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THE MANITOU EXPERIMENTAL FOREST 

The Manitou Experimental Forest is a branch of the Rocky l10untain Forest ,-
and R"nge' Experiment' Station. It is in the Pike National Forest, 28 miles 
north and west of Colorado Springs. 

This experimental area of 26 square miles was established in 1936 to study 
problems of watershed managenent, grazing, and other kinds ,of land use in 
the Front Range of the Colorado Rockies. Studies were started in 1936 to , 
find GUt what factors of land use are most important in controlling stream--
flow and soil erosion. Range management studies were begun in 1941 and 
range rese",ding tests in 1945. . 

The 'Experimental ,Forest is typical of most Of the ·Front Range and results 
obtained' are directly applim ble to similar areas in Colorado and neigh-

. boring states. 

Annual precipitation is about 17 inches. Three-fouH;~s of thi s comes as 
1 ight stonns during the s umrner months. 

The soils are derived principallyJrom granite, are, low in fertility, am 
very susceptible to ero,sion. There lire two distinct types of topography, 
broad gently roning valleys and platLaus" and rugt.ed mruntains with 

,'narrow steep-walle d canyons. , 

, The natIve vegetation is' typi~al of that found in Ponderosa pine forests 
'of, thE> southern RocL"Y Mountains. Ponderosa pine, Douglas fir, lodgepole 
pine, e..'ld aspen are the predominant tree "peci8s. The herbaceous vege-
tation consists mostly of bunchgrass--Arizona fescue and mountain muhly 
being the most abundQnt. 
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THE FRONT RANGE 

The Front Range is a physiographic unit .of thE) Southern Rocky Mountains 
-ranging in el~vation from 5,000 to over 14,000 feet. It borders the 
plains on the east and, includes the hilly and mountainous ar'ea East of 
the Continenta-lDividc 'in Colorado. Some of the mountains are high and 
rugged, while others are scarcely more than broad rolling hills. The 
eastern portion is made up of s'edimentary rocks tilted by the Rock'J Moun-
tain uplift., The sedimentary rocks have been weathered' away throughout the 
central and west'ern part of the Front Range leaving metaniorphic and igneous 
rocks exposed. 

The climate is cool temperate with short warm summers and 'cold wintEOrs. ' 
Precipitation varies from about 15 inches at the lower elevations to 30' 
inches or more at the highest elevations" At the higher elevations' snow 
accumulates during the winter and supplies water for streamflow far into 
the summer. 

'The lower foothills of the Front Range ~re grass covered, but above 7,000 
feet the 'area is.largely forested t~ timberline. However, there are many 
open grassy parks and valleys throughout the Front Range. Ponderosa pine, 
Douglas'fir, and lodgepole pinEl ,are the principal coniferous trees and 
aspen is 'the most abundant broad leaf tree~ 

Watcr production, grazing, recreution, timber g'rowing, and farming are 
the most important land uses. 

Water is by all odds the most important item in the Front Range Watershed. 
All available water is being used at the present time and cities and 
irrigation districts are reaching across the ContinGntal Divide to get 
more water for their needs. I . ' 

The water yield varies from about one-fourth acre foot per ~cre of water-
'shed up to 1-1/2 or 2 :lcre feet at thE> highest eleVations'. The average 
yield for ,the entire Front Runge is about 1/2 acre foot for each acre , 
of waterShed. This water is valued at $2.00 to $3.00 an,acre foot on the 
watershed, and it is estimated that each acre foot of water used in irri-
gation increases farm, production about twenty dollars. The principal 
watershed problem is to develop a system of management that will provide 
a maximum of clear water with ,o.-minimum of sediment over the longest possi-
ble se(lSon. 

In (lddition to irrigation uses, municipal demands for W(ltor are great • 
. The entire W(lter supply of,Denver, Color~do Sprin~s, Groeley, BOUlder, 
Fort COllins, and other cities is obtained from mountain streams. 

. • '~ :< 

Grazing of rang" livestock is also an outstandiri~ land use in the Front 
'Rp.nge. More tho.n 300,000 head of cattle are' grazed hcre;some yearlong 
(lnd SOme only for ,a fbw months. NO,t all of the ar8a is suitable for 
grazing use but on those areus that are, forage in terms of 'b6ef pro~ 
duced has an estimated val ue of more than c, dollar per acre per yeo.r. 
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Much of th,e area has a high recreationalvalu<,), and this recreational use 
is worth many millions of dollars to the region. Timber production and 
f!'-rming,' although of less importance than other uses', furnish a living 
for many loc!l.li. residents, and are importnnt in the economy of'the region. 

The unwise use of land for one purpose may and often does seriously impair 
its value for other ~qually important uses. For example, in those easily 
eroded soils, too heavy grazing of the naturally thin vegetative covor 
incrcasGs surfac8 runoff and erosion, causes clogged stream channels, 
silted-up reservoirs, and muddy unusable water. Similarly, unwise timoer 
cutting often followed by fire, destroys valuable ferage, injures the 
watershed, a!ld appreciably lessens its value for recreational' purposes. 
Unwise farming has also robbed soils of productivity and ullowed soil 
erosion so that these lands are no longer suitable for farming. 'In addi-
tionthey produce hiss forage and timber and have contribute d silt to 
reservoirs., !?nnals" and fam ,lands. 

, . 
In our area,like the Front Range where the pressure for all kinds.of land 
use is so great, it is obvious that the wise and efficient coordination 
of all uses is of utmost importance. Such coordination must be based ~n 
facts. The Manitou Experimental Forest was established to help obtain 
these facts. 

, 
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SUMMARY OF RESEARCH RESULTS 

'GrEtz iilg Studies 

OVer a period of 6 years yearling Herefo'rd heifers have been grazed for 
a 5-month season, June 1 t~October 21, on 6 pastures of approximately 
300 acres each. Three rates of sto~king r'epresentirig 'heavy, ,moderate, 
'¥ld~light use of the, vegetation have been studied'O 'LocaL ranchers are 
cooperating by furnishihg 'cattle. Here lire some of the results. 

'The amount of herbage grazed is the key to efficient ran"e use"' 

If mOre than 40 percent of the annual growth of vegetation is, removed by 
grazing, ,the vigor of th~ piants is seriously reduced. Subsequently, the " 
plants produc'e less and less' foliilge and the v.eight gains, of 'livestock also 
decline. ,In the experimental ras tures the average rate of herbage utiliza-
tion beginning in 1942 'is shewn below. 

Percent of Hsrbage' GrazGd 

Stocking YEA R 
Rate 1942 , 1943 1944 1945 • 1946 I ' 1947 

I 
Heavy 34 49 65 63 65 68 , 
Moderate 23 37 35 38, 35 33 

Light 14 15 10 17 13 13 

At the heavy rate of stocking there is less and less herbcge 'produced from 
year' to year and that remaining has to be grazed more ,closely to support 
the animals. 

Heavy grazing use retards height ,growth of forage plants 

On the heavily stocked rastures :the principal forage, species not only begin 
growth .later, but grow more 'slowly than, on lightly, stocked pastures. We 
measure the height at the beginning of the season when the c'lttle are turned 
into the !="stures. As the following table shows the height of Arizona fescue 
and mountain muhly, the two most important forage plants, on the heavily' 
stocked rastures averaged less than half ,the height of the ,same grasses'on' 
th~ lightly and moderately stocked !="stures. 
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Stocking 
RAte 

Heavy 

Moderate 

~.ight , 

: 

Arizona 

Heisht srowth 
, ;,1947 -

6.8 

10.6 
,', 

ll.6 

Fescue Mountain,Muhly 

in inches at s:tart of l!irowins season 

1948' 1947 1948 
3,'9 1.9 1.8 

10.3 ,4.2 4.8 

12.7 4.5 4.9 

Herbal!ie production is greatly reduced bY too heavy srazins ' 

,Herbage production on the heavily stocked 'pastures has decreased from ,350 
pounds per acr!" in 1942 'to 195 pounds in 1947, a decrease ,of 47 percent. 
On'the moderately and lightly' s:tocked p..~sturGs herbage production during 
1947 was' Slightly less than 19~2, but this decrease was caused by weather 
condition~ and ~ot'by grazing use of the forage. 

I , 1942 1947 , 
I , 

" ," 

Pounds of herbal';o Eroduced Eor acre 

Heavy 350 195 

Moderato 363 334 

318 303 Light '. ' 

, Xe.a,rUng, heifers' require 10 to 12 pounds: (air-dry Weight) of forage per day. 
Otl, ,\;he.~e heaV'ily stooked pasturEis an, a verage o~ only 15 pounds of usable " 
herbage (air-::dry weight) was availa~le. As a result, the plants were grazed 
$0' heavily 'that they' wero no longer able to, growvigoreusly. In the moder-
e:tely sto?ked, 'pasturc.s there was 30 pounds of herba'go available per day and 
in ~he '~ightly','stocked pastures 44 pounds. The removal of 10 to 12 pounds 
<:>f forage ,in, these pastures left ,ample margin for vigorous vegetative growth 
and for soil protection. , ~"; ,.' ", r . 

Cattle on heavily stocked pl. stures make poor gains 
~:_ .:~ '.~ .. ' ~',' .~; -n1 

During~the 5~9nth grazing season the average gain of cattle on the heavily 
~t?qked·'pa~:ture.~ has been 40 to 55 ,pounds less than similar cattle on more' 
lightly stocked areas. 
li-,. "J_"';',, " "', . ,'. 
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Stocking : SEA S (5 H 
Average Rate : 1942 1943 : 1944 I ,1945 I 1946 1947 

I Weif!jht f!jain in E°tinds Eer animo.l 

Heavy 185 153 223 181 llO 182 181 

Moderate 215 206 253 239 200 220 222 

Ligh't 230 236 255 230 218 243 ,235 

The greatest gains are made during Juno and July' when the forage is 'growing' 
most rapidly. During- Septe-mber and Octob8r, cattlo mako very small gc.ins 
and if snowstorms occur, lassos in weight amounting 'fo 20 ,pound~ par head 
may be expected. 

Too heavy stock~n~ is poor livestock economy 

From 1942 to 1947 the estimated aV8rage roturn from a section. (£40 acres) 
of bunchgrass range properly stocked amounted to $735 .42 per year. ,In 
comparison" a similar area too heavily stockod returned only $484.48. 

• - 1-

Factors responSible for the increased income under moderate 1"ates .of 
stocking arE, greater livestock gains, smaller initial investments, and, 
higher market values. Cattle from moderately stocked pastures sell' for 
$1.00 to ~2 .00 more per hundred pounds' than animals from heavily st ocked 
pasture. Details of the economic returns from different degrees of'grazing 
are shown in the following table. 
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Comparison of average returns per section from different 
stocking rates, ponderosa pine-bunchgrass range, 1942~7 

Item Heavy 
stockin!2 

I:umber of animals per sect"ion 54 
Average initial weight (pounds) 375 
Average final weight (pounds) 555 

, Average, gain, S mo. season (pounds) 180 

Total gain per section (pounds) 9,720 

Average initial value per head at ,$ 42.86 
$11.43 per cwt. 

, Total initial value, all animals 
Average final value per owt. 
Average final value per ,head 

Total final value all'animals 

Gross return pe'r section 

Costs: Death foss 1% final value 
Interest on investment, 

5% - 6 months 
Salt & miscellaneous at 

50 cents per head 
Grazing fees, N.F. Range 

Total 

Net, return per section 

Ratio: 

2,314.44 
10.00 
55.50, 

$3,007.00 

$ 692.56 

;i 30.07 
57.86 

27.00 

93.15 

$ 208.08 

& 484.48 'If 

66% 

- 11 ... 

Moderate Light 
stocking stocking 

39 26 
375 375 
597 609 
222 234 

8,658 6,084 

$ 42.86 $ 42.86 

1,671.54 1,114.36 
11.00 11.00 
65.67 70.04 

$2'561 13 .' .. . $1,821.04 
, 

$ ,889.59 $' 706.68 

$ 25.61 " 18.21 :;, 
41.79 27.86, 

19.50 13.00 

67.27 44.85 
~' 154,17 ,", '103.92 '" 'i? 

t 735.42 I', 602.76 ." 

100;1, 82% 



Range Reseeding 

The revegetation of abandoned' farm lands and depleted ranges is one of the 
most important problems in 'the Front Range. 'Thousands' of acres a re idle 
because past farming.' has lowered 'the fertility and ).llowed the topsoil to 
erode so that these ,lands are no longer productive as illnn lands. They are 
now producing weeCis and ,grasses of low for;'ge value; Through reseeding, 
however, they can be made'to produce good forage" Depleted range lands can 
likewise be improved by seeding to grass. Success~~l seeding of these lands 
accomplishes two purposes:,'" (1) stabilizes the suil, a':ld (2) increases forage 
production. 

Nursery trials show 60 species will grow und;,:- Front R!l~p 'conditions, 

More 'than 80 different kinds of range plants h!lve been tested under nursery 
conditions. Sixty of these have shown, climatic adapt!ltion and have Produced 
good to excellent stends of ,forage in 'the 'nursery where they do not compete 
with weeds. 

Seven grasses, have proved successfui under range conditions 
, . 

Plants, that grow well in the, nursery, are tested,under actmil field conditions 
to find those which are not only adapted to the climate 'but which can compete 
with native plants. Results of these field tests; show that the following 
sever ,grasses are well suited' for seeding, abandoned ,farms and' depleted 'ranges 
of the Front Range: crested wheatgrass, interri18diate wheatgrass, slender 
wheatgrass, russ ian wi ldrye, smooth brome, meadow, brams, and meadow fescue. 

, , , 
, 

~igh forage yields'are obtained from reseeded fields. 
Ii " 
,The most p-oductive lands in the valieys 'of the Front Range were farmed at 
pne time or another. When these len ds were abandoned, low val ue weeds arid 
grasses came in and even ,after many years these lands have little value for 
grazing. However,,'ifthey Can be seeded to good grasses and logumes they 
not only produce 10 to 20 'times ,more forage than they are, now producing, 
but usually 6utyield good native ranges under similar conditions. For 
example;, sixty acres of abandoned farm land were reseeded in the',fall,of 
1945 and the spring of 1946, to crested wheatgrass,' smooth ,brome, and to a 
mixture of, these two grasses and yellOw, sweet Clove':. Forage yields during 
the second 'growing season are sh~ below. ' 
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Location Mixture 
Smooth I Crested, Native 
Breme " Wheatgrass I Bunchgrass , ' I , 

'<,. .0.' 
" 'Pounds Eer acre 

Sinclair f'ield .2,891 ' 1,489 ' 2,497 

Nursery f'ield 3,313 1,090 1,181 

,Average 3,102 1,299 1,639 .523 

Cattle Siains exceed 2 Eounds E!::r da;):; on reseeded fields 

An average gain of' 55 pounds,per head was recorded f'or yearling heifers 
during a 25 day'grazirig season in May of' this' year. These gains were 

. obtained f'rom a study to detennine the best method, of managing reseeded, 
stands of' crestedwgeatgrass, snooth brome, and a mixture of' these grasses 
with sweet. clover. 

Watershed Management Studies 

Heavy grazingreduces'absorEtion of' water by soil' 

One of the most important ef'f'ects of' 'grazing is the change in the water~ ,', 
absorbing capacity of'the soil. This has been tested by applying artHi-
cial rainf'all to small plots scattered throughout the six experllriental 
pastures. Estimates of absorption rates were obtained f'or light, moderate, 
and heavy grazing which were, in,turn, checkea against similar measurements 
in areas entirely f'ree from grazing since 1941. GraZing has caused an 
average decrease in rates of' water absorption' and the deficiencies are in 

, proportion to the intens i ty of'graz ung us'e. 

Intensity of grazing use Deficiendy in absorption ,rates 11 
'. Inches of II rainfall" per hour 

Light 0.76 

Moderate 1.17 

Heavy', ' 1.70 

11 
Average diff'erences between ungrnzed cheCK plots and grazed plots. 

- - 1\ 

The above figures indicate that increased grazing I1' essure, has pr ogressi vely::' 
, reduced the chance f'or rainf'all to enter the s oi 1. Under the best of' condi-
tions found at Manitcu Experi~ental Forest, the rate of' absorption is about 
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, 
3 inahes of rainfall, per hour. ' Hl!avy r;ra~inr; has reduced" thi~ 1;>y more thk' 
half.. Many of our summer' showers' ,equal or. exceed a rate of 5 inches per h~ur' 
for short intervals, 'and more' .than half of the water from, these storms must:. 
therefore lUll ofr the surface of heavily; grazed areas, Water lost in this ~ 
fasion is not utilized efficiently, either in forage ,production on areas \. 
from which it flows, or in 'downstream irrigation projects. .\ 

~avy grazing causes excessive runoff and erosion 

,Decreased absorpti6n of rainfall is always ,accompanied by increased runoff and 
often by damaging erosion. How this is affected by grazing use has been s,tudiE 

'on 6 permanent plots,~aah 1/100 acre in 8,ize" Two of these have been grazed 
heavily, two moderately, and two left ungrazed. Runoff and erosion results 
from natural precipitation and is measured fer individlal'plots after each 
storm. The following tabulation shows the total runoff in inches, 'of equivn-
lent precipitation and erosion in pound per acre for'the last 5 years of, 
grazing treatment. ' ' 

Treatment Surface Runoff SOil 'Loss 
Inches s Ratio I Lbs/acre I Ratio 

No grazing 4.6 1.0 734 1.0 

Moderate 6~9 1.5 777 1 • .1 

. Heavy grazing ,6.9 1.5 1,374 1.9 

, Moderate grazing does not increase erosion 

k definite increase in' runoff has resulted from grazing indicating a reduction 
in the rate at whidl water ent~rs the soil'. Both moderate and heavy grazing , ' 

cause about 50 percent mor~ water to flow off the plot surfaol'l. Soil loss, 
howe?er, is not substantially increased until grazing hes, reaohed the stege 
of heavy use, .Apparently, somewhere beyond moderate intensity' of gro.zing a 
aritical'point is reached where the for.ces of, land· deterioration begin to 
take effeat. o.,r 'observnti'om indicate that this sto:ge.is charaoterized by 
two conditions ass oeia.ted wi th overgrazing, (1) mechani'cnl ,compact'ion from 
excessive trampling, and (2) a reduction in' amount of organic matter normally 
prOvided by grass litte r. 

OrganiC ma.terialkeeps soil porous 
, , 

All soils ar,a 'porous to some degree. If thi s were not true we wouldn't hav'e 
springs and permanently flgwing streams •. The ,addition of grass litter each 
year h!)lps maintain this porosity. Continual heavy removal of ,grass by 
grazing reduces this nonnal return of organic matter to.a danger point. 
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· ,'.', . \ 
Anothet' exrunpl~':~:r the :i,lI\p~rtail()eOr organic ma teri\'l hB.!' been shown in '. 
a beries of tl'ee"~ovei'ed. plats •. Ih 1941i we rerilove,dall the needles- and \ 
other litter wliich had acc#ul~t'ea 'for several y~ai's, ,Theitnmed,iate resu it, , 
was, e:ccessivs<erosion. In two months; soil had'be,en eroded 'off the plots 
at the rate of 4 tons per aot" Which exceeded nonnai amouritS by 70 times •. 

Plbtj; tu dies 

\ 
\ 

, \ 

In addition to the studies just described, a series of experi~ehtal watershed 
have been estabiished to stUdy the influence of 'so11 and vegeta:th'El changes 
onrunoff'-andetosion. Tliese are ,natUral drainage units in v.tJ.icih precipi'", 
tat ion strenmfibw groundwatet; moven Ell t, and erosioll are all 6atefully'measute 
The effects of v'eget ati ve c'helfg es such as t hos e due to tree cu:1;tiiigand grazi 
c.an thus be evaluated in terms. of the effect UPon Water movement and. soil los - .' . 
for the entire watershed. 

At the present time there·are!l total of ten such,v,Cttershods {kthe ManitoU 
Experimental 'Forest. Thej;vafy. in size from 1 acl'e to 4, 70Q. ",bros; . six 
ure now r6ady for treatment to bring abrut. vogo1;<1ti ve changes aft,,!, having 
gone through a period in Which the influence of pl'osent covet conditions has 
thoroughly measured. 
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