October 
1, 1975, and May 11, 1976, was 5,833 (i.e., 10,368-4,535)and 3,387 
kcal/ m2, respectively. Most of the nutrients released during miner- 
alization of the root mass would be available for re-use, since, due 
to a low annual precipitation of only about 3 10 mm, removal of the 
bases would be slight. Mineralization, however, is only one avenue 
for explaining this overwinter loss. It is likely that not all of the 
energy of the organic matter will be channeled into decomposition. 
At least two other avenues for explaining overwinter loss of root 
mass should be considered. First, the rapid burst of above-ground 
spring growth of xerophytic grasses requires large energy reserves. 
The significant change in soluble and structural carbohydrates and 
solvent-extractable C about this time (Table 1) is probably a result 
of this growth burst. Second, increased production of root exu- 
dates in early spring may be another cause of the observed decrease 
in root mass. The production of root exudates with time and their 
transfer to the labile organic matter pool in grassland Ah horizons, 
however, is a subject in need of much more research. 

The root mass decreased between October and May. This period 
has a number of months when chemical and biological rates are 
slow and biological decomposition is at a near standstill. It may 
well be that the chemistry per se of the root mass has, therefore, an 
effect on this decrease. Applying the expression (C:N)(% lignin)/(% 
carbohydrate-0.5) to the nine root collections in our study, roots 
collected in October 1974 and in October 1975 were potentially the 
least resistant, and roots collected in July 1974, May 1975, and 
May 1976 were potentially the most resistant to decomposition. 
The methoxyl group contents were also low in October 1974and in 
October 1975. 

Khaziyev (1977) showed that the annual pattern for C& libera- 
tion from the soil reached a maximum when the soil was frozen and 
potential enzymatic activity increased in winter and early spring 
but decreased in the summer according to all the characteristics he 
studied. Bremner and Zantua (1975) have shown that significant 
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enzyme activity occurs in soils below 0°C. They attributed the 
occurrence of this activity to enzyme-substrate interaction in 
unfrozen water at the surfaces of soil particles. The dehydrogenase 
levels of soil obtained from the same sampling sites as those of the 
present study were about twice as high in winter as in the summer 
months (J.F. Dormaar, unpublished). Part of the root mass was 
probably transformed enough to become part of the soil organic 
matter during that time since the soil C content (Dormaar et al. 
1977) increased over the same period. 

It may thus be postulated that, under the xerophytic conditions 
that are mandatory for blue grama to flourish, late winter/early 
spring represents a crucial time for the decrease of its root mass. 
The equilibrium under which the organic matter of the soil of 
heavily grazed Mixed Prairie forms and exists is fragile (Dormaar 
et al. 1977). Since root mass and, possibly, root exudates are 
important sources for the soil organic matter, the mechanism of the 
seasonal fluctuations of these sources will, therefore, be useful for 
an understanding and subsequent management of this fragile 
equilibrium. 
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Wildlife Habitat on 
Pond Shorelines in 

RICHARD J. WHYTE AND BRIAN W. CAIN 

Abstract 

Three man-made ponds constructed in 1956 and fenced to 
exclude cattle from the shoreline were selected to study the effects 
of cattle on shoreline vegetation. These ponds were partially 
opened in 1977 to allow grazing on one-half of the shoreline. The 
vegetation was sampled monthly with an inclined lo-point frame 
placed at l-m intervals along transects in the opened and fenced 
sections of the shorelines. In most areas the foliar cover and 
vegetation height were reduced by cattle pressure. The stable Long- 
tom Community and the Knotgrass-Smartweed Community were 
more affected by cattle pressure than the Transition Community 
which changed as the water level rose or dropped. The seasonal 
Aquatic Community was least affected by cattle pressure and thus 
maintained good stands of waterfowl food plants. Carefully 
planned grazing which allows key rest and grazing periods will 
control the impact of grazing on the shoreline vegetation. Stable 
waterfowl habitat on the shorelines of small man-made ponds in 
South Texas can best be protected by fencing at least one-half of 
the shoreline to restrict cattle use. 

Grazing may be a useful practice for waterfowl habitat manage- 
ment in that landowners may modify habitat by regulating cattle 
grazing. Plant succession in a marsh or within a shoreline com- 
munity can be maintained by grazing management at a seral stage 
most useful to waterfowl (Singleton 1965, Chabreck 1968). 
Although the effects of grazing on marsh communities (Chabreck 
1968, Valentine 1969) and lake shorelines (Hoffman and Stanley 
1978) have been reported, the detailed effects of grazing on the 
shoreline vegetation of small ponds within pastures specifically for 
cattle production have not been adequately documented. 

Grazing directly affects shoreline vegetation by reducing its 
height (Bue et al. 1952, Berg 1956, Gjersing 1975), phytomass 
(Hoffmann and Stanley 1978), density (Chabreck 1968), and 
botanical composition (Gjersing 1975, Hoffman and Stanley 
1978). Bue et al. (1952) reported that a stocking rate of 10.8 ha/ AU 
allowed development of a grass shoreline and stocking rates higher 
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Grazed or Ungrazed Small 
South Texas 

than 6 to 7 ha/AU eliminated the vegetation and left bare shore- 
line. Stocking rates of 0.8 to 1.2 ha/AU and lower from May to 
November allowed development of a grassy shoreline on stock 
ponds in western North Dakota (Lokemoen (1973). 

Grazing by livestock can restore habitat previously unusable by 
waterfowl. Removal of dense cattail (7’ypha latifolia) by cattle 
from the shorelines of prairie potholes increased mallard (Anas 
platyrhynchos) and lesser scaup (Aythya affinis) production (Keith 
1961). However, Kirsch (1961) viewed any form of grazing on 
shoreline vegetation as harmful to waterfowl production. Pair 
numbers, nesting densities, and nest success of nesting waterfowl in 
North Dakota on stock ponds were reduced when grazing was 
permitted in his 4-year study. Grazing management may be a 
valuable tool in waterfowl habitat management; but where stock- 
ing rates are high, partial fencing of ponds may be required to 
prevent total destruction of the shoreline vegetation (Hamor et al. 
1968). Lighter stocking rates and rest-rotation grazing systems 
may also allow maintenace of adequate shoreline vegetation to 
provide productive wildlife habitat (Gjersing 1975, Mundinger 
1976). The objective of this study was to evaluate the effects of 
cattle grazing on the shoreline vegetation of small man-made 
ponds on the Coastal Prairie of Texas. 

Study Area 

Three man-made impoundments on the Rob and Bessie Welder 
Wildlife Refuge near Sinton, Texas, were selected for study. Each 
impoundment, locally referred to as “tanks,” was constructed in 
1956 and fenced to exclude cattle in 1957. Two of the tanks have 
since expanded beyond their original fences so that sections of the 
shorelines have had a history of grazing. The third tank did not 
expand beyond the fence so half the shoreline was opened to cattle 
in July 1977. 

The tanks were situated in clay soils (Drawe et al. 1978) within a 
4-pasture, deferred-rotation grazing system. The characteristics of 
each tank were: 

1. Large Lowland-Paspalum (LLP) Tank. Situated in a paspa- 
lum (Paspalum lividum) community in a pasture that was stocked 
at 3.6 to 2.8 ha/AUM throughout the study, this tank was rested 
for 120 days from late summer (July 25) to mid-fall (November 22). 
Cattle use was 3.7 to 3.9 m shoreline/AU throughout the study. 
Ratio of ungrazed to grazed shoreline was 80 percent on this 1.74 
ha tank. 
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2. Large Upland Chaparral-Mixed Grass (LUC) Tank. This 
tank was 1.02 ha surface area and situated in a blackbrush acacia 
(Acacia rigidula)/ silver bluestem (Bothriochloa saccharoides 
Swartz var. longipaniculata Gould) community in a pasture that 
was stocked at 3.4 to 4.2 ha/AUM throughout the study. A rest 
period extended for 42 days in the summer (June 13 to July 25). 
Animal pressure was 2.99 to 3.99 m shoreline/ AU throughout the 
study and 50 percent of the shoreline was grazed on this tank 

3. Small Upland Chaparral-Mixed Grass (SUC) Tank. This 
tank was situated in the same rangeland community and pasture as 
the previous tank. However, the animal pressure was 0.69 to 0.83 m 
shoreline/AU throughout the study and about 70 percent of the 
shoreline was grazed. This was the smallest tank (0.34 ha surface 
area) studied, and consequently, the shoreline was grazed at four 
times the pressure of the larger tanks because the stocking rate was 
similar throughout the pasture. 

Methods 

The impoundments were partially fenced to allow direct com- 
parison of grazed with ungrazed shoreline at each site. The shore- 
line vegetation, categorized as grasses, forbs, moist soil plants (i.e., 
sedges and rushes), emergent or submersed aquatic plants, was 
sampled monthly from June 1977 to May 1978. Ten permanent 
transects were randomly located on each of the ungrazed and 
grazed shorelines of the larger tanks; five transects were established 
on the smaller tank. In June 1977 permanent pegs were placed at 
10-m intervals along these transects on the shore and into the 
ponds until a depth of 60 cm was reached. The lengths of individual 
transects varied with water depth throughout the study, always 
extending from the permanent peg to a water depth of 60 cm 
(Robe1 1961). 

The shoreline vegetation was sampled monthly with an inclined 
IO-point frame placed at l-m intervals along each transect (Jolly 
1954). Foliar cover and plant heights were recorded for each 
species. Standing crop was harvested on a bi-monthly basis from 
0.1 m rectangular plots randomly placed near the permanent pegs 
along two transects on each of the ungrazed and grazed shorelines 
for each tank. The standing vegetation was clipped to a l-cm 
stubble height, oven-dried at 36” C fo 144 hours and weighed. 
Grasses were identified according to Gould and Box (1965) and all 
other plant species according to Jones (1975). 

Analysis of variance and Duncan’s multiple range test (Steele 
and Torrie 1960) were used to test the effects (P = 0.05) of grazing 
on plant height, standing crop and density by season for each tank. 

Table 1. Foliar cover (96) of aquatic plants of shoreline zones at LLP, LUC, 
and SUC tanks in relation to season and grazing, June 1977-May 1978. 

Tank Summer Fall-winter Spring 
Community UG’ G UG G UG G 

LLP 
Longtom tb ob ob ob ob ob 

Knotgrass-!Y 5, 2b 0, 0, 0, 0, 

Transition 0, 0, 0, 0, 0, 0. 
Aquatic 82, 75. 43b 39b 2, 4, 

LUC 
Longtom 3, Tb ob ob ob ob 

Knotgrass-S 20, 3b 0, T, 0, 

Transition ob 3. Tb Tb ob 2 

Aquatic 72, 61, 22b 2lb T, T, 

sue 
Longtom 5, ob ob ob ob ob 

Transition 0, 0. 0, 0, 0, 0, 
Aquatic 87. 75. 25t, 15, 29b 26b 

Means within a row followed by the same letter are not significantly (IQO.05) dif- 
erent. 
1UG = ungrazed, G = grazed, S = smartweed, T = trdce (<l.O%) 

Results and Discussion 

Drawe et al. (1978) described generalized vegetation communi- 
ties for the ponds and lakes of the Welder Wildlife Refuge. Shore- 
line communities were ordered based on the soil moisture regime. 

Aquatic Community 
Cattle entering the water did not affect the percentage foliar 

cover of the submersed vegetation during any season, regardless of 
tank (Table 1). Cattle had no effect on the height of aquatic 
emergent vegetation at the LUC tank but there was a decrease 
during the summer at the LLP and SUC tanks (Table 2). 

Table 2. Height (cm) of vegetation of the shoreline zones at LLP, LUC, and 
SUC tanks in relation to season and grazing, June 1977-May 1978. 

Tank Summer Fall-winter Spring 

Community UG’ G UG G UG G 

LLP 
Longtom 
Knotgrass-Sl 
Transition 
Aquatic 

LUC 
Longtom 
Knotgrass-S 
Transition 
Aquatic 

sue 

Longtom 
Transition 
Aquatic 

63, 39d 57b 49, 
56, 39b 55, 39b 
37, 19b, 29,b 24,b 

8, 4b 2bc 2bc 

54. 48b 57, 35, 
30, 25b 3 1, 14, 
24, 16t, 14bc 9de 

7, 8. 2b obc 

71, 4lbcd 54b 3d 

46. 2 lab 2%b 2&b 

8, ob ob ob 

51, 31, 
38b 20, 
17, 12, 

1, 1, 

5ob 3od 

2&b 12, 
l&d 7.2 
ObC ObC 

5&c 
2%b 
ob 

24cd 

lob 
ob 

Means within a row followed by the same letter are not significantly (DO.05) dif- 
ferent. 
‘Same as Table I. 

The Aquatic Community of the tanks were typified by 
submersed plants with frequent emergent. The LLP and LUC 
tanks supported areas covered by algae, water primrose (Ludwigia 
peploides), southern naiad (Naias guadalupensis), duckweed 
(Lemna minor), and waterlily (Nymphaea elegans). The Aquatic 
Community of the SUC tank was characterized by muskgrass 
(Chara spp.), southern naiad, algae, and duckweed. 

Overall, the disturbances of the Aquatic Community from 
upland vegetation, typically evolved with a drop in water level. The 
water level usually receded most dramatically in the summer. 
Cattle did not affect the percentage foliar cover of the vegetation in 
the Transition Community at the LLP and LUC tanks where 
present (Table 3). The percentage foliar cover of the vegetation was 

Table 3. Foliar cover (%) of vegetation of shoreline zones at LLP, LUC, and 
SUC tanks in relation to season and grazing, June 1977-May 1978. 

Tank Summer Fall-winter Spring 

Community UG’ G UG G UG G 

LLP 
Longtom 
Knotgrass-S* 
Transition 
Aquatic 

LUC 
Longtom 
Knotgrass-S 
Transition 
Aquatic 

sue 
Longtom 
Transition 
Aquatic 

90, 77,j 97, 901,, 95b 62, 
84* 79b 90, 74b 74b 36, 
85. 49b, 55b, 59b 49b, 42, 
82, 75. 43b 39b 2, 4, 

92b 82, 97, 75,j 95, 60, 
70, 64, 93, 57d 82b 53d 
49.b 37,b 41.b 50, 34b 38,b 
72, 61, 22b 2lb T, 0, 

78, 65b 80. 56b 75, 59b 
56. 10, 58t, 23b 50, 14b 
87, 75. 25b 15b 29b 26b 

Means within a row followed by the same letter are not significantly (DO.05) dif- 
erent. 
‘Same as Table 1. 
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reduced by cattle during all seasons on the SUC tank. Height of the 
vegetation declined with grazing on all tanks (Table 2). 

The effects of grazing on the vegetation of the Transition Com- 
munity were variable, being far more severe on the SUC tank than 
on the LLP and LUC tanks. It is vital that vegetation become 
established once the water level recedes, first to prevent soil and 
nutrient loss by wind erosion of the drying soil, and second to 
provide mulch and nutrients for pond system once the zone 
refloods. 

The Transition Community of all tanks was invaded by aggres- 
sive pioneer plant species which were capable of withstanding a 
disturbance such as grazing. Pioneer species occupying the Transi- 
tion Community at the LLP tank were forbs including nama 
(Namo stenocorpumJ heliotrope (Heliorropium procumbens), 
yellow-cress (Rorippa ret-es); and grasses, such as common Bermu- 
dagrass (Cynodon dactylon), teal lovegrass (Erogrostis hyp- 
noides), and barnyardgrass (Echinochloo crusgalli). The 
Transition Community of the LUC tank was invaded by nama, 
bladderpod (Lesquerella lindheimeri), peppergrass(L.epidium lasi- 
ocarpum), common Bermudagrass, and teal lovegrass. Forbs such 
as nama, yellow-cress, and frogfruit (Phyla incisa), and grasses 
such as teal low-grass and common Bermudagrass combined with 
some moist-soil plants, i.e. spike rush (Eleochoris mocrosfachyo) 
and cattail(T. domingensis)todominatetheTransitionofthe SUC 
tank. 

The Transition Community provides food plants such as bar- 
nyardgrass, common Bermudagrass, and teal lovegrass, which 
becomes available to ducks once the zone refloods. Furthermore, 
American wigeon(Anosomericano) were often observed grazing in 
the Transition Community of the LLP and LUC tanks in the late 
winter. Bolen and Forsyth (1967) reported common Bermudagrass 
to be a major item in the summerdietofthe black-bellied whistling 
duck (Dendrocygno oufumrwzlis) an the Coastal Prairie of Texas. 

Knotgrass-Smartweed Community 
The Knotgrass-Smartweed Community was dominated by knot- 

grass (Paspalum distichum) and smartweed (Persicaria hydero- 
piperoides) on extremely moist to flooded soils. Moist soil plants 
such as sedge(Cyperusdigirotus), spikerush, cattail, bullrush (Stir- 
pus colrfornicua), and arrowhead (Sagirlorio longiloba) were of 
secondary importance. 

Total percentage foliar cover of the vegetation (Table 3) and 
moist-soil plants (Table 4) were reduced by cattle at the LUC and 
the LLP tank (Fig. I). Height of the vegetation was reduced by 
cattle at both tanks (Table 2). 

The Knotgrass-Smartweed Community is of tremendous value 
to some wildlife species. The emergent vegetation provided nesting 
habitat for many marshbirds, including American coots (Fulico 
nmericona), common gallinules (Gallinulo chloropus) and purple 
gallinules (Porphyrulo mortinico). Of six nests located in the 
Knotgrass-Smartweed Community at LLP and LUC tanks in the 
breeding seasons of 1977 and 1978, five nests were established on 
the ungrazed plots. Furthermore, several widely used duck food 
plants including smartweed thrived on this zone. Consequently, 
disturbances due to foraging and trampling by cattle may reduce 
nesting success or density of waterfowl in this community on 
man-made stock ponds. 

Longtom Community 

The Longtom Community was dominated by longtom (Paspo- 
lum lividurn) and indicated the first shoreline zone typical of the 
moist soils surrounding the tanks. Longtom occupies moist soils 
too drv for sedees and too wet for common Bermudaerass (Scifres 

posed almost entirely of longtom, with common Bermudagrass 
being of minor importance. Percentage foliar cover of grasses at 
the LLPand LUC tanks was not reduced by grazing in the swnmcr. 
However, cattle reduced the percentage foliar cover of grasses in 
the spring at both tanks, and during the fall and winter at the LUC 
tank (Table 5). Cattle were removed from the pasture containing 
the LLP tank during 120 days of the summer and fall, which may 
explain why the percentage foliar cover of grasses was not signifi- 

Tank Summer Fall-winter Spring 
Community UC? G “G G “G G 

LLP 
Longtom 1% 9a z Ta 3. Ta 
Knotgrass-S’ 45. 39. 23b 9, 5, 3, 
Transition 38. 2. 13a T, 3. T. 
Aquatic 6. lb T. T, 0, 0, 

LUC 

Longtom 6. 2b Ta Tb Ta Ta 
Knotgrass-S 11. 2. 3a Ta 9. T,a 
Transition 7.b T. 4a T, 6. Tc 
Aouatic 1. Th Th Dh Oh h 

and tiutz 197:). 
_ 

Grazing reduced the percentage foliar cover of vegetation of the S”C 

Longtom Community on all tanks (Table 3). The percentage foliar 
Lo”gtolll 22. 5bc 108, 00 6& 1, 
Transition 

cover of moist-soil plants (Carex brittoniona, and Cyperus articu- 
2. 0. I. 4. 2. 5. 
I. 0. 0. 0, 0. 0. 

lorus) declined with grazing at all tanks (Table 4). Vegetation 
AquatIc 

height (Table 2) was reduced by grazing regardless of tank. 
Means within a row followed by the 58nlc letter are not Significantly (130.05) dir- 

Foliar cover of grasses in the Longtom Community was corn- 
rcrcn,, 
#same as ~~~~~ 1. 



Table 5. Foliar cover (%) of grasses of shorelines at LLP, LUC, and SUC 
tanks in relation to season and grazing, June 1977-May 1978. 

Tank 
Zone 

Summer Fall-winter Spring 

UG’ G UG G UG G 

LLP 
Longtom 69, 68,,j 95, 90,b 87b 61, 
Knotgrass-S1 34b 38t, 67, 62, 66, 31b 

Transition 47,b 3!& 40,b 51, 35b 3% 

Aquatic 2, 2, Tb 2ab Tb 61 

LUC 
Longtom 83b 79b, 97, 75, 95. 58d 
Knotgrass-S 37d 59, 81, 54, 71b 38d 
Transition 42,b 34,b 33b 47.9 20, 30b 
Aquatic 5b 13, 1, T, T, 0, 

sue 
Longtom 46b 59& 67, 55,b 61,b 54,b 
Transition 53, I0b 46, 17b 44, 8b 
Aquatic 4, ob ob Tb ob ob 

Means within a row followed by the same letter are not significantly (ZQO.05) dif 
ferent. 
‘Same as Table 1. 

cantly reduced on the Longtom Community of the LLP tank 
during these seasons. However, cattle did graze heavily on longtom 
during the fall-winter and spring on the LUC tank. This agrees with 
the study of Durham and Kothmann (1977) who reported longtom 
to be intensively grazed by cattle from December to February on 
the Texas Coastal Prairie. 

Longtom is a food item for cattle, and it also stabilizes the 
shoreline vegetation around small ponds in south Texas. Livestock 
disturbances that eliminate the Longtom Community may prove 
harmful to the pond in terms of wildlife habitat. 

The role of tanks in wintering waterfowl management in south 
Texas is of increasing importance. Alternative water bodies sup- 
porting wintering waterfowl will be sought as industry and agricul- 
ture shrink the Texas coastal marshes (Singleton 1965). The Soil 
Conservation Service (USDA) has constructed many farm ponds 
in south Texas since the 1940’s (SCS 1973, unpublished data). For 
example, there are 132 ponds in San Patricia County, 60 ponds in 
Refugio County and, 320 ponds in Bee County which have been 
constructed since the 1940’s. Some ponds range up to 40 ha in 
surface area; however, most are less than 0.8 ha. Blue-winged teals 
(Anus discors), green-winged teals (A. creccu), lesser scaups and 
wigeons, commonly wintering on the three study tanks, would 
benefit from an increase in small ponds in south Texas. Further- 
more, the black-bellied whistling duck, a common breeding resi- 
dent in south Texas (Bolen 1967), would also benefit by an increase 
in water bodies on which to raise broods. Proper management 
would benefit the shoreline vegetation on these ponds. 

Conclusions 

Cattle produced a severe effect on the shoreline vegetation of 
small ponds in south Texas. The Longtom Community and the 
Knotgrass-Smartweed Community, the most permanent and 
established of the shoreline communities, were impacted most by 
cattle. The more temporary Transition Community was not greatly 
affected by cattle, particularly on the large tanks; the Aquatic 
Community was least affected by cattle. Percentage foliar cover 
and vegetation height were decreased by grazing over the 9-month 
sampling period. 

The effects of grazing the shoreline vegetation increased with 
increasing animal pressure (m shoreline/ AUM). Animal impact 
for all communities except the Aquatic Community was greatest at 
SUC tank, which had four times the animal pressure of the LLP 
and LUC tanks. This was most evident for the Transition Com- 
munity, which withstood grazing at the large tanks but was 

severely disturbed at the small SUC tank. 
Some regeneration of vegetation was evident following the graz- 

ing rest periods in the 4-pasture, deferred-rotation system. Percen- 
tage foliar cover of grasses (mostly longtom) in the Longtom 
Community was not reduced as greatly during the fall and winter at 
LLP tank as at LUC tank, mainly because a rest period occurred 
from late summer to mid-winter for LLP tank. 

Rest periods should coincide with the beginning of the growing 
season, which was not the case in this study. However, the rest 
periods that occurred on these pastures did coincide with the latter 
part of the growing season, which is greater than 300 days in south 
Texas, but the vegetation response was minimal. 

The effect of cattle on shoreline vegetation may not benefit 
waterfowl. The Knotgrass-Smartweed Community, a source of 
smartweed seeds for ducks and nesting habitat for various marsh- 
birds, was disturbed by cattle, and wildlife nesting value dimin- 
ished. However, cattle had no significant effect on the Aquatic 
Community, the site of duck food plants such as southern naiad 
and duckweed, regardless of tank. Thus, positive values of grazing 
on shoreline vegetation of south Texas stock ponds in terms of 
waterfowl or other nesting marsh birds were few. 

Fencing can be used to prevent disturbances by cattle to the 
shoreline vegetation. Either total or rotational fencing of ponds 
within a given pasture would benefit waterfowl habitat. Partially 
fenced tanks should have the deepest section of the ponds left open 
to cattle and shallow areas protected. This approach allows cattle 
access to water, even in the dry seasons, and protects the most 
potentially productive areas for wildlife. Gravelling of access areas 
would reduce the incidence of livestock bogging down. 

Overall, the effects of cattle on the shoreline vegetation of small 
ponds in south Texas are a function of site, animal pressure, 
zonation of the vegetation, and the resistance to grazing of the 
plants growing in these zones. 

Finally, the effects of cattle on shoreline vegetation were gener- 
ally considered detrimental to wildlife habitat on small ponds 
studied in south Texas. Only in limited instances was grazing of 
value to waterfowl in this area; however, these effects can be 
managed so that these small bodies of water can have simultaneous 
livestock watering and wildlife habitat values. 
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Effects of Defoliation on Net Photosynthesis 
and Regrowth of Western Wheatgrass 
E.L. PAINTER AND J.K. DETLING 

Abstract 

Net photosynthesis (PN) and regrowth of 60-day old Agropyron 
smithii Rydb. plants were examined over a lo-day period following 
defoliation to simulate grazing. Plants grown hydroponically in 
full strength Hoagland’s solution were moderately defoliated (l/2 
tillers clipped at 5 cm), heavily defoliated (3/4 tillers clipped at 5 
cm), or left as unclipped controls. Thirty minutes after clipping, PN 
rates of the youngest fully expanded leaf of a remaining undam- 
aged tiller had declined by 6%7oj, in both groups of defoliated 
plants. Rates of PN were subsequently monitored on the same 
leaves at 2-day intervals. By Day 2, PN (per unit of leaf area) of both 
defoliated groups had increased to rates 5-10% higher than those 
preceding treatment, while PN of control plants had decreased 
about 6%. From Day 2 through Day 10, PN rates of control plants 
averaged 90% of their preclipping PN rates, while PN rates of 
moderately and heavily defoliated plants averaged 106% and 114% 
of their preclipping rates, respectively. Defoliation had no signifi- 
cant effect on tiller production over this lo-day period. While total 
new biomass production of controls was almost twice that of either 
of the defoliated groups, the proportion of the new growth allo- 
cated to shoots, crowns and roots did not differ among the three 
groups. 

In most terrestrial ecosystems, herbivores remove less than 10% 
of the annual aboveground net primary production (Chew 1974), 
but they may consume 50% or more of the annual aboveground 
production of grasslands (Chew 1974, McNaughton 1976). To 
achieve better understanding of grassland ecosystem function, it is 
essential to understand how these herbivores cause departures 
from the linear transfers of energy depicted in most models (Chew 
1974). For example, in addition to reducing leaf biomass, grazing 
may potentially alter energy flow in the system by changing photo- 
synthetic or respiratory rates, growth rates, and carbon allocation 
patterns. 

Following partial defoliation, photosynthetic rates in remaining 
undamaged leaves frequently increase or decline less rapidly with 
age than do those in equivalent leaves on nondefoliated plants 
(Gifford and Marshall 1973, Hodgkinson et al. 1972, Hodgkinson 
1974, Detling et al. 1979b, 1980). By contrast, Ryle and Powell 
(1975) reported slightly reduced photosynthetic rates in remaining 
leaves of partially defoliated uniculm barley (Hordeum Kindred 
Culm 97) plants. Net photosynthesis was also reduced in remaining 
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tissue of individually damaged leaves (Hall and Ferree 1975, 1976; 
Detling et al. 1979a). Carbon allocation and growth patterns also 
change following defoliation. Ryle and Powell (1975) found that 
the proportion of photosynthetically fixed 1% translocated from 
leaves to roots was markedly reduced, while the proportion used in 
regrowth of new leaf tissue increased, following defoliation of 
uniculm barley. Similarly, leaf blade growth accounted for over 
half of the total new growth of defoliated blue grama (Bouteloua 
gracilis) plants, but only one-third of the total growth of control 
plants, over the initial 10 days after clipping (Detling et al. 1979b). 

Relatively few studies have been conducted to evaluate the 
photosynthetic responses of North American prairie grasses to 
defoliation (Detling et al. 1979a, b, 1980). The purpose of this study 
was to examine the effects of simulated grazing on rates of net 
photosynthesis (PN) and regrowth of western wheatgrass (Agro- 
pyron smithii Rydb.), an important component of the North 
American shortgrass and mixed-grass prairies. It is a Cs species 
(Williams and Markley 1973) and is a preferred food of several 
species of grasshoppers (Hewitt 1978), of ungu!ates such as bison 
and domestic cattle (Peden et al. 1974, Peden 1976), and of small 
mammals such as the black-tailed prairie dog (Summers and 
Linder 1978). 

Methods and Procedures 

Western wheatgrass seedlings selected for uniformity were cul- 
tured hydroponically in full strength Hoagland’s solution in a 
growth chamber with 14-hr photoperiods and 20/ 15OC day/night 
temperatures. quantum irradiance (PAR) at midcanopy height 
was 450 PE l m- l s-l. Experimental plants were maintained under 
these conditions for the duration of the experiments. Estimates of 
PN were made by measuring C& exchange of a single leaf blade 
with Beckman 3 15 infrared gas analyzer, utilizing an open system 
and methods described by Williams and Kemp (1978). The cuvette 
was cooled by circulating water from a controlled-temperature 
water bath. Air in the cuvette was mixed by a magnetic stirring bar 
to maintain low boundary layer resistance. Air temperature in the 
cuvette was maintained at 20” C f 0.5”) measured with a shaded 
YSI thermister. Quantum irradiance within the cuvette was 1200 
PE l me2 l s-l. 

Experimental plants were 60 days old and each had four tillers 
with from one to four fully expanded leaves. The tiller used for PN 
measurements was not clipped and it had two fully expaned leaves 
and one emerging leaf blade. All COZ exchange measurements 
were made on the youngest fully expanded leaf. Plants were 
clipped 5 cm above the crown, at two intensities. Six plants were 
moderately defoliated by clipping one-half of all tillers over 5 cm 
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tall. Six others were heavily defoliated by removing three-quarters 
of any tillers over 5 cm tall. Thus, PN rates were determined on 

25 
r - Control 

similarly aged leaves of comparably developed undamaged tillers 
remaining after defoliation. Likewise, COZ exchange was mea- 
sured on similar leaves of seven untreated plants which served as 
controls. On the day of treatment (Day-O), PN was measured 
immediately before and 30 minutes after clipping. Rates of PN were 
subsequently determined on the same leaves of defoliated and 
control plant every other day over the next 10 days. All data were 
normalized by expressing PNasa percentage of the preclipping PN 

rate of that leaf. 
Regrowth of western wheatgrass was analyzed in another exper- 

iment-utilizing 108 plants. Plants were treated as before, and dry 
weights determined for shoots, crowns, and roots of 9 plants of 
each treatment on Days 0, 2, 6, and 10. Total tiller number and 
number of tillers with expanded leaves were also recorded on those 
days. 

Results and Discussion 

Immediately prior to treatment on Day 0, PN rates $t 1 SE) were 
24.1 f 1.9, 24.8 f 2.2, and 22.9 Z!I 0.8 mg CO2 - dm- * h-r for the 
controls, moderately defoliated, and heavily defoliated plants, 
respectively. These rates are similar to those found by Detling et al. 
(1979a), for soil-grown western wheatgrass plants transplanted 
from the field. Over the ten days of the experiment (Fig. l), PN of 
the controls decreased 10% to 2 1.6 mg CO, * dme2 - h-' . This decline 
also corresponds closely to results of Detling et al. (1979a) and is 
typical in aging leaves (Jewiss and Woledge 1967). 

130 r 
120 - 

az 80- - Control 
A- - A Moderately clipped 
l -. -= Heavily clipped 

?oF 
I 

I I I I I 
0 2 4 6 8 IO 

TIME FROM CLIPPING (days) 

Fig. 1. Rates of net photosynthesis (expressed as % ofpreclipping rate) in 
youngest fully expanded leaf on an undamaged tiller. Each point 
represents the mean of 6-7 plants. Vertical bars represent f I SE. 

The mean PN rates of the two groups of clipped plants dropped 
6-7% by 30 minutes after treatment, but this decline did not occur 
in control plants (Fig. 1). Results of Duncan’s new multiple range 
test indicated that this decrease was significant atp = 0.10 andp 
= 0.05 for the moderately and heavily defoliated plants, respec- 
tively. A similar response was found by Ryle and Powell (1975). 
Van Sambeek and Pickard (1976) reported that injury to a single 
leaf could affect gas exchange of an entire shoot, and net Co2 
uptake decreased in as little as 20 s. They hypothesized that this was 
related to metabolic changes caused by the release of unidentified 
substances from damaged cells into the transpiration stream, and 
suggested that some of these changes might be involved in later 
responses of plants to damage by pathogens, herbivores, and phys- 
ical factors. 

By Day 2, PN rates in both clipped groups had increased to rates 
higher than those preceding treatment (Fig. 1). Analysis of var- 
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Fig.2. Total tiller production and production of tillers with at least one 
expanded leaf. Each point represents the mean of 9 plants. Standard 
errors (omitted for clarity) averaged 9% of the mean values shown and 
did not exceed 13%. 

iance of data from Days 2-10 indicated that there was not a 
significant time by treatment interaction (p = 0.16), but that there 
was a significant treatment effect @ = 0.0 1). Results of the Student 
Newman Keuls test indicated that PN rates of both the moderately 
(p = 0.05) and heavily (p = 0.01) defoliated plants were signifi- 
cantly greater than those of the controls. However, PN rates 
between the two treatment groups did not differ significantly @ > 
0. IO). 

This enhancement of photosynthesis in undamaged leaves 
remaining following partial defoliation is consistent with the 
results of several others (Wareing et al. 1968, Gifford and Marshall 
1973, Hodgkinson 1974, Detling et al. 1979b, 1980). The physio- 
logical basis for this response was not investigated in this study. 
Results of defoliation studies with alfalfa (Medicago sativa) 
(Hodgkinson et al. 1972, Hodgkinson 1974) and ryegrass (Lolium 
spp.) (Gifford and Marshall 1973, Deinum 1976) suggest increases 
in PN rates result largely from decreases in mesophyll resistance to 
COZ diffusion. In addition, Wareing et al. (1968) proposed that 
increases in RuDP carboxylase (in Ca plants) or PEP carboxylase 
(in ch plants) activity may occur following defoliation because of 
increased enzyme synthesis. This might result from decreased com- 
petition by remaining leaves for mineral nutrients, metabolites or 
cytokinin supplied by the roots. This explanation is consistent with 
increased RuDP carboxylase activity observed in soybean (G/y- 
tine max) source leaves following shading of remaining leaves and 
pods (Thorne and Koller 1974). 

The regrowth experiment parallelled the photosynthesis experi- 
ment. By the end of 10 days, there was little variation in tiller 
number among the clipped and unclipped plants (Fig. 2). Controls 
had a mean of 8.6 tillers with expanded leaves, moderately defol- 
iated plants had 9.1, and heavily defoliated plants had 8.3. There 
was also little difference in total tiller number. On Day 10, control 
plants had 21.9 tillers, moderately defoliated plants had 20.2 and 
heavily defoliated plants had 19.9. Apparently few apical 
meristems were removed by clipping, since less than 20% of the 
clipped tillers failed to regrow. These results differ from those of a 
number of other investigators. Defoliation without removal of 
shoot apices usually depresses tillering (Y oungner 1972, Youngner 
et al. 1976, Ackerson and Chilcote 1978), while tiller production is 
usually enhanced when defoliation removes shoot apices 
(Youngner 1972). Detling et al. (1980) found that tillering of 
hydroponically-grown blue grama decreased with increasing levels 
of defoliation for the first 4-6 weeks following treatment, but that 
these differences had disappeared by 10 weeks after defoliation. 

Total new growth of the clipped plants was significantly @ = 
0.01) lower than that of control plants over the lo-day period (Fig. 
3), but the proportional distribution of this new growth did not 
differ perceptibly among the three groups of plants (Table 1). This 
differs markedly from other studies (Ryle and Powell 1975; Detling 
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Table 1. Growth and dry matter accumulation of various plant parts ofA. 
smithii over 10 days following defoliation. SHOOT 

Total 
new New shoot New crown New root 

growth growth growth growth 

Treatment mg mg % of mg % of mg % of 
total total total 

Control 898 707 79 52 6 140 15 
Moderately defoliated 488 386 79 24 5 79 16 
Heavily defoliated 474 364 77 26 5 85 18 

et al. 1979b, 1980), in which there was proportionately less dry 
weight gain in the roots of the defoliated plants than in those of the 
controls. The slight decrease in dry weight of the roots of both 
clipped groups on Day 2 (Fig. 3) is consistent with results of 
laboratory experiments of Ryle and Powell (1975) and Detling et 
al. (1979b). This suggests that insufficient photosynthate was 
translocated to the roots to meet respiration demands, or that 
root-to-shoot translocation exceeded downward translocation 
during this time. By six days after clipping, root growth had 
apparently resumed (Fig 3). Collectively, these results suggest that 
athough PN rates increased significantly in undamaged leaves 
remaining following partial defoliation, these increases were insuf- 
ficient to compensate completely for reduced photosynthate 
production resulting from decreased leaf area. 

CROWN 
210 

180 

Earlier, Detling et al. (1979b) concluded that the response of 
blue grama plants to grazing was a rapid restoration of their 
carbon gain capacity caused by increased PN rates as well as an 
increase in the proportion of photosynthates allocated to synthesis 
of new leaf blades. Our results indicate that while PN of remaining 
leaves of western wheatgrass increased following defoliation (Fig. 
I), photosynthate allocation patterns were not substantially 
altered (Table 1). This might partially explain why western wheat- 
grass is less grazing tolerant than blue grama (Ellison 1960), since 
carbon allocation patterns may be as important as photosynthetic 
rates in determining primary productivity (Mooney 1972, Detling 
et al. 1979~). 

_V IO 

TIME FROM CLIPPING (days) 

Fig. 3. Growth (mg) of A. smithii over 10 days following defoliation. Each 
pomt represents the mean of 9 plants. Vertical bars represent f I SE. 

production in grassland grazing systems. 
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3. To teach an undergraduate course in the economics and planning of range livestock 
grazing. 

Applicants are required to have: Ph.D. degree in which land-use planning and economics are 
emphasized; training and experience with quantitative analysis of natural resource problems; 
and at least one degree in range management or a demonstrated professional interest in range 
management. 

The salary associated with the position will be commensurated with the training and expe- 
rience of the person to whom the position is offered. 

The Department of Forestry and Range Management is a component of the College of 
Agriculture. The department has three basic curricula, namely, forestry, range management, and 
wildland recreation. Presently, it has 21 faculty members, I55 certified majors, and 33 graduate 
students. Graduate programs are offered only at the M.S. level. The forestry program is accre- 
dited by the Society of American Foresters. The department is presently seeking accreditation 
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Applicants are to furnish a complete resume, academic transcripts, and at least three letters of 
reference. These documents are to be sent to: 

Dr. Benjamin Zamora 
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Department of forestry and Range Management 
Washington State University 
Pullman, Washington 99764 

Closing date for the receipt of applications for the position is March 15,198l (or until a suitable 
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Washington State University Is an Equal Opportunity-Affirmative Action Employer. In order to 
assist the university’s effort is meeting its affirmative action goals, minority and women candi- 
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Autumn Mule Deer Foods on Heavily Grazed 
Cattle Ranges in Northwestern Colorado 

GARY C. LUCICH AND RICHARD M. HANSEN 

Abstract 

The botanical composition of the diets of domestic cattle and 
mule deer (Odocoileus hemionus) was estimated by microscopi- 
cally examining fecal samples collected on deer winter ranges 
heavily used by cattle. Diet overlap ranged from 1 to 22% (‘x = 
12%) on the nine areas studied. When cattle are forced from a grass 
dominated diet to browse forage on overgrazed ranges, diet over- 
lap and therefore forage competition increases between deer and 
cattle. 

The effects of excessive livestock use on the winter range of mule 
deer continues to be controversial in the Rocky Mountain Region, 
especially since less than 50% as many deer are harvested now as 
were 20 years ago. Recent literature suggests that diet overlap of 
domestic cattle and mule deer in northwestern Colorao was about 
4% in 1975 (Hubbard and Hansen 1976; Hansen and Clark 1977; 
Hansen et al. 1977). Many wildlife biologists believe dietary over- 
lap between mule deer and cattle should be much higher and some 
literature published 20 to 40 years ago supports this contention 
(Robinson 1931, 1973; Interstate Deer Herd Committee 1947). 

An objective of this study was to select mule deer wintering sites 
which appeared to have been continuously abused by livestock for 
many years, and to determine early winter foods selected by mule 
deer and cattle on these same sites. We hypothesized that in these 
extreme cases, diet overlap would be higher than on ranges in 
better condition. 

Methods 

Nine areas approximately 0.5 km* in size on mule deer winter 
range on the western slope of the Rocky Mountains in northwest- 
ern Colorado were chosen according to the appearance of vegeta- 
tion and the amount of bare ground. Ten fresh defecations were 
collected for both mule deer and cattle on each area during the 
period from September to December, 1976. One diet was estimated 
for each herbivore on each area by cornpositing the 10 defecations. 
Five microscope slides were made from each composite sample and 
20 microscope fields per slide were viewed at 100X. An estimate of 
relative percent by dry weight of each food taxon in the fecal 
samples was obtained by preparing the plant fragments on micro- 
scope slides and analyzing the slides according to the procedure 
described by Sparks and Malechek (1968). 

Dietary similarity of cattle and deer on each area were estimated 
by Kulczynski’s similarity index (Oosting 1956), the same method 
used by Hubbard and Hansen (1976), Hansen and Clark ( 1977), 
and Hansen et al. (1977). Hansen et al. (1973) reported that com- 
parison of plant fragments in herbivore dung samples indicated 
diet overlap. Common and scientific names of plants are those 
suggested by Beetle ( 1970). 

Authors were research associate and professor, Range Science Department, Colo- 
rado State University, Fort Collins 80523. This study was supported in part by the 
CSU Experiment Station Project 1078. 

Manuscript received June 1 I, 1979. 
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Results 

Graminoids composed 75% of the cattle foods when averaged 
across all nine areas. Wheatgrasses (Agropyron) were the major 
taxon averaging 20% (Table 1). Needlegrasses (Stipa) and drop- 
seeds (Sporobolus) were also major cattle forages. Forbs and 
browse made up 99% of the mule deer foods (Table 1). True 
mountainmahogany (Cercocarpus montanus) was the most com- 
mon taxon averaging 35%. Sagebrushes (Artemisia), gambel oak 
(Quercus gambeli) and antelope bitterbrush (Purshia tridentata) 
were other important deer forages. Diet overlap between cattle and 
mule deer ranged from 1 to 22% (x = 12%) across the nine areas 
studied. 

Discussion 

When availability of a food resource decreases, animals will shift 
their diets to less preferred foods if the latter are more abundant 
(Emlen 1966, 1968). Nevertheless, diet overlap between competing 
herbivores is not significant from a management standpoint until a 
reduction in availability of forage caused by one herbivore 
decreases productivity of another herbivore. A substantial reduc- 
tion in forage availability resulting from herbivory may occur in 
two possible ways: both herbivores may require large quantities of 
the limiting resource, or one herbivore may require only small 
amounts per individual but the stocking rate of this herbivore is 
high. Unfortunately, stocking rates of mule deer and cattle were 
not available for this study. 

The average diet overlap between cattle and mule deer in this 
study was higher than that previously found in western Colorado 
(Hubbard and Hansen 1976; Hansen and Clark 1977: Hansen et al. 
1977). On the four areas where diet overlap was greater than the 
mean for all nine areas, cattle feces contained 32% browse, with 
sagebrushes and gambel oak making up to 19 and 17% of some 
samples, respectively. On the other five areas browse made up 15% 
of the cattle samples. About 10% browse has been reported in other 

Table 1. Mean percentages (IL SE) of plant taxa in cattle and mule deer 
fecal samples collected on nine deer winter ranges in western Colorado in 
autumn, 1976. 

Forage taxa Cattle Deer 

Agropyron 20 f 4 <l 
Stipa 13 f 2 <I 
Sporobolus 10 f 4 
Carex 7f4 <I 
Atriplex 7f 1 <I 
Poa 6f I <1 
Koeleria 6f2 <l 
Artemisia 6f2 18 f 6 
Quercus gambeli 2f2 16 f 9 
Cercocarpus montanus If 1 35 f 9 
Purshia tridentata If1 11 f 4 

Others’ 21 20 

1Includes 26 and 31 taxa (<5%) for cattle and mule deer, KSpeCtivelY. 
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studies of cattle diets in western Colorado. We assume that cattle 
would consume 32% browse only on areas where the preferred 
grasses had been depleted. On the other hand, the deer foods on 
these four areas contained 1% graminoids and 86% browse. This 
percentage breakdown of forage types is similar to that found in 
other mule deer diet studies in western Colorado. 

We believe that use of mule deer winter range by cattle at 
stocking rates compatible with graminoid production may increase 
the available browse for deer. But, overgrazing by livestock may 
force cattle to consume browse species utilized by deer. Also 
excessive cattle grazing does not shift deer diets away from the 
preferred browse species, but cattle will consume browse plants 
when preferred grasses become depleted. Further study is needed 
to determine if during periods of high deer density, deer consume 
greater quantities of grasses when browse becomes depleted as 
suggested by some early diet studies conducted when deer popula- 
tions were high (Robinson 193 1, 1937; Interstate Deer Herd Com- 
mittee 1947). 
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TECHNICAL NOTES 

Nomographic Estimation of Forage Intake by White-tailed 
Deer 

AARON N. MOEN AND SUSAN SCHOLTZ 

Abstract 

Forage intake may be estimated by dividing the nutrients required by the 
animal by the nutrients supplied by forage. These two variables may be used 
with nomogram to estimate intake necessary to meet specific requirements. 
For example, a white-tailed deer with an ecological metabolism of 1,600 
kcal and a forage digestibility of 0.4 has an estimated intake of 1.0 kg. One 
with an ecological metabolism of 5,500 and a forage digestibility of 0.8 has 
an estimated intake of 1.8 kg. A nomogram is especially useful when 
making quick estimates for management purposes. 

Forage ingested by an herbivore provides the nutrients needed 
for maintenance and production. The basic relationship may be 
expressed with the word formula: 

nutrients required by the herbivore = intake 
nutrients supplied by the forage 

The intake of free-ranging animals is not subject to direct control 
by a farmer, rancher, or wildlife manager, but is related to seasonal 
variations in nutrients requirements and hormone balances of the 
animals, and to seasonal variations in nutrients supplied by the 
plants. The basic relationships between nutrients required and 
nutrients supplied may be applied to a particular nutrient by using 
units of energy, time, and mass. Protein and energy have been 
evaluated for white-tailed deer (Odocoileus virginianus) by Moen 
(1973); the relationships apply to minerals and other nutrients too. 
Indeed, least cost analyses, balanced feeding, and other recently 
developed feeding programs for domestic animals are based on 
nutrients required and supplied by different feeds, with cost factors 
considered in formulating rations. 

A simple method for estimating forage intake at different levels 
of ecological energy metabolism and forage digestibilities is pres- 
ented here. The word formula for predicting intake by an animal in 
a neutral energy balance is: 

ecological metabolism (kcal day-‘) 
metabolically useful energy in the 

forage (kcal kg-‘) 

= forage intake in 
kg day-’ 

Estimates of ecological metabolism per day (ELMD), calculated 
with equations in Moen (1978), are used as the numerator in the 
word equation for predicting intake given earlier. The denomina- 
tor in the formula for predicting intake-metabolically useful 
energy in forage-is determined by first measuring the gross energy 
in forage, then the digestibility of the forage, and finally the metab- 
olizable energy available from the digested forage. In the calcula- 
tions presented here, the gross energy (GROE) is given as 4,500 
kcal kg-‘. Digestible energy coefficients (DECO) may fall within 
the 0.20 to 0.90 range, so the digestible energy in the diet (DIGE) 
varies and may be expressed as a fraction of GROE: [(DIGE) = 
(GROE)(DECO)]. Metabolizable energy, METE, is a fraction of 
DIGE; METE = (DIGE) MECO), where MECO is the metaboliz- 
able energy coefficient. MECO is much less variable than DECO; 
0.82 was used for cattle and sheep (National Academy of Sciences 
197 1). Robbins (1973) analyzed published data and gives values 
ranging from 0.72 to 0.94 for deer on different diets; 0.86 is used 
here. 

Absolute levels of ecological metabolism vary in relation to ages, Combining gross, digestible, and metabolizable energy, meta- 
weights, and reproductive rates of deer. Seasonal variations in bolically useful energy is equal to (GROE)(DECO)(MECO), with 
both ecological metabolism and metabolic energy in the forage GROE = 4500, MECO = 0.86, and DECO a variable. Calculations 
occur. Seasonal patterns of ecological metabolism are sinusoidal of intake may be expressed as: 
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Universitv. Ithaca. New York 14853. 
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as deer go from winter minimums to summer and fall maximums 
(Moen 1978). Variations in diet digestibilities and metabolic 
energy available in forage are dependent on current growing condi- 
tions and weather factors, with a general pattern of winter min- 
imums in available forage energy as deer ingest dormant forage 
and summer maximums as succulent new growth is ingested. Diet 
digestibilities can change rapidly as foraging conditions change, 
however. An early winter snowfall may cover more-digestible late 
summer growth and force deer to consume less-digestible woody 
browse. Snow may also render acorns available, and make move- 
ments to cornfields or other concentrated food sources more diffi- 
cult. A deer consuming dormant browse in late winter may shift to 
new spring growth rather quickly if snow conditions permit travel 
from a winter concentration area to a south-facing slope with 
emerging spring growth. 

Since forage intake can be predicted from two biological func- 
tions that have finite limits, a nomogram is useful for estimating 
forage intake as ecological metabolism and forage energy vary 
throughout the year. These estimates are likely to be as accurate as 
estimates of the number of deer in a population, and they are easy 
to make as seasonal variations in metabolism and diet digestibili- 
ties occur. 

Methods 

ELMD = intake in kg day-‘= (o-60@)) A=100 

(GROE)(DECO)( MECO) 4,500(0.3-0.8)A=o+l(O.86) 

Forage intake per day necessary to meet ecological metabolism 
may be estimated with a nomogram (Fig. I), where ELMD is on 
the x-axis, DECO is represented by a family of curves, and esti- 
mated intake is read off the y-axis. 
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Ecological Metabolism in kcal per day 

Fig. 1. Nomogram for estimating intake per day (kg) f rom variations in ecological metabolism per day and digestible energy coefficients 
(DECO). 

Results 

The use of nomograms is illustrated with several examples based 
on calculations in Moen (1978). A six-month-old, 40&g female 
fawn has a predicted ELMD of 2,700 kcal/day in early December. 
Locate 2,700 on the x-axis. The DECO of forage at that time 
might be 0.5 and the required intake is estimated on they-axis to be 
1.4 kg. As winter proceeds, ELMD falls to about 1,600 kcal d-‘, 
and if DECO falls to 0.4, estimated intake is about 1.0 kg. 

The timing of the arrival of spring affects the intake necessary to 
satisfy an increasing energy requirement. As ELMD rises to 2,000 
kcal day-‘, intake increases to 1.3 kg day-’ if the deer must remain 
on dormant forage with a DECO of 0.4. If spring arrives earlier and 
a diet with DECO = 0.6 is available, an adequate energy intake will 
be derived from about 0.9 kg of forage. As metabolism increases to 
a peak of 3,200 kcal day-’ as a bred yearling in the fall and early 
winter, when she weighs 55-60 kg, predicted intake is 1.4 kg day-’ if 
DECO = 0.6, 1.2 kg day-’ if DECO = 0.7, and 1.0 kg day-’ if 
DECO = 0.8. By midwinter, the deer again encounters less digesti- 
ble forage to satisfy ecological metabolism, and slightly less than 
1.4 kg of 0.4digestibility forage is necessary to fulfill the 2,100 kcal 
day-’ energy needs. ELMD then rises steadily during spring, 
summer, and early fall, reaching a peak of 4,300 kcal as a two-year- 
old weighing 65-70 kg and nursing one fawn. Predicted intake is 
1.6 kg if DECO = 0.7. 

The next midwinter depression results in a drop in ELMD to 
2,400 kcal as a 2%year-old (Intake = 1.6 kg @ DECO = 0.4), 
followed by a steady rise during spring and summer to a peak of 
5,500 kcal day-’ while nursing two fawns and approaching the fall 
weight-gaining period. Then, intake is predicted to be 2.0 kg @ 
DECO = 0.7. Adult deer occasionally bear three fawns, and the 
maximum ecological metabolism may exceed 6,600 kcal per day 
and estimated intake dry-weight forage day-’ (DECO = 0.7) is 2.4 
kg in mid- to late-summer. 
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Estimates of the intake of male deer may be made in the same 
way. Male deer in good condition may reach a predicted high of 
3,000 kcal per day during mid-winter depression, rise to 4,500 kcal 
day-’ in the fall as yearlings, drop to 2,100 kcal day-’ in their second 
winter, rise to 5,400 kcal day-’ in the fall as two-year-olds, drop to 
2,500 kcal day-’ in their third winter, rise to 5,800 to 6,100 kcal 
day-’ as a mature adult bucks, and drop to 2,700 to 2,900 kcal day’ 
in the winters (Moen 1978). These estimates are based on maxi- 
mum weights of 44, 73, 91, and 100 i- kg for a fawn, yearling, 
two-year-old, and mature adult, respectively. Minimum winter 
weights used in the estimations are about 70% of fall maximums. 

Note that seasonal variations in ecological metabolism result in 
lateral movements on the x-axis of the nomogram, variations in the 
digestibilities are represented by the DECO lines, and intake oscil- 
lates vertically on the y-axis in relation to these two variables. 

How does estimated intake compare with results from feeding 
experiments? In feeding trials carried out by Ullrey et al. (1970), 
deer ingested 0.6 to 1.6 kg of forage; nomogram estimates lie 
between 0.8 and 1.2 kg. Silver and Colovos (1957) completed 
feeding trials with two fawns-one male and one female-fed 
hemlock with a digestibility of about 0.6. The male’s observed 
intake averaged 0.63 kg day-‘, just 0.08 kg less than the predicted 
intake of 0.71 kg. The female’s observed intake was 0.48 kg day-‘, 
0.20 kg less than the estimated intake of 0.68. Lower observed 
intake may be explained by the fact that both deer lost weight 
during the trial; energy requirements were being partially met by 
metabolized body tissue. 

In another trial by Silver and Colovos (1957) two deer were fed 
witchhobble. A female who lost only 0.6 kg of weight during the 
trial had an observed intake of 0.6 kg day-‘, the same as estimated. 
A male ate more (0.92 kg day-‘) than predicted (0.66 kg day-‘), yet 
lost 1.76 kg weight. This animal was described as the most nervous 
and active and the least tame deer in their herd. Its actual metabo- 
lism was likely much higher than calculated ELMD, resulting in an 
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underestimation of intake. Reactions of individual deer to experi- 
mental conditions cause variabilities not accounted for with the 
general equation in Moen (1978) and the nomogram in Figure 1, 

The nomogram provides reasonable estimates of intake. It is not 
meant to replace calculations using programmed computing with 
equations in Moen (1978), but such facilities are often unavailable 
when making management decisions. When good estimates of 
ecological metabolism and digestibilities are used, the 
nomographic estimates of intake are likely to be as good as 
estimates of numbers in deer populations. 
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Initial Establishment of Four Species on a Mine Spoils 
JERRY L. HOLECHEK 

Abstract 

Research was conducted in a greenhouse at Bozeman, Montana, and on 
coal mine spoils at Colstrip, Mont., in 1975 to determine the initial estab- 
lishment of fairway crested wheatgrass (Agropyron cristatum), critana 
thickspike wheatgrass (Agropyron dasystachyum), ranger alfalfa (Medi- 
cage sativa), and fourwing saltbush (A triplex canescens). Establishment of 
the four species in the greenhouse experiment was different from that in the 
field experiment. In both studies all four species showed good initial 
establishment. Nitrogen and phosphorus fertilizer application after emer- 
gence had no effect on the survival of any species. 

Increased strip mining of coal in the Northern Great Plains will 
take several thousand acres of rangeland temporarily out of pro- 
duction during the next decade. After mining, it is desirable to 
establish quickly a permanent vegetational cover that will reduce 
soil erosion, provide wildlife habitat, and support other land uses. 
Certain species may be superior to others in fulfilling these require- 
ments. The objectives of this study were to determine the germina- 
tion and initial survival of critana thickspike wheatgrass 
(Agropyron dasystachyum), fairway crested wheatgrass (Agro- 
pyron cristatum), ranger alfalfa (Medicago sativa) and fourwing 
saltbush (Atriplex canescens) when subjected to controlled condi- 
tions in a greenhouse and when planted on strip mine spoils at 
Colstrip, Mont. Critana thickspike wheatgrass and fourwing salt- 
bush are species native to the Colstrip area. 

Methods 
A representative sample of surface topsoil material was taken 

from strip mine spoils at Colstrip, Mont., and transported to a 
greenhouse owned by Montana State University at Bozeman, 
Mont., in late winter of 1975. Approximately 88 kgof soil material 
was weighed and placed in each of 24 rectangular frames on 
greenhouse benches. Fourwing saltbush, critana thickspike wheat- 
grass, ranger alfalfa, and fairway crested wheatgrass were ran- 
domly assigned to the experimental units. This resulted in six 
replications of each species in a completely randomized design. 
Experimental units were seeded on the basis of pure live seed/m* 
on March 22. All seed used in the study had been recently tested for 
germination. Fourwing saltbush seed was dewinged. Crested 
wheatgrass, thickspike wheatgrass, and ranger alfalfa were broad- 
cast seeded at 538 pure live seeds/m*. This seeding rate was used to 
compensate for the uneven depth of broadcast seeding (Vallentine 
1971). Seeds were incorporated into the soil material by a hand 
cultipacker. Fourwing saltbush was seeded at a reduced rate (108 
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pure live seeds/m*) to lower intraspecific competition. Water and 
temperature were controlled so that average conditions at Colstrip, 
Mont., for each were approximated. Nitrogen and phosphorus 
fertilizer was randomly applied to one half the experimental units 
seeded to each species immediately after emergence. The rates of 
application were 37 kg/ha of nitrogen and 94 kg/ha of 
phosphorus. 

During the same period 24 experimental units, 9 X lOm, were 
established on strip mine spoils at Colstrip, Mont., that had been 
previously ripped and topsoiled. The study was set up with three 
blocks of eight experimental units. The four species were randomly 
assigned to each block. Seeding was accomplished by broadcasting 
and then cultipacking on April 4. The same seeding rates were used 
as in the greenhouse study. Nitrogen and phosphorus fertilizer 
were applied at the same rate used in the greenhouse study. In 1975, 
the total precipitation at Colstrip was 44 cm. Precipitation during 
the growing season was 7% above average. Data concerning the 
physical and chemical characteristics of the soil material on the 
study area were given by Holecheck (1976). 

In the greenhouse study, plant density was evaluated on April 20 
and again on July 1. All plants were counted in each experimental 
unit. Plant density data were collected for the field study on June 8 
and August 15 using 20 X 20 cm square frames. Three transects 
were randomly selected for sampling, and seven seedling counts 
were taken at l-m intervals on each transect for a total of 21 
subsamples per experimental unit. Data concerning the above- and 
belowground biomass of the four species in the greenhouse and 
field experiments were also collected and reported by Holechek 
(1980). 

Analysis of variance was used to compare differences between 
critana thickspike and fairway crested wheatgrass on fertilized and 
unfertilized experimental units in both the field and greenhouse 
experiments. Differences in plant density between emergence and 
survival at the end of the growing season, and between fertilized 
and unfertilized experimental units for ranger alfalfa and fourwing 
saltbush were determined with the standard t-test. The procedures 
of Steel and Torrie (1960) were used for all statistical tests. 

Results and Discussion 

Results obtained from the greenhouse and field studies are 
reported in Table 1. Emergence and survival data were different in 
the greenhouse compared to the field experiment. Environmental 
conditions in the greenhouse were much more different from those 
in the field. This same kind of difference exists in environmental 
conditions between years. For this reason, data concerning plant 
establishment during a particular year must be interpreted with 
considerable caution. This study also shows the danger of applying 
greenhouse data to conditions existing in the field. 

Nitrogen and phosphorus fertilizer application had no effect on 
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Table 1. Seedling germination (%) and survival (so) in the greenhouse and field experiments. 

Greenhouse 

April 20 

Plants/ m2 

July 1 

Fertilized Unfertilized 
plants/ m2 ulants/ m2 Germination Survival 

Critana thickspike wheatgrass 366 350 338 68 99 
Fairway crested wheatgrass 409 344 348 76 85 
Ranger alfalfa 296 237 255 55 83 
Fourwing saltbush 99 95 105 92 101 

Field June 8 August 15 

Critana thickspike wheatgrass 312 244 
Fairway crested wheatgrass 259 212 
Ranger alfalfa 257 220 
Fourwing saltbush 48 42 

254 58 80 
208 48 81 
234 48 88 

46 44 93 

survival of any species in either experiment. Other investigators 
have reported these two fertilizers did not improve grass establish- 
ment (Hull 1963, Cook 1965, Bryan and Murphy 1968, Farmer et 
al. 1974). Generally, phosphorus has increased legume seedling 
survival while nitrogen has given negative results (Brouse and 
Burzlaff 1968, Holland et al. 1969). The effect of nitrogen and 
phosphorus application on shrub establishment has not been well 
investigated. 

Emergence and initial survival of the four species used in this 
experiment were high. Only fairway crested wheatgrass in the 
greenhouse suffered significant (P<.O 1) mortality between emer- 
gence and termination of the experiment. During the latter part of 
this period, plants in both the field and greenhouse studies had 
reduced soil moisture levels. However, moisture stress was not 
evaluated. 

Data from this study concerning the initial establishment of 
crested wheatgrass and ranger alfalfa agree closely with other 
investigations. Considerable information is available showing that 
fairway crested wheatgrass has high emergence and survival under 
a variety of weather and site conditions on the Northern Great 
Plains (Lodge 1972, Wilson et al. 1970, Wilson 1973, Sindelar et al. 
1974, Depuit and Coenenberg 1979). Ranger alfalfa has also given 
good germination and establishment on both rangelands and mine 
spoils on the Northern Great Plains (Barnes and Nelson 1950, 
Campbell 1963, Kilcher and Heinrichs 1965, Depuit et al. 1978). 

Other research concerning the initial establishment of thickspike 
wheatgrass is restricted to a mine spoils investigation at Colstrip, 
Mont., conducted by Buchholz (1972). He reported this species 
had high emergence and first-year survival. Depuit and Coenen- 
berg ( 1979) reported information suggesting good long-term survi- 
val of critana thickspike wheatgrass on mine spoils at Colstrip. 

In addition to the present investigation, other investigations are 
available showing good establishment of fourwing saltbush on 
mine spoils in the Northern Great Plains (Dolloph and Majerus 
1975, Holechek 1979, Depuit and Dollhoph 1978, Depuit et al. 
1978). Fourwing saltbush has been easy to establish in the Great 
Basin, which is similar in some respects to the Northern Great 
Plains (Plummer et al. 1966). Fourwing saltbush does not have the 
complicated germination requirements associated with many other 
shrub species (Springfield 1964, 1966). 

In conclusion, the four species used in this investigation showed 
good initial establishment in both the greenh’ouse and field studies. 
Nitrogen and phosphorus fertilizer application had no effect on 
initial survival in either study. If it is desired to emphasize native 
species in mine spoils planting on the Northern Great Plains, 
critana thickspike wheatgrass and fourwing saltbush show much 
potential. 
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BOOK REVIEWS 

The Use and Significance of Pesticides in the Environment. 
By F.L. McEwen and G.R. Stephenson. 1979. John Wiley 
& Sons, Inc., One Wiley Drive, Somerset, New Jersey 
08873. 538 p. $31.95. 
This book was written as a text, and “attempts to provide. . . students 

with a broad assessment of pesticides.” In the reviewer’s eye, the 
attempt is successful and the result is an eminently useable book for the 
non-specialist. Following an introductory chapter, others are: “The 
Pesticides Dilemma,““The Role and Use of Pesticides in Health,““The 
Role and Use of Pesticides in Agriculture,““The Role and Use of 
Pesticides in the Forest and Rights-of-Way,” “The Role of Pesticides 
for the Homeowner,““Testing Procedures in Pesticide Development,” 
‘Fungicides and Their Uses, ” “Herbicides and Their Uses,” Insecticides 
and Their Uses,” “ Rodenticides and Their Uses,” Piscicides and Their 
Uses,” Avicides and Their Uses,” “Pesticides in Soil,” “Pesticides in 
Water, ” “Pesticides in Air, ” “Pesticides in Food,” “Pesticides and 
Birds,” “Pesticides and Mammals,” “Pesticides in the Biosphere,““Pes- 
ticide Legislation,” and “Epilogue.” 

The nature of pesticides as a general topic is hinted at by the 5 l-page 
list of small-typed references. With so much to cover, it is not surprising 
one can find unevenness in treatments of different topics. For example, 
the authors state, “Herbicide uses in the forest are minor,“and devote 
only a short paragraph to them. I will agree that uses of herbicides in 
forestry may be minor compared to uses elsewhere, but a little more 
space devoted to them could easily have been justified. In general, the 
book is adequately balanced. 

The sections on the different kinds of pesticides are excellent. Pro- 
duct groups (e.g., organophosphorus insecticides) and many individ- 
ual materials are discussed clearly and concisely, and the discussions 
are well supported by the numerous references to the literature. Molec- 
ular structures are illustrated for most pesticidal materials discussed. 
There are a number of well-prepared and helpful tables, many taken all 
or in part from the literature. 

Pesticides constitute a broad, dynamic, and highly diverse subject 
area. As a single reference to the entire field, this book will probably 
find a place on many of our shelves.-Robert E. Stevens, Fort Collins, 
Colorado. 

An Introduction to Seed Technology. By J.R. Thomson. 
1979. Halsted Press, Box 13 13, Somerset, New Jersey 
08873. 252 p. $44.95. 
The author is thoroughly familiar with seeds and has worldwide 

experience in the various aspects of seed technology. He was a 
course director in this subject at the Edinburgh School of Agricul- 
ture, former consultant for FAO and OECD, and past president of 
the International Seed Testing Association for three years. Cur- 
rently he is the editor of Advances in Research and Technology of 
Seeds. 

The book goes far beyond the basic essentials of the develop- 
ment of improved plants, taking seed from plant breeders to 
farmers, and insuring a continuous supply of high quality seed. It 

includes some philosophy, and general as well as lengthy, detailed 
discussions of topics not normally included in texts on seed tech- 
nology. 

Nineteen chapters cover everything from the historical develop- 
ment of the seed industry to legislation, although not always 
logically arranged. For example, the primary subject of chapter 1 is 
seed quality, which includes purity and germination. These topics 
are covered again in separate chapters later in the book, and seed 
storage is covered before processing and multiplication. 

The physiological processes of flowering to seed maturity, and 
the nature of dormancy, germination, hazards, and problems from 
planting to harvest are covered in great detail. The effect of climate 
and other physical requirements for seed production are discussed 
on a wide basis, including millets in Kenya and cotton in the 
Sudan. Frequently mentioned are the cereals: maize, wheat, oats, 
barley, rice, and sorghum. Some data are presented on legumes: 
lucerne, peas, beans, and groundnuts; as well as cotton and some 
grasses: ryegrass, pennisetum, orchardgrass, and others. The 
manner of pollination is given for a number of crops, indicating the 
relative importance of bees and other insects. Agronomic culture is 
well covered, but emphasis is lacking on the importance of select- 
ing a weed-free site or eliminating noxious or other undesirable 
weeds and pests prior to planting. Great emphasis is put on mois- 
ture content at harvest time and artificial drying, both of which 
require a moisture meter. More practical guides to harvest matur- 
ity would be useful. Some book sections are more academic than 
practical, such as the table indicating the grams of water held by a 
kilogram of air at various temperatures. There are some excellent 
tables on the effect of relative humidity on moisture content of 
seeds and the general effect of length of storage on germination 
capacity. No information is given on the longevity of various seeds 
under a standard set of conditions. It is indicated that for long-term 
storage the temperature in degrees fahrenheit added to the relative 
humidity should not exceed 100. 

An interesting facet of the book is the inclusion of terse topical 
summaries scattered at random throughout the book. Further 
chapters include: seed certification, release and registration of 
cultivars, tolerances and sampling, testing for purity, germination, 
and moisture content. These chapters exclude some current seed 
technology methods, for example, phenol staining and other dis- 
tinguishing procedures for varietal determination. A chapter on 
legislation covers the purpose of seed laws and regulations, and 
their development and administration in Great Britain. The book 
concludes with a list of Latin terms describing plant characteristics, 
a list of Latin plant species and their common names in five 
languages, and a glossary. 

The book is more than an adequate introduction, but for practi- 
cal use it must be supplemented with applicable federal, state, crop 
improvement, and other locally applicable publications and stand- 
ards. The references included for most chapters are limited in 
number and scope.-John I.. Schwendiman, Pullman, Washington. 
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SYMPOSIA AND REPORTS 

Proceedings of the First Welder Wildlife Foundation Sym- 
posium. Edited by D. Lynn Drawe. 1979. [Corpus Christi, 
Texas, October 14, 1978.1 Welder Wildlife Foundation, 
P.O. Drawer 1400, Sinton, Texas 78387. 276 p. $6.06. 
These proceedings give an overview of the research that has been 

sponsored by the Welder Wildlife Foundation over its first 23 
years. The Foundation was established in 1954 and has sponsored 
more than 285 student research projects on the Welder Refuge 
relating to wildlife and range ecology, and other subjects. 

The contents contain 26 papers arranged in four sessions: 
“Range and Plant Ecology” (5 papers), “Deer Ecology”(6 papers), 
“Avian Ecology” (7 papers), and “Miscellaneous Papers” (8 pap- 
ers). These papers include previously unpublished thesis and dis- 
sertation material, and long-term research conducted by several 
students at the refuge. These proceedings should be of interest to 
those wanting a capsulization and history of range and wildlife 
research conducted on the Welder Refuge which is applicable to 
southern Texas and similar environs.-Ed. 

Proceedings: High-Altitude Revegetation Workshop No. 4. 
Edited by Charles L. Jackson and Mark A. Schuster. 
1980. [Colorado School of Mines, Golden, Colorado, 
Feb. 26-27, 1980.1 Colorado Water Resources Research 
Institute, Information Series No. 42, Colorado State Uni- 
versity, Fort Collins, Colorado 80523. 258 p. $4.00. 
These proceedings represent the fourth biennial workshop of the 

High-Altitude Revegetation Committee to promote the under- 
standing of rehabilitation procedures, natural resource values, and 
potentials of modified subalpine and alpine ecosystems. 

The workshop was divided into five sessions which included 20 
presentations; 17 are included as papers. The sessions were: “Eco- 
logical Influences on Revegetation” (5 papers), “Revegetation 
Methodology and Techniques”(5 papers), “Seeds and Plant Mate- 
rials” (4 papers), “Physical and Biotic Impacts” (3 papers), and 
“Mined Land Reclamation Regulations” (no paper). Co-sponsors 
of the workshop included seven private organizations, three col- 
leges, and three federal resource agencies. A directory of the High- 
Altitude Revegetation Committee is included. 

These proceedings are of value and interest to those dealing 
specifically with the revegetation of subalpine and alpine ecosys- 
tems, and to those interested in the general ecology of alpine and 
subalpine regions. The information is also applicable or could be 
adapted to lower elevation situations.-Ed. 

NEW PUBLICATIONS 

Range Science: A Guide to Information Sources. By John 
F. Vallentine and Phillip L. Sims. 1980. Gale Research 
Company, Book Tower, Detroit, Michigan 48226. 231 p. 
$28.00. 
This is Volume 2 in the Natural World Information Guide 

Series, which is part of the Gale Information Guide Library. This 
comprehensive volume identifies the primary sources of informa- 
tion in range science. Identified are organizations and agencies 
from which literature, abstracts, and search assistance may be 
obtained. This guide is dedicated to the more effective use of 
available range science and associated information sources. North 
American range science is emphasized through a subject biblio- 
graphy, and included is an introductory bibliography covering 
Latin America, Africa, Europe, Southwestern and Eastern Asia, 
and the USSR. 

The book consists of five chapters: “Range Science-Its Status 
and Development, ” “Range Science Literature Searching,” “The 
Literature of Range Science, ‘* “Agencies and Organizations as 
Information Services,” and “Selected Literature of Range 
Science.” Also, included is an appendix, “Suggested Outline for a 

Range Science Literature Search Seminar,“an author and subject 
index, and indexes to organizations, agencies, services, periodicals, 
serials, abstracts, and bibliographies. 

Range Science should be a readily available reference manual to 
those who need information about range science and related disci- 
plines. This guide is a valuable addition to natural resource librar- 
ies, students, educators, researchers, and practitioners.-Ed. 

Systems Ecology. Edited by H.H. Shugart and R.V. O’Neill. 
1979. Dowden, Hutchinson and Ross, Inc., 523 Sarah St., 
Stroudsburg, Pennsylvania 18360. 368 p. $32.50. 
Systems Ecology is Volume 9 in the Benchmark Papers in Ecol- 

ogy series edited by Frank B. Golley. The series contains reprints of 
papers which trace the lines of development of the specific subject; 
most papers are complete, some are pertinent excerpts. The papers 
in each volume are chosen by the volume editor(s). In this particu- 
lar volume, Shugart and O’Neill state that, “The youth and expan- 
sion of systems ecology makes the identification of benchmark 
papers problematic. . . the selection of papers for this volume has 
been strongly influenced by the opinions and perceptions of the 
editors.” The papers selected have had significant influence, repres- 
ent innovative approaches, and contain information that is impor- 
tant for understa-nding systems ecology. 

The volume is divided into three major parts containing 27 
papers dating from 1961 to 1976; each part isdivided into subparts. 
Part I, “Historical Roots of Systems Ecology” contains four sub- 
parts: “Developments in Physiological Modeling and Radioiso- 
tope Theory” (3 papers), “Extensions from Population Modeling” 
(3 papers), “Systems Ecology as an Approach to Large-Scale 
Problems” (2 papers), and “Techniques Transferred from Engi- 
neering Sciences” (3 papers). Part II, “Major Developments in 
Systems Ecology” includes three subparts: “The Diversity/ Stabil- 
ity Problem”(4 papers), “The Ecosystem as an Object of Study”(3 
papers), and “Development of Major Ecosystem Models” (2 pap- 
ers) Part III, “Present Directions in Systems Ecology” incorpo- 
rates three subparts: “Applications to Real World Problems” (2 
papers), “Validation” (3 papers), and “New Approaches” (2 pap- 
ers). Each part and subpart is preceded with volume editors’com- 
ments about why particular papers were chosen, an explanation of 
how the papers fit into the mainstream of the field, and further 
pertinent literature. 

The Benchmark series is designed for libraries of colleges, uni- 
versities, and research organizations that cannot purchase the 
older ecological literature because of cost, lack of staff to search 
and select from the multitude of literature, or the unavailability of 
reference material. This particular volume provides a consolidated 
reference and background to students of systems ecology and 
modeling, and is recommended as a text or supplemental reading 
for general or systems ecology courses. The only minor drawback 
to this volume is that an occasional reprint size is small and a few 
figures are fuzzy, probably due to the reduction in size of the 
articles to fit the volume format.-Ed. 

Pine Barrens: Ecosystem and Landscape. Edited by Richard 
T. T. Forman. 1979. Academic Press, Inc., 111 Fifth Ave., 
New York, New York 10003. 601 p. $39.50. 
The idea for this book developed from discussions of Rutgers 

University botanists and ecologists at the 1975 American Institute 
of Biological Science meetings and from interest generated by the 
1976 annual New Jersey Academy of Science meeting which 
focused on the Pine Barrens. The support of the William L. Hut- 
cheson Memorial Forest Advisory Committee was also important. 
The development of this volume was headed by Forman with the 
aid of six leading Pine Barren experts who served as an Editorial 
Steering Committee. Forty-one authors have contributed in the 
areas of ecological theory including: biogeography, ecosystems, 
evolutionary ecology, paleoecology, population ecology, and com- 
munity ecology. Also covered is the physical environment, plant 
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and animal groups, applied 
ecological mosaic ecology. 

or human ecology, and landscape or 

The diversity of approaches and sometimes contrasting results 
are retained and presented in the seven parts of the book: “People,” 
“Geology and Soils,” “ Climate, Water, and Aquatic Ecosystems,” 
“Vegetation Patterns,” “Plants,” “Animals and Animal Communi- 
ties,“and “Conclusion.” Included in these seven parts are 33 chap- 
ters. The chapters describe and explore how a landscape mosaic of 
interrelated systems works. Each chapter is summarized and fol- 
lowed by a reference section. The volume concentrates on the Pine 
Barrens of southern New Jersey, but a few articles deal with the 
Pine Barrens of Long Island, New York. 

This book will be of interest and value to theoretical and applied 
ecologists, and resource system specialists and managers. Several 
chapters are recommended as a reference and supplemental text 
for upper division and graduate classes in soil science, plant and 
animal ecology, and biogeography. The book is dedicated to Mur- 
ray F. Buell (1905-1975).-Ed. 

Environmental Geochemistry: A Holistic Approach. Eco- 
logical Studies 35. By John A.C. Fortescue. 1980. Spring- 
er-Verlag New York, Inc., 175 Fifth Ave., New York, New 
York 10010. 347 p. $34.80. 

Geochemistry can be defined as “the study of the role chemical 
elements play in the synthesis and decomposition of natural mate- 
rials of all kinds.” This book describes landscape geochemistry as a 
conceptual and holistic approach to the study of the geochemistry 
of the environment. It is designed to introduce readers to the 
current status of a discipline that is in the formative stage and to 
stimulate evaluation of the concepts, principles, and terminology 
of environmental geochemistry. 

The book is divided into four parts consisting of 20 chapters. 
Part I, “Introduction,” deals with the development, philosophy, 
and approaches of environmental geochemistry. Part II, “The 
Basics of the Discipline of Landscape Geochemistry,” addresses 
concepts and principles, element abundance and movement, scien- 
tific effort, classification, and spatial-temporal aspects. “Appli- 
cations of Landscape Geochemistry”is the theme of Part III, which 
includes practical applications and a new paradigm. Part IV, 
“Summary and Conclusions,” is a one-chapter overview. Individ- 
ual chapters have a summary and conclusion section followed by 
discussion topics. A four-page section presents a synopsis of each 
part of the book. An 1 l-page reference section and an author and 
subject index conclude the book. 

This volume is written for, and will be useful to, exploration and 
professional geochemists, and undergraduate and graduate stu- 
dents studying geochemistry and/ or natural resources and envir- 
onmental sciences.-Ed. 

Management of Transmission Line Rights-of-Way for Fish 
and Wildlife. Michael Galvin, Kenneth D. Hoover, and 
Michael L. Avery, Project Managers. 1979. USDI Fish 
and Wildlife Service, Biological Services Program, FWS/ 
OBS-79/ 22. Vol. 1, 168 p., $5.50; Vol. 2, 347 p., $6.50; 
Vol. 3, 5 19 p., $10.00. (For sale by: Superintendent of 
Documents, U.S. Government Printing Office, Washing- 
ton, D.C. 20402). 
This three-volume manual brings ecological information 

together on selected plants and wildlife on a national basis. The 
manual demonstrates how this information may be incorporated 
into wildlife management plans for transmission line rights-of-way 
(ROW). Suggested wildlife management strategies and guidelines 
for vegetation maintenance are presented based on Bailey’s Ecore- 
gions of the United States. Considerations are given for cost- 
effectiveness and electric transmission reliability. The manual may 
also prove useful for transmission corridor selection by providing 
information on management potential for wildlife in different 
vegetation communities. Asplundh Environmental Services 
(Pennsylvania) was responsible for conducting this project and 

preparing the mannual for the National Power Plant Project, U.S. 
Fish and Wildlife Service. Nineteen individuals, several state and 
federal agencies, and utility companies are acknowledged for their 
contributions. 

Volume 1, “Background Information,” consists of six chapters 
and three appendices. The chapters are: “Using This Manual,” 
“Engineering Contraints in ROW Management,” “Land Use 
Rights, ” “ROW Maintenance Methods and Costs,” “Right-of- 
Way Resource Assessments,” and “Wildlife Habitat Management 
Techniques.” The latter chapter contains a IO-page bibliography. 
The three appendices in Volume 1 are: “List of Selected Plants,” 
“List of Selected Wildlife,” and “Approximate Equivalents of 
Decimals to Fractions and English to Metric Measurements and 
Temperatures.” The plant and wildlife lists are alphabetical by 
common name with associated scientific name; no authorities are 
provided. The information in Volume 1 is applicable to both 
Volumes 2 and 3. Also, Volume 1 contains a colored map and a key 
to Bailey’s Ecoregions of the United States. 

Volume 2, “Eastern United States,” and Volume 3, “Western 
United States,” each have three chapters: “Plant Responses to 
ROW Maintenance Methods,” “Selected Plant Species,” and 
“Selected Fish and Wildlife Species.” A list of references is 
included at the end of each chapter. Also, a glossary of terms used 
in the text, and an index to plant species and communities are at the 
end of these two volumes. Alaska and Hawaii are included in 
Volume 3. 

This technical assistance manual will be of interest to those 
involved in the selection, design, maintenance, and restoration of 
transmission line rights-of-way primarily for wildlife and fish habi- 
tat, as well as those interested in the environment and ecosystem 
management.-Ed. 

Pattern and Process in a Forested Ecosystem. By F. Herbert 
Bormann and Gene E. Likens. 1979. Springer-Verlag 
New York, Inc., 175 Fifth Ave., New York, New York 
10010. 253 p. $19.80. 

The major concern of this volume is the presentation of an 
integrated view of the structure, functions, and development of the 
northern hardwood ecosystem. It concentrates on the interrela- 
tionships among biogeochemical processes, animate and inani- 
mate structure of the ecosystem, species behavior within the 
ecosystem, and how these relationships change through time fol- 
lowing a perturbation. The authors’first book, Biogeochemistry of 
a Forested Ecosystem, is drawn on heavily for biogeochemical 
information, but emphasis is placed on the role of biological 
processes in controlling destabilizing forces to which every ecosys- 
tem is continually subjected. 

The ecological studies are based on the “small watershed tech- 
nique” for measuring input-output relationships in the Hubbard 
Brook Valley within the White Mountains of northern New Hamp- 
shire on the Hubbard Brook Experimental Forest. The studies are 
limited to a northern hardwood stand that was clear-cut and 
provided various stages of secondary succession. Clearcuts were 
available through commercial operations and experimental cut- 
tings involving total deforestation, strip-cutting, and controlled 
commercial cutting. The study has been conducted for the last 15 
years with support from the National Science Foundation and 
close cooperation of the U.S. Forest Service. Based on importance 
values, the current vegetation is dominated in the overstory by 
sugar maple, beech, and yellow birch. All of the vascular flora 
consists of 14 trees, 11 shrubs, and 71 herbaceous species. 

The book contains eight chapters, each of which concludes with 
a summary. The last chapter provides specifications for clear- 
cutting (stem only) systems and application of the Hubbard Brook 
ecosystem model to landscape management. A 16-page reference 
section and a detailed nine-page index conclude the book. This 
integrated view of ecosystem development should serve as a text 
and reference for natural scientists and resource managers inter- 
ested in the structure and function of ecosystems.-Ed 
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