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Highlight 

The effects of various mechanical and manuring treatments on dense club- 
moss were investigated on an ungrazed mixed prairie site in northern Montana 
30 years after a ten-year sequence of treatments. The least clubmoss ground 
cover occurred on range which had received the most intensive mechanical treat- 
ments. Manure treatments also reduced clubmoss cover but the effect of manur- 
ing intensity was not distinct. Herbage yield was highest at the lowest levels of 
clubmoss cover. 

Dense clubmoss (Selagineh densa 
Rydb.) (Fig. 1) has been recognized 
as part of northern mixed prairie 
vegetation since the turn of the cen- 
tury (Underwood, 1898; Rydberg, 
1900). In some areas clubmoss ac- 
counts for more than 80% of the 
ground cover (Fig. Z), yet until re- 
cently it had not been studied in- 
tensively. Some researchers ignored 
it or assumed its effects to be negli- 

l Montana Agricultural Experiment Sta- 
tion Paper No. 245. From a thesis 
submitted by the senior author in par- 
tial fulfillment of the requirements 
for the M.S. degree in range manage- 
ment. The research was supported in 
part by Bureau of Land Management 
grant funds. Received February 8, 
1971. 

gible. Others theorized that it 
played a vital but unquantified role 
as a soil stabilizer in the severe en- 
vironment of the Northern Great 
Plains (Clarke et al., 1942; Clarke 
and Tisdale, 1945; Coupland, 1950). 

Little is known of the water 
utilization characteristics of club- 
moss. It is probable that available 
soil water is increased by the ability 
of clubmoss to reduce runoff. This 
in turn would tend to promote soil 
stability. However, there are areas 
where clubmoss competes with other 
vegetation, reducing production of 
the more desirable forage species. 
High clubmoss density is inimical 
to maximum range production 
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(Dolan, 1966; Wagner, 1966; Tay- 
lor, 1967). 

Recent mechanical range renova- 
tion treatments at the North Mon- 
tana Branch Station have increased 
the productivity of preferred forage 
species (Ryerson et al., 1962; Tay- 
lor, 1967). This effect has been ex- 
plained as being partially due to the 
removal of clubmoss competition 
for water and an increase in avail- 
able nitrogen resulting from the 
decomposition of uprooted and 
buried clubmoss. No appreciable 
soil loss has resulted from clubmoss 
disturbance on this relatively level 
site. Fertilization studies at the 
same location indicate that added 
fertility reduces clubmoss cover and 
increases forage production on na- 
tive rangeland. These effects are 
quantitatively and qualitatively 
similar to those achieved with me- 
chanical treatments (Taylor, 1967). 

Several questions arise as a result 
of these experiments. How long 
after clubmoss removal will the in- 
creased forage productivity be re- 
tained? Will the clubmoss on such 
treated range return to its former 
abundance? Will there be any un- 
desirable effects from clubmoss re- 
moval? 

A unique opportunity to probe 
these questions existed at the North 
Montana Branch Station at Havre. 



EFFECTS OF RENOVATION 

A series of mechanical treatments 
and manure applications was ap- 
plied to range on the station be- 
tween 1925 and 1935. The treated 
area has remained essentially undis- 
turbed since that time. Station rec- 
ords and an evaluation of the treat- 
ments in 1947 (Heady, 1952) 
mention the presence of clubmoss 
on the treatment plots. However, 
treatment effects specifically on 
clubmoss were not evaluated until 
1965. 

Study Area and Methods 

The study area is located on typi- 
cal northern mixed prairie at the 
North Montana Branch Station, 
Havre. The site is on glaciated 
topography at an elevation of about 
2700 feet. Soil is Joplin clay loam, 
two to four percent west exposure. 
Mean annual precipitation is 11.6 
inches, with half falling during 
>fay, June and July. 

The study area became part of 
Fort Assinniboine in 1879 and un- 
doubtedly was grazed by army 
horses and mules. Trespass grazing 
occurred from 1911, when the Fort 
was abandoned, until 1915 when 
the area became a part of North 
Montana Branch Station. The area 
never has been plowed and has not 
been grazed since 1915. A fire re- 
portedly burned the study area in 
the early spring of 1925. 

Sixteen 6G x 200 ft plots were es- 
tablished on this area of native 
grassland in 1925. The sod was me- 
chanically treated about April 1 of 
each treatment year (Table 1). 
Manure applications and seeding 
followed mechanical treatments. 

Treatments were applied through 
1935 but no attempt was made to 
replicate the treatments (North 
Montana Branch Station, 1925- 
1937). 

Table 1. Treatments applied to native mixed prairie in northern Montana 
between 1925 and 1935. 

Year T*eatlW”tS 
Plot ‘25 ‘26 ‘27 ‘28 ‘29 ‘30 ‘3, ‘32 ‘33 ‘34 ‘35 represented by X 

2 X X Disked twice and crested 
wheatgrass sown 

9 Check 
4 X X Disked twice and Yellow 

sweetclo”er sown 
5 x Disked twice plus spring- 

tooth harrow 
6 x X X Disked twice plus spring- 

tooth harrow 
7 x Disked twice 
8 x X X Disked twice 
9 X Disked twice plus 10 tons 

manure/acre 
10 X X X X Disked twice plus 10 tons 

manure/acre 
11 xxx 10 tons manure/acre 
12 x x x x x x x x x x x 10 tons manure/acre 
13 xx 10 tons manure/acre 
14 xx xx xx x x 10 tons manure/acre 
15 X 10 tons manure/acre 
16 X X X X 10 tons manure/am 
18 Check 
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In the 1965 study the original 
plot length of 200 ft was shortened 
to 180 ft to eliminate a strip of dis- 
turbed vegetation from the area to 
be sampled. Plot 1, a check plot, 
had been partially destroyed by a 
fenceline trail and invading crested 
wheatgrass (Agropyron cristatum). 
Thus, in 1965, another plot, num- 
ber 18, was established as an alter- 
nate check. It was placed on an 
adjacent relict area, on soil identi- 
cal with that of the treated plots. 

For purposes of this study each 
plot was divided into three sub- 
plots, each 60 x 66 ft. Although 
this subdivision did not compensate 
for the lack of replicated treat- 
ments, it did present three separate 
areas from which to gather com- 
parable data in order to estimate 
plot variability. 

Basal ground cover was estimated 
by the line transect method de- 
veloped by Fisser and Van Dyne 
(1960). Nine transects were placed 
randomly on each plot, three per 
subplot. 

Crested wheatgrass dominated 
portions of all plots except 18. 
When a disproportionate number of 
transect positions occurred within 
the crested wheatgrass, some were 
rerandomized so that the relative 
number of transects located on na- 
tive vegetation and crested wheat- 
grass would correspond to the rela- 
tive amount of each aspect within 
each plot. 

Rooted dead clubmoss was inter- 
spersed within areas of live club- 
moss on the study site. Green and 
greenish-brown clubmoss were re- 
corded as live. Light brown and 
gray clubmoss were considered 
dead. 

An analysis of variance of the 
intercept data for each major spe- 
cies and species group in each treat- 
ment plot was obtained. Duncan’s 
multiple range test (Duncan, 1955) 
was used to determine significant 
differences in ground cover among 
plots. Correlations between treat- 
ment intensity and vegetational re- 
sponses were not attempted because 
of the confounding effects of 
weather variation among years of 
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Table 2. Percent ground cover of clubmoss in 1965 on plots treated between 
1925 and 1935. 

Treatments Plot Live clubmoss Dead clubmoss All clubmoss 

Check plots 
18 34.38 al 49.09 a 83.46 a 
3 26.07 ab 40.02 a 66.08 ab 

Mechanical2 
treatments 

7 15.60 bed 22.96 b 38.54 cd 
5 20.38 bc 37.07 a 57.44 bc 

4 14.29 cde 20.38 bc 34.66 de 

2 0.89 f 1.13 d 2.02 f 
8 1.04 f 0.00 d 1.04 f 

6 4.09 ef 4.60 d 8.68 f 

Manure2 
treatments 

15 5.76 def 13.42 bed 19.16 def 

9 0.06 f 0.40 d 0.46 f 

13 25.58 ab 43.24 a 68.82 ab 

11 4.84 ef 7.89 cd 12.72 ef 

16 1.02 f 0.78 d 1.80 f 

10 0.08 f 0.47 d 0.54 f 

14 2.80 f 13.13 bed 15.92 ef 

12 1.33 f 0.69 d 2.02 f 

l Identical letters indicate no significant difference in ground cover within a column at 
the .05 probability level according to Duncan’s multiple range test. 

2 Mechanically treated and manured plots are ranked in order of increasing treatment 
intensities. 

partial treatments. Correlation co- 
efficients were obtained for paired 
ground cover and yield categories. 

Six circular 9.6 ft2 plots were 
clipped at ground level on each 
treatment plot, two per subplot, 
during the first week in September, 
1965. Herbage was separated into 
the following categories: needle- 
and-thread (Stipa comata), blue 
grama (Bouteloua gracilis), crested 
wheatgrass, western wheatgrass (Ag- 
ropyron smithii), junegrass, (Koe- 
leria cristata), other perennial 
grasses, annual grasses, sedges 
(Carex spp.), perennial forbs, an- 
nual and biennial forbs, fringed 
sagewort (Artemisia frigida), and 
winterfat (Eurotia lanata). 

Clip plots were placed subjec- 
tively in areas of typical and homo- 
geneous vegetation. In addition, 
they were placed on areas of native 
vegetation and crested wheatgrass 
proportionately to the relative 
amounts of each type within each 
treatment plot. 

The 9.6 ft2 rings also were used 
for litter collection. One litter plot 
was paired with each clip plot. 

Plant material samples from both 
clip plots and litter plots were oven 
dried and weighed to the nearest 
0.01 g. After recording weights by 
species the clipped vegetation from 
each treatment plot was combined 
into grass and non-grass samples for 
crude protein analysis. Analysis of 
variance, Duncan’s multiple range 
tests, and correlation coefficients 
were used to process weight data. 

Results and Discussion 

Response of Clubmoss 

Live clubmoss ground cover on 
the two check plots did not differ 
significantly (Table 2). Check plot 
18 had a denser cover of live club- 
moss than any mechanically treated 
plot, while live clubmoss cover on 
check plot 3 was greater than that 
on any of the four most intensively 
cultivated plots. No significant dif- 



Table 3. Correlation 
production data. 

coefficients between 
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major categories of cover 

total clubmoss cover 

needle-and-thread cover 

11 II II 1, 

needle-and-thread yield 

litter cover 

II I, 

bare soil 

and 

and 

and 

and 

and 

and 

and 

and 

and 

and 

and 

and 

and 

and 

and 

and 

and 

yield of all clipped vegetation 

all vegetation cover except clubmoss 

needle-and-thread yield 

needle-and-thread cover 

blue gamma cover 

crested wheatgrass cover 

litter cover 

bare soil 

all vegetation cover except clubmoss 

needle-and-thread yield 

yield of all clipped vegetation 

litter cover 

bare soil 

yield of all clipped vegetation 

all vegetation cover except clubmoss 

bare soil 

yield of all clipped vegetation 

-.538* 
-.697* * 
-24 1 
-.184 
-.113 

-.491* 
-.954** 

-.203 

.531* 

.500* 

.835”* 

.433 
-.683** 

.728** 

.689”* 

.OlO 
-.470 

* Significant at the .05 probability level. 
++ Significant at the .Ol probability level. 

ference appeared between check 
plot 3 and either of the least inten- 
sively cultivated plots. 

As the intensity of mechanical 
treatment increases the percentage 
of live clubmoss ground cover de- 
creases. It is clear that clubmoss 
will not readily re-establish itself 
following partial to complete de- 
struction by mechanical means in 
this environment. 

All manured plots had signifi- 
cantly less live clubmoss ground 
cover than either check plot, with 
the exception of plot 13, which re- 
ceived two IO-ton manure applica- 
tions. Although manuring reduced 
clubmoss, the effect of manuring 
intensity was not distinct. 

There was no significant differ- 
ence in the amount of dead club- 
moss between the two check plots. 
Significantly more dead clubmoss 
was present on the check plots than 
all but one of the mechanically 
treated plots and one of the ma- 
nured plots. Neither of these was 
intensively treated. A significant 
trend toward less dead clubmoss 
was noted as the intensity of me- 

chanical disturbance increased. Such 
a trend was not distinguishable on 
the manured plots. Plot 13 un- 
accountably exhibited high live 
and dead clubmoss cover. Both live 
and dead clubmoss cover on this 
plot were comparable with the 
check plots. 

The sum of live and dead club- 
moss ground cover reacted essen- 
tially the same as did live and dead 
clubmoss cover considered sepa- 
rately. 

Crested wheatgrass invaded por- 
tions of the study area, severely re- 
ducing clubmoss cover. This situa- 
tion was encountered primarily on 
the northern-most row of subplots 
and created differences of clubmoss 
cover among subplots within treat- 
men ts. 

Significant inverse relationships 
occurred between total clubmoss 
cover and total vegetative cover (ex- 
cluding clubmoss), the yield of 
clipped vegetation, crested wheat- 
grass cover, and litter cover (Table 
3). Thus, where clubmoss cover was 
encountered less frequently, pro- 
duction and cover of other herbage 
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was greater, as was litter. It must be 
emphasized that these data do not 
tell whether the decrease in club- 
moss ground cover resulted directly 
from the initial treatments or oc- 
curred as a secondary response. 

Response of Other Vegetation 

Ground Cover 

Needle-and-thread ground cover 
was not significantly affected by me- 
chanical treatment (Table 4). Plot 
16, which received four IO-ton ma- 
nure applications had more needle- 
and-thread cover than either of the 
check plots. However, no discerni- 
ble trend was found between ma- 
nuring intensity and the ground 
cover of this species. A direct rela- 
tionship was found between needle- 
and-thread ground cover and the 
cover contributed by all vegetation 
except clubmoss (Table 3). 

Blue grama was present on all 
treatment plots. It contributed less 
cover on several of the plots than on 
check plot 3, but no relationship be- 
tween blue grama cover and treat- 
ment was evident. 

Crested wheatgrass was seeded on 
plot 2 and was the dominant, ex- 
cept for one small area. The plot 
boundaries were clearly defined 
by the crested wheatgrass aspect. 
Crested wheatgrass also invaded ex- 
tensive portions of plot 10. This 
plot received the most intensive me- 
chanical treatment combined with 
four manure applications. 

At least one transect in subplot 1 
of each treament plot was located 
in an area of crested wheat<grass as- 
pect. This explains the significant 
difference in ground cover of the 
species found among subplots, 
within treatments. 

Western wheatgrass was encoun- 
tered erratically along the transects 
suggesting an insufficient number 
of transects to adequately sample 
this rhizomatous grass. 

Ground cover contributed by all 
grass species was not distinctly af- 
fected by treatment intensity. Sedge 
cover apparently was not related to 
treatment. 

Perennial forbs were encountered 
infrequently along the transects. 
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Table 4. Ground cover (%) in 1965 on plots treated between 1925 and 1935. 

Needle-and- Crested 
Treatments 

All grass Perennial 
Plot 

All vegetation All attached 
thread Blue grams wheatErass species Sedges forbs except clubmoss vegetation Litter Bare Sol1 

Check plots 

Mechanic.& 
treatments 

2.22 cdd/ 0.18 ab 0.00 b 2.49 e 0.13 abed 

2.04 cde 0.75 a 0.13 b 2.95 de 0.13 bed 

18 0.00 b 2.71 ef 86.16 a 6.22 j 0.69 cde 

0.07 ab 3.18 def 69.26 ab 20.44 ij 5.60 b 

4 

a 

6 

1.93 cde 0.67 ab 0.00 b 2.87 de 0.44 * 0.04 ab 3.40 def 41.94 cd 41.00 fgh 1.93 bcae 

1.60 de 0.27 ab 0.35 b 2.22 e 0.20 abed 0.02 b 2.44 f 59.88 bc 30.47 ghl 4.13 bcdo 

2.09 cde 0.40 ab 0.60 b 3.24 bcde 0.31 abc 0.07 ab 4.84 abcdef 39.50 cd 49.31 efg 1.62 bcde 

0.53 e 0.27 ab 4.15 a 5.04 abed 0.07 cd 0.00 b 5.11 abcde 7.12 ef 67.13 bcde 12.29 a 

2.09 cde 0.78 a 0.91 b 3.89 bcde 0.22 abed 0.11 a 4.31 abcdef 5.34 ef 69.95 bed 2.51 bcde 

2.33 bcde 0.02 b 1.09 b 3.67 bcde 0.27 abed 0.02 b 4.71 abcdef 13.40 ef 65.73 bcde 1.00 cde 

15 3.91 abc 0.40 ab 0.04 b 4.44 abcde 0.07 bed 0.02 b 4.53 abcdef 23.70 de 57.42 cdef 4.93 bc 

9 2.02 cde 0.00 b 0.80 b 3.09 de 0.15 abed 0.00 b 3.69 bcdef 4.14 f 65.67 bcde 4.47 bed 

13 2.93 bed 0.18 ab 0.00 b 3.20 cde 0.07 bed 0.00 b 3.31 def 72.12 ab 24.84 hi 0.40 e 

11 2.60 bed 0.13 ab 0.24 b 3.11 de 0.22 abed 0.00 b 3.60 cdef 16.32 ef 72.31 sbcd 1.73 bcde 

16 5.73 a 0.62 ab 0.24 b 6.75 s 0.02 d 0.00 b 6.78 a 8.56 ef 80.40 ab 0.55 de 

10 2.04 cde 0.00 b 3.95 a 6.04 ab 0.09 bed 0.00 b 6.38 ab 6.92 ef 77.78 abc 4.09 bcde 

14 3.24 bed 0.13 ab 1.40 b 5.20 abed Il.27 sbcd 0.00 b 5.47 abed 21.40 def 73.78 abed 1.02 cde 

12 2.84 bed 0.13 ab 0.95 b 4.02 abcde 0.35 sb 0.00 b 4.55 abcdef 6.56 ef 91.55 a 0.60 de 

Manure 2f 
treatnlents 

l/Identical letters indicate no significant difference in ground wver within a 
column at the .05 probability level according to Duncan’s multiple range test. 

~/Mechsnicolly treated and manured plots sre ranked in order of Increasing 
treatment intensities. 

This reflects the relatively small 
basal area contributed by perennial 
forbs and a corresponding low prob- 
ability of basal interception. 

As treatment intensity increased 
the ground cover contributed by 
total attached vegetation decreased 
significantly, reflecting clubmoss re- 
duction. 

Highly significant differences in 
litter cover among treatments were 
found. As treatment intensity in- 
creased, litter cover tended to in- 
crease. A direct relationship was 
found between litter cover and 
yield of all clipped vegetation, and 
between litter cover and all vegeta- 
tive cover excluding clubmoss. 

The amount of bare soil inter- 
cepted by the transects varied con- 
siderably. No particular relation- 
ship between the amount of bare 
soil and treatment intensity became 
evident. 

Yield 

Needle-and-thread yield was not 
significantly related to intensity of 
mechanical treatment (Table 5). 
Only plot 2, seeded to crested 
wheatgrass, yielded significantly less 
needle-and-thread than check plot 
18. The most intensively manured 
plot produced significantly more 

needle-and-thread than the plot 
least intensively manured and one 
of the check plots. As the yield of 
needle-and-thread increased, the 
yield of all vegetation increased sig- 
nificantly and bare soil decreased. 

Blue grama yielded significantly 
more on the plot least intensively 
disturbed mechanically than on two 
of the most heavily manured plots. 
Yield from the check plots did not 
differ significantly from that of any 
treatment plot. 

Because of high variability of 
crested wheatgrass yields, there was 
little significant difference among 
treatments. 

Western wheatgrass produced sig- 
nificantly greater yields on one of 
the most intensively manured plots 
than any other treatment plot. The 
remaining treatments did not differ 
significantly with respect to yield of 
this species. No distinct relation- 
ship between treatment and yield 
became apparent. 

Table 5. Mean yields (lb./acre) by treatments in 1965 from plots treated be- 
tween 1925 and 1935. 

Vegetational Check plots 
components (2 plots) 

Needle-and-thread 818 
Blue grama 10 
Western wheatgrass 42 
Junegrass 12 
Crested wheatgrass 122 
Other perennial grasses 13 
Annual grasses 0 
Sedges 10 
Fringed sagewort 0 
Annual & biennial forbs 4 
Perennial forbs 10 
All clipped vegetation 1044 
Litter 268 

Mechanical Manure 
treatments treatments 

(6 plots) (6 plots) 

748 1163 
70 10 
19 87 

8 6 
356 323 

13 13 
6 4 

27 6 
18 0 
9 19 

16 4 
1227 1629 
458 996 



Junegrass did not appear in the 
clipped herbage samples of the five 
most intensively manured plots. 
The species was present in the yield 
samples of all other treatment plots 
but yield was not related to treat- 
ment. 

Yields of annual grasses and 
sedges were not significantly af- 
fected by treatment. 

Increased intensity of both me- 
chanical and manure treatments ap- 
parently favored increased numbers 
of annual and biennial forbs. Plot 
12, which received the most ma- 
nure, supported significantly more 
of these forbs than any other treat- 
ment plot. 

Perennial forbs produced heavi- 
est yields on the check plots and 
least intensively treated plots. 

Fringed sagewort yielded substan- 
tial herbage only on the two plots 
which received the most intensive 
mechanical treatments. Only the 
check plots and one mechanically 
treated plot yielded any winterfat. 

A distinct and significant yield 
increase of all vegetation, excluding 
clubmoss, occurred as treatment in- 
tensi ty increased. 

Litter weight varied directly with 
intensity of treatment. The weight 
of litter from heavily manured plots 
was significantly greater than litter 
yields from less intensively ma- 
nured plots. A similar but non- 
significant increase in litter yield 
occurred as mechanical treatments 
intensified. 

Protein Content 

Crude protein of the combined 
grass samples ranged from 4.5 to 
5.8 percent. Non-grass species from 
the treated plots contained from 6.4 
to 8.8% crude protein. There ap- 
peared to be no correlation between 
treatment and the protein content 
of the vegetation. 

Summary and Conclusions 
Reduced clubmoss was clearly 

evident 30 to 40 years after mechan- 
ical and manure treatments were 
applied to native range. Less club- 
moss was present on plots which re- 
ceived more intensive mechanical 
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treatments. Manure applications re- 
duced clubmoss cover but there was 
little difference among treatment 
intensities. 

As clubmoss cover decreased, the 
yield and ground cover contributed 
by other vegetation increased sig- 
nificantly. 

The response of needle-and- 
thread ground cover to treatment 
was erratic. Heaviest yields of nee- 
dle-and-thread were obtained from 
the heaviest applications of manure. 
The yield of needle-and-thread and 
total forage yield were correlated 
significantly. Needle-and-thread 
cover and cover contributed by all 
vegetation, excluding clubmoss, 
were similarly related. As the yield 
of needle-and-thread increased, bare 
soil decreased significantly. 

Neither yield nor cover of blue 
grama responded predictably to 
treatment. 

Crested wheatgrass yield was not 
affected by treatment intensity, but 
a significant inverse relationship 
was found between crested wheat- 
grass cover and clubmoss cover. 

Western wheatgrass responded 
favorably to three of the most inten- 
sive manure treatments. 

No junegrass occurred in the 
clippings of any of the five most in- 
tensively manured plots, although 
it was present in the herbage sam- 
ples of every other treatment plot. 

As treatment intensity increased, 
the yield of annual and biennial 
forbs increased but never made up 
more than 2.5% of the total clipped 
vegetation. 

Highly significant increases in 
litter cover and yield were found 
with increased treatment intensity. 
This increased litter was associated 
with increased forage production. 

No residual effects of treatment 
on protein content were observed. 

Since reduced clubmoss cover and 
increased forage production still are 
apparent many years after treat- 
ment, and no detrimental effects to 
the site were observed, such reno- 
vation practices would appear to be 
effective in similar areas where 
clubmoss is a problem. These ob- 
servations cast serious doubt on 
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the popular view that clubmoss is 
aggressively “taking over” these 
northern glaciated rangelands. 
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