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t-l 0'0 INTRODUCl'ION 

Fundamental In rconomiclll rtlng<'-rt'SOUI'C'r manl1grmrnt is the 
detl'rmination of propr!' grnzing prriods. ] t is of pI'imC' importance 
to be able to I'stablish a date in the spring wllpn the l'lmge lIns pro
duced sufficien t fr('([ to krl'p Iiw'AioC'k in thrifty ('onciilion J when j t 
is reasonably snre from excrssive trampling tint! pnC'king of the soil, 
and when tllfl ll10I'0 important kl':{ forng0 plants llU\,(>, attainl'd suffi
cient deYl'lopnwllt, to witbstnnd grazing use. Such oprning datrs, us 
well as the tim0 to (ll'f(>I' nnd rotnte grazing nnd to ]'rll10Ye 1instoek 
from the range, nrc drIWJ1c\('nt in pnrt on til(' prr\'niling w<'ntht'I' 
conditions and on the dnt.es when active: growth of the forage plants 
begins and \\Yhen subsequent developmental stages of the plnnts nre 
reached, 

It is generally recog.nized that. the proper opPlling date fluctuates 
from year t.o year, hut tho exact lllo.gnit.llde of and },Pflsons for these 

I Suhmitt<'«( [or publication NO\'l'n1h~r .(, 1!I:l~. 
"rhe autllOrs wish to arknowlpelgl' tIwir illd('ht('tlll~:;.q to r, 1.. Forslilll', rornwr tlirrl'tor o[ th,' tuler' 

mountaill Forest Illlel 1{"n~I' EXPl'rimrut 8tntion, who plnnTll'd, started, nnel ~ultl('d lhr dev\,lopmcnt or the 
study; to E. \Y, Nrlson, Colorudo IOtlll.(' (,ollr~e o[ AgriclIltllrl'lllld ?I'h'l'hnllir Art~ wi.o lIiel,'cj til(' lwginnings 
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ships; and to Gcon.~e Rtl'wnrt, InLC'rrnountniH l"orlis1. und HrlllJ.!(I EXIJ(lrimPIH StntioJl, who contrilmtf'd 
valuahle ~Ilidance in tho ~lnlisti<-n( unlllyses. 'fhe we/ltlll'r dutH were collccted in cooperatiou with tho 
Weather Burean. 
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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 011 range plants 
have been reported. Basic information regarding weather fiuctuatGns 
and the growth and seasonal development from year to year of the 
important forage p.lants 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 hulletin 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 yel1r to year; (3) to indicate the important climatic 
fa0tors related to )1(\se fluctuations; and (4) to outline how this 
knowledge may be applied in the determination and adjustment of 
the opening grazing periods on mountain ranges. The study 011 which 
the bulletin is based WfiS conducted from the Gl'(\ut Bilsin branch of 
the Intermountfiin Forrst and Range Experiment Station and covered 
the greater part of Ephruim Canyon on the ~:asatch Plateau in 
central Utah. 

DESCRIPTION OF EPHRAIM CANYON 

The LDpography of EplmLim CfLnyon varies from gentle slopes in 
t.he foothills~ to bold relief tit the higb,:!' h.1titlldes, u.nc( Illtitudes range 
from 6,500 feet at the lower limit'" .If the oak-brush zone, where the 
study arC!1 hegan, to more than 10,000 feet. The summit, a compara
tivelv level platefLu, is the divide betw('en the Gl'eat Basin and the 
Colorado River dminfLges. Althc ugh the general aspect of the area 
is westward, tIle inegular course of Ephraim Creek provides slopes 
with almost eyery exposure. 

The soil is Imtinly of limestone origin filld is 30 to 50 percent clay. 
Organic matter varie,.; from less than ~ to more than 10 percent. 

PRINCIPAL TYPES OF VEGETATION 

As shown bv a pre\-ious study (12), the vegetation in Eplu'llim 
Canyon above-the eleyation of (J.SOO feet may be divided into three 
major types or zones-oak-hrush; aspen-fir, iUJd spruce-fir. 

The oak-brush zone, ""hidl is borderecl on the lower side hy the 
pinon-juniper zone, occurs within the elevationullimits of (1,500 und 
8,000feet. Thezoneis characterized hyGambel oak (Quercll"~gamb(+ii), 
big sagebrush (Artemisia, tridenfata) , bigtooth maple (AceI' granrli
dentatum) , common ser,iceherry (Amelanchier (Llllifolia), and an 
understory consisting of various other shrubs, with grasses and 
weeds 4 occurrin;; in the openings between the shrubby species. 

The aspen-fir zone extends from 7,FiOO t.o 9,000 feet, depending 
largely on the exposure. The transition from oak-brush is a hrupt. 
Aspen (Populu.s tremu.loide.s aurea) generally forms even-aged stands 
occasionally interspersed with Douglas fir (P.seudotsuga ta3'ifolia) and 
white fir (Abies concolor). An undt'Tstory of shrubs, chiefly mOll1ltain 
snowberry (Symphoricarpo8 orpopMlus) , is usually present. Tn open 
parklike areas, characteristic. of this zelle, are blueherry elder (Sambu,cu8 

3 Italic numbers in pnr~nth~sis refrr to Literature C'iled. p. 2U. 
'The term "weed" ls her'~ npplil'd to herbeo('olls lIongrnsslikp plnllts which, together with browse. 

grasses. awl grasslik~ Jllant~, constitutt' th~fourm!\ln groupsintu which w('stcm range plnIlts are cllstonlarily 
qlvided. 
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caerulea) , squaw currant (Ribes inebrians) , and various grasses and 
weeds. 

The spruce-fir zone generally occurs above the 9,OOO-foot elevation. 
Engelmann spruce \picea engelmanni.) and alpine fir (Abieslasiocarpa) 
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 

lVoody species.-Gambel oak, big sagebrush, bigtooth maple, com
mon serviceberry, true mountain-mahogany (Cercocarpus montanus), 
mountain snowberry, squaw-apple (Perraphyllum 1'amosissimum) , 
bitterbrush (Purshia tridentata). 

Grasses.-Letterman needlegrass (Stipa lettermani) , Indian rice
gras3 (Oryzopsis hymenoides) , slender wheatgrass (Agropyron pauci
flor'llm), bluebunch wheatgrass (A. spicatum), bluestem (A. Smithii), 
mutton gruss (Poajendleriana), Sandberg bluegrass (P. secunda). 

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

ASPEN-FIR ZONE 

Troody specics.-Aspen, Douglas fir, white fir, mountain snow
berry. C0111mon serviceberry, Fendler rose (Rosa Jendlel'i), black 
chokecherry (Pl'lMWS rnelanocarpa) , s'quaw currant, blueberry elder, 
creeping hollygrape (Odostemon repens) , myrtle boxleaf (Pachistima 
myrsinites). 

Grasses.-:Molmtain brome (Bromus carinatus), slender wheu.tgrass, 
Porter brome (Bromus anomalus) , oniongrass (Melica bulbosa), Letter
man needlegmss, subalpine needlegrass (Stipa coll1.mbiana). 

HTeeds.-Sticky geranium, niggerhead (Rudbeckia occidentalis) , 
tongueleaf violet (Viola linguaefolia), dandelion (Leontodon taraxacum), 
Rydberg pentstemon (Pentstemon rydbergi?:), aspen pea vine (Lathyrus 
le1/.canthus) , western yarrow, lupines, showy goldeneye (Viguiera 
multiflora). 

SPRUCE-FIR ZONE 

Trooriy species.-Engelmann spruce (P1'cea engelma,nni) , alpine fir 
(Abies la.siocarpa) , gooseberry currant (Ribes montigemtm) , squaw 
eurrant. 

Gmsse.s.-Slendel' wheatgrass, Letterman needlegrass, spike tri
seLum ("~';Jetum spicatl1.m) , nodding bluegrass (Poa rejlexa) , blue
grasses \Poa spp.), alpine timothy (Phleum alpinum), meadow barley 
(Hordeum 'f/odos1f,m). 

Weeds.-Sweet sagebrush (Artemisia, incompta), paintbrush (Castil
leja spp.), gilias (Gilia spp.), western yarrow, stick:- geranium, Barbey 
larkspur (Delphin'iu,n barbeyi), dandelion, slimstem cinquefoil (Po
tentilla jilipes) , fah;e-carrot (Pse1f,docymopter1f,s montanus). 

CLIMATE 

Recently, Price and Evans (11) have completed a 21-year summary 
of the wea,ther 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-fIT zones 
occur in December, and for the oak-brusb. zone in January. On the 
average, temperatures decrease approximately 4.1 ° F. per thousand 
feet increa,se 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 I.-Average monthly and annual mean temperatures and average monthly 
and annual precipitation at center of 3 vegetation zones in Ephrahn Canyon,
Utah, 1914-34 

Temperatur~ Precipitation 

?'{onth 
Oak·brush Aspen·fir Spruce·fir Oak·brush I A,pen·fir ISpruce·fir
zone (7,655 zone (8,850 zone (10,100 zone (7,655 zone (8,8.10 l''lne 00,100

fe~t) feet) feet) feet) feet) (cet) 

OF.January_______________ . ~~" .. 23.8 o F21.4 Fi6.8 lncht,'27 Inchi:\5 I hch(~. 960 

February•• __ ... ~ ........... . 28.2 
 23. J 18, 5 1. 23 2.85 2. 59l-{"rch .•.•.. ~ .....•.•.. ~ •. ~. 29.3 23,2 17.7 1.92 4.11 4.35 
37.8 34. 8 24. 7 1. 63 3.54 3. 03tr;~~~'.~=:::::::::: :::::::::- 46.9 42. 8 35. 8 1. 7i 2. 44 1. 80June.. "" .• ~ .. , ... '" . ,58.3 53.7 48.1 .69 .85 .74July.•.• ~.~. "' ....• ~ 65.4 60.4 55.3 1. 54 1.81 1.86
63.7 58. 1 53. 3 1. 40 1. 80 1. 71~~;,t;hei- ::~:::::::: :::: ~. 55.4 fiO.1 45. ,J 1.19 1.56 1. 34October.......••.•..•.. 42. R 
NoYcml)er _~ ____ ~ __ .. ____ _ 33.4 

38. 9 34.7 1. 39 1. 92 1. 40 
29.0 24.7 1.59 2.19 2.12December __ •. _••.•.•. _..•.. 25.8 20.3 14.7 1.89 3.26 3. 11 

Total or ayerage •.•_.. ~. 42.61 ~s n 32.•5 17.51 29.48 28. 01 

:MonthlyaT' : 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. Annua'! 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, 
inclu~ive, for the period May 1 to November 1 at the 6-, 12-, and 24
inch If've]s 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 a.nd 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 soil-moisture content is highest at the time of snow disappea,r
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 follo"dn~ snow disappearance, current precipita
tion has little effect during the early part of the growing season. 



5 WEATHER AND RANGE PLANT DEVELOPMENT 

Other factors have been reported upon by Sampson (12), in an 
earlier report covering the period 1913-16. Evaporation during the 
ma.in ~rowing season was greatest in the oak-brush zone, nearly as 
great ill 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 dumtion and intensity 
were practically the same in all zones; but there is considerable. differ
ence in barometric pressure in the three zones. 

The averaf;e 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 period 1925-34, plant-development observations 
were made in Ephmim Canyon on important range-forage species 
protected by si..x different enclosures, the lm7est and highest being 
separated by an air-line distance of approximately 5 miles and by an 
elevational difference of 3,000 feet. The surfaee areil, of efwh ph1l1t
development station varied with the enclosure in whieh it was loeated, 
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 Ephrai·l/l. Canyon, Utah, 
and species observed, 1925-3-1 

-~----......----..-.~-.---,--__.---....,--__;c_---;_--_.---
Win" Rnow- 11"1,,1· Bl'1 II I ,\1 .• 1Description of station and sperl,·s observed Purshia twrry quarters I 11~ )(l .. pmegrass 1 

-------------1·-----------------
Elc,·ution... ...........•feet 
Exposure._.............. . ...... ... 
Slope............................degrees 
Sllccil's: 

Slender wlwatgrass...... ... .......... 
Mountain brome...._ ............... . 
1.ettrrmllO nredlegrnss. .... ......... 
"'estern yl1rro\\·..... ...... ........... 
Rt.irky geranium... ........... .. ..... 
Pentsternon._........................ . 
Nig~erlIelld ..................... .. 
'rongueleaf violet'... ................. 
Common serviceberry.................
Aspen.........___ .................. .. 
Bitterbrush................... ........ 
Gambeloak.._................. ., ..... 
l\fount.ain snowberry .. 

7,150 
W 10 I 

X 

X 
X 
X 

X 
X 

X 

i,65!) 
\\" 

x 
X 
X 

X 
X 

X 
X 
X 

X 

X 
X 
X 

X 
X 
X 

X 

8 

8, R50 
SW 

X 
X 

X 

X 

X 

x 

5 

~.OOO 
Ng 

X 
X 
X 
X 
X 
X 
X 
X 

'X 

10 

10.100 
S 

X 
X 
X 
X 
X 
X 

X 

I I\letcorologicnl stntion. 
, Record discontinued at end <If 1931 growing season, 

Plants observed at the three meteorological sLations were reason
ably close to the recordin!$ instruments, so that conditions affeeting 
the instruments were practically the sam.e as those affecting the plants. 
Observation~ on both weather and plant development were sta.rted 
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 

Orasses '''eeds Browse species 

Date oC snow disappearance. Date oC snow disappearance. Dnte oC snow disnppearnnce.
Date 6 inches high. Flower buds evident. Flower buds bUrsting.
Flower stalks e,·ident. In Cull bloom. LeaC buds bUrsting. 
Heads beginning to show. Seed ripe. In Cul'. leaf. 

Flowers in bloom. Seed disseminated. In Cull bloom. 

Seed ripe. Plant dried up. Fruit ripe. 

Seed disseminated. Fruit all droppNl. 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 Sdlson 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 reln.tive
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 appr?:lI.-imately 11 
days; for slender wheatgrass, 13 days; and for mountam brome, 14 
days. A greater variation between species appears among the weeds 
and browse species, vi.z, western yarrow, 7 days; sticky geranium, 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, fl.owerstalk 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 de\-elopmentnl stnges of weeds are delayed 9 to 
14 days, but in the later stages it is 6 to 15 days. 

F312760 

FIGURJoJ 1.-_. iYh,tcorological imltrul1lcnis at the wil'egrass station located at the 
center of th(' oak-lJrui:<!t zon('. The ponderosa pitH'S at the ('xtremc right and 
left have I]('ell plallted. Big sagebrush ill growing in the center; Gambel oak 
ill the background. The pl'lncipal forage gra~R(,~ occurring at this station are 
Letterman lIeedlel!rltss, slellder wheatgrass, lJltl('ste!ll, lUutton grass, and Sand
berg bluegrass. ·Western yar/'O\\', in flower, is evident in the foregruund. 

TABLE -I.-Forag!' gNJI't.'CS; (WITagl' d(lt/'.~ oj app('al'anr.e of parlOILS growth stages at 
differcnt clu'atllJ1L~, l,92:)-,~.i I 

Lclt('rmnn n('{'dJ(lgr<.l.":;-.:
7,150. __ _ 
7,G55 
S,·ISO. 
9,POO. 
10,\00 • __ ..... , 

Mountain brnnIe: 
8,85(L 
9,OO{L 
10,10(1.. .. .. 

Sleudcr whl'ntgm.''': 
7,IS0. 
1i,,150. 
!i.SoO 
!I,om 
W,lOO .•. 

Plant 
6iul'ht's 

high 

;o,fay Ir. 
. ;\[ny ~I 
i JUnt' r, 
l.Tulle 19 

. ~ July 12I 
.Tnne 11 
Jmw 1H 
June 30

I~ ~r:ty Hi 
IJnne Ii 
! .T ulle 23 

, Juno l~ 


.; July r, 


Flowpr 
stnlks 

('\<ulcnt 

' 	;0,(3)' 25 i June 1:; : .Tuly 
)\fay 2!J I JU11t' 22 .lui}' 
;1 uno :l! .runt':1:1 .Tuly 
.June 19 : July 7: July
June 21 I Juiy 9, July 

t 

June 7 Junp 27 ;Iuly 
~uue 10 .r.uly -; July
Jun" ~2 , July 10 , July 

)fny 2-1 ; June Hi 'Ju1y 
JU11(\ 2, JUIlC 26 July
;rune (I r July 3· July
./une 21 J1Ily 13 I July 

Seeds 
dissem· 

; inated 

, 
1 i July 2S : Aui'. 14 
5; Aug. 2, Aug. 21 
6 ,Aug, 6' Aug. 26 

21 , Aug. 23 ISept. 21 
25 i Aug. 2H I Sept. 19 

I! Aug. 12 : Sppt. 8 
25 ; ..\Ug. 26 I Srpt. 17 
27 ; t'l'pt. Ii Sept. 28 

l' JIl]Y' 22 i Aug. 8 
12: Aug. 121' Sppt. 3 
l!J IAug. 2.'i Sppt.20
27 Sppt. 3 Sppt.22 

,I" ; .Tul)· 15 I,..do .•. j St'pt. Ii Sept. 27 
_u.__.. ______ 

I The nmgnituue o[ Yl'urIy l1!tt'tuutiOT,'" fl)r tIlt'~C and tl:(\ following' dUt:..l nrc tli.scuss(ld in hiter sections. 
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TABLE 5.-Forage weeds; average da/e.~ of appea'ranee of variolls growth stages at 
different (·levations, 1925-34-

ReedsI-;~:'; .F.,,;,IS~l'(lsSpl'rie~ nnd plpyution (feet) buds diss('IJI- I'lnnt 
in bloom ripl' dri"d upcyident innted 

Western yurrm''-: 
7.150............ .. 4" _ * ~ .. _.. _ :'I[U)' 30 June 20 Sept. 8 Sept. 10 Oct. 10
~ _ 

7.655............ --,-------- Jun(' 1 ,Tuly 5 Aug. 20 Sept. 24 Oct. 138,4.50. __ • '-' June 6 July JO Sppt. 4 .clo .•. Sl·pt. 259,000 ... __ June 18 July l!i Sppt. S Sept. 29 Oct. 1
10,100... , . .June 25 July 21 Sept. 20 Oct. 8 Oct. 8Sticky geranium: 
7.150..•. iTny 18 June 14 July 18 "\ug. 0 Sept. 25
7,655 .. .:,lny 20 .Tune 20 July 26 Allg. 19 S,·pt.188,450__ .. •June 4 ....do.. AUI!.10 Sopt. 3 Oct. 5
8,850.. ;Junc Ii Jnue 2~ Aug. 5 .do.•. Sept. 28
0,000. .Iulle 13 July 10 AUI!.10 Sppt. .5 Sppt. 29
10.100. June III July 20 Aug. 27 Sept. J9 Do.

Hyclbprg poni.teulon:
n,OIJO .Julle 17 July 13 Sppt.. 5 R~pt. '25 S,·pt. 25
10.100. .Julie 21 July 18 Sept. II Sept. 27 Sept. 28

Kigg"rheacl: 
S.S50. • June 1(; .lull' 2!l s,'pt. 2 Rept. 26 Sept. 23
!I.OOO June 21 Aug. 2 f;,'pt. 8 Oct. 3 Sept. 28TOIll(u~lenfYioipt; 
7,150 ... ;\fuy 2 :'Iln~' 14 Jun,. 10 .TuIIC 24 Jt~ly 8
7,655.. :'I[ay 4 1[uy 19 .ltlll(· 20 .July I July 12
S.450... :'Ifny 14 :'Iluy 20 .Jun~ 30 Jllly 20 July 27 
Q.OOO•• [.llaw 4 June 15 .luI)' ,0 AUR. a Aug. 6
W,JO(!. i June 11 Jun~ 2:J I .1\1ly 21) Aug. 8 AuU.26, 

~"----~ .. 

TABLJo~ G.- Browsl' species; (]I'frag!' dates of appearance of vartous growth stages at 
different dfl'atiolls, 1.92':;-34 

I Flo\\w ILenf hud.! In full In f~~I'1 'jl ~rUit-I~)'-"Fr:;t"l Lellvcs 
~pccie~ und ele\ ation (feet) buds' ,', b . '. I I allI hur~dmr : bUrstllll' i lenf loom npe Irlroppe( dropped 

---~...---... --.......

i'lountnin snowhf.'rry: 
7,U55 ..... 
S,450 j::::~ ~; :~:~~ ~ ~::::~ :r::;'~' ag I' ;~::~~ f~ i~~gt: l~ Ig~L I~5 

S,HliO ... 
 1 .luly ~ .\hy I!l .Julle 15 July S Au~. 21 'I "cpt. 2'1 Oct. 11("olllIIlon ~~n·i('(ll)crrr: 
7,150 ::\fny 17 .:\pr.:l0 :\rn~, 20 1\{ny 2!i Aug. S Aug. 21 Ort. 
7,fi55 .\Iny 21 :llny 2 ;\IUY 2\1 , "Ial' 2[1 Aug. II Aue;. 2S Do.M_ 

l! 450 :\In)' :10 ;\1:,)' 7 do. i .June f> Aug. IS I' .do. -- Oct. 11
rrrut>' mOlln taiIlMJWlhoc:u ny; 

l.l,sO :\Tay~;j .\ pr.:m :lIny 2' :lIny 2S " Jllly 2:1 . Aug. 11 Oct. 14
7,snO i .ll1n~ !! "\Iny a JUlie ;J JUIW 7 .AlIg~ 2 i Aug a Oct. 19 

Aspen: 
h,l50 I :lIllY 0 :\I~.y 1!1 .June 9 :\Iny 11 I .. ,_ ........ Oct. 14 
S,S:iO . j ,\Iny:ll f June IS .\Iny 10 . . . . Oct. 12 

Bi!lorhru~h: 

~,I.~~ :lToy 27 [ .\pr. 27 I :"IJnr au ,.Julle 21 July 2fi Aug. 19 0('1. 20 
"hi)'} .hltw a .\pr.:-:O: .IUIW ., I .rune {J 1 .'\'u~. 2; ~_dO __ M_ ON. 21 
7.SHU JllflO 1 .\In;- l' JUliO tl: .JUIIO Itl! Aug. U ••do .... , O('t. 20 

Onmlwlonl;: r " Ii7,655 :\Iar ~) i :\tnr !! .. i JlJn~ IT; Jun(l .:i: Sept. 25 Oet. 10 I no.I 

In some insttl1lC'c's, d(\]ay in datc's of de\'e10pl11(,l1t o./"e not propc:;'-, 
tionnl to inereiLse in elevH tion. 'l'hC'se yarin ticlIIs frOI11 the generai 
tendency aro d lie ill part to difTpreHc('s in slope tlnd exposure at the 
difl'erent stations. Thus, tho 9,000-foot, el(wationnl sttltion (Bluebell) 
presents n. llol'Llwost ('xposme, which surrounding mountains shn.de 
in the m0111ing and in the evening. Snow remnins there longer in 
the spring than is Hyemge for tlmt elevation. Consequently, the 
dates at which developmeIltal sInges occur n(; t.his stn.t,ion frequently 
appro'x-imn,te those of the Alpine stn.tion, 11101'0 t.ltan 1,000 fpet higher. 
AYCl"flge totnl pin;nt height, OJ' If'Jlgtlt or t\\ igs in the eusc of' browse 
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species, reached 011 nIay 1, )'fu,y 1.'5, ,June 1, ,June 1.'5, ,July 1, and 
July 15 as determined for each sj)eeies at different elevations, is given 
ill table '1. 

T ABI,E 7.-Avcrage hez'ght.~ oj imporicmt foragr ]llant,~ at ['ari01l.~ dales and at different 
aUillie/I'S, 1fJ2!i-84 

:,ray I .JUlW 1 

("m. \T...ettermnn llP'(I{ll('p;rnss: ('711. ('Ill. em, em. I ('m. 
7,150. o. r. 11.2 21. S ~u u t :In.2 t as.o 
i,6fi5 _ 4, 11 I "-. -, 19. r, t 2:!.2 ! '2u.a : :15. ·1 
8,450 ___ . __ Ii. 1 fl.!..; B.·II 2fi.4 I 30. 9 1!1, fi l·8,850 __ _ Ll.·1 1ft 2 'l'\ .\ 31.2 
9,000 ____ . __ 1RIl ~:~ 1 12,2 2ll::\ I 3n. I 
10,100 2. ~ 11.9 ! I'i.-l n. S I·Western yarrow: 
7,150 ; L!l ill I In.2 I 20,2 au." :13.9 
7.655 _ _ :~. ~, '.Il 20.0 1 ~S. ·1 ~\ 1. 1 
8,450.... 1.1 : 4.11 l~ ~ .., I 15. .'0\ 21.2 2tt ;3 
9,000 , .n 3..i 7, !.I mo 2S.3 
10,100 ._ 5. -; 11.1 19.0 

l\IOl~nt!lJn snowl)('rr~ ~J 
I,lja;) _ 11, 0 ~ la. I 20. R 
~.450 .. _ 4.11 I 11.(1 Is,a 
S,S5O 3.2 i 12.1 1(1.0 

I Further nn'rnge hl'ighl-urtm th data !In' !lot :I\'nilahle he('utIsc plant growth u:-:ually {'PO~(IS soon artcr 
Ju\;, 15. 

2 A sin'll!: men51lrplT1l:'nt. 
3 1925 ('ompnrbon not n\'ai1'l.htl~. 

Thesp data confirm thp obvious nRsumplioll tlwt IIPight gJ'O\dh nt 
nn~T particular dntp dN'l'PURPR with ill(,],p:1sp ill plpynticlll .. Thus .nll 
,Junp 1 averagp hpight of wPRtprn yalTOW at the Purshm stntlOll 
(7,150 fpet) Wi1S 16.2 el11., ll1ul nt BhlPb011 (n,nOO fpet) ollly ::1.5 ('111. 

At Alpine station (10,100 j'ppt) nctin' growth dOl's JHlr, ol'dinllrily 
stnJ't until nftor ,June 1. Silllilnr1~r, ]IPigltts rPHrh('(l hy LpttpJ'lllnn 
nepcllegrnss on ,TlIl1<' 1 were 21.S rill. nt Pursilin stn60n nncl2.R CIn. at 
Alpine. 'rhis snme tpll(kncy holds for olher dntes nnd for nil spc~cips 
ohserv('d. Growth is more rapid, 110\\,('ver, nt the llighcl' thnn nt the 
lowpr ('leTut1ons, once it st:1rts. Shortlless of the gl'Owing SP:lson 
explains in pnrt the fnilllre of vegl'tntion nt. high nltitlldes to l'pnch nn 
ult.imn te hpigh t (,([llnl to thn t n tt:lin('d fnl'th('r dnWll the mOlln tn illsirie. 

The :wernge, number of dnys b('tw('('11 Sllc('pssiyp stnw's of dpwlop
llwnt hns 1)('PIl dl't(,l'Ininpd for ('nch sppcips nt pnch plpyntiollal ZOlle. 
Dnt!1 for thrpe ppriocls nl'(, giwn for tho mor(' import:lllt gmsRes ami 
weeds in tnble S. 

Tpndpncy fol' growth (I) catch 11 p during pnl'l~T growth stngps n t 
higher elevations is shown hy n comparison of ihn ]lumber of days 
botwppn d('volopmp11 tnl stng('s f(lI' the S:l IllP sppcies nt difl'el'(,ll t nl ti
tud('s. For ench ndcli tionn] 100 fppt of nlti tude, 0.2 to 1 dny less is 
required nfter nctiv(' growth in(,pption for gl'nss('s to each "flower 
stalks in evidPnce." Sticky g(,l':miul11 rpC[lli1'es 3S dnys at ,Virogrnss 
stn,tion (7,655 fe('t) lind only 22.5 days aftor growth inception at 
Alpine station (l 0, 100 l'(,pO to J'e:1ch "flower buds in eyidence." 
Catching up t('nds to dp(,I'P:1sC in sU('('(,Nling SLHgPS. 

The period betw('en "flow('1' hucls 01' 1I00n~I' stnll;;:s in ('yi<1('n('e" 
and "flowcrs in hloom" shows compnrll tivriy little vn I'in tion hntwepn 
different elevations for the snmo spC'cies. A mUl'kpd <li(l'oI'P11CO is 
appal'en t, however, hetwp(,11 wl'e<Is n.n<1 grnsses, nnd even betw(,f'n 

131848°-39--2 
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weed species themselves. Sticky geranium req uires less than 24 
days for this period at the 8,S50-foot elevation, while slender wheat
gruss requires more than 40 days. All pxnmination of table 8 will 
show that similar differences e;:..-i.st at other elevations. 

TABLE S.-Average number of da.ys be/wren slagrs of grOll'lh for l:mporlanl forage 
grasses and weeds, 1025-84 

Pl'riod rrf)uirNi nt ('hn-nOon or-~ 
Growth in(rr,-ul flnd sprrirs 

7,0.,,, frrt .~.'I.;O frrt X.SiIO fprt n,nllO fprt 10,100 feet 

---- '--~-I -~__ 
Acti,-c growth in('t)ption to flowl'r sllllk~ 

or flowrr buds in e,-idenrr: fillYs naysSlender whenlgrnss _________________ _ ]Jays lIa,/., Da,/.,
40. .slI{ountain bromc _____ •• ____ • _. ___ • :H.2 :li.~ 24.0 

Lettermlln nercllegra.~s. _________ _ 20.5 31l.0 24.3"",ji 1Sticky geranium ___________________ "__ a5.7 30.5 20.13S. n an. R1Yest('rn yarrow ____________ ... 2·1.-1 22.5 
Pellistemon _________________ .. __ ., :12. I 26.84Lh 3~. :I 

~q. i 26.7 
to flowers in bloom: 

Flower buds or flowrr slalks in c,-idel1<'(, 

Slender whentgruss__________ . ___ .. 
:J~. 0lI[ounlnill bromc _____________ _ 40. ~ 36.5 :16.4 

I...~tt('rmnn nPNl1egrus.."i ..... __ ._ 311.2 ~32. H I 3S.0 3f), U 36.5 
Rti('kyv;craniuIll _.~ ______ _ 27.0 

3:tfJ 3·1.0 
,,"('s1prn yarrow _. * _ .. ~ ~ ___ _ 

22.0 I 2'\, Ii 31.33-12 3·1. I 27.7 25.8Prnlst"lTIon___________ , 
21i.•,Flowers in hloom In seeds ripl': 2i.O 

Slend,'r wheflt~rnss •. _. 
MOllnlni'! hromr.. " :15,.0 Ii 3i. ·1 3R. 9

2S.2Letterman nrl'dl('grnss ~_ 32.1 3U. I
31.3 3:1. nSticky geranium 2\1 a3.7:IL ., (I I 

aO.6,Vl'stcrn \~nrrow 45.4 :17.3;;l.tI , lifl.O . ai.HI
PentsteniOlL.:: : .,4.4 flO. 0 

52, i 55. I 
, ,~ 

Grasses show 11 tel!(lcllcy to lose ou t in tiIP period bet ween "flowers 
in bloom" and "seeds ripe." A longer period of time is required to 
reach "seeds ripe" at Alpine str.tion than at lower elevl1tions, and 
the catching-up tendency eyident in the earlier stages is counter
aded to some degree, so that the period from "aetiye growth incep
tion" to "seeds ripe" is but little shorter at .Alpine station thnn at the 
lowpr stations. This period varies in length from npPl'oximately 95 
to 105 days with nn llyernge of almost 104 days for nIl stations. 

RECOIUJS OF NORMAL DEVELOPMENT INDICATE CHAIlACTEIl 

OF GHOWING SEASOr>: 


By the lIse of height-growtl, and deY('lopment rt'('ords of key forage 
plants eolleetecl over a. period of years, the stage of forage-plant 
development as of n, pnrticular date, mny be judged 0.11 similar moun
tain ranges. 

For example, the] 935 height-growill mensurements for Letterman 
needlegrnss and western yarrow for vHrious dn j'es, when compared 
with the 10-year nverng('s gi\Ten in tnble 7 indiente thn.t height growth 
of Letterman needlegrnss fot· ] 935 was less than 11 veragc nt nil elcva
tions except at Purshin, st.ation (table 9). On IVIny ], growth was 
approximately normal nt the lower elevations. By Junc 1, however, 
height growth was far lwhilll! the 10-year average and continued to 
drop behind throughout the S(,IlS011. A specific exnmple may be cited: 
At Wiregmss station «(,l('vlI,tion 7,655 feet) westPl'n yarrow had at
tained n height of 8 . .5 em. On JU11e ], and Letterman needlcgmss 12.2 
em, These heights fLl'C pmetically idcllticlI.l with the 10-year averages 
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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 behmd normal 
on June 1. 

TABLE 9.-Increase or decrease in average heights of 13 important forage plantd at 
lJariolls dates in 1935, over the lO-year averages (1925-34), as gillen in table 7 

f;peries anel rlr\'ation (fret) l\Iay 1 May 15 June I June 15 July 1 July 15 

Lett(lrmnn nc('(U('g'ra.o;;s: On. Cm. Cm. Cm. Cm. em. 
7,150 ................................ .
7,65!'i _~ ____ ._.____________ .... _____ .... _~ __ 

-1.1 
-.3 

-2.7 
-4.3 

+2.2 
-7.3 

+5.1 
-3.9 

+5.8 
-i.5 

+5.0 
-10.8 

8,450 .............................. . 
9,000............................... _ 
10,100................................ . 

\\'"t.lstern Yllrrow:
7,150 ....... ______ .. __ ...... _____ ....... __ .. ___ .. 

-4.3 
,-----_o.- ------- .. -" 
--- ..----- ------ .. __ . 

+.1 -2.1 

-4.4 
-4.2 

-5.7 

-0.1 
-4.2 
-1.4 

-10.7 

-5.4 
-6.2 
-.3 

-15.3 

-5.9 
-12.6 
-a.s 

-18.4 
/,655............ _.................. . 
8,450.......... • ............... _ 
9,000. .' 
11.000_ -......... i 

+.1 -3.0 
-3.6 

-4.4 
-2.7 
-1.5 

-9.5 
-8.3 
-1.9 
-1.i 

-li.9 
-16. i 
-q.fi 
-4.1 

-20.6 
-21.8 
-13.3 
-7.9 

TABLE ] D.-Schedule of indicators of range readl:ne.~S for the lYasatch J110untains, 
based on principal range plants found in 8 vegetatiun zones of Ephraim Canyon 

OAK·BRUSH ZONE I 

i'perles IPlant height or de· Cnrrent twig Flower stalks Other indicators 
___________ velopment 1_-'''::.r;;.o\_'·;;.th''-_I__..:.or:..:.b..:.u..:.ds::..._ _______•__ 

I 
Grassl's: I

Letterman needlegrnss.. 6-8 inches......... ....." ...... In e\'idenre_ No heads showing. 

~lender whcat~rnss. . ..do.... ............" .... _ Note,·ldent. 

,Mountain hromo .... do ........._............ __ Tn c\·idcnc,e. Do. 

Bluehunch wheat~russ"'1 .do _.......__ ........._.... _ .....do..... .. Do. 


We~~~ttongrnss.......... __ . . ..... __ .............._...__ ._.... Present.. __ •• Heads fully out. 


Western yarrow.... ____ -I inches............ .. .......... Bursting.

f:ticky gernnium....... . .do ............. _....___ .... Showing_.

Tooguelcaf violeL ........ _....... __ ........................ Full bloom. __ 


Drowse: 
Mountnin snowherr)·. __ _ h-;l.i in leaL __ ._ ... 2-3 inches.. .. .......... _ 
Oamheloak_ ....... . I,caf hods burstin!! __ Starting.... .• • .. 
Birchleaf mountain·ma· h in leaL......._.• None._..... Bursting.: __ 

hogany.
Common s('rvicehcrry~~_ _0- .do.........._.... St.arting. _ ....do..... . 
Bitterhrush _do......_........ None...... _ ....do .... _.. 

ASPEN·FIR ZONE' 

Orns,cs: 
Mountain hrome ........ 
Slender wheatgrass. . .. _ 
I_eltennno needlegrass ... 

Weeds: 
Western Yllrrow. __ ... __ 
Sticky geranium_ ~ .. 
Tongueleaf "iolcL•.•. '. 

l\"iggerhmlll _ 
Hyclherg p6ntstcmon._.

Browse: 
Aspen .......... _ 
'\Iollntuin snowherr~'. 
Common sef\·i«· berry 

Ornsse~: 
Slender wheatgras.•... 

I_ettermun neNllegrnss _ . 
l\Iollntuin brome..... __ __ 

"'eeds: 
Western ynrrow....... . 
Rticky geranium _~,. ..... ~ 
'ronglJeleaf \'iolet ...... . 

Rydberg pen tstemon 

0-.8 inches......... I ......._.... In evidence __ 

flmches ........... _, .......... _ .•_.do... ___ 


:~::::::~~~'~~:~:~J ~:~~:~::~::: .~~~::~~:::. 
5 inches....... __ •. _ "'_"'"'' nursting.. . 


Showing .•.. 
_....do...... 

a;j in leaL......... ____......... . 

!,~inl"uL __ .... -2·(,;ches·· ............. . 

Full hloom and lenL ...... __ .................. _ 


SPRUCE·Fm ZONE' 

6-8 inches......... . In e,·idence. 


6 inches .............. __ .. __ __ 

8 inches ........................ 


n inches........ . nnrsting ... _ 
8 inrhes ." .•..• ...do.... .. 
nei~ht of blooming 

pnst. 
Bursting..... 

No heads showing.
Do. 

Heads low in boot. 

IIeight of blooming 
over. 

Young fruit eyident. 

Flower heads begin·
ning to show. 

Do. 
Do. 

Some flowers ill hloom. 
Seeds ripening. 

Some flowers ill hloom. 

r;levaUon 6,500 to 8,000 feet. , Elevation 7,500 to 9,000 foot. , Elevation 9,000 feet und above. I 
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The stage of development attained by the key forage plants is also 
an important indicator of seasonal advancement of the growing season. 
For example, flower buds of western yn,rrow (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 10-year average clate 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 
plnuts 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 availnble by this study, the schedule of range-readiness 
stages outlined by Sampson and Malmsten (13) for the Wasatch 
MOlmtains in Utah can now be revised for greater accuracy, ns in 
table 10. In tIlls revision the major forage plants 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 possi.ble to detect range readiness more 
accurately for eac:t vegetative and zonal range. 

FLUCTUATIONS IN PLANT DEVELOPMENT FROM YEAR TO YEAR 

),Iarked variations occur in the date of appearance of each stage 
of plant development between "early" and "late" years, the minimum 
and ma:-,.""imum variation depending on the species, for example: 

V"rzriation
Grasses: (davs J

Growth begun ______ - ___________________ • _______ ~ _ 20-45 
FlowerstalksevidenL _______ .~ ___________________ 33-39 
Flower heads showing_ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 25-35 
Flowers in bloom_ - - - - ___ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ 28-36 
Seeds ripe_ - - - - - - - - - _________________ . _________ . _ 33-43 
Seeds disseminated_ - _____________________________ 41-55 

Weeds: 
Growth begun____ - - ___ __ _ _ ___ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ 28-50 
Flower buds evidenL _____________________________ 26--47 
Flowers in bloom -- _ - _____________________________ 26--42 
Seed ripe ________________________________________ 36-45 
Seeds disseminated_ - - - ____ . ___ ~ __ __ _ _ _ _ ___ _ __ ___ 35-62 
Plant dried - - - - - - - - - _________________ • ___ _ _ _ _ _ _ _ _ 34-100 

Browse: 
Leaf buds bursting _______________________________ 27-46 
In fullleaL _______ -- -- - ____________________ • _____ 30-35 
Flowers in bloom_ - - - - - - __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 28-38 
Fruit ripe____ - - - - __ - - _. _ __ _ _ _____ _ _________ • ___ 36-42 
Fruit dropped________________________ • __ ~ _____ ~ ~ 20-34 

Table 11, as au illustration, gives earliest and latest dates at which 
certain developmental stages for grasses and weeds were reached at 
Alpine and Bluebell stations. 

, 
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TABLE l1.-'-Extreme variation in the dates of growth stages of important forage 
grasses and weeds at 2 stations, 1925-34 

I . Flower Seeds PlantISnow dIS' stalks or Heads Flowers SeedsStation and species appear· dissemi· driedbuds showing in bloom ripelance nated upevident 
I 

Alpine: 
{May 4- June 10- July 8- July 18- Aug. 2i- Sept. 20-Slender wbeatgrass ••_ June 14 July 6 July 24 Aug. 16 Sept. 18 Oct. 5 
{Apr. 23- June 9- June 24- July 5- Aug. 8- Sept. 9-Mountain brome.••._ June 15 July 6 July 21 Aug. 10 ~ept. 20 Oct. n 

Letterman needle· (Apr. 1- May 19- June 18- June 24- July 21- Aug. 1
grass••_._••.•..•..• ,May 1 July i July 18 Aug. 5 Sept. 10 Oct. 2 

Bluebell: 
22- May 25-- - ---_ .. _- - .. July 5- Aug. 15- Aug. 25-- Sept. 20-Western yarrow•••••_ {APr.

June 7 July 6 
~ 

July 25 Sept. 23 Oct. 15 Oct. 15._------ ... - .. 
23- May 21- June 30- Aug. 5- Aug. 15- Sept. 10-Sticky geranium •••••• {Apr. -~ -------~-

June 7 July 6 July 25 Aug. 31 Sept. 16 Oct. 15 
~-~-------.

22- May 23- July 5- Aug. 20- Sept. 10- Sept. 16-Rydberg pentstemon. (APr. --- ....-... -. -. 
June July 6 .----_.. -- .. - July 21 Sept. 21) Oct. 5 Oct. 5 

25- July Aug. 20- Sept. 10- Aug. 31-Xiggerhead .......... ...dO___•• { May 20-

July I . -~--- .... -_... Aug. 15 Sept. 25 Oct. 20 Oct. 15 

The number of dilYs between the earliest and latest date at which a 
developmental stage occurs varies ,vith the altitudinal zone, being 
greater in the lower zones. Greatest fluctuation is shown in the date 
when herbaceous plants become dry. For example, sticky gel'l1nium 
has shown an extreme vari:1.tion 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 lO-year period of observation. 
At higher elevations, plants usually dry up soon after seed maturity. 
At lower elevations, aftermath growth may, with favomble weather 
conditions, continue into la,t,e autumn or even until the vegetation is 
covered bv SIlOW. 

Measlll~ed growth increments of herbaceous and browse species 
show considerable fluctuations throughout the growing season and 
from year to year. Fluctuations in height growth and the extent to 
which they vary from average depend largely 011 current temperatures 
and precipitation and on the time when active gro\vth begins. .A 
comparison of the 1935 height grO\vth of western yarrow at t>urshia 
station (table 7) \\o1.th the 10-yearaverageshows that on May 1 height 
growth was slightly ahead.of average. Throughout the remainder of 
the season it fell behin4, until on July 1 it had about half of the growth 
ordinarily attained by that date. In the spring of 1933, acti\'e growth 
inception of practically all species was delayed to the extent that 
height development remained bolow averuge throughout the season. 
In 1934, the gro\ving season began unusually early and the majority 
of species showed growth measUre men ts greatly in excess of normal 
in the early part of the season. The influence of the drought of that 
yellr, however, later cansed a, marked decrease in growth rate with 
the result that plant heights and t\vig lengths at the end of the season 
were the lowest retorded. 

The extent, of variation in height growth that occurs from year to 
:rea,r at ditfpl'ent periods during the gro\ving season is illustrated by 
the minimum and ma)..-imum height growth record of Letterman 
needlpgruss a:1; the different stn,tions, as given in table 12. Variations 
in lteight tend, naturally, to become ,.;r'eater as the season advances. 
Thus, the greatest difference recorded between maximum and mini
mum height at l>urshia station on May 15 was 23 cm i on June] i5 it 

http:ahead.of
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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 minimum and maximum average heights attained by Letterman 
needlegrass at the 6 stations, 1925-34 

Station and elevation (feet) May 1 May 15 I Jnne 1 June 15 July 1 Jul), lIi 

-----------·1-----. -.----------
em. e11l. e11l. r.!m. Cm. em. 

Purshin, 7,150.•..••••••••.•.• __ •_____•.••. 6-19 6-29 14-3~ 15-41 15-52 Hi-54 
Wire~rass, 7,655____ . ________ .___________ _ 6-13 5-15 13-23 18-34 26-47 28-59 
Snowharry, 8,450___• __ •__ ._•• _.___________ 6-10 I 6-14 7-22 14-34 13-37 18-50
Headquarters, 8,850_•. __ •. _______________ •___ • __ .__ 6- 4 6-12 1:1-1S 20-25 21-42 

6-14 5-18 15-26 24-37~l~r~:,llio~i~::::- ~: ::::::::::-::::::::: ••--::::::: _. __~_~_ 6-5 0-13 1\-15 1:1-28 

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 areu, is produced in the 
aspen-fir zone and the least in the Qak-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 infiuence 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 temperature and the number 
of days required by the plant to complete any particular stage of 
development. Temperatures higher than average nre ussociated 
with periods of development that are shorter tho,n I1verage nnd vice 
versa. The correll1tion coefficients given below indicate the relation
ship between deviations from the average mean dl1ily temperature of 
the first 30 days in a develo.pmentl11 stage and deviations from the 
average number of dl1Ys reqUIred to complete that stage (4, pp. 160
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197; 16). The coefficients n.re highly significant since the odds that 
they might occur by chance in uncorrelated data are less than 1 in 
100 (4, p. 196). 

Stage oj development Correlation coefficient 
Actiye growth inception to flower stalks (or buds) eyident

(125 obsefyatiolls) _ _ _ _ _ _ - _ _ - _ -0. 500 
Flower stalks (or buds) eyident to flowC'rs in bloolll (124 

obsen·ations)_____ _ __ . ______ -.531 
Flowers in bloolll to seeds ripe (117 o\)seITutiollsL_______ -.4-15 

Although these corI'Rlntion coefficients, which e~qJI'ess the inverse 
relationship that exists betwecn tCl1lperntul'e and the length of time 
to reach certnin developmcntal stnges, 11lenSUl'e only about 25 percent 
of the influeuces affecting the rate of plant dewlopment, they clearly 
indicate the great importm1C'e of tempel'utlll'e as a f,letoJ' in the rate of 
mountain range-plnnt dewlopment. 

Eaeh species of plnnt appenrs to show a specific renction to tempera
ture. It has been observed that two species growing under' apparently 
identical cODcUtiollS show different responses. The relationship be
tween tempemtlll'e and rate of development vuries foJ' the same species 
at different nltitudes (tnble 13), probably becallse plnnts at higher ele
vations 1U'e subjected to difl'cl'ent \\ eatlleI' J\uctuations. 

TABLE 13.-- COlllparison of lell1prralllre.~ r.'Lperirncrd 0.1 thl' same .~I(Jges of plant devel
opment al chjTrrenl allillulr:" 1.'1,!!i-8·4 

.\ Y('rn-~:~~:nn dniI.,,- temperature...; ror 30
uay I)~riud [u\luwing

1i . - .. -~-,--

I ~now di~nJl- ! Flow(·rstalk:-.: Fhm"ers in 
1 rwnrnn('e l evidf"ut i bloom 

l'lendcr wbeatgmss; F. 'F. or'. 

8,850.. _. 
 r; I [,fi. 1 59.3 
]0,100... . .. _ ,I", a 5·1. 2 I !i3.6 

:nrollntain hromr.: ,
[)5.2 60.0 

10,100. ..,. . ·l". U 53. ; I 54.4
8,850 ..... ·If.. " 

Letterman nl\edlegrn~~: 
7,055 ·12 a 5G.4 ! 65. I 
10,100 •• _•. ·t~. ,j 54.2 54.8

!"?"es~er_~ yarrow: 
,il. I 64.2 

10, lliO ... - ·Hi. " 
1,6:1.1 _ ·1:\ " 

54./ 54.5 
Sticky geranium: 

4:l 9 5f), H 62.57,655 
·1.;, I I 55.4 59. 9 

lO,IOO., .. . 4, -I , 53. {) 55.5 
Mountain sl1()whrrry: 

8.850 _ 

7,055. _ ~ __ ... 4:l. 7 04.3 
8,il50 _•.•• __ 47. (I ... -} 00.4 

,-.-----~ 

At lowel' altitudes growth hegins enrly in the senson, wliell. the plant 
is subjected to unsettled. w(,tlther conditions Ilnd low avemge tcmpera
tures. At higher clevations ilH'('ption of gl'owth is ddnyed by the snow 
cenTer, with the result thn t highet· temperfl.tUI'(·S prcvail when growth 
begins. Aycrnge mean dllily t01llpcmture fot' tllC first month following 
growth in('cption is llpproximlltely 3° F. highcr at Alpine station than 
at Wircgl'tlss station. 1t is likely thnt this illwl'siou of temperature 
during cnrly gl'owth stng<'s is partly J'Psponsihlc for' the catching-up in 
growth und development tllllt OCCUI'S j),t highpl' nltitudes. 

Follow:illg "Hower stalks in (·yid(·I1(,('," tpmperntmc inversion disap
pears and averuge meun dn.:ily tpmpcl'U turcs arc lower at Alpine station. 
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This doubtless is one of the factors that slo\\s up the rate of growth 
and deyetopment of plauts tlt high!'T ekn1.tiuns dllring the period irom 
"flowers in bloom" to "seeds l'ip£'," 

RAINFALL 

Infiu('uce of rainfuU on plant deYelopnH'nt is not so readily measured 
as i<; the influence of temp<'ruture, owing to the complex interrelation 
of precipitation and otllC'r climatic f:lrtors. Howeycr, as already 
noted, at the time of snow disappearUIH'P nnd during the early part of 
the growing s('nson, soil moisture is at a nU1;\.-1mUm; consequently, 
current rainfall nplwtll'S to have' Ji ttl£' influencc on rate of plant de'yelop

2°1 I 
~ 10--·· -~---. 

~ 


1 _____. __• __"__ . _ 

'~25 "26 27 ·28 

FH;nn: 2. 1>all' or ~ltCJW dh.apPI·amIH·p at thn'(' I'lt'\"atiouuJ Z(jll!'~ ju Ephraim 
('au.)'oll, ('tah I!J2.i3-1. 

m('nt eady- in th(' SPUSOIl. III t/tl' lnttl'r JHI/"t or th(' gJ'Owillg SPHson a 
sigllifirllnt rplations/tip llpJH'at·s to "xi!'" fH'tw(,PIl ('ltITPllt ]ll'or'ipitntion 
an!l rate of plunt, dpy('lojllllPnt. 

The lInmlwr of dHY:; l"C'lfllin'd for !':('P<lriJH'llillg following "flowel's in 
bloom" is go(,llentIlv J('o;:; thun :tYl'l'ngc' WllPll pn'('ipitntioll, which influ
(,11r(,S (,lUT('nt t<'IlipPI atltl'(''', i:; Jo\\,pr than :n-(,l'l1g(', UJl(t yicc Y(,I'SIl. 

In 1n:2:i, Wl;Pll raillfall \\,:1;:; llOt'Il1td, l'Ppd:; of slpll<i('[' Wh('tltgrn:;;:; rip(,lled 
in 3() duys nt the 8/i;j()-foot nltitucll'. ill HtW when l'tlinfuJJ was 
d{'fic.it'r1t: ti111(, of rip!'lIillg' \\,:1:; J'educed t'l :2fl days. In ]929 with ('x
ceso;iyl' rninfall, :-;('('ds J'<'<[lIin·d +7 days to ripPll, ..ill otlH'1' lll'l'btlC(,OllS 
8})(lCil's show similur t('I](I(,IlCi('s. 

Distrii>lltioll flS well llS the amollllt of p]'('cipitatioll dmillg Ow 
period foUowing •.11<)\\,('1''; in hloom" inflllellc('s tIl(' 1':1 tt' of seed ri p(,lling. 
Ex('P!"si\-e ruillfall in the C'Hrl.\' JlUtt of tlte IH'riod llUL.'" h:lYO little 
d)'('('t jf no mill falls in the Jatt(,t' part. 011 tIle other h:mel, 1ll0cl(,I'atc 
mins distributpd t'\'Pllly ()V('l' the' ]wl'iocl pl'('('('dillg s('('d formatiolllllu.y 
ch·lny S('I1U maturity for ~ or :~ wl'('ks. 

DATE OF SNOW AU;I.'!" 

The dutf' ,vh(,1t wint('l' snow disnplH'Hrs, which .flllctlln.tes widely 
from YCllr to YPIlI' (fig-. ~), is dl't('J'nlill('d principally by the depth of 
snow tl(,ClIlllllJutioll durillg tlw willt!'/" and b~ \\-in(/ mo\'eulCIlL 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 di"appearance is related not only to the beginning 
of active growth but also ordinarily reflects the progress of the entire 

FJ'mo 

FI(, ['RE 3. Suuw disappearing- at Headquarters statiun in the aspen-fir zone. 
Active growth of thf' important rang-e plants begins almm;t immediately after 
winter S!lOW djsappear~. 

growing sea::;ou (fig. 3). Seasons whiC'h begin enrly, late, or normal 
tend to remtlin early, late, or nOrIDt',l throughout the growiug period, 
except as extremes in seltsonal temperature and rninfall may exert a 
counter intluence. Plants delayed in early gro'!,7th may catch up 
later in the grovting season to stages of normal development if abo\'e
a.verage temperatures and well distributed precipitation follows. 
COllversely, unfavorable weather conditions-chiefly low tempera
tures--,may retard the rn,te of development of veg("bltiou of which 
the early growth was ahead of normal. The general tendency, how
ever, is for vegetl1tiou to main tain the trend of development estu.blisheu 
early in the growing senson. 

Figure 4 sho\',,'s the r1o::;e I'Pl:1tiOll of the date of snow Jisappenrance 
to the dlltes of o('('urrencc of plunt-devplopment stages as illustrated by 
mountain brome at the 8,~50-foot plf.'vn,tion. Two important stages, 
trflower stalks in evideu('e" and "seeds ripe," have been used for 
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purposes of illustration; "flower stalks in evidence" is a developmental 
stage useful in determining range ren,dil1ess; "seed ripe" is a useful 
criterion for determining the dilte when deferred grazing lllay begin. 
The date of appenrance of Rower stalks is, on the average, nearly 33 
days and the ripening of se3ds nearly 99 days In.ter than the date 
when snow disappears in tl1e sprul&,. 

A few exceptions to the general relationship between snow melt and 
subsequent plant development may be noted in figure 4. The 1925 
growing season, for example, begun eurlier thnn JlOrmnl but ended 
later thnn 11ormn1. This marked di,·ergence froUl the usual trend 
was due, 1)) part, to abonHlOl'lnnl ruinf;lll I'ecein'd during the latter 

--~~ncwme" 

FroUJlE 4.- Dates of snow melt and slIiJsl'qm'llt devl'loplTll'lltal siages of IlIolllltain 
br()me, ]\)25-3,1, elevation 8,850 fl'et. TIll' straight lille dl'llotes tile lO-ypar 
average. 

growth stage. High tenq)('rntlll'f'S d\ll"ing the l:tte growing sen son of 
1932 l'esultrd in tile growUl sInge "seeds ripe" heing slightly aben.d 
of normul (W{'ll though the dlLtrs of snow lllt'lt alld Hetive growth were 
below. In the main, however, the rel:ttionship of snow molt to growth 
stages is su{ficirntly uniform t.o emphnsize tho Ylllue of judging later 
plun t deYclopm('ut. 

The flssoein,tioll ])('t\\'('en thr <lntr Wh(,ll \\ ultrl' Rnow disnp[wtu's 
nnd the date wlH'n subsequ(,llt, dC'\'('lopm(,lItal stag('s of grass('s n.nu 
we('<ls oceul' may be ('xpl"('ss('d b.Y ('olTeitLtion coeflicien ts pn's(,lltf'U 
in table ]4. Th('se eorrelntion {'o('fIici('ntd HI'(" in most installc('s, 
bn::;ecl on 10 pail'::; of obsrryutiolls, although o('easionnlly only n, 
9-Yf'ltr rf'col'd was Hvnilnb\(·. Although the number of samples is 
snlall, the fnet thn t the ('()C'!l1eicltts lu:e all pORitiYe and the odd::; in 
nearly nn cal-'f'S 1\1"(' Ipss thUH 1 ill 20 thnt they nre due to clwucc 
indi(';Lt('s tllllt 111(' ]'('Ialion is ('('itl. CorreIntioil eodlieients, calcu
lnted fol' stflg('S other thun thosp gi\rel1 in table 14, show the same 
('elntion. 
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TABLE 14.-Correlation coe.tficirnts expr('.~sing tlie relation between the date of snow 
disappearance and each of the 8 subsequent growth stages of important forage 
grasses and weeds 

I ,Fh~\~'~;~~~lks Flowers in Seed ripe
pddent hloOlDI

------------------------- ----------!--------
Slender wheatl<rass; I 

I~:~=====::::::::: .: .... I +~~ ~~~ I • i+o:5;,m 1 "-';+ii:sis'
9.000......... . ..• \ + .• 1, , +. .92 ' +. S3S 

1O.1{)(L•..•.....•..••. + s,a ' +. fl91 2 +.666 

:Mountain brome; 
8.850•••..••.••••.••...... .L,!;sr.1 +.m;, +.820 
9.000............... . +. rA7 +.H1H ..L., iS6 

10.100 '".. .... . +....24 +."[1 +,868

Letterman nepdlel!rtl"; 
8.450 •.•....... C+.615)
+.r.go I +. "·14 
9.000••....... +. "-III +.90. +,667

10,100.............. . +. 7].\ , +~:-';flij +.832 

Western yarrow: i
8.4.50.... +.7£l5 +. S69+. '0. t
9.000'•.. ~.{j3fi l +.7;"JI (~.fi2f) 
10.100.... . ...... . <+.6201 , 1+.1,4)1 (+.354)

Stirky F:eranium: I 
7.655 .............. . .L -g" I +.~fi~ I +.639 

8.';,51)............ . 4-.~:II I' +. ~~.., I +.G3h 

9.000.... 2 ....:... HI.., l-+-.flfifl'"0' 

W,JOO.•...... "7"- ~5~ ! +.7116 I ··· ..+:635· 
R;-dber!( jJentstemoll: i I

9.000.. . •.. +.!lllI +.7flO +.7fi4 
1O.lfAl ......... _ +.!.-H;;i ,+. ;-·12 1+. 007 

Nill!!erhead: 
. 8.850 ............ . (+.4Ut1, +. ~13(j 

9.000....... . +.74;i 1 +.7£15 I 


~·'Year r€'t'ord. 
9-YEar rerord; 111lrpntht~~b l:t,lii'aft'!'- \'urrpb!iun : !It "'l~l,.~H~nt. I.t'n·J of ~i:!uin("'.int.·e fur p=O.05;

,1:=]0, r=U.632; for n=~, r=II,tit}f;; fl)r 11= .... r='I,70;, 

For the brow:;p "IWei(':; a po:;i tiy(' (' lITt'lu ticll nl:;{) (l:-..-:i,;t>l h('tween 
the date of sno'w disujlj)(,Ul"llllCf' nud th(' dn tI.'s nt \\'hich de\'elop
mental stages are rcnclwd. The COlTPltttioll corfficirnt showing this 
relation with respect to tlIe elMe when [lower buds are swelling is 
+0.694 for mountain sllowberr,\" nt Hrllclqunrters (8,8,50 feet) stu
tion (the significunt yuIlle in this Cfl"e for odds of 1 in 20 that the 
corr('lation mitv he duc to ch:1I1('p is O.GO::?). Common serncebE'rrv 
show,; higb('r c(lrrplations for thc SllJl1e stnge of d('\"C'lopul<'nt, +O.S24 
find +O.8n'\{ for "·irt'gmss (I,ti;);) [('('i) nlld :-)f1owbeI'lT (8,4;)0 feet) 
stations, resper.tiYely. 

FORECASTING RANGE-PLANT DEYELOP:\lENT }<'RO:\I DATE OF 

SNOW:\lELT 


By the lise of the originul data Oll which th(' cOLT('lations shown ill 
table 14 nr('. based, mntlwnmticul exprps:;ions of the snow melt-plant 
development relationships (l'egrp,;sioll eqlwtions)4 were determined, 
as in figure 5 (4, JU). Tlwse equations give the menu dn,te of ellch 
developmentnl stnge nt uny <lllte of snow disnpIH'arlwc('. 

From figure 5 thE' rpgn's,;ioll [llllction,; nppeared to be linear and 
hC'nce strnight-linC' n'gr('ssiolls W('I'P Iith'd. By the 11se of the regres
sion charts (fig. 5) den'lopp(l frolll tIll' ]'<'gJ'('SSiOIl eql1tltiDIlS, l"f'Jiuhle 
fOJ"('Cflsts of J'tlllge-pbllt dp\'plopmellt may hp madt'. 

'On tho b!lsl~ of a hi~h rpiatiOl,ship Plhtil;g hp!\\p['D t "" "'<'I<lr$. iC I'n[' Ca"Lor i~ known the other mBY 
be calculated within a high deere" of lU'f'Ur,,['Y. Th~L i~, bN1l\!~p of tho hidl rpillticnship thAt ,'xists he
tween the date OCS!10W disnpprnrnnw on mOlloLAi'l ran~l'~ awlll1r "Uh"''1UPllt d~vplnpmpnt oC mountain· 
r.ange forage plant.s, nnd on tho- hn.:'is of rn,;,;t r(lNjrfi~~ if tl~r- (1.tul of !''nn\\~ IltsappCUrtUl(,ll i$ known th(\ U'ferage 
dllte oC any suhsequent developmental sr.l~e uC the plauts ~lln b" ('llrlliated. 



20 TECHXICAL B1LLETIX 686, 1I. S. DEPT. OF AGRIClJLT1.TRE 

FLOWER STALKS OR FLOWER BUDS IN EVIDENCE 
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NUMBER OF DAYS AFTER APRIL 1 WHEN SNOW MELTS 

~--------------------------------------------~ 
FIGURE 5.-Relationship ]H'tween the date of sno", melt alHl the (lates of occur

rence of phenologieal foltages of varIOUS forage plallts as showll by regression 
charts. The regression lim's show the IlSt'rag(' rt'lationship. Dots indicate 
the actual observatiOlls Il()tpd during the past 10 YPaJ·S. The equations are A 

the equations of the regressic)ll lilies. When a ,'prticnl lille is drawn to the 
regression line froUl the date of snow melt in t('f1ns of 1he nllml)(,>r of days 
after April 1 on the X axis, a horizontal line frolU this poiut will mark on the 
Y axis the average daie whell the de,'cloJ)Illental siage will oeCllr, 



TABLE ]5.~Devialiolls of predicted dales a1lri of 10-ycar-llvemgl' dales from ac/ual recorded dales of pi(lIlt-ileveLopmolit Jtagcs, 1935 growing 
\W'(l.~()1L 

~----,--~,--- -~-,--,~--- ---, 
1>1111' nOWl'r s(alk i ))Ull' lIo\\'('r~ ill 	 flute Sl"t!(i rilll', nc
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To show til(' nccuracy of this l11('tho<1 (d forecast, the foilowing 
exnmple is cited: At Snowbel'l'Y station (c]c\'ntioll 8.450 feet) snow 
disnppenred in 1935 on )'lny 14. On thp, bnsis of the determined re
gression equntion for Lpttpl"mnn Jwpd]pgrnss at thnt stntion it was 
cnlculntpcl tbnt floWp1"s would hloom for tllnt sppcies on .ruly 11. Oh
spJ"nl'S in thp :fipM 1'pcol'<1pd tl1(\ netun1 (btr fiS ,July 10. 

To check the J'eliahilit.\, of tl1(\l'cgl'£'s,;ioll m'rthod of forecasting 
future clenlo]JJl1pnt. of mOllntain range plnnts from the dnte of snow 
mph, phenological ohspl'Yntiolls \\,p],(\ contill1l£'ri in Ephrinm Cn11yon 
during the 19:3fi f1£'1<1 spHson. \Yhpll snow disnpI)('nrpd nt ench plnllt
deYrlopmpnt stn tion, the tin ips of dpyr]opmpl1 tni stnges of Yflrious 
fornge plnnts \\'Ne prNiiC't(·tI, nncl throughout the growing spnson the 
netual dntes of npp('nruncp of th£' prpdictpd ci(,\'p\npm('ntul ,;t.nges WNO 

rrconled, Dl'\'in tions of the l)J'pdietccl dn lcs from the nctu'ni dn tes 
rpcorded nl'e shown 111 tnble 15 The mnjol'ity of ('stimntes bflsed on 
the Tegl"pssion method npPl'Onchprl tl1(\ adual recorded dnt('s much 
more clos('ly than pstimntps h,ts('d upon tllp 10-.\'(,111' :werngp, ('xcept. 
in the euse. of sticky g(']'lmium, which hus th(' gl'ent('st. Ynl'inbility of 
the pll111tS obsprVC'd. 

As ft, fnrtiJ{'I' tps1. of t11p l'pliability of such ft f01'ecnst, nppro:dmatply 
,=50 locntions at the hl':lcl of Ephrinm Canyo11 WPI'C st:11;:('(l b('fo1'e the 
bpginning of the 198!5 growing "p:tSOll. Thrsr w(,l'e scntt('J'pd Oyp]' nn 
I1l'pn 21~ mi]ps long nntl ollc-fourth io onc-hnH of fL mile wide, within 
nltitudinnllil1llts of 9,nOO unci In,nO() f('('t. Dilte of SIlOW disnppear
l111eC wns ]'('cordNl fol' r,1eh location. \\Tlwn plants thnt apppnl'pd 111. 
each stntion \\'('1'(' lnrgr (,J1ol1gh to ill' idmtifi£'d by thpil' Yegetntivc 
ehlll'nctcrs, n fo I'N'n st. was mudp us to thr date wl1(·11. yarions de\'plop
m(,l1tal stage-'s would. occur. :"[05t of tl](,5p fOl"('casts wCl'e has('d on 
]'egl'pssion 0quntions obtninpd from the Alpillr st:llion, sill(,o the. ma
jOl'ity of thrse :lrplIS nppl'Oximntpd that dcgrrp of slopc, PXPOS111'(', and 
r]('\,:1tiol1. Dpdntiolls of thp llredi(,(pd dntps from artunl dntes, gi\'en 
in tn hlp 1 fl, show that t h(' dnt('s bnspd on the I'rgl'('ssion mpthod of 
forecilsting ngrped fuyoru bl.\, with til(' ndu:lI <In tps ]'Pcorded. 

TABl.F: 1 n.- -.l1'I'TIlgc ri('l'ialiol!N of pl"lflirlrti dll/I., from arU/ill riatrs for rir"riopmrnlal 
..lagr_~ of illljllJr(rtlll foro{I" plllnt." Ejlh,.ialll ('Il1(,llon, I!M,j 

FJoW{·r·

I~Ialk~ ; FJc.wrr..; ;:';:PPlb
flf hlHl.< in ' 

rIPPin pyj. ~ b}OIJ1H 
~ dt'Jwt.' ! 

DfHJX ]Jrty, 
"~(l.;trrJ1 snrrnwRlend~rwhentl'rn" • (I " 

:-lounlnlu brOltH' 1 I ~t jc·k v J!l'rnnillln 
l~(ltt(lrnlnn ne(ljll(!t!rtl~ .. Ptmt~t(,t1HHI 

Even in "('arly" 01' "IILtl''' .\'paI'S, dcyplopm('nlnl ~tagps of forage 
plants wpre pl'rdictpd by thr ]'('~;1'pssion lllPlhocl. fl'om::3 w('eks to more 
thn.n :~ months in Ud\':111PP with rp'LSOlln\)IP. n(,(,1lJ'ney,5 :"Iol'POYN, 
cl pvrlopm('nt:1.1 :-;tnge~ during til<' In t(PI' ]HlrL of (lie growillg S('n"OIl w(,l'e 
pl'pciictl'd with JlParl,Y the Stlllle :1('Clll'HCY ns WPl'P the en.riipl' stnges. 
During thp rflrl,Y gl'Owth prl'iocl, px(n'lllPS in \\'{'Iltl]('r JluC'tuntiollS mn.y 
C!UlS(, fL (\('\'in.tion, but as til(> S(,HSOll U(h·:tll(,PS this digl'Pssion tends to 

~ iltll!lJllrii error, 3 h C; tlays. 
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be compensated hy opposite extren, '~s. Thus, the regression method 
ma,}, be considered a pmctical one for forecasting runge-plant develop
ment. 

DETERMINATION OF GRAZING PERIODS 

IMPORTANCE OF PROPER DEVELOPMENT OF KEY FORAGE SPECIES 

As clemonstrntecL by the deYClopmontal dntn. (la,clt indhTiclua.l 
speci(l~ of mountain rangt' fora go pin nts has its own peculillr 1'a te of 
growth nnd development. This rnte of development varies l'a,ther 
\\Tidel.Y hoth within and between en,ch elnss of yegctfttion; the grpatC'st 
varintioll occurring betwN'1l the de\Teloplllentnl stages of wepcls and 
browse. ;'v10reo\'('[', ('itch dl'nIopmen tal stage of ench Yl'getntion class 
has its own speciJie rute of (1pwlopmpnt; the early stngps of gl'Owth 
ar£' cornplC'ted in more rupi(l ol'dpl' than the bter stngps. It is thpre
fore l1(,(,e'ssnry 110t only for prncticnl j)UI'j)OSe'S of grnzing mnnagPlllpnt 
but also for U';Sllrance of sustaillNI fornge production in. future ypaJ's 
to bnse the detl'l'Ininfttion of grazing periods of moul1tllin range'S on 
thl' growth ftnd d('velopment of the more impol'tttllt kC'v fornge 
sprci£'s. Inllsmuch as the' p('r('nnial grn.s::ws are more :o;tnhle nnd S'll
prrio)' ns forngC' phnts (18), arl' bl'ttl'l' wn,tl'rshC'd ('oyC'rs (2, /i, 10) 
and gC'll('rally furnish the bulk of the f('('d for IiY('s(o('k on mountain 
rang-es, gl'u:dng p('I'io<1s, in the main, should be' bns('d on the growth 
nlll[ c[('yC'lopll1pnt of tIJl' important mom pnlntllhlc· grnss spl'ries. 

'1'1)(' k('y forag-e grn,ss('s in Ephrnim Cnnyon nrc L('ti(,1'mun 1l('C'dlC'
g-rnss. mOllntain broll1r, and slpnc[('r wlJl'atgmss; Lrtte1'mlm lH'pdIl'
grnss bring morp, ('ommon in til(' oak-hl'ush Z011C' nnd mountnin brome 
Ilnd sl('n<1rr whNligl'llsS in the nSJwll-fir nncl spl'lIrp-fir 7.011('S ]'rspl'('
ti'nIy. 'Yhl'1l thr mnjority of plnnts of tlH's(' grnss('s nl'P () to Rinch('s 
high, f1owl'r stalks nrc l'vid('nt in the two 10w('1' Z0I1('5, n,nd f1ow('r lwnds 
sl;owing ill thl' UPPl'l' ZOI\(', thl' associated \\-£'('([ n.ne! hl'o\\'sr spl'cil's 
C'ith(,I' h(,(,111IS(, of g-rpntel' dpy£'Iopn1l'nt, 10wl'1' palatability, or of 
limi{('([ O(,ClIlTenc(' mny nlso 1)(' I!r'nzNI. 

As indirntC'd fmlll tlie tnhI('s (;1' a\'pl'nge growth and deYl'lopmrllt. of 
plnnts (tabll's 4, fj, und (»), tile' opl'ning of til(' g1'n7.ing S(,flSOll in Epll
l'nilll CllllYOIl slwlll<! bl' 10 to 14 <lnys III tpr for rn('h ] ,OOO-foot iIH'J'l'nSp, 
in ('Il'\'lltion. This aY('I'Hge I't1t(' Yn.ri('s for encb Y('getntioll /:Om', 
dl'pending on tll(, ratC' of dC'\'('lopm(,llt, of tIle k('~~ fOl'f1gc grnssrs, 
b(,ing a PPl'Oximn.ld:\TI 0 da,)'s for the oak-hruslI, 14 dnys foJ' tIle nsprn
fir, nnd, 12 dllYS for thp, sPI'II('('-fir ZUMs. Also, shndeclnorth-fncing 
slop('s, esp('cillll~" in tlr(' nSjl('Il-1il' 7.()IW, frC'q urn tIy r('q uire a II additionnl 
10 dnys to ],C'lIrh Sillliltll' d('\'('lopnwnt of tire zone :IS a, 'whoIp. In 
geneI'lII, ] Hl\\'r \'('J' , the ratps lI[,(, in line wit!1 til(' ('stimate of Snml)son 
n,nd l\lnlrn,;t<'1l (/.;) of J~ days for llorth (>xposuJ'rs, 11 day,; fni' south 
exposlIl'(,S with Illl 11\'C'I':1gn of 14 <lnys P(,I' ] ,000 fe('t for the 'Ynsfttch 
l\lollntnins, ancl ,1. L. Pl'[rrson's 0 ('stimate of]O to 14 dn.ys 1'01' Wash
ington nnd Ol'rgoll rOll tHilled in n n nn pu hlislwrl T('IH)rt. In allnt her 
11l1publi.:;hrd l'('port,1 Arnold R. Standing givl's npproxinwtrly 10 days 
per 1,000 feet, nn thn nVE'rllge for til(' Intrl'molrntnin r('gion. 

The pl'lldical application of this knowIl'dge Tl'quirrs nril'quatr COI1

tl'Olllncl S(':1sollI11 distribution of li\Tl'Rtock, so ns to ndjust grazing w'e 
to COITl'SPOlld to till' 1)1'01)('1' d('velopnwn t of thE' fornge plnn ts wi thin 
the ('Ie\'ntionnI zones. Too Oft(,ll cattll' or(' 11£'l'Jl1itted to drift to the 

6 F'or~~t ~(,r\'i('(\ m(l~. 

i Co\'erioI! tho. l Jnliolldl (()r(l~ts of "'lJullwrn ldahht south,,'(';;.ll\rll ,rYfJItling, t"tnlt, and Nevada. 
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higher ranges before the forage plants are ready for grazing, causing 
sevce damage to the plant cover. Drift fences to protect elevational 
ranges from livestock until the forage plan ts are ready for grazing are 
useful in preventing cattlc from drifting to the higher ranges in the 
spring. Effective distribution within the vegetational 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 eattle at new salting places and later to see that they do not 
exeessively concen h'n-to is eq ually importun t. Such livestock-manage
ment practices, now in rather general lise, have been discussed by 

-- Spruce-fir lone (slender wheotgrossl ---Aspen-fir zone (mountcl1n bmme) 

---Aspen-fir Lone (Letterman need!egrass) c::=J 20-day margin 
~------- ~- --------------~~----

FIGultt) G.-Fluctuation of dat(' of rang(' rC'adiness in 1hree Yegetlltioll zones in 
Ephraim Canyon, t'tah, as demonstrated by c1e\'cioplllent of three -kPy forage 
grasses, 1925-34. 

Chapline and Talbot (1), f'nmpson and ).[Illmsten (13), ,Tardine and 
Anderson (8), and others. 

Sheep, since they nro ordiJlUrily lIndel' herd, cnll more readily be 
held within vegetn tionnl zones during p('J"iods wlH'l1 the f(,ed Cflll most 
effectively be grnzecl. 

Becfluse of the need in livestoC'k-grnzing opern tiol1s for some <1£'
pendnble criteria on which to base the start of grazing period3 und to 
make partial ndjustmellt for tllf\ yelLrly vnritttion in mnge-plnnt de
velopmen t, the average dnte of mnge Tendiness hns been 11sed ns a 
guide to the opening of the grnzing senson on many national-forest 
ranges. Sampson nnd :Malmsten (13) on the basis of their study set 
the avemge opening dat{'s for the three vegetative zones in Ephraim 
Canyon as: oak-brush, :May 20; aspen-fir, June 10; and spruce-fil', 
,Tuly 10. The TCSllits of the prrsen t more extended study show tho 
average dates of range rendiness for the three vegetative zones, bneed 
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 
dat€s of range readiness would have resulted in premature grazing in 
a number of yeaTS. 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-fIT zone; the delay being more 
than 15 days later than aserage 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-fir zone range 
readiness was reached more than 15 dfLYs 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 
con tinue, will undermine the perrnanen t welfare of the communities 
or individuals depending upon the range resource. Thus, to pi'even t 
the infliction of permanent injury to the importnnt 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 fomge plants. However, the 
benefits of applying this system can be obtained only when proper 
numbers of livestock HI'e grazed on the runge. 

PREDICTING OPENING OF GRAZING PERIODS FHOM DATE OF SNOW MELT 

The date of disnppeamnce of wint(,I' SilO'" from the mountain side, 
which frees the forage plants nnd allows them to start actiyc growth, 
offers a practical basis for yarying the opening of graziug periods on 
mountain ranges. This dltte Cim be considered fL reliable base in 
similar regions characterized by a permanent winter snow cover 111,.1 
a definite summer gro\..-ing season. On the busis of the high relati,lll
ship between the date of SIlOW melt llnd the subsequent seasonal 
growth und development of the mountain-range phlllts as described 
in the preceding sections, practical predictions of J"tmge-plunt develop
ment can be mude. 

By the sno\'v'-melt, plunt-den'lopment regression method, the date 
of range readiness of the key forage plants common to the various 
mountain vegetative zones call 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 days in aspen-fir, and 42 dllYS in 
the spruce-fir zOlles) for both the livestock opemtor nnd range ad
ministrator to luy definite pIa ns, or make any adjustments in pre\-iously 
made plans, for the npPl'oaehing gl'llzing season. 1foreon~r, late stages 
of plant developmellt, slleh as seed maturity, CUll !llso be forecast 
with accuracy at the date of SHOW melt, thereby enabling the rnl1ge 
administrator, before the gmzillg season opens, to set up grazing pe
riods for the entire gmzing senson, including do tes for deferred grazing. 

Varying the opening of the grazing season to meet netua1 range 
readiness from year to yenr by the snow-melt, plunt-devplopment re
lationship, hO\vever, will make it necessnry for the livestock operntor 
to reserve a minimum. of 5 to 10 days supply of feed each yenl', over and 
above the amount necessn.ry to feed the lh'estock to the average 
dnte of runge readiness. This surplus will serve us insurnnce for the 
satisfactory condition of the livestock in lu to years, when, if they 
entered the range 011 the "iLveruge date of range I'endiness," they would 

http:necessn.ry
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be short of feed. Feed sayed by Hdmitting liyestock on the mnge 
ahead of the a,yerage opening elate in enrly years can be held over and 
will compensa.te for the reserye feed necessnry in In te yenTS. 

In the oak-brush and spruee-fir zones the actual elates of range 
readiness fell within 5 days of the ayeruge date in all 10 yenI's of the 
study except one-the abnormally late yellr of 1933. The key grasses 
in the spruce-fir zone in 1934 did not Teach normal rn.nge-re::;,di::less 
height until a, later date, but they were sufficiently developed other
wise, wi.thin the 5-day margin. In the aspen-fir zone, the date of 
runge readiness fell within 10 days of the average date of Tange readi
ness in all yeurs except two, 1929 und 1933; the year 1929 being only 
a day or so later. The damage due to a few days early grnzing in 1 
year out of 10, providing the soil is not so wet as to cn,use severe 
trnmpling and uprooting of the plants by liYestock, will not be 
marked and w-ill be amply compensated by protection in the other 
years. 

ese of the snow-melt-forecnst method is I1lso predicn,ted on the 
n \'llilttbility of plant.-deYelopmen t records :for the key fornge plan ts on 
the range. :Many natiollal :forests hn,Ye and now maintain such rec
ords. 'rhese should be continued and analyzed by the regression 
method for the purpose of :forecastillg rn.nge-plant development. 
Only the dlttes of snow melt and of those developmental stages of the 
plants by 'whieh gmzing use is regulated need be noted, such as the 
stnges indicating rnnge readiness, time to defer grazing, and the end 
of the grazing periods. A lO-yenr Tecord of such data provi.ding they 
nre truly representn.tiYe und YH.liel will afford reasonn.bly accumte 
predictions und eyeu :fewer may serye. Accumte plant-development 
records taken on representative vegetn.tional zonal l'llnges of a lla
tionul forest will ofrer a basis for forecnsts 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. 

'Where it is not prncticnl from the livestock operator's stnndpoint 
to vary the opcning of the grazing periods from yelL!' to year, it will be 
necessfLry to establish gmzing dn,tes sufIiciently late to prevent pre
mnture grnzing. This nccessitates deln.ying the grfLzing season on 
mountain rnnges beyond the average date of range readiness. COll
servntive opening dn,tes, or dutes when the important forage plants 
will actually reach range rC[ldiness in most years, :for the three vegctn.
tive zones in Ephraim Canyon nlld similar mountnin range types are 
oak-brush zone, May 26; aspen-fir zone, June 21; and spruce-fir zone, 
July 13. These a,re 5 days 1u.ter than the average date of range readi
ness in the oak-brush and spruce-fir zones, and 10 days later than 
average in the uspen-fir zone. 

Wllere the three v<'gctatiyc zones constitute one summer grnzing 
allotment, as is usunlly the cnse on most intermountain national-:forest 
ranges, the vtlriatiol1 of the date of range readiness ill the middle and 
upper zones, once liv<'stoek are admitted to the lower zonal range, 
may be adjusted by varying the length of the grazing period in the 
low THnge. Bn,ndling and distribution of livestock to correspond to 
proper seasonal :fomge development within n, j'nnge unit as well as 
the time for the dose of the grn,zing season in the fall JUlYC becn dis
cussed by Jardine n,nel Anderson (8) and Sampson and :Malmsten (13). 
Wllere the zones are used separately, the opening dates outlined in 
the preceding pn.rngrnph should be nc1hered to unless \veather and 
plant developmellt records dictate otl1el'wise. 

http:compensa.te
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SUMMARY AND RECOMMENDATIONS 

. r<:> determine proper opening gl'llzing periods of mountain ranges 
It IS Important to know (1) the l10rmnl growth and development of the 
principal forage plants at di.fferent altitudinul zones, (2) the fluctua
tion in seasonal growth and development of the plants from year to 
year, and (3) knO\vledge of the more l"E'adily measUlwl climatic factors 
related to the growth and devE'lopment of the plants. Observations 
and measurements of weath0r and range plant development in 
Ephmim Canyon, Utah, by the Great Basin branch of the Inter
mountain Forest and Range Experiment Station during the lO-year 
period 1925-34 furnish information on tlirse problems. 

The vegetation in Ephraim Canyon within the eleyational limits 
of the study is of thrl'(' major types or zO[]('S: Oak-brush, 6,500 to 
8,000 fe(;t; asprl1-fir, 7,500 to 9,000 fret; and the spruce-fil', 9,000 feet 
and abovp. 

Temperature and precipitation Yllry lwtwern zoncs, average 
monthly temperatures being 42.6°, 38.0°, and 32.5° F. ill the lower, 
middle, and upper zOllrs resprcth'ely. Averagr annual prpcipitn.tion 
for the same :!;Ol1E'S are 17.51, 20A8 an(1 28.01 inclws. 

The averagA length of the growing Sl'tlSOIl for d ilreren t ('le,'ations in 
Ephraim Canyon arc 7,000 feet, 17.) dnys; R,OnO fl'('t, 1£30 days; 
9,000 feet, 145 days; 10.000 fe('t, 1:25 days. 

It is notable that each indiyidulli sp('cies of mountain l'!llIge forage 
plants has its own specific l'll te of ~rowth nnd developm(,llt; the rnte 
varying both within and between ench ClllSS of Yegetation. The 
greatest variation OCCHfS betw(,(,Il "weecls and hrowse species. 110re
over, each developmental stnge of encll vegetatioll clnss Iltls a sprcific 
rate of de\Telopment, earlier growth sttlges d('velop more rapidly than 
later stages. 

The rate of drveiopnlPut vuriE'S with nltitudp, bt'ing deln,yed from 
10 to 14 days for each I,OOO-foot increuse in ('Ievntioll. I-feight 
growth at uny pnrticuluT date decrrtlsrs with incrensr in l'levation 
largely clue to higher ayern~e tempNutUl'rS tlt the lower altitudes. 
However, growth is more I"llPicl at bigher thlUl at lower elevations, 
once it stu.rts, o\ving tq more even and f[womble tempemtures during 
the early growth stnges. On the other Illllld, a 10ngC'L' period of time 
is required to reach seeds l'ipl' at the higher thn Il tlt the lowe I' eleytltiollS 
due in part to lower tlYemge tem prnltnrrs and ill ptu·t to increased 
seasonnJ rainfall dlU'ing tile period of deYl'loplll(,llt at the higher 
elevations. 

~[arke(l variation also OCClll'S in the mtl' of growth at1f1 development 
of tbe plants from year to yl'nr. 'The sbtrt of llctiYe growth of grnsses 
from one year to the urxt, for exnmpll', hus vuripd as much as 45 clays. 
Likewise, the du,te whrn the key grasses reach range l"NLdiness-when 
they arc 6 to 8 inclies-'mried as much ns 47 cln,ys from one YCiLr to the 
next in the aspen fir zone. Similar varin.tions occurred for other 
classes of vegetation and for aU sttlges of development. Such varia
tions are different for rnch zone; hl.'ing greater in the lower zones. 

Temperature illfiuC']H'P is e\'ident during all stages of plant develop
ment but especltuly apparent durin~ the early stages of growth, 
extending to the time flowers are ill bloom. 'Temperatures higher 
than an'rage are nssociatrd with periods of develvpmpnt that are 
shorter than avernge and vil'C' \'('rOll\.. 
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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 mel ts early, the active growing season 
is early and vice versa. J\,{oreover, 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 diH'erent altitudes 
may result in an early season at one elevation and a late season at 
another. The degre'9 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 t,he 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 praetical 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 importilllt 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 impoi"tant palatable forage 
grasses. The key forage grasses in Ephraim Canyon are Letterman 
needlegrass, mountain brome, and slender wheatgrass. When the 
majority of these grass plants have reached range readiness, the associ
ated weed and browse speeies, either because of greater development, 
lower palatabilit.y, or limited occurrence, may aho be grazed. 

Based on the development of the key fomge gj.'usses, 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 livestoek so as to protect each 
elevational range and north-facing slopes wit.hin a given elevational 
zone until the key forage plant.; have aetually reached range readiness. 
Drift fences are valun,ble aids in regulating seasonal distribution of 
livestock. Other practices in elude 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 
io 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; amOlll1ting to as much as 15 days early in the aspen
fir zone. Thus, in order to utilize the feed in "early" yenrs and to 
avoid a shortnge of feed and preven t permanen t dnmage to the range 
in "late" years itis advisable to vary the opening of the grazing periods 
to correspond to the yearly development of the important forage 
plan ts. The snow-melt, plan t-developmen t relationship described 
herein offers a practical basis for determining the opening grazing 
date, the time of snOW melt being a reliable bllse for the prediction of 
future range-plan t developmen t in similar regions characterized by a 
permanen twinter snow cover and a definite summer growing season. 

Whereitmaynot be practical to vary the opening date of the grazing 
season each year, it is necessary to establish grazing dates sufficien tly 
late to prevent premature graliing in many years. This necessitates 
opening the grazing season on mountain l'Ilnges 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 mountain range types are: Oak-brush, May 26; nspen-fir, 
June 21; and spruce-fu', July 13, amo~mting 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. ,"11ere 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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