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UNITED STATES DEPARTMENT OF AGRlCULTURc 1 ,.· ,'/,:,. 

WASHINGTON, D. C. 

WEATHER AND 

DATA AS DETERMINANTS OF GRAZING 

PERIODS ON MOUNTAIN RANGE 1 

By DAVID F. COSTELLO, formerly assistant conservationist, lntermountain Forest 
and Range Experiment Station, and RAYMOND PmcE, senior forest 

ecologist, Division of Range Research, 2 Forest Service 

CONTENTS 

Page Page 
Introduction __________________________________ _ Temperature_________________________________ H 
Description of Ephraim Canyon _______________ _ Rainfall._----------------------------------- 16 

Principal types of vegetation ________________ _ 
Climate __________ --------------------------Methods of observation _______________________ _ 

Date or snow melt _____ -----·------ _____ 16 
a Forecasting range-plant development from date 

of snow melt.________ _ 19 
Plant d~velorment. _______________ -· -· ____ -· _ 
Weather observations _______________________ _ 

Ohservations of plant development ___________ _ 
'ormal trends at different altitudes _________ _ 

Records of normal development indicate 
charactc-r of growing season.__ _ _ __ _ _ _ ___ _ 

Fluctuations in plant development from year 

5 Determination of grazing periods__ _ 23 
6 Importance or proper development or key 
6 fora~e species___________ _ _ _ _ _ _ _ 23 
6 Predicting opening or grazing periods from date 

of snow melt ___________________________ 25 
10 Summary and recommendations ______________ 27 

Literature cited ________________ ----- __ --- _ ---- __ 29 
to year._________ ----------------------- 12 

Principal climatic factors affecting plant de· 
velopment__ ____ ---------------------------- 14 

INTRODUCTION 

Fundamental in economical range-resource management is the 
determination of proper grazing periods. It is of prime importance 
to be able to establish a date in tho spring when the range has pro
duced ufficien t feed to keep livestock in thrifty condition, when it 
is reasonably safe from excessive tmmpling and packing of the soil, 
and when the more important key forage plants have attained suffi
cient development to withstand grazing use. Such opening dates, as 
well as the time to defer and rotate graiing and to remove livestock 
from the range, are dependent in part on the prevailing weather 
conditions and on the dates when active growth of the forage plants 
begins and when subsequent developmental stages of the plants are 
reached. 

It is generally recognized that the proper opening date fluctuates 
from year to year, but the exact magnitude of and reasons for these 

1 Submitted for publication Nowmber 4, 1938. 
''!'he authors wish to acknowledge their indebtedness to C. L. Forsling, former director or the Inter

mountain Forest and Range Experiment Station, who planned, started, and guided the development of the 
study: to E.W. Nelson, Colorado tate College or Agriculture and Mechanic Arts who aided the beginnings 
of the study and made a preliminary compilation or the data on seasonal de\•elopment and weather relation
ships: and to George Stewart, lntermountain For~st and Range Experiment Station, who contributPd 
valuable gnidance in the statistical analyses. 'l'he weather data were collected in cooperation with tho 
Weather Bureau. 

131848°-39--1 
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fluctuations are not well known. Although the relation between 
phenology and cultivated agriculture has been repeatedly pointed out 
(7, 14)3 and lists of phenological dates (9, 15) have been compiled, 
comparatively few quantitative phenological studies on range plants 
have been reported. Basic information regarding weather fluctuations 
and the growth and seasonal development from year to year of the 
important forage plants common to the various mountain range types 
is needed as a basis to adjust the opening grazing periods with proper 
range-plant development. The purpose of this bulletin is (1) to 
outline the normal trend in the seasonal development of some im
portant range forage plants at different altitudinal zones; (2) to indicate 
the fluctuations in the seasonal development of the plants in these 
zones from year to year; (3) to indicate the important climatic 
factors related to these fluctuations; and (4) to outline how this 
knowleds-e may be applied in the determination and adjustment of 
the openmg grazing periods on mountain ranges. The study on which 
the bulletin is based was conducted from the Great Basin branch of 
the Intermountain Forest and Range Experiment Station and covered 
the greater part of Ephraim Canyon on the Wasatch Plateau in 
central Utah. 

DESCRIPTION OF EPHRAIM CANYON 

The topography of Ephraim Canyon varies from gentle slopes in 
the foothills to bold relief at the higher altitudes, and altitudes range 
from 6,500 feet at the lower limits of the oak-brush zone, where the 
study area began, to more than 10,000 feet. The summit, a compara
tively level plateau, is the divide between the Great Basin and the 
Colorado River drainages. Although the general aspect of the area 
is westward, the irregular course of Ephraim Creek provides slopes 
with almost every exposure. 

The soil is mainly of limestone origin and is 30 to 50 percent clay. 
Organic matter varies from less than 2 to more than 10 percent. 

PRINCIPAL TYPES OF VEGETATION 

As shown by a previous study (12), the vegetation in Ephraim 
Canyon above the elevation of 6,500 feet may be divided into three 
major types or zones-oak-brush, aspen-fir, and spruce-fir. 

The oak-brush zone, which is bordered on the lower side by the 
pin.on-juniper zone, occurs within the elevational limits of 6,500 and 
8,000 feet. The zone is characterized by Garn bel oak ( Quercus gambelii), 
big sagebrush (Artemisia tridentata), bigtooth maple (Acer grandi
dentatum), common serviceberry (Amelanchier alnifolia), and an 
understory consisting of various other shrubs, with grasses and 
weeds 4 occurring in the openings between the shrubby species. 

The aspen-fir zone extends from 7,500 to 9,000 feet, depending 
largely on the exposure. The transition from oak-brush is abrupt. 
Aspen (Populus tremidoides au-rea) generally forms even-aged. stands 
occasionally interspersed with Douglas fir (Pseudotsuga taxifolia) and 
white fir (Abies concolor). An understory of shrubs, chiefly mountain 
snowberry (Symphoricarpos oreophilus), is usually present. In open 
parklike areas, characteristic of this zone, are blueberry elder (Sambucus 

'Italic numbers in parentbesis refer to Literature Cited, p. 29. 
• The term "weed" is her'e applied to herbaceous nongrasslike plants wbicb, together with browse, 

grasses, and grasslike plants, constitute the four main groups into which western range plants are customarily 
divided. 
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caerulea), squaw currant (Ribes inebrians), and various grasses and 
weeds. 

The spruce-fir zone generally occurs above the 9,000-foot elevation. 
Engelmann spruce (Picea engelmanni.) and alpine fir (Abies lasiocarpa) 
form dense stands in ravines and on north slopes. On the level 
plateau summit a great variety of herbaceous species prevails. 

The more important species of each zone are as follows: 

OAK-BRUSH ZONE 

Woody species.-Gambel oak, big sagebrush, bigtooth maple, com
mon serviceberry, true mow1tain-mahogany (Cercocarpus montanus), 
mountain snowberry, squaw-apple (Perraphyllum ramosissimum), 
bitterbrush (Purshia tridentata). 

Grasses.-Letterman needlegrass (Stipa lettermani), Indian rice
grass (Oryzopsis hymenoides), slender wheatgrass (Agropyron pauci
fforum), bluebunch wheatgrass (A. spicatum), bluestem (A. Smithii), 
mutton grass (Poafendleriana), Sandberg bluegrass (P. secuncla). 

Weecls.-Western yarrow (Achillea lanulosa), asters (Aster spp.), 
groundsels (Senecio spp.), sticky geranium (Geranium viscosissimum), 
pentstemons (Pentstemon spp.), lupines (Lupinus spp.). 

ASPEN-FIR ZONE 

Woody species.-Aspen, Douglas fir, white fir, mountain snow
berry, common serviceberry, Fendler rose (Rosa fendlen:), black 
chokecheITJ (Prur.u& m,3lanocarpa), squaw currnnt, blueberry elder, 
creeping hollygrape (Odostemon repens), myrtle boxleaf (Pachistima 
myrsinites). 

Grasses.-Mountain brome (Bromus carinatus), slender wheatgrass, 
Porter brome (Bromus anomalus), oniongrass (Mez1·ca bulbosa), Letter
man needlegrass, subalpine needlegrass (Stipa columbiana). 

Weeds.-Sticky geranium, niggerhead (Rudbeckia occidentalis), 
tongueleaf violet (V1·oza linguaef olia), dandelion (Leoritodon taraxacum), 
Rydberg pentstemon (Pentstemon rydbergii), aspen pea vine (Lathyrus 
leucanthus), western yarrow, lupines, showy goldeneye (Viguiera 
multijlora). 

SPRUCE-FIR ZONE 

·woody spedes.-Engelmann spruce (Picea engelmanni), alpine fir 
(Abies lasiocarpa), gooseberry currant (Ribes moritigenum), squaw 
currant. 

Grasses.-Slender wheatgrass, Letterman needlegrass, spike tri
setum (Trisetum spicatum), nodding bluegrass (Poa refiexa), blue
grasses (Poa spp.), alpine timothy (Phleum alpinum), meadow barley 
(Hordeum noclosum). 

Weeds.-Sweet sagebrush (Artemisia incompta), paintbrush (Castil
le.fa spp.), gilias (Gilia spp.), western yarrow, sticky geranium, Barbey 
larkspur (Delphinium barbeyi), dandelion, slimstem cinquefoil (Po
tentilla jilipes), false-carrot (Pseudocymopterus montanus). 

CLIMATE 

Recently, Price and Evans (11) have completed a 21-year summary 
of the weather fluctuations in Ephraim Canyon. Some of the im
portant findings of their report follow. 
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Seasonal maximum temperatures are usually reached in July in all 
zones; minimum temperatures for the aspen-fir and spruce-fir zones 
occur in December, and for the oak-brush zone in January. On the 
average, temperatures decrease approximately 4.1 ° F. per thousand 
feet increase in elevation, or about 5° difference between zones for 
the study area. Table 1 shows the mean temperatures for the area 
from 1914 to 1934. 

TABLE 1.-Average monthly and annual mean temperatures and average monthly 
and annual precipitation at center of 3 vegetation zones in Ephraim Canyon, 
Utah, 1914-34 

Temperature Precipitation 

Month 
Oak-hrush Aspen-fir Spruce-fir Oak-hrush Aspen-fir Spruce-fir 
zone (7,655 zone (8,850 zone (10,100 zone (7,655 zone (8,850 zone /10,100 

feet) feet) feet) feet) feet) feet) 

o F. o F. o F. lnchu lnche, l?!Cht'S January ______________________ 23. 8 21. 4 16. 8 I. 27 3. 15 3. 96 Fehruary _____________________ 28. 2 23. 3 18. 5 I. 23 2. 85 2. 59 
March 29. 3 23. 2 17. 7 I. 92 4. 11 4. 35 

~;~!--_~:::::::::::-::::::::::: 37. 8 34. 8 24. 7 I. 63 3. 54 3. 03 
46. 9 42. 8 35. 8 I. 77 2. 44 l.80 June __________________________ 58. 3 53. 7 48. I . 69 . 85 . 74 July ________________________ 65. 4 RO. 4 55. 3 I. 54 I. 81 1.86 

August _____ ---------------- 63. 7 08. I 53. 3 l. 40 I. 80 I. 71 
September ---------------- 5S. 4 !iO. l 45. 5 1.19 I. 56 I. 34 
October. -- 42. 8 38. 9 34. 7 I. 39 I. 02 I. 40 
November ________________ 33. 4 29. 0 24. 7 I. 59 2. 19 2. 12 December __________________ 25. 8 20. 3 14. 7 l. 89 3. 26 3. JI 

----
Total or average ________ 42. 6 38. 0 32. 5 17. 51 29. 48 28. 01 

Monthly and annual precipitation averages for the three vegetation 
zones are shown in table 1. The mean monthly precipitation for all 
zones is greatest in March and least in June. Annual precipitation, 
on the average, increases 10 inches per 1,000 feet rise in elevation 
between the oak-brush and aspen-fir zones and decreases 1.2 inches 
between the aspen-fir and spruce-fir zones. During the growing period, 
precipitation falls as rain in the form of thundershowers, with occa
sional hail. From November 1 to May 1 most of the precipitation 
occurs as snow. 

Average soil temperatures in the aspen-fir zone from 1924 to 1934, 
inclusive, for the period May 1 to November 1 at the 6-, 12-, and 24-
inch levels were 54.8°, 53°, and 50.8° F., respectively. During this 
period, the soil is warmest in the latter part of July and coldest in 
May and October. When the ground is snow-covered, soil tempera
tures remain almost constant. Following snow disappearance in the 
spring when active growth of the more important range plants begins, 
the upper layers of soil are warmer than those at greater depths. 
Greatest variation in temperature between depths occurs in the latter 
part of June. 

The soii-moisture content 1s highest at the time of snow disappear
ance, when it averages about 30 percent of the dry weight of the soil. 
This moisture decreases until a minimum is reached in the latter part 
of June or July. Throughout the remainder of the summer, soil 
moisture at the 24-inch depth remains at a minimum, while showers 
bring a slight increase at the higher levels. Owing to the high moisture 
content of the soil following snow disappearance, current precipita
tion has little effect during the early part of the growing season. 
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Other factors have been reported upon by Sampson (12), in an 
earlier report covering the period 1913-16. Evaporation during the 
main growing season was greatest in the oak-brush zone, nearly as 
great in the spruce-fir zone owing to a highwind velocity, and least 
in the aspen-fir zone because of a luxuriant growth of vegetation and 
owing to topographic features. Wind movement was greater by 
about 100 percent in the spruce-fir zone than in the zones immediately 
below, and it was not uncommon for the wind to exceed 40 miles per 
hour for several hours in succession. Sunshine duration and intensity 
were practically the same in all zones; but there is considerable differ
ence m barometric pressure in the three zones. 

The average length of the growing season for different elevations in 
Ephraim Canyon are: 7,000 feet, 175 days; 8,000 feet, 160 days; 9,000 
feet, 145 days; 10,000 feet, 125 days. An unusually late spring or an 
early autumn may reduce by one-half the length of the growing period, 
and occasional frosts may occur during any month of the year. 

METHODS OF OBSERVATION 

PLANT DEVELOPMENT 

During the 10-year perio<l 1925-34, plant-development observations 
were made in Ephraim Canyon on important range-forage species 
protected by six different enclosures, the lowest and highest being 
separated by an air-line distance of approximately 5 miles and by an 
elevational difference of 3,000 feet. The surface area of each plant
development station varied with the enclosure in which it was located, 
averaging about one-fourth of an acre. Exposure, degree of slope, 
and elevation of each station, as well as the plant species observed, 
are given in table 2. 

TABLE 2.-Description of 6 plant-development stations in Ephraim Canyon, Utah, 
and species observed, 1925-34 

Description of station and species observed Purshia 

Elrvation ................ ··•·-··••reet. 7,150 
Exposure........................ ....... W 
Slope ............................ degrees. 10 
Species: 

Slender wbeatgrass.......... ... .. . . . . . X 
Mountain brome ............................ . 
Lettrrman needlegrass...... .. . . .. .. . . X 
\\" es tern yarrow....................... X 
Sticky geranium.............. ....... X 
Pentstemon ...............••.......•••......... 
Niggerliead .................................... . 
Tongucleaf violet•.................... X 
Common serviceberry_________________ X 
Aspen ......................................... . 
Bittcrbrush.... ..... .. .. . .. . . . . . ... . .. X 
Gambel oak ................................... . Mountain snowberry ______ _________________ _ 

1 Meteorological station. 
' Record discontinued at end or 1931 growing season. 

Wire• 
~rass 1 

Snow• Head-
berry quarters, Bluebell Alpine, 

7. 65.5 
w 

~.4W 8,850 

X 
X 
X 

w 

X 

X 
X 
X 

X X 
X X 

SW 
8 

X 
X 

·•· 

X 

X 

X X 
X 
X 
X X X 

5 

9,000 IO, 100 
NE s 

10 6 

X X 
X X 
X X 
X X 
X X 
X X 
X 
X X 

'X 

Plants observed at the three meteorological stations were reason
ably close to the recording instruments, so that conditions affecting 
the instruments were practically the same as those affecting the plants. 
Observations on both weather and plant development were started 
at snow disappearance in the spring and continued until the appear-
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ance of snow in the late fall in each of the 10 years of the study. 
The plant-development stages obtained are summarized in table 3. In 
addition to this record, maximum and average height-growth measure
ments were taken at intervals of approximately 5 days from the date 
of active growth inception until elongation of leaves, twigs, or flower 
stalks had ceased. 

TABLE 3.-Plant-development stages recorded 

Grasses 

Date of snow disappearance. 
Date 6 inches high. 
Flower stalks evident. 
Heads beginning to show. 
Flowers in bloom. 
Seed ripe. 
Seed disseminated. 

Weeds 

Date of snow disappearance. 
Flower buds evident. 
In full bloom. 
Seed ripe. 
Seed disseminated. 
Plant dried up. 

Browse species 

Date of snow disappearance. 
Flower buds bursting. 
Leaf buds bursting. 
In full leaf. 
In full bloom. 
Fruit ripe. 
Fruit all dropped. Leaves all 

dropped. 

Observations were confined principally to the more important forage 
species, as shown in table 2. Absence of plant species at some stations 
is due to altitudinal limitations of the species, to differences in habitat, 
or to the size of the enclosure. 

WEATHER OBSERVATIONS 

Atmospheric temperatures, soil temperatures at depths of 6, 12, and 
24 inches, and precipitation records were continued daily during each 
growing season of the experimental period at a standard-equipped 
meteorological station located in the approximate center of each zone 
(fig. 1 ). In addition, evaporation measurements and relative
humidity readings were recorded daily during the same period in the 
aspen-fir zone only. 

OBSERVATIONS OF PLANT DEVELOPMENT 

NORMAL TRENDS AT DIFFERENT ALTITUDES 

Average dates at which the developmental stages of important 
grasses, weeds, and browse species appear at different altitudes are 
shown in tables 4, 5, and 6. The date at which a particular stage of 
growth is reached becomes progressively later with increase in alti
tude. This delay, which agrees in general with the bioclimatic law of 
Hopkins (6), averages about 12 days for each 1,000 feet increase in 
elevation. It is notable that each species shows its own average rate 
of delay. Thus, for Letterman needlegrass it is approximately 11 
days; for slender wheatgrass, 13 days; and for mountain brome, 14 
days. A greater variation between species appears among the weeds 
e.nd browse species, viz, western yar:::ow, 7 days; sticky geraniGm, 13 
days; tongueleaf violet, 15 days; mountain snowberry, 10 days; and 
common serviceberry, 7 days. 

Each developmental stage of the various classes of species also has 
a specific rate of delay. For example, in grasses, flowerstalk develop
ment is delayed from 9 to 12 days for each 1,000 feet increase in 
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elevation, while seed dissemination shows a delay of 12 to 17 days. 
Similarly, the earlier developmental stages of weeds are delayed 9 to 
14 days, but i11 the later stages it is 6 to 1.5 days. 

F312760 

FIGURE 1.-Meteorological instruments at the wiregrass station located at the 
center of the oak-brush zone. The ponderosa pines at the extreme right and 
left have been planted. Big sagebrush is growing in the center; Gambel oak 
in the background. The principal forage grasses occurring at this station are 
Letterman needlegrass, slender wheatgrass, bluestem, mutton grass, and Sand
berg bluegrass. Western yarrow, in flower, is evident in the foreground. 

TABLE 4.-Forage grasses; average dates of appearance of various growth st.ages at 
different elevations, 1925-34 1 

Species and elevation (feet) 
Plant 

G inches 
high 

Flower 
stalks 

evident 

Flower 
heads 

showing 
Flowers 
in bloom 

Seeds 
ripe 

Seeds 
dissem
inated 

--------------- --- --- --------- ---
Letterman needlegrass: 

7,150 __________ --- -------------------- _ 
7,655_ ------ -- -------------------- ---- --
8.450_ ----------- ---------------------

J\fay 16 )\[ay 25 
l\lay 21 )\[ay 29 
June 6 June 3 9,000 _________________________________ _ June 19 June 19 

10,100 __ -------------------------------
Mountain brome: 

July 12 June 21 

8,850 _____ ------------------------- June 11 June 7 9,000 _________________________________ _ June 16 June 19 
10,100 ______ --------------------------- June 30 June 22 

Slender wheatgross: 
7,150 _______ --------------------------- May 16 May 24 
8.450 _________________________________ _ June 8 June 2 
8,850 __________________________________ _ June 23 June 9 
9,000 _____________________ ------------- June 18 June 21 
10,100 _________________________________ _ July 6 _ __ do ____ 

June 15 July 1 
June 22 July 5 
June 23 July 6 
July 7 July 21 
Juiy 9 July 25 

June 27 July 14 
July 7 July 25 
July 10 July 27 

June 16 July 1 
June 26 July 12 
July 3 July 19 
July 13 July 27 
July 15 ___ do _____ 

July 28 
Aug. 2 
Aug. 6 
Aug. 23 
Aug. 28 

Aug. 12 
Aug. 26 
Sept. 5 

July 22 
Aug. 12 
Aug. 2.5 
Sept. 3 
Sept. 5 

Aug. 14 
Aug. 21 
Aug. 26 
Sept. 21 
Sept. 19 

Sept. 8 
Sept. 17 
Sept. 28 

Aug. 8 
Sept. 3 
Sept. 20 
Sept. 22 
Sept. 27 

1 The magnitude of yearly Ouctuations for these and the followim.r data are discussed in later sections. 
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TABLE 5.-Forage weeds; average clalrs of appearance of various growth stages at 
different clevation8, 1925-34 

S pecics and elem lion (feet) 

\Vcstcrn yarrow: 
7,150 ________ ---------------------
7,655 ________ ::::: ______ -- -------------------8,450 ____ --- ---------- ---------9,000 _____ 
10,100 __ 

Sticky geranium: 
7.150 ________ --- -----7,655 _______ -----8.450 __ 
8,850 ___ :___ __::::::::_ 
9,000 ____ 
10.100 ___ 

Ryclherg pcntstemon: 
9,000 
10, 100_~--------- -·---

Nigger head: 
8,850 ____ ---
9,000_ 

Tongueleaf-violct-: ------- --- -
7,150 ______________ --- ------------------7,655 ____ --- -·--- -----8,450 ______________________ 

--- -------9,000 __________ --- -- ---------10,J()() _____ --- --- -----------------

FlowC'r 
buds 

c, ident 

---

;l[ay 30 
Juno 1 
June 6 
June 18 
June 25 

J\[ay 18 
J\[ay 29 
Juno 4 
June 5 
June 13 
June 19 

June 17 
June 21 

June 16 
June 21 

May 2 
May 4 
Jl[ay 14 
June 4 
Juue II 

Flowers 
in bloom 

---

June 29 
July 5 
July 10 
July 15 
July 21 

June 14 
June 26 

do __ 
June 28 
July JO 
July 20 

July 13 
July 18 

July 29 
Aug. 2 

J\[ay 14 
May 19 
Jl[ay 29 
June 15 
June 23 

Seeds 
ripe 

---

Sept. 8 
Aug. 26 
Sept. 4 
Sept. 8 
Sept. 20 

July 18 
July 26 
Aug. 10 
Aug. 5 
Aug. 16 
Aug. 27 

Sept. 5 
Sept. II 

Sept. 2 
Sept. 8 

June 10 
Juno 20 
June 30 
July 15 
July 29 

Seeds 
dissem
inated 

---

Sept. 19 
Sept. 24 

_do ___ 
Sept. 29 
Oct. 8 

Aug. 6 
Aug. 19 
Sept. 3 __ do ____ 
Sept. 5 
Sept. 19 

Sept. 25 
Sept. 27 

Sept. 26 
Oct. 3 

June 24 
July 1 
July 20 
Aug. 6 
Aug. 8 

Plant 
dried up 

---

Oct. 10 
Oct. 13 
Sept. 25 
Oct. 1 
Oct. 8 

Sept. 25 
Sept. 18 
Oct. 5 
Sept. 28 
Sept. 29 

Do. 

Sept. 25 
Sepl. 28 

Sept. 23 
Sept. 28 

July 8 
July 12 
July 27 
Aug. 6 
Au~. 26 

TABLE G.-Browse species; average elates of appearance of various growth stages at 
different elevations, 1925-34 

Flower Leaf buds In full In full Fruit all Fruit Leaves 
Species and elerntion (feet) buds bursting leaf bloom ripe dropped all 

bursting dropped 

------ --- --- --- ---
1\Iountain snowberry: 

7,655 ______ ----------- June Ii i\Tay 3 June I June 26 Aug. 20 Sept. 18 Oct. 6 
8,450 ----- --- --- June 22 May 8 June 5 June 30 Aug. 17 Sert. 12 Oct. 14 
8,850 __ Ju!y 2 l\[,iy 19 June 15 July 8 Aug. 21 Sept. 2r, Oct. II 

Common se~\7iceb0rry: 
7,150 -- May 1 i Apr. 30 !\fay 2fi May 25 Aug. Aug. 21 Oct 5 
7,"55 .\lay 21 !\lay 2 !\lay 29 J\fay 29 Aug. II Aug. 28 Do. 
8,450_ l\lay 30 !\[Hy 7 do June 5 Aug. 18 _ do __ Oct. 11 

'T'rue mountain-mahogany: 
7,480 ____ l\lay 23 Apr. 30 May 28 May 28 July n Aug. II Oct. 14 
7,890 ____ June 2 May 3 June 5 June 7 Aug. 2 Aug. 3 Oct. 19 

Aspen: 
8,450 __ l\lay (i l\lay HI June 9 l\fay II Oct. 14 
8.8f,0 l\lay 31 June 18 

Bitterbrush: 
lllay 10 Oct. 12 

i, 150_ J\fay 2i .\pr. 2i J\lay 30 JUne 2 July 26 Aug. 19 Oct. 20 
7,655 __ ---- June 3 .\pr. ::o June I Juno 9 Aug. 2 ___ do ____ Ort. 21 
7,890_ June 4 l\lay l June C, 

Gambel oak: 
June 10 Aug. 9 ___ do ____ Oct. 20 

7,655 __ - :\lay 25 !\lay 2, June 17 June 5 Sept. 25 Oct. 10 Do. 

In some instances, delay in dates of development are not propor
tional to increase in elevation. These variations from the general 
tendency are due in part to differences in slope and exposme at the 
different stations. Thus, the \:l,000-foot elevational station (Bluebell) 
presents a northeast exposure, which smrounding mountains shade 
in the morning and in the evening. Snow remams there longer in 
the spring than is average for that elevation. Consequently, the 
dates at which developmental stages occur at this station frequently 
approximate those of the Alpine station, more than 1,000 feet higher. 
Average total plant height, or length of twigs in the case of browse 
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species, reached on May 1, May 15, June 1, June 15, July 1, and 
July 15 as determined for each species at different elevations, is given 
in table 7. 

TABLE 7.-Average heights of important .forage plants at various dates and at different 
altitudc.s, 1 .925-34 

Species anrl elevation ([eel) i\fay I \lay 15 June 1 June 15 July I July 15 1 

--- --- ---

Letterman needlegrass: 
7,150 _ _ _ ---
7,655 _ -------
8,45() ____ --- __ 
8,85() ____ --------- - --- -
9,000 __ ----- -- _ -- _ 
10,1()()_____ ------- __ -----------

Cm. Cm. Cm. Cm. rm. Cm. 
6. 6 11. 2 21. 8 29. 9 3fi. 2 38. 0 
4. 9 12. 7 19. 5 22. 2 29. 3 35. 4 
5. 4 6. 8 13. 4 19. 6 26. 4 30. 0 

'•I.! 8. 9 16. 2 23. 3 31. 2 
'9. 0 5. 7 12. 2 20. 3 30. 1 

2.8 6. 8 II. 9 18. 4 

\Vestern yarrow: 
7,15() ___ ---
7,655 --------------- -
8,45() ______ ------- __ 
9,000 __ -------
10,100 --------- _ --- _ -----------

Mountain snowberry:' 
7,655 ---------------------
8,450 _ --------- - -
8,85() ____ --- - --------- -

4 9 9. 1 16. 2 26. 2 30. 8 33. 9 
3. 9 8. 0 12. 9 20. 0 28. 4 31. 1 
I.! 4. 6 7. 7 15. 24. 2 29. 3 

.5 3. 5 7. 9 19. 0 28. 3 

------- ---------- 5. i 11.1 19. 9 

6. 0 6. 6 9. 3 13. l 20. 8 
4. 0 4. 7 8. 7 14. 9 18. 3 
3. 2 5. 1 11. 6 12. l 16. 0 

1 Further average height-growth data are not available because plant growth usually ceases soon after 
July l:i. 

2 A sin•zle measurement. 
3 1925 compari:;on not availqhJe. 

These data confirm the obvious assumption that height growth at 
any particular date decreases with increase in elevation. Thus on 
Jtme 1 average height of western yarrow at the Purshia station 
(7,150 feet) was 16.2 cm., and at BluebPll (9,000 feet) 011ly 3.5 cm. 
At Alpine station (10,100 feet) active growth does not ordinarily 
start until after June 1. Similarly, heights reached by Letterman 
needlegrass on June 1 were 21.8 cm. at Purshia station and 2.8 cm. nt 
Alpine. This snme tendency holds for other dntcs nnd for all spC'cies 
observed. Growth is more rapid, l1owever, at the higher than at the 
lower elevations, once it starts. Shortness of the growing season 
explains in part the failure of vegetation at high altitudes to reach an 
ultimate height equal to that u.ttainC'd forth er down the moun tnin ide. 

The avernge number of days bC'tWeC'n surcC'ssive stngC's of develop
ment lrns been dC'termined for <'nrh spC'ciC's at e,1ch eleYationnl zone. 
Dnta for thr<'e periods arc given for the more import,mt grasses an<l 
weeds in table 8. 

Tendency for growth to cn tch up during early growth stages at 
higher elevations is shown by a comparison of the number of days 
between developmental stages for the same species at different al ti
tudes. For each additional 100 fret of altitude, 0.2 to 1 day less is 
required after active growth inception for grasses to each "flower 
stalks in evidence." Sticky gernnium requires 38 days at Wiregrass 
station (7,655 feet,) and 011ly 22.5 days after growth inception nt 
Alpine station (10,100 feet) to rC'ach "flower buds in evidence." 
Catching up tends to decrease in succeeding stages. 

The period between "flower buds or flower stalks in eYidence" 
and "flowers in bloom" shows comparatively little variation between 
different elevations for the same species. A marked difference is 
apparent, however, between weeds and grasses, and even between 

131848°-39--2 
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weed species themselves. Sticky geranium requires l0ss than 24 
days for this period at the 8, 50-foot C'levation, while slender wheat 
grass requires more than 40 days. An examination of table 8 will 
show that similar differences exist at other elevations. 

TABLE 8.-Average number of days between stages of growth for important foragE 
grasses and weeds, 1925-31; 

Pniod required at ('1(_,,·ation or-
Growth inl('n·al and species 

7,655 feet 8,4.'>0 frrt 8, ,50 feet 0,000 fcrt 10,100 feet 

Active growth inception to flower stalks 
or flower buds in evidence: 

Slender wheatgrnss _________________ _ 
Mountain brome ___________________ _ 
Letterman neerllegrll!js ___________ _ 
Sticky geranium .... ________________ _ 
Western yarrow ___________________ _ 
Pentstemon. ______________________ _ 

Flower buds or flower stalks in evidence 
to flowers in bloom: 

Slender wheatgrass _________________ _ 
Mountain bromc _________________ _ 
Letterman need legrass___ _ _ _ _ __ _ _ _ 
Sticky geranium __________________ _ 
°"'es tern yarrow __________________ _ 
Pentstemon __________ _ 

Flowers in bloom to seeds ripe: 
Slender wheatgrass __ . __________ _ 
Mountai'l brome ___________ _ 
Letterman need legrass _ _ __ _ 
Sticky ~cranium _________ .. _ 
Western yarrow ________________ _ 
Pentstemon ___________ _ 

Dau, 

43. I 
38.0 
41. 8 

36, 2 
27,6 
34. 2 

29. 0 
31. 8 
.',1. 9 

Day, 
40. 8 

3fi. 7 
36. 8 
38. 3 

38. 9 

32. 8 
22. 0 
a4_ 4 

3!. 8 

31. 3 
45, 4 
56. 0 

Days 
34. 2 
29, 5 

32. 6 

40, 8 
38. 0 

23. 4 

35. r, 
28. 2 

37, 8 

nays 
31. 8 
30. 6 
30. 5 
24. 4 
32. I 
28. 7 

36. 5 
35. 9 
33. 5 
2~. 5 
2i. i 
26. 5 

37. 4 
32. I 
33 0 
36. 6 
54. 4 
52. 7 

Dm1s 
24. 0 
24. 3 
29. I 
22. 5 
26. 8 
26. 7 

36. 4 
36. 5 
3-1. 0 
31. 3 
25. 8 
27. 0 

38. 9 
39. I 
33. 7 
37. 3 
60, Q 
55. I 

Grasses show a tendency to lose out in the period between "flowers 
in bloom" and " eeds ripe." A longer period of time is required to 
reach "seeds ripe" at Alpine stfi,tion than at lower elevations, and 
the catching-up tendency evident in the earlier stages is counter
acted to some degree, so that the period from "active growth incep
tion" to "seeds ripe" is but little shorter at Alpine station than at the 
lower stations. This period varies in length from apprnximately 95 
to 105 days with an average of almost 104 days for all stations. 

RECORDS OF NORMAL DEVELOPMENT INDICATE CHARACTER 
OF GROWING SEASON 

By the use of height-growth and development records of key forage 
plants collected over a period of years, the stage of forage-plant 
development as of a particular date, may be judged on similar moun
tain ranges. 

For example, the 1935 height-growth measurements for Letterman 
needlegrass and we tern yarrow for various dates, when compared 
with the 10-year averages given in table 7 indicate that height growth 
of Letterman needlegrass for 1935 was less than average at all eleva
tions except at Purshia station (table 9). On May 1, growth was 
approximately normal at the lower elevations. By June 1, however, 
height growth was far behind the 10-year average and continued to 
drop behind throughout the sea on. A specific example may be cited: 
At Wiregrass station (elevation 7,655 feet) western yarrow had at
tained a height of 8.5 cm. on June 1, and Letterman needlegrass 12.2 
cm. These heights are practically identical with the 10-year averages 

I 

I 
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for May 15. Consequently, the condition of the range, as judged by 
the development of these plants, was at least 2 weeks behind normal 
on June 1. 

TABLE 9.-lncrease or decrease in average heights of 2 important forage plants at 
various dates in 1935, over the 10-year averages ( t 925-34), as gi11en in table 7 

S1,ccics and clevati011 (feet) May 1 May 15 June 1 June 15 July 1 July 15 
----------------,---- ---- ---- ---- ---- ----
Letterman need legra.ss: 7,150 _________________________________ _ 

7,655 _______________________________ •. 

8,450-·--·-·---------···········------
9,000 ---·------------··-----····-----
10,100 ___ ---·--------··-···-·-···-----

\Vestcrn yarrow: 

Cm. 
-I.I 

-.3 

Cm. 
-2. 7 
-4. 3 
-4.3 

Cm. 
+2. 2 
-7. 3 
-4. 4 
-4. 2 

7,\5Q __ ··------·-··-·······---·-······ +. I -2.1 -5. 7 
7,655--·-·--·-·--·-····-·-·-·-----·-··· +.1 -3. 0 -4. 4 
8,doo ____ ·-----·-··--····-·-·----·---·- ·-·-··--- -3. 6 -2. 7 
9,0QO ___ ·-----·-··--···-·---------··-- ---·---·-- -··-·-·--- -1. 5 
11.000___ _ ----- ----------·-- ---------- ·---·-·-- -···------

Cm. 
+5.1 
-3.9 
-6.1 
-4. 2 
-1. 4 

-10. 7 
-9. 5 
-8.3 
-1.9 
-1. 7 

Cm. Cm. 
+5.8 +5.o 
-7. 5 -10.8 
-5.4 -5. 0 
-6. 2 -12. 6 
-.3 -3. ,> 

-15. 3 -18.4 
-17 9 -20.6 
-16. 7 -21.8 
-9. 5 -13. 3 
-4. 1 -7. 9 

TABLE 10.-Schedule of indicators of range readiness for the Wasatch Mountains, 
based on principal range plants found in 3 vegetation zones of Ephraim Canyon 

OAK·BRUSH ZONE t 

Species Plant height or de- Current twig Flower stalks 
velopment growth or buds 

Grasses: 
Letterman needlegrass_. 6-8 inches.·-··------ ____________ _ 
Slender wheat~rass __ ·-·· -·---dO----·-··------ ···--·-·----
Mountain hrome ___ ·····- .do --·-··-·---- -----·------
Bluebunch wheatgrass_._ _.do-•·-·-··-·-··-····--····---
Muttongrass ___ -----····· _ -··---------·---···- --·········--

Weeds: 
\Vestern yarrow_________ 4 inches ________________________ _ 
Sticky geranium________ _ ___ do·--·-·----•-- ·····-··---· 
'l'ongueleaf violet ....... _. ---------·-·---·------ ·······---·--

Drowse: 

In evidence_ 
Not evident_ 
In evidence_ 
-··-do _______ _ 
Present_ ____ _ 

Bursting ____ _ 
Showing ____ . 
Full bloom. __ 

Mountain snowberry ... ,,-¾ in hmf... ______ 2-3 inches __ ····-··-··----
Gambel oak __________ _ Leaf buds bursting __ Starting___ --•---------
Birchleaf mountain·ma• 

hogany. 
,, in lea!. ___ ··-·---- None __ . ____ Bursting ___ _ 

Common servieeberry .. _____ do_····-·-··-·--- Starting___ _ ___ do _____ _ 
Bitterbrush_ -·-·-·--··- _____ do ..... ·--·------ None_·---·- -·--do _______ _ 

ASPEN·FIR ZO E 2 

Grasses: 

Other indicators 

No heads showing. 

Do. 
Do. 

Ileads fully out. 

Mountain brome ___ . __ . 
Slender wheatgrass--···· 
Letterman needlegrass .. _ 

6-8 inches.-··------- -·-·-----··- In evidence_. No heads showing. 

Weeds: 
\Vestern yarrow _______ _ 
Sticky geranium_. ____ _ 
Tonguelcaf violet ... _. __ 

Niggerheacl -·-------
Rydberg pentstemon ... _ 

Drowse: 
Aspen_._ ·----·---------
1\fountain snowberry ___ _ 
Common scrviceberry __ 

Ora.sses: 
Slender wbeatgrass_. __ _ 

Letterman needlegra.ss. __ 
Mountain brome.·---·---

Weeds: 
,vestern yarrow _________ _ 
Sticky geranium ___ .. __ _ 
Tonguelear violet----··· 

Rydberg pentstemon ___ ._ 

6 inches ...... ·-··--- -·---·-·---- __ ... do--.- __ Do. 
6-8 incbes_····-····· ·····•···---- __ ... do ________ Ileads low in boot. 

4 incbes·----····-·-- ·······-·--- Showing_. __ 
5 inches _____ ··------ ······-·---- Bursting __ _ 

---··-----·-·····---- ·-··-··--··-- Showing ___ _ 
--·------··-·-···-·-- ·····----·-- __ . __ do--····--

~, in leaf.. _______ ._ --·----·-···· ----·-·-·---·-
,', in leaf._ .. _______ 2 inches __ ._·-·---·-·--·---

Ileight or blooming 
over. 

Full bloom and leaf. ----·-------- -··-···-·------ Young fruit evident. 

SPRUCE·FIR ZONE• 

6-8 incbes_··---·-•-- -······ ____ In evidence_ 

6 incbes ..... ·-----·· ····--------- --··-------··-
8 inches.·-···········---··•··------···-···-·-·-

6 inches_··-·-----·---···--------- Bursting ____ _ 

Flower beads begin
ning to show. 

Do. 
Do. 

8 inches_ .. __________ --·---------- __ .. do ... _____ Some flowers in bloom. 
Height of blooming -··---------- -·--··----·--- Seeds ripening. 

past. 
Bursting_ .. __ Some flowers in bloom. 

1 Elevation 6,500 to 8,000 feet. 2 Elevation 7,500 to 0,000 feet. • Elevation 0,000 feet and above. 
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The stage of development attained by the key forage plants is also 
an important indicator of sea onal advancement of the growing season. 
For example, flower buds of western yarrow (table 5) and flower stalks 
of Letterman needlegrass (table 4) are normally in evidence at an 
elevation of 9,000 feet in Ephraim Canyon between June 15 and June 
29, and the IO-year average date is June 19. A comparison of the 
actual dates of appearance of these developmental stages with the 
average dates indicates the number of days the growing season is 
retarded or advanced beyond normal. Thus, reliable averages of 
height growth and appearance of developmental stages of key forage 
plan ts provides a basis for judging current plant development on 
mountain ranges. 

In the light of the longer time record of average plant-development 
data made available by this study, the schedule of range-readiness 
stages outlined by Sampson and Malmsten (13) for the Wasatch 
Mountains in Utah can now be revised for greater accuracy, as in 
table 10. In this revision the major forage plant with their respective 
stages of development that indicate range readiness have been listed 
for each of the three vegetative zones characteristic of Ephraim 
Canyon. This listing makes it possible to detect range readiness more 
accurately for each vegetative and zonal range. 

FLUCTUATIONS IN PLANT DEVELOPMENT FROM YEAR TO YEAR 

Marked variations occur in the date of appearance of each stage 
of plant development between "early" and "late" years, the minimum 
and maximum variation depending on the species, for example: 

Variation 
Grasses: (davs) 

Growth begun __________________________________ 20-45 
Flower stalks evident____ _ _______________________ 33-39 
Flower heads showing__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 25-35 
Flowers in bloom______ _ ________________________ 28-36 
Seedsripe_______________________________ _____ 35-43 
Seeds disseminated _______________________________ 41-55 

Weeds: 
Growth begun______ _ _______________________ _ 
Flower buds evident_ ___________________________ _ 
Flowers in bloom___ _ _________________________ _ 
Seed ripe _____________________________________ _ 
Seeds disseminated____________ _ __________ _ 
Plant dried __________________________________ _ 

Browse: 

28-50 
26-47 
26-42 
36-45 
35-62 
34-100 

Leaf buds bursting _______________________________ 27-46 
In full leaf_ ______________________________________ 30-35 
Flowers in bloom________________________ _ _ _ _ _ _ _ _ _ 28-38 
Fruitripe _______________________________________ 36-42 
Fruit dropped________________ _________________ 20-34 

Table 11, as an illustration, gives earliest a11cl latest dates at which 
certain developmental stages for grasses and weeds were reached at 
Alpine and Bluebell stations. 
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TABLE 11.~Extreme variation in the dates of growth stages of important forage 
grasses and weeds at 2 stations, 1925-34 

Snow dis- Flower Seeds Plant 
Station and species appear- stalks or Ileads Flowers Seeds dissemi- dried buds showing in bloom ripe ance evident nated up 

Alpine: 
Slender wbeatgrass ___ {May 4- June 10- July 8- July 18- Aug. 27- Sept. 20-

June 14 July 6 July 24 Aug. 16 Sept. 18 Oct. 5 
Mountain brome _____ {Apr. 23- June 9- June 24- July 5- Aug. 8- Sept. 9-

June 15 July 6 July 21 Aug. 10 Sept. 20 Oct. 11 
Letterman needle- {Apr. 1- May 19- June 18- June 24-- July 21- Aug. 1-

grass _______________ ,May 1 July 7 July 18 Aug. 5 Sept. 10 Oct. 2 
Bluebell: 

Western yarrow ______ tpr. 22- May 25- ----------- July 5- Aug. 15- Aug. 25- Sept. 20-
June 7 July 6 ----------- July 25 Sept. 23 Oct. 15 Oct. 15 

Sticky geranium ______ tpr. 23- May 21- ----------- June 30- Aug. 5- Aug. 15- Sept. 10-
June 7 July 6 ----------- July 25 Aug. 31 Sept. 16 Oct. 15 

Rydberg pentstemon_ { Apr. 22- May 23- ----------- July 5- Aug. 20- Sept. 10- Sept. 16-
,June July 6 ----------- July 21 Sept. 20 Oct. 5 Oct. 5 

Niggerbead __________ ___ do _____ { May 25- ----------- July 20- Aug. 20- Sept. 10- Aug. 31-
July l ----------- Aug. 15 Sept. 25 Oct. 20 Oct. 15 

The number of cloys between the earliest and latest date at which a 
developmental stage occurs varies with the altitudinal zone, being 
greater in the lower zones_ Greatest fluctuation is shown in the date 
when herbaceous plants become dry. For example, sticky geranium 
has shown an extreme variation of more than 3 months in the date 
of drying at Purshia station, while at Alpine station this variation 
has not exceeded 25 days during the 10-year period of observation. 
At higher elevations, plants usually dry up soon after seed maturity. 
At lower elevations, aftermath growth may, with favorable weather 
conditions, continue into late autumn or even until the vegetation is 
covered by snow. 

Measured growth increments of herbaceous and browse species 
show considerable fluctuations throughout the growing set.son and 
from year to year. Fluctuations in height growth and the extent to 
which they vary from average depend largely on current temperatures 
and precipitation and on the time when active growth begins. A 
comparison of the 1935 height growth of western yarrow at l:'urshia 
station (table 7) with the 10-year average shows that on May 1 height 
growth was slightly ahead of average. Throughout the remainder of 
the season it fell behind, until on July 1 it had about half of the growth 
ordinarily attained by that date. In the spring of 1933, active growth 
inception of practically all species was delayed to the extent that 
height development remained below average throughout the season. 
In 1934, the growing season began unusually early and the majority 
of species showed growth measurements greatly in excess of normal 
in the early part of the season. The influence of the drought of that 
year, however, later caused a marked decrease in growth rate with 
the result that plant heights and twig lengths at the end of the season 
were the lowest recorded. 

The extent of variation in height growth that occurs from year to 
year at different periods during the growing season is illustrated by 
the minimum and maximum height growth record of Letterman 
needlegrass at the different stations, as given in table 12. Variations 
in height tend, naturally, to become greater as the season advances. 
Thus, the greatest difference recorded between maximum and mini
mum height at Purshia station on May 15 was 23 cm; on June 15 it 
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was 26 cm; on July 15 it was 39 cm. Similar tendencies are shown at 
other stations and for other species. 

TABLE 12.-Range of minimi,m and maximum average heights attained by Letterman 
needlegrass at the 6 stations, 1925-34 

Station and elevation (feet) May 1 May 15 June I June 15 July 1 July 15 

------------1--- --- --- --- --- ---
Cm. Cm. Cm. Cm. Cm. Cm. 

Purshia, 7,150_____________________________ 0-19 6-29 14-32 15-41 15-52 15-54 
Wiregrass, 7,655___________________________ 0-13 5-15 13-23 18-34 26-47 28-59 
Snowbsrry, 8,4,IO__________________________ 0-10 I 0-14 
Headquarters, 8,850_______________________ __________ 0- 4 

!l~r~:.111o~i~:::::::::::::::::::::::::::: :::::::::: _ ---~-~-
7-22 14-34 n-~7 18-.o0 
6-12 13-18 20-25 21-42 
0-14 5-18 15-26 24-37 
0- 5 0-13 11-15 13-28 

PRINCIPAL CLIMATIC FACTORS AFFECTING PLANT DEVELOPMENT 

Sampson (12) in an earlier report covering the period 1913 to 1916 
indicated that: 

1. The rate of maturity of the plants decreases directly as the 
effective heat units decrease in passing from the oak-brush zone to 
the spruce-fir zone. 

2. The water requirement for the production of a unit weight of 
dry matter is greatest in the oak-brush zone, lowest in the aspen-fir 
zone, and intermediate in the spruce-fir zone. These relationships 
coincide with the intensities of evaporation. 

3. The total and average leaf length and total dry weight produced 
are greatest in the aspen-fir zone and less in the oak-brush and spruce
fir zones alike. The decreased production in the oak-brush and 
spruce-fir zones is in direct proportion to the evaporation. 

4. Stem elongation is greatest in the oak-brush zone, intermediate in 
the aspen-fir zone, and least in the spruce-fir zone, and appears to be 
determined largely by temperature. 

5. The production of dry matter appears to vary inversely with 
evaporation, although temperature appears to be important. The 
largest amount of dry matter per unit of leaf area is produced in the 
aspen-fir zone and the least in the oak-brush zone. 

The present study, conducted over a longer period of time and with 
special attention to the more readily measured climatic factors, cor
roborates these findings and yields additional facts on the influence of 
temperature, rainfall, and snow melt. 

TEMPERATURE 

Temperature influence is evident during all stages of range-plant 
development and appears to be more important than other factors in 
determining the rate of growth, which agrees with the findings of the 
earlier study. 

An inverse relationship exists between temperatm;e and the number 
of clays required by the plant to complete any particular stage of 
development. Temperatures higher than average are associa tecl 
with periods of development that are shorter than average and vice 
versa. The correlation coefficients given below indicate the relation
ship between devia.tions from the average mean daily temperature of 
the first 30 days in a developmental stage and deviations from the 
average number of days required to complete that stage (4, pp. 160-
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~ 97; 16). The coefficients rrre highly significant since the odds that 
~hey might occur by chance in uncorrelated data are less than 1 in 
100 (4, p. 196). 

Stage of development Correlation coefficient 

Active growth inception to flower stalks (or buds) evident 
(125 observations)_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -0. 500 

Flower stalks (or buds) evident to flowers in bloom (124 
observations)________________ __ __ _ __ ______ -. 531 

Flowers in bloom to seeds ripe (117 observations)________ -. 445 

Although these correlation coefficients, which express the inverse 
relationship that exists between temperature and the length of time 
to reach certain developmental stages, n1easure only about 25 percent 
of the influences affecting the rate of plant development, they clearly 
fodicate the great importance of temperature as a factor in the rate of 
mountain range-plant development. 

Each species of plant appears to show a specific reaction to tempera
ture. It has been observed that two species growing under apparently 
identical conditions show different responses. The relationship be
tween temperature and rate of development varies for the same species 
at different altitudes (table 13), probably because plants at higher ele
vations are subjected to different v,eather fluctuations. 

TABLE 13.-Comparison of temperatures e1,perienced at the same stages of plant devel
opment at differerit altitudes, 192.5-34 

Species anti elevation (feet) 

Slender wheatgrass: 
8,850 ________ ----- _ _ -- _ 
10,100____ _ ----------- _ • • . _ 

Mountain brome: 
8,850 ------------- --- - -10,100___________ --- __ 

Letterman needlegrass: 
7,655 - - - ----- ---- ---
10,100 ------ _ --- _ 

Western yarrow: 
7,655 _ -- ------- ----
10, 100 -- ------------ -

Sticky geranium: 
7,655 ----------- ----- __ 
8,850 ----------- __ --- _ 
10,100 ----- _ ------- _ 

1'1ountain snowbcrry: 
7,655 ----- __ 
8,8.50 ------- --- _ -

Average mean daily temperatures for 30-
day period followmg-

Snow disap- Flower stalks Flowers in 
pea ranee evident bloom 

OF. 0 },', •F. 
47. t 56. l 59. 3 
·18. 3 54. 2 53. 6 

46. 8 55. 2 60. 0 
4,. U 53. 7 54. 4 

42. 3 56. 4 65. I 
45. 5 54. 2 54. 8 

,13, 8 51. I 64. 2 
46. 8 54. 7 54_ 5 

43. 9 56. 8 62. 5 
45. I 55. 4 59. 9 
48. 4 53. 9 55. 5 

43. 7 ------- ---- 64. 3 
47. 0 ----- ------- 60.4 

AL lower altitudes growth begins early in the season, when the plant 
is subjected to unsettled weather conditions and low average tempera
tures. At higher eleYations inception of growth is delayed by the snow 
cover, with the result that higher temperatures prevDil when growth 
begins. Average mean daily temperature for the first month following 
growth inception is approximately 3° F. higher at Alpine station than 
at Wiregrass station. It is likely that this inversion of temperature 
during early growth stages is partly responsible for the catching-up in 
growth and development that occurs at higher altitudes. 

Following "flower stalks in evidence," temperature inversion disap
pears and average mean daily temperatures are lower at Alpine station. 
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This doubtless is onr of the fnctors tl1:1t slows 11p the rnte of growth 
nnd development of plants u t Jiighrr ('h,vations d 11ring the prriod from 
"flowers in bloom" to "seeds ripr." 

RAINFALL 

Influence of rainfnll on plnn t clevelopmen tis not so readily measured 
as is tbe influence of temperature, o"·ing to tho complex interrelation 
of precipitation and other climatic fnrtors. .Howrvrr, as already 
noted, at the time of snow clisappearnnce and during the early part of 
the growing season, soil moisture is at a maximum; consequently, 
current rainfall appears to have little influence on rate of plant develop-

~10f-------,------,----+--/'-+"-.---"<---!----+---+--~~/-jl,---! 

\, / ~ / -+-\-+----I 

_/ -----V MAY 26 "' /i \ 

-- Spruce- fir zone --- Aspen- f,r zone 

--- Oak- brush zone 

FIGURE 2.-Date of snow disapp0arance at three ell'vational iorH·s in Ephraim 
Canyon, Utah, 192;'i-34. 

mont early in the sea. on. In the latter part of the growing season a 
significant relationship appears to exist between current precipitation 
and rate of plant development. 

The number of days roq uirod for seed ripening following "flowers in 
bloom" is generally less than average when precipitation, which influ
ences current tempernturos, is lower than avrn1ge, and vice versa. 
In 1925, when rainfall was nonnnl, seeds of slender wheatgrass ripened 
in 36 days at the 8,850-foot nltitude. In 1926 when rninfull was 
deficient, time of ripening was reduced to 26 days. In 1929 with ex
cessive rainfall, seeds required 47 days to ripen. All other herbaceous 
species show similar tendencies. 

Distribution as well as the amount of precipitation during the 
period following ".flowers in bloom" influences the rate of seed ripening. 
Excessive rainfall in the early part of the period may have little 
effect if no rain falls in the latter part. On the other hand, moderate 
rains distributed evenly over the period preceding seed formation may 
delay seed maturity for 2 or 3 weeks. 

DATE OF SNOW MELT 

The date when winter snow disappears, which fluctuates widely 
from year to year (fig. 2), is determined principally by the depth of 
snow accumulation during the winter and by wind movement and 
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temperatures during the period of melting (3). Since active growth 
does not begin until the snow cover has disappeared, the growing 
season is early, late, or normal-depending on the time when snow 
disappears. Variation in the depth of accumulation at different 
altitudes may result in an early season at one elevation and a late 
season at another. The degree of delay in vegetation development 
caused by increased altitude is governed, to a considerable extent, by 
the disappearance of snow from the mountainside. 

The date of snow disappearance is related not only to the beginning 
of active growth but also ordinarily reflects the progress of the entire 

F 312770 

FIGURE 3.-Snow disappearing at Headquarters station in the aspen-fir zone. 
Active growth of the important range plants begins almost immediately after 
winter snow disappears. 

growing season (fig. 3). Seasons which begin early, late, or normal 
tend to remain early, late, or normal throughout the growing period, 
except as extremes in seasonal temperature and rainfall may exert a 
counter influence. Plants delayed in early growth may catch up 
later in the growing season to stages of normal development if above
average temperatures and well distributed precipitation follows. 
Conversely, unfavorable weather conditions-chieI-iy low tempera
tures--may retard the rate of development of vegetation of which 
the early growth was ahead of normal. The general tendency, how
ever, is for vegetation to maintain the trend of development established 
early in the growing season. 

Figure 4 shows the close relation of the date of snow disappearance 
to the dates of occurrence of plant-development stages as illustrated by 
mountain brome at the 8,850-foot elevation. Two important stages, 
"flower stalks in evidence" and "seecls ripe," have been used for 
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purposes of illustration; "flower stalks in evidence" is a developmental 
stage useful in determining range readiness; "seed ripe" is a useful 
criterion for determining the da to when deferred grazing may begin. 
The date of appearance of flower stalks is, on the average, nearly 33 
clays and the ripening of seeds nearly 99 days later than the date 
when snow disappears in the spring. 

A few exceptions to the general rnlationship between snow melt and 
subsequent plant development may be noted in figure 4. The 1925 
growing season, for example, began enrlier than normal but ended 
later than normal. This marked divergence from the usual trend 
was due, in part, to above-normal rainfall received during the latter 
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--Snow melt ----Flower stalks evident 

---Seeds ripe 

FIGURE 4.-Dates of &nuw meli and subsequent developmental stages of mountain 
brome, 1925-34, elevation 8,850 feet. The straight line denotes the 10-ycar 
average. 

growth stage. High temperatures during the late growing season of 
1932 resulted in tJrn growth stage "seeds ripe" being slightly ahead 
of normal even though the elates of snow melt and active growth were 
below. In the main, however, the relationship of snow melt to growth 
stages is sufficiently uniform to emphasize the value of judging later 
plant development. 

The association between the date when ·winter snow disappears 
and the date when subsequent developmental stages of grasses and 
weeds occur may be expressed by correlation coefiicionts prcsen ted 
in table 14. These correlation coefficients are, in most instances, 
based on 10 pairs of observations, although occasionally only a 
9-year record was available. Although the rn.1.,.11ber of samples i 
small, the fact that the coefficients are all positive and the odds in 
nearly all cases are loss than 1 in 20 that they are clue to clrnnce 
indicates that the relation is ret1l. Correlation coefficients, calcu
lated for stages other than those given in table 14, show the same 
relation. 

I 

I 

I 
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TABLE 14.-Correlation coefficients expres.~i11g the relation between the dale of snow 
disappearance and each of the 8 subseq11enl growth stages of important forage 
grasses and weeds 

Species and elovalion (feet) 

Slender wheatgrass: 
8,450_________________ --- ------- _ _ -- __ 
8,85() _______________________ -- --- --- -

9,000----------- ----- - - -- - - • ------- . 
10,100 ___ -- ----------- _ --- _ _ _ ---- • ----- __ ·--

Mountain hrnme: 
8,85() ________________________ ----- . ---·-·-·------- -
9,000 ______ ··--· ---
10,100 '··· ·---- ---- _ --- ··--- ----- ---· - - - -

Letterman necdlce-rass: 
8,450 '·· ------- . -- ------------9,000 ____________ -- ·- -

10,100. ---------------------· - --· 
\Vestern yarrow: 

8,45()_____ ----------· 
9,000• .... ------ ----- ···-- •-- . 
10,100 ____ ·····-···-···-···--··---· . 

Sticky geranium: 
7,655. ________________ -·-----·----- •- --
8,85(). _________________ --------- --- . - - - -- -
9,000 ____________ -----------·- --· --· ---- ·-·-- -
10,100.---------· ---------·-----·· - --- - ---

n yd berg pentstemon: 
9,000 ___________ --- - ----· . -
10,100. __________________________ -

Niggerhead: 8,85() ______________________ . 

9,000----------

Flower stalks 
or buds 
evident 

I +O. 722 
+. 791 
+. 71~ 
+.8h3 

+.886 
+. 787 
+. 82~ 

+. 690 
+.8~0 
+. 71\ 

+.897 
+.936 

(+. 620) 

+. 1n2 
+. 841 

I +.918 
+. 59 

+.016 
+. 963 

(+.496) 
+. 743 

Flowers in 
bloom 

• (+O. 0) 
+. 792 
+. 691 

+. 68 
+.919 
+.889 

+.84\ 
+.907 
+.865 

+. 765 
+. 780 

2 (+.184) 

+. 66~ 
+. 82~ 

2 +. 650 
+. 706 

+. 760 I+. 742 

+. 636 
+. 705 

Seed ripo 

2 +0.815 
+. 838 

I+. 666 

+.820 
+. 780 
+.868 

(+. 615) 
+. 667 
+. 32 

+.869 
(+. 627) 
(+.354) 

+. 639 
+. 638 

+. 635 

+. 764 
I+. 667 

+. 703 
+. 744 

8-year record. 
9•year record; parenthesis indicates correlation not si~nifieant. Level of significance for p=0.05; 

11~10. r=0.632; for n=9, r=0.666; for 11=8. r=0.707. 

For the browse species f1 positiYc corrclnticn also exists between 
the date of snow disappearance n ncl the dates at which develop
mental stages are reached. The correlation coefficient showing this 
relation with respect to the dn,te when flower buds are swelling is 
+0.694 for mountain snowberry at Headquarters (8,850 feet) sta
tion (the significant value in this case for odd of 1 in 20 that the 
correlation may be clue to chance i 0.602). Common serviceberry 
shows higher correlations for tl1e same tage of development, +0.824 
and +o.868 for Wiregrnss (7J\55 feet) and Snowberry (8,450 feet) 
stations, respccti vely. 

FORECASTING RANGE-PLANT DEVELOPMENT FROM DATE OF 
SNOW l\lELT 

By the use of the original data on which the correlations shown in 
table 14 are based, mathenrntirnl Pxpressions of the snow melt-plant 
development relationships (regression equations) 4 were determined, 
as in figure 5 (4, 16). These equations give the mean date of each 
developmental stage at any date of snow disappearance. 

From figure 5 the regression functions appeared to be linear and 
hence straight-line regression were fitted. By the u e of the regres
sion charts (fig. 5) developed from the regression equations, reliable 
forecasts of range-plant development may be made. 

'On the basis or a high relationship e,isling between two factors, ii one factor is known the otber may 
be calculatecl within a high degree of accuracy. That is, because of tho high relationship that exists be
tween the date or snow disappearance on mountain ranges and the subsequent development or mountain
range forage plants, and on tho hasis or past records, ii the dale of snow disappearance is known the average 
date of any subsequent developmental stage or the plants can be ralculated. 
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NUMBER OF DAYS AFTER APRIL 1 WHEN SNOW MELTS 

FIGURE 5.-Relationship between the date of snow melt and the dates of occur
rence of phenological stages of various forage plants as shown by regression 
charts. The regression lines show the average relationship. Dots indicate 
the actual observations noted during the past 10 years. The equations are 
the equations of the regression lines. When a vertical line is drawn to the 
regression line from the date of snow melt in terms of the number of days 
after April 1 on the X axis, a horizontal line from this point will mark on the 
Y axis the average date when the developmental stage will occur. 



TABLE 15.-Deviations of predicted dates and of JO-year-average dates from actual 1ecorded dates of plant-developmant stages, 1935 growing 
season 

Date 

Date flower stalk 
evident, aC'tual 
and predicted 

Drviation of-
Date flowers in 

bloom, actual 
and prcd ictcd 

Deviation or-
Date seed ripe, uc

t ual and pre• 
dieted 

Deviation of-

Species aud station snowdi"l• 1--------·l---------l---------1---------l·---~----1----~---
appeared 

.-\ctual Pre• 
dieted 

Regres· lO•year 
sion a vera~r Actual Pre• 

dieted 
Regres· JO.year 

sion a veragc- .-\ctual Pre• 
dieted 

Regres· IO.year 
sion a veragc 

-----------------1---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
Slender wheat.grass: 

Headquarters ...................... . 
Bluebell. ............................ . 
Alpine .....................• ·-········ 

Days Days Days Days Days Days 
ll[ay 22 June 22 Jnne 19 3 13 July 29 July 23 6 10 Sept. 2 .\ug. 31 2 8 
June 3 June 29 June 28 I 8 ... do ..... July 24 5 2 Sept. 12 Sept. 13 I 9 
June 14 July 1 July 1 0 10 Aug. 5 July 31 5 9 Sept. 15 ... do ..... 2 10 

Mountain brome: 
II eadq uarters ........................ . 
Bluebell ................... ··-······ .. 
Alpine ........ ·-······················ 

May 27 June 19 June 23 4 12 July 21 July 21 0 7 Aug. 13 Aug. 21 8 1 
June 5 June 29 June 29 0 10 July 28 Aug. 4 7 3 A•Jg. 31 Rcpt. 5 5 5 
June 12 June 30 ... do ..... 1 8 ... do ..... July 27 I I Sept. 15 Sept. 16 1 10 

Letterman necrtlegrass: 
Wiregrass 1 .......................... . 
Snow berry .......................... . 
Bluebell .................. . 
Alpine ........... ·-·······•-··--··-· . 

Apr. Ii -------------------- -------------------- ---------- ---------- -------------------- Aug. 5 Aug. 3 2 3 
s\lRy 14 June 19 June IO 9 16 July 10 J11ly II I 4 .. do .... Aug. ~ 4 1 
Juno 3 June 27 June 20 2 8 July 27 July 27 0 6 Aug. 20 Aug. 31 11 3 
June 6 .. do ..... June 27 0 6 . .. do ..... Aug. 1 5 2 Aug. 22 Sept. 7 16 6 

Sticky geranium: 
Wiregrass ........................... . 
Headquarters ....................... . 
Blucbell 1 ••••••••••••••• _ ••••••••••• _. 

Alpine_·················-············· 

Apr. 30 May 30 June 5 6 1 June 20 July 3 4 3 Aug. 3 Aug. 7 4 ~ 

May 22 June 10 June 21 11 5 July 2 July 12 10 4 Aug. 5 Aug. 12 7 0 
June 3 June 20 June 24 I 7 July lo July 16 l 5 ---------- ---------- ---------- ----------
June 13 June 23 July 3 JG 4 July 18 July 27 9 2 Aug. 26 Sept. 7 12 

W estrrn yarrow: 
Snow berry .......................... . 
Bluebell ............................. . 

May 8 June 15 June 15 0 9 .July 15 July 15 0 5 Sept. 5 8ept. II 0 1 
June 3 ---------- ---------- --------- ---------- July 23 July 22 1 B Sept. 12 Sept. 19 7 4 

Alpine 1 •••••••••••••••••••••••••••••• June July 8 June 29 9 13 ---------- ---------- -- - ------ ---------- ---------- ---------- --------------------
Pentstemon: 

Blucbe!L ... ··-· ··-·· ............... . 
Alpine .... ••··········-··············· 

June 3 June 25 ... do ..... 8 July 15 July 18 3 2 Sept. 10 Sept. 17 7 5 
June 5 June 29 June 30 8 July 17 July 22 5 l Sept. 13 ... do .... _ 4 2 

Nigger head: 
Headquarters 1

• ·-···················· 
BluchclL ........................... . 

May 21 -------------------- -------------------- ---------- ---------- -------- - ---------- Sept. 10 Sept. 11 8 

June 3 June 20 Juae 30 10 Aug. 5 Aug. 10 1 Sept. 15 Sept. 16 7 

1 Past records not sufficient to make prediction in all stages. 

1:-,.:) 
J-' 
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To show the accuracy of this method 0[ forecast, the foilowing 
example is cited: At Snowherry station (elevation 8,450 feet) snow 
disappeared in 1935 on May 14. On tile basis of the determined re
gression equation for Letterrrnm necdlegrass at that station it was 
calculated that flowers would bloom for that species on July 11. Ob
servers in the field recorded the actual <late as July 10. 

To check the reliability of the regression method of forecasting 
future development of mountain range plants from the date of snow 
melt, phenological observations were continued in Ephriam Canyon 
during the 1935 field season. ,v11en snow disappeared at each plant
development station, U1e da,les of developmental stages of ·various 
fomge plants were predicted, and throughout the growing season the 
actual dates of appearance of the predicted <levelopmental stages were 
recorded. Deviations of the predicted elates from the actual elates 
recorded are shown m table 15 The majority of estimates based on 
the regression method approached the actual recorded elates much 
more closely than estimates based upon the 10-year avera~e, except 
in the case of sticky geranium, which has the greatest variability of 
the plants observed. 

As a further test of the relin bility of such a forecast, approximately 
50 locations at the head of Ephriam Canyon were staked before the 
beginning of the 1935 growing season. These were scattered over an 
area 216 miles long and one-fourth to one-half of a mile wide, within 
altitudinal limits of 9,000 and 10,000 feet. Date of snow disappear
ance was recorded for each locn,tion. ,vhen plants that appeared at 
each station were large enough to be identified by their vegetative 
characters, a forecast was made as to the elate when various develop
mental stages would occur. Most of these forecasts were based on 
regression equations obtained from the Alpine station, since the ma
jority of these areas approximated that degree of slope, exposure, and 
elevation. Deviations of the predicted elates from actual elates, given 
in table l 6, show that the elates based on the regression method of 
forecasting agreed favorably with the actual elates recorded. 

TABLE 16.--Average deviations of predicted dates from actual dates for developmental 
stages of important forage plants, Ephriam Canyon, 193.5 

Flower Flower 
stalks Flow·ers Reeds ,talks Flowers Seeds Species or buds in ripe Species or burls in ripe in e,·i- bloom in evi- bloom 
dence dence 

-- --- -- --
Days Days Days Days Days Days 

Slender wheatgrass .... 0 8 I "- es tern ~'arrow _____ .. 2 2 4 
Mountain brome ____ 2 3 7 Sticky geranium ___ ----- 4 10 5 
Letterman needlegrass I 5 2 Penlstemon ____ 8 4 JO 

Even in "early" or "late" years, developmental stages of forage 
plants were predicted by the regression method from 3 weeks to more 
than 3 months in advance with reasonable accuracy. 5 Moreover, 
developmental stages during the latter part of the growing season were 
predicted with nearly the same accuracy as were the earlier stages. 
During the early growth period, extremes in weather nuctuations may 
cause a deviation, but as the season advances this digression tends to 

• Standard error, 3 to 8 days. 
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be compensated by opposite extremes. Thus, the regression method 
may be considered a practical one for forecasting range-plant develop
ment. 

DETERMINATION OF GRAZING PERIODS 

IMPORTANCE OF PROPER DEVELOPMENT OF KEY FORAGE SPECIES 

As demonstratecl by the developmental data each individual 
species of mountain range forage plants has its own peculiar rate of 
growth and development. This rate of development varies rather 
widely both within and between each class of vegetation; the greatest 
variation occurring between the developmental stages of weeds and 
browse. Moreover, each developmental stage of each vegetation.class 
has its own specific rate of development; the early stages of growth 
are completed in more rapid order than the later stages. It is there
fore necessary not only for practical purposes of grazing management 
but also for assurance of sustained forage production in future years 
to base the determination of grazing periods of mountain ranges on 
the growth and development of the more important key forage 
species. Inasmuch as the perennial grasses are more stable and su
perior as forage plants (13), are better watershed covers (2, 5, 10) 
and generally furnish the bulk of the feed for livestock on mountain 
ranges, grazing periods, in the main, should be based on the growth 
and development of the important more palatable grass species. 

The key forage grasses in Ephraim Canyon are Letterman needle
grass, mountain brome, and slender wheatgrass; Letterman needle
grass being more common in the oak-brush zone and mountain brome 
and slender wheatgrass in the aspen-fir and spruce-fir zones respec
tively. When the majority of plants of these grasses are 6 to 8 inches 
high, flower stalks are evident in the two lower zones, and flower heads 
showing in the upper zone, the associated weed and browse species 
either because of greater development, lower palatability, or of 
limited occurrence may also be grazed. 

As indicated from the tables of average growth and development of 
plants (tables 4, 5, and 6), the opening of the grazing season in Eph
raim Canyon should be 10 to 14 clays later for each 1,000-foot increase 
in elevation. This average rate varies for each vegetation zone, 
depending on the rate of development of the key forage grasses, 
being approximately 10 days for the oak~brush, 14 clays for the aspen
fir, and 12 clays for the spruce-fir zones. Also, shaded north-facing 
slopes, especifl lly in the aspen-fir zone, frequently require an a<lditional 
10 days to reach similar development of the zone as a whole. In 
general, however, the rates are in line with the estimate of Sampson 
and Malmsten (t3) of 18 days for north exposures, 11 days for south 
exposures with an average of 14 clays per 1,000 feet for the ·wasatch 
Mountains, and J. L. Peterson's 6 estimate of 10 to 14 days for Wash
ington and Oregon contained in an unpublished report. In another 
unpublished report,7 Arnold R. Standing gives approximately 10 clays 
per 1,000 feet on the average for the lntermountain region. 

The practical application of this knowledge requires adequate con
trol and seasonal distribution of livestock, so as to adjust grazing use 
to correspond to the proper development of the forage plants within 
the elevational zones. Too often cattle are permitted to drift to the 

' Forest Service flies. 
1 Covering the vational forests of southern Idaho, southwestern Wyoming, Utah, and Nevada. 
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higher ranges before the forage plants are ready for grazing, causing 
severe damage to the plant coyer. Drift fences to protect elevational 
ranges from livestock until the forage plan ts are ready for grazing are 
useful in preventing cattle from drifting to the higher ranges in tho 
spring. Effective distribution within the vegetation al zones, however, 
requires the placement of salt so as to protect north-facing slopes until 
they are ready for grazing and to draw cattle from parts of the range 
where they naturally congregate to those ordinarily less used. Riding 
to place cattle at new salting places and later to see that they do not 
excessively concentrate is equally important. Such livestock-manage
men t pmcticos, now in rather general use, have been discussed by 

'<I 20 

§ 
--, 10 

-- Spruce-fir zone (slender wheotgross) 

-·-Aspen-fir zone (Letterman needlegross) 

- - - Aspen- fir zone (mountClm brome) 

~ 20 · day margin 

FrGURE 6.-Fluctuation of date of range readiness in three vegetation zones in 
Ephraim Canyon, Utah, as demonstrated by development of three key forage 
grasses, 1925-34. 

Chapline and Talbot (1), Sampson and Malmsten (13), Jardine and 
Anderson (8), and others. 

Sheep, since they are ordinarily under herd, can more readily be 
held within vegetational zones during periods when the feed can most 
effectively be grazed. 

Because of the need in livestock-grazing operations for some de
pendable criteria on which to base the start of grazing periods and to 
make partial adjustment for the yearly variation in range-plant de
velopment, the average date of range readiness has been used as a 
guide to the opening of the grazing season on many national-forest 
ranges. Sampson and Malmsten (13) on the basis of their study set 
the average opening dates for the three vegetative zones in Ephraim 
Canyon as: oak-brush, May 20; aspen-fir, June 10; and spruce-fir, 
July 10. The results of the present more extended study show the 
average dates of range readiness for the three vegetative zones, based 
on the key grass species, to be: oak-brush, May 21; aspen-fir, June 11; 
and spruce-fir, July 7 (fig. 6), thus closely approximating the earlier 
findings. 
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Opening the various elevational ranges to grazing on the average 
dates of range readiness would have resulted in premature grazing in 
a number of years. The actual date of range readiness was later than 
average 3 out of the 10 years in the oak-brush zone; 5 out of 10 in the 
aspen-fir, and 4 out of 10 in the spruce-fir zone; the delay being more 
than 15 days later than average in 1 year in all zones (fig. 6). On the 
other hand, range readiness was markedly earlier than average in an 
equal number of years in each zone, and in the aspen-fu· zone range 
readiness was reached more than 15 days earlier than average in 3 of 
the 10 years. 

Premature, or too early, grazing not only damages the important 
forage plants, resulting in a reduction of the grazing capacity of the 
range (8), but also impairs watershed values (5), and this, if allowed to 
continue, will undermine the permanent welfare of the communities
or individuals depending upon the range resource. Thus, to prevent 
the infliction of permanent injury to the important forage plants by 
premature grazing in late years as well as to permit the utilization of the 
feed produced in early years, it is advisable to vary the opening of the 
the grazing periods on mountain ranges from year to year in accord
ance with the yearly development of the forage plants. However, the 
benefits of applying this system can be obtained only when proper 
numbers of livestock are grazed on the range. 

PREDICTING OPENING OF GRAZING PERIODS FROM DATE OF SNOW MELT 

The date of disappearance of winter snow from the mountain side, 
which frees the forage plants and allows them to start active growth, 
offers a practical basis for varying the opening of grazing periods on 
mountain ranges. This date can be considered a reliable base in 
similar regions characterized by a permanent winter snow cover and 
a definite summer growing season. On the basis of the high relation
ship between the date of snow melt and the subsequent seasonal 
growth and development of the mountain-range plants as described 
in the preceding sections, practical predictions of range-plant develop
ment can be made. 

By the snow-melt, piant-development regression method, the date 
of range readiness of the key forage plants common to the various 
mountain vegetative zones can be forecast when the permanent winter 
snow disappears from the zones, and there is then ample time (an 
average of 33 days in oak-brush, 36 clays in aspen-fir, and 42 days in 
the spruce-fir zones) for both the livestock operator and range ad
ministrator to lay definite plans, or make any adjustments in previously 
made plans, for the approaching grazing season. Moreover, late stages 
of plant development, such as seed maturity, can also be forecast 
with accuracy at the date of snow melt, thereby enabling the range 
administrator, before the grazing season opens, to set up grazing pe
riods for the entire grazing season, including dates for deferred grazing. 

Varying the opening of the grazing season to meet actual range 
readiness from year to year by the snow-melt, plant-development re
lationship, however, will make it necessary for the livestock operator 
to reserve a minimum of 5 to 10 days supply of feed each year, over and 
above the amount necessary to feed the livestock to the average 
date of range readiness. This surplus will serve as insurance for the 
satisfactory condition of the livestock in late years, when, if they 
entered the range on the "average date of range readiness," they would 
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be short of feed. Feed saved by admitting livestock on the range 
ahead of the average opening date in early years can be held over and 
will compensate for the reserYe feed necessary in late years. 

In the oak-brush and spruce-fir zones the actual elates of range 
readiness fell within 5 clays of the average date in all 10 years of the 
study except one-the abnormally late year of 1933. The key grasses 
in the spruce-fir zone in 1934 did not reach normal range-readiness 
height until a later date, but they were sufficiently developed other
wise, within the 5-day margin. In the aspen-fir zone, the date of 
range readiness fell within 10 days of the average date of range readi
ness in all years except two, 1929 and 1933; the year 1929 being only 
a day or so later. The damage due to a few days early grazing in 1 
year out of 10, providing the soil is not so wet as to cause severe 
trampling and uprooting of the plants by livestock, will not be 
marked and will be amply compensated by protection in the other 
years. 

Use of the snow-melt-forecast method is also predicated on the 
availability of plant-development records for the key forage plants on 
the range. Many national forests htwe and now maintain such rec
ords. These should be continued and analyzed by the regression 
method for the purpose of forecasting range-plant development. 
Only the dates of snow melt and of those developmental stages of the 
plants by which grazing use is regulated need be noted, such as the 
stages indicating range readiness, time to defer grazing, and the end 
of the grazing periods. A 10-year record of such data providing they 
are truly representative and valid will afford reasonably accurate 
predictions and even fewer may serve. Accurate plant-development 
records taken on representative vegetational zonal ranges of a na
tional forest will offer a basis for forecasts of forage development for 
similar zones for the entire forest, even though there may be local 
changes in topography, vegetation, and climate throughout the forest. 

¥There it is not practical from the livestock opP.rator's standpoint 
to vary the opening of the grazing periods from year to year, it will be 
necessary to establish grazing dates sufficiently late to prevent pre
mature grazing. This necessitates delaying the grazing season on 
mountain ranges beyond the average date of range readiness. Con
servative opening dates, or dates when the important forage plants 
will actually reach range readiness in most years, for the three vegeta
tive zones in Ephraim Canyon and similar mountain range types are 
oak-brush zone, May 26; aspen-fir zone, June 21; and spruce-fir zone, 
July 13. These are 5 days later than the average date of range readi
ness in the oak-brush and spruce-fir zones, and 10 days later than 
average in the aspen-fir zone. 

Where the three vegetative zones constitute one summer grazing 
allotment, as is usually the case on most intermountain national-forest 
ranges, the variation of the elate of range readiness in the middle and 
upper zones, once livestock are admitted to the lower zonal range, 
may be adjusted by varying the length of the grazing period in the 
low range. Handling and distribution of livestock to correspond to 
proper seasonal forage development within a range w1it as well as 
the time for the close of the grazing season in the fall have been dis
cussed by Jardine and Anderson (8) and Sampson and Malmsten (13). 
Where the zones are u ed separately, the opening elates outlined in 
the preceding paragraph should be adhered to unless weather and 
plant development records dictate otherwise. 
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SUMMARY AND RECOMMENDATIONS 

To determine proper opening grazing periods of mountain ranges 
it is important to know (1) tl1e normal growth and development of the 
principal forage plants at different attitudinal zones, (2) the fluctua
tion in seasonal growth and development of the plants from year to 
year, and (3) knowledge of the more rcadily measured climatic factors 
related to the growth and development of the plants. Observations 
and measurements of weather and range plant development in 
Ephraim Canyon, Utah, by the Great Basin branch of the Inter
mountain Forest and Range Experiment Station during the 10-year 
period l 925-34 furnish information on these problems. 

The vegetn,tion in Eplm1im Canyon within the elevational limits 
of the study is of three major types or zones: Oak-brush, 6,500 to 
8,000 feet; aspen-fir, 7,500 to 9,000 feet; and the spruce-fir, 9,000 feet 
nnd above. 

Tempernture and precipitation vary between zones, average 
monthly temperatures being 42.6°, 38.0°, and 32.5° F. in the lower, 
middle, and upper zones respectively. Average annual precipitation 
for the same zones are 17 .51, 29.48 and 28.01 inches. 

The average length of the growing season for different elevations in 
Ephraim Canyon arc 7,000 feet, 175 clays; 8,000 feet, 160 day ; 
9,000 feet. 145 clays; 10,000 feet, l 25 days. 

It is notable that each individual species of mountain range forage 
plants has its own specific rate of growth and development; the rate 
varying both withii1 and between each class of ·rngctation. The 
greatest variation occurs between weeds and browse species. :More
over, each developmental stage of each vegetation class has a specific 
rate of development, earlier growth stages develop more rapidly than 
later stages. 

The rate of development varies with altitude, being delayed from 
1 O to 14 days for each 1,000-foot increase in elevation. Height 
g·rowth at any particulnr elate decreases with increase in elevation 
largely due to higher average temperatures at the lower altitudes. 
However, growth is more rapid at higher than at lower elevations, 
once it starts, owing to more even and favorable temperatures during 
the early growth stages. On the other hand, a longer period of time 
is req uirecl to reach seeds ripe at the higher than fit the lower elevations 
due in fart to lower average temperatures and in part to increased 
seasona rainfall during the period of development at the higher 
elevations. 

Marked vfirifition also occurs in the rate of growth and development 
of the plants from year to year. The start of active growth of grasses 
from one year to the next, for exnmple, has varied as much as 4,5 clays. 
Likewise, the elate when the key grnsses reach range readiness-when 
they are 6 to 8 inches-varied as much as 47 clays from one year to the 
next in the aspen fir zone. Similar variations occurred for other 
classes of vegetation and for all stages of development. Such varia
tions are different for each zone; being greater in the lower zones. 

Temperature influence is evident during all stages of plant develop
ment but especially appnrent during the early stages of growth, 
extending to the time flowers are in bloom. Temperatures higher 
than average are associated with periods of development that are 
shorter than average and vice versa. 
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During the later growth stages, precipitation, soil moisture, and 
evaporation assume importance, and may become limiting factors. 
Fewer days are required for seed ripening when rainfall is low, and a 
longer period when rainfall is excessive and evenly distributed. 

Start of active growth in the spring follows immediately after the 
date of snow melt. When snow melts early, the active growing season 
is early and vice versa. Moreover, the progress of the entire growing 
season was found to be related closely to the date of snow melt. 
Seasons which begin early, late, or normal, depending upon the date 
of snow melt, tend to remain so throughout the growing period. 

Variation in the depth of snow accumulation at different altitudes 
may result in an early season at one elevation and a late season at 
another. The degree of delay in vegetation development caused by 
increased altitude is governed, to a considerable extent, by the rate of 
disappearance of snow from the mountain side. 

On the basis of the significant snow-melt, plant-development rela
tionship within the vegetational zones, practical forecasts of range
plant development were made. Developmental stages of important 
forage plants were predicted with reasonable accuracy from a few 
days to more than 3 months in advance from the date of snow melt. 
The method of forecasting was checked in the field during 1935 and 
the predicted dates of development agreed favorably with the actual 
dates recorded. 

From these results the following guides to the establishment of 
opening grazing periods of the Wasatch Mountain ranges in central 
Utah and similar mountain ranges are obtained, contingent upon 
proper stocking: 

Owing to the sporadic rate of growth and development of mountain
range plants it is necessary, not only for practical purposes of grazing 
management but also to perpetuate the more important palatable 
forage plants, to base the determinations of grazing periods on the 
growth and development of the important key forage species. Inas
much as perennial grasses are more stable and are superior as forage 
plants, are better watershed covers, and generally furnish the bulk of 
the feed for livestock, the grazing periods should in the main be based 
on the growth and development of the important palatable forage 
grasses. The key forage grasses in Ephraim Canyon are Letterman 
needlegrass, mountain brome, and slender whcatgrass. When the 
majority of these grass plan ts have reached range readiness, the associ
ated weed and browse species, either because of greater development, 
lower palatability, or limited occurrence, may also be grazed. 

Based on the development of the key forage grasses, the opening of 
the grazing season in Ephraim Canyon should be on the average 10 to 
14 days later for each 1,000-foot increase in elevation. This rate 
varies for each vegetation zone, or approximately 10 days for the oak
brush, 14 days for the aspen-fir, and 12 days for the spruce-fir zones. 
Shaded north-facing slopes, especially in the aspen-fir zone, frequently 
are delayed an additional 10 days. This knowledge makes it necessary 
to control properly the distribution of livestock so as to protect each 
elevational range and north-facing slopes within a given elevational 
zone until the key forage plants have actually 1:eached range readiness. 
Drift fences are valuable aids in regulating scasom1l distribution of 
livestock. Other practices include herding and the use of an adequate 
salting plan. 
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Opening grazing periods should correspond to the yearly develop
ment of the key forage plants so as to prevent too early or premature 
grazing. To admit livestock on the range at the average date of 
range readiness would have resulted in too early grazing 3 out of 10 
years in the oak-brush zone; 5 out of 10 in the aspen-fir, and 4 out of 
10 in the spruce-fir zones. Also, the range would have been ready 
for grazing in an equal number of years prior to the average date of 
range readiness; amounting to as much as 15 days early in the aspen
fir zone. Thus, in order to utilize the feed in "early" years and to 
avoid a shortage of feed and prevent pcrmanen t damage to the range 
in "late" years it is ad vi sable to vary the opening of the grazing periods 
to correspond to the yearly development of the important forage 
plants. The snow-melt, plant-development relationship described 
herein offers a practical basis for determining the opening grazing 
date, the time of snow melt being; a reliable base for the prediction of 
future range-plant development m similar regions characterized by a 
permanent winter snow cover and a definite summer growing season. 

Where it may not be practical to vary the opening date of the grazing 
season each year, it is necessary to establish grazing dates sufficiently 
late to prevent premature grazing in many years. This necessitates 
opening the grazing season on mountain rftnges later than the custom
ary average date of range readiness. Conservative opening dates, or 
dates when the important forage plants will actually reach range readi
ness in most years, for the three vegetative zones in Ephraim Canyon 
and similar motmtain range types are: Oak-brush, May 26; aspen-fir, 
June 21; and spruce-fir, July 13, amounting to a delay of 5 days after 
the average date of range readiness for the oak-brush and spruce-fir 
zones and 10 days for the aspen-fir zone. Where the three zones con
stitute one grazing allotment, variation in the date of range readiness 
in the upper zones may be met by varying the date of grazing in the 
lower zones. vVhere the zones are grazed separately, the opening 
dates outlined herein should be adhered to unless weather and plant
development records dictate otherwise. 
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