|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




2

1 2

o =7
= m" 1.8

25 s pue

m” 0 M g

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAL OF STANDARDS-1963-A

12 a2
122

22
l£

It ie

MICROCOPY RESOQLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-#



http:111111.25

; f Mavy 1929

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

WEATHER AND PLANT-DEVELOPMENT
DATA AS DETERMINANTS OF GRAZING
PERIODS ON MOUNTAIN RANGE'

By Davip I'. CosteLuo, Tormerly assistani conservalionisl, {nlcrmountain Forest
and Range Frperiment Slation, and Rayuoxp PricE, sendor jorest
ceologist, Division of Range Research,® Forest Service

CONTENTS

Pren
Tngroductingym: . ..o v ceim e . Temperalure. . . e oo 2]
zariplin iphraim Canyon 4 Nainfall . . . A
*Principa o5 of vogetation. e . Taiule af s e L. . 15
o & Climate . . . i # . Foreensting range-plant develapmoen i fooes date
Iethods ok MpVALiOD . ..o Ll Al of 0w melt . - . 14
2 Plant develipment_ . . i .. i Letermination of grazing periods. . ud
Veathor W rvalions.. . ... ... . o lmportanee of proper developowent of key
amservatiogs of plunt developmant e e } [orage specics . . EA]
“hormel %@s ab different altftudes.. .. ... 6 Predicting opening of grazing peciods from date
ayrecords normal  develagment  indicatle i af siiow metl . . . 25
wp_charap@erPl growing soason., . .. . Summary and reeotnmvndat s P
.‘-.LFluctunt{nns in planl dinelopnent from year i Lircrature ciced 28
= otoyearooo... o B L +
'!E}'inci al ¢limptic Jdepors affecting plant de-
o velopment . 0% T

& 52
,? i
nd 06

INTRODUCTION

Fundamental in ceomomical mmge-resource management is the
determination of praper grazing periods. It 1s of prime importance
to be able to estublish a date in the spring when the range has pro-
duced sufficient feed to keep livestock in thrifty condition, when it
is reasonably safe from excessive trampling and packing of the soil,
and when the more importan{ key fornge plants have attained seffi-
cient development {o withstand grazing use.  Such opening dates, as
well as the time to deler and rotate grazing and to remove livestock
from the range, are dependent in part on the prevailing wenther
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

' Suhmidited for publication Novemibier 4, 19N,
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fluctuations are not well known. Although the relation between
phenclogy and cultivated agriculture has been repeatedly pointed out
(7, 14)* and lists of phenological dates (9, 15) have been compiled,
comparafively few quantitative phenological studies on range plants
have beenreported. Basic information regarding weather fluctuations
and the growth and seasonal development from year to year of the
important forage plants common to the verious mountain range types
is needed as a basis to adjust the opening grazing periods with proper
range-plant development. The purpose of tlus hulletin is (1) to
outhne the normal trend in the seasonal development of some im-
portantrange forage plants at different altitudinal zones; (2) to indieate
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 .wse fluctuations; and (4) to cutline how this
knowledge may be applied in the determination and adjustment of
the opening 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 Lphraim Canyon on the Wasatch Plateau in
central Utah.

DESCRIPTION OF EPHRAIM CANYON

The topography of Ephraim Canyoen varies from gentle slopes in
the foothlls to bold reliel at the high~e wltitudes, and altitudes range
from 6,500 feet at tlie lower limits of the oak-brush zone, where the
study aren began, to more than 10,000 feet. The sumnmit, a compara-
tively level plateau, is the divide between the Great Basin and the
Colorado River drainages. Althcugh the general aspect of the area
is westward, ihe rregular course of Ephraim Creck provides slopes
with almost every exposure.

The soil is mainly of limestone origin and is 80 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 (72), 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.

Tlie oak-brush zone, which is bordered on the lower side by the
pifion-juniper zone, oecurs within the elevational limits of 6,500 and
8,000feet. Thezoneischaracterized by Gambel oak (Quercus gambelii),
big sagebrush (Artemisia éridentata), bigtooth maple (Acer grandi-
dentatum), common serviceberry (Amelanchier alnifolia), and an
understory consisting of various otber shrubs, witli grasses and
weeds * occurring in the openings between the shrubby species.

The aspen-fir zone extends from 7,300 to 9,000 fect, depending
largely on the exposure. The transition from osk-brush is abrupt.
Aspen (Populus tremuloides aurea) generally forms even-aged stands
occasionally interspersed with Douglas fir (Pseudotsuga tarifolia) and
white fir (Abies coneolor). An undevstory of shrubs, chiefly mountain
snowberry (Sym phoricarpos oreophilus), is usually present. In open
parklike arens, characteristic of this zane, are blueberry elder (Sambucus

3 Ttalle numbers in parenthesis refor Lo Lilerature Cilod, p, 20,
tThoe term “weed” 5 here applicd (o herbeecous nongrasslike plants which, topether with browse,

grasses, an< grasslike pants, conslilule the four main granfs itk whicll western range plants are enstomarily
divided.
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caerulea), squaw currant (Hibes 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:

QAE-BRUSH ZONE

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

(Frasses.—Letterman needlegrass (Stipa lettermani), Indian rice-
grass (Oryzopsis hymenoides), slender wheatgrass (Agropyron pauci-
Jiorum), bluebunck wheatgrass (A. spicatum), bluestem (4. Smithi),
mutton grass (Poa fendleriana), Sandberg bluegrass (P. secunda).

Weeds.—Western yarrow (dchillea lanulosn), asters (Aster spp.),
groundsels {Senecio spp.), sticky geranium (Geranium viscosissimum),
pentstemons {Penistemon spp.), lupines (Lupinus spp.).

ASPIEN-FIR ZOXNE

Whoody specics.—Aspen, Douglas fir, white fir, meuntain snow-
herry, common serviceberry, Fendler rose (Rose fendleri), hlack
chokecherry (Prunus melanocarpa), squaw currant, blueberry elder,
creeping hollygrape (Odostemon repens), myrtle boxleaf (Pachistima
myrsinites).

Grasses~—Nlountain brome (Bromus carinatus), slender wheutgrass,
Porter brome (Bromus anomalus), oniongrass {AMelica bulbosa), Letter-
man neecdlegrass, subalpine needlegrass (Stipa columbiana).

Weeds.—Sticky geranium, npiggerhead (Rudbeckia occidentalis),
tongueleaf violet (Viola linguaefolia), dandelion (Leontodon taraxacum),
Rydherg pentstemon (Pentstemnon rydbergis), aspen pea vine {Lathyrus
leucanthus), western yarrow, lupines, showy goldeneye (Viguiera
multiflora).

SIMRUCE-FIR ZONE

Woudy species.—Engelmann spruce (Pices engelmanni), alpine fir
(Abies lusiocarpa), gooscberry currant (Ribes montigenwm), squaw
currant.

Grasses.—Slender wheatgrass, Letterman needlegrass, spike tri-
setum {7 selum spicatwm), nodding Muegrass (Poa reflexa), blue-
grasses (Poa spp.), alpine timotuy {(Phleum elpinum), meadow barley
(Hordewm nodosum).

Weeds —Sweet sngebrush (Arfemisia incomple), paintbrush (Castil-
leja spp.), gilias {Gilie spp.), western yarrow, stick:” geranium, Barbey
larkspur (Delphiniumn barbeys), dandelion, slirnstem cinquefoil (Fo-
tentilia filipes), falee-carrot (Pseudocymopterus montanus).

CLIMATE

Recently, Price and Evans {71) 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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Seesonal maximum temperatures are usually reached in J uly in all
zones; minimum temperatures for the sspen-fir and spruce-fir zones
oceur 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 {or
the study area. Table 1 shows the mean temperatures for the aresa
from 1914 to 1934,

Tasre l.—dverage monthly and annual mean lemperatures and average monthly
end annwal precipilation af cenler of 8 vegelolion zomes in Ephraim Canyon,
Utah, 1914-84

1
Temperatire ‘ Precipitatinn

Oak-brush | Aspen-fir | Spruce-fir | Onk-brush Agpen-fir | Spruee-fir
zone {7,655 | zome (8,850 |zone (10,100] zone (7,655 | zone (8,850 izane 10,100
feet) fret) feel) feet) feel)

L '. Ineches
L2

b2

T SO AT e b~ OO DO RS e

L
L
1
1

7
23
02
63

LT
i
b
40
1%
a0
ol

Nevember. ..
December e

1

1
1.
1.
1.
1.849

L6l

24
@a

Total or average. ... .

Monthly ar _ 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
hetween 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
0CCUTS &5 SNOW.

Average soll temperatures in the aspen-fir zone from 1924 to 1034,
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 Qctober. When the ground is snow-covered, sail 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 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 sumrner, soil
moisture at the 24-inch depth remains at a minimum, while showers
bring a slight increase at the higherlevels. Owing to the high moisture
content of the soil following snow disappearance, current precipita-
tion has kittle eflect during the early part of the growing season.
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Other factors have been reported upon by Sampson (i2), 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 & luxuriant growth of vegetation and
owing to fopographic features. Wind movement wasz greater by
about 100 percent in the spruce-fir zone then in the zones immediately
below, snd it was not uncommon for the wind to exceed 40 miles per
hour for several hours in sucecession. Sunshine duration and intensity
were practiczlly the same in all zones; but there is considerable differ-
ence in baromefric 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 sutumn may reduce by one-half the length of the growing period,
and occasional frosts may oceur during any month of the year.

METHODS OF OBSERVATION

PLANT DEVELOPMENT

During the 10-year period 1925-34, plant-development observations
were made in Ephraim Canyon on lmportant range-forage specles
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 aren 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 cach station, as well as the plant species observed,
are given in table 2.

TABLE 2.-—Descriplion of 6 plant-development stations in Ephratm Canyon, Uioh,
and species observed, 1825-34

Wire- fnow- Fhened-

N " . _— .
Bescription of stntien nnd spieeies observed | Purshia FEnss 1 horey | quarters!

Maebell | Alpinet

Elevation. ... . . . 7,150 R 4 8, M5
EXnosure. oo .oaoa. o L Ll - w W W S
Riope 10 ! & &
Species:
Blendoer whoeatgrss _
douniain brone, .. Lo L.
Lettorman noodlograas . ..
IWeskorn YAMOW. ... ...
Riicky gortnivim
Pentstemnon. ... ...
Wigrerhend. . ...
‘Fonguetenl viplet? .,
{nmmon serviceborry.

LR RXXXANKX
LXK

Lo

Gnmbg-lpak-__,___..._,_.____..___ .
Mouptaie snowhoerry .. . ...

XXX XX

t Metearologicnl station,
t Record discontipued at end ef 1931 growing svasen.

Plants observed st the three meteorological stations were reason-
ably close to the recording instruments, so that eonditions affecting
the instruments were practically the same as those affecting the plants.
QObservations on both weather and plant development were statted
at snow disappearance in the spring snd 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 messure-
ments were taken at intervals of approximately 5 days from the date
of active growth inception until elongation of %eaves, twigs, or flower
stalks had ceased.

Tanus 3.—Plant-developmen! slages recorded

Gragses Weeds Browse species

Date of spow gisappearunce, Date of spow disappesrance. Date of snow disappeorance.

Datg 6 inches high. Flower buds evident. Flower buds bursling,

Flower stalks ovident, In full bloom, Lea! buds borsting.

Heads beginning to show, Seed ripe. In tal! fenf.

TFlowers in bloum, Seed disseminated, In full hloom,

Seed ripe. Plant dried up, Fruit ripe.

Sged disseminatad. Fruit all drepned. Leaves all
droepped,

Observations were confined principally to the more linportant forage
species, as shown in table 2. Absence of plant species at some stations
is due to altitudinal lim:itations of the species, to differences in habitat,
ot to thesize of the enclosure. .

WEATHER OBSERYATIONS

Atmospheric temperatures, soil temperatures at depths of 6, 12, and
24 inches, and precipitation records were continued daily during each
growing scason of the experimental period at s standard-equipped
meteorological station located in the approximate center of each zone
{fig. 1}. In addition, evaporation measurements and relntive-
humidity readings were recorded deily during the same pericd in the
aspen-fir zone only.

OBSERVATIONS OF PLANT DEVELOPMENT

NORMAL TRENDS AT DIFFERENT ALTITLUDES

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 reacned becomes progressively later with increase in alti-
tude. This delay, which agrees in genera] 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
deys; for slender wheatgrass, 13 days; and for mountain brome, 14
days. A greater variation between species appears among the weeds
and browse species, viz, western yarrow, 7 days; sticky geranium, 13
days; tongueleaf violet, 15 days; mountein snowberry, 10 days; and
common serviceberry, 7 days.

Each developmental stage of the various classes of species also has
o specific rate of delay. For example, in grasses, flowerstalk develop-
ment is delayed from 8 to 12 days for each 1,000 feet increase in
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elevation, while sced dissemination shows a delay of 12 to 17 days.
Similarly, the earlier developmental stages of weeds are delayed 9 to
14 days, but o the later stages it is 6 to 15 davs.

FA12T60

Ficuas L. Meleorological instrumenis at the wiregrass station located at the
cenler of the oak-brush zoue.  The ponderosz pives at the extreme right and
left have been planted.  Big sagebrush is growing in the ceunler; Gambel ok
in the background. The priecipal forage grasses oceurring ol this station are
Letlorinan needicgrass, slender wheatgeass, bluestem, mution gross, and Sand-
berg bluegrass.  Western yarrow, in flower, s evident in the foreground.

Tanve d.--Forage grosses; average dutes of upprarance of varions growth slages at
different clevations, 189.25-35 1
Seedds

I
¢ dissem-
: inated

S |
. ) , Flant  Fiower  Flower
SHecies gned elevanien il G inehes  staiks Iteadds
Tnizehi evalent  showiog

. Flowers . Reeds
in bomn . ripe

Aay 16 May 23 0 June 15 - July 1 July 250 Aue, M
Aoy ol May 30 June 22 July & Aug. ¥ Aup 21
ydoume & [ dune 30 Fuoe 2 Juiy 80 Ang. CAug. 20
| June 1% 1 June 19, July 7 July 20 . Aug. : Sent, 21
July 120 June W

i
'
i

dniy 3 Jaly 25 Aug ; Sopl. 19

Mountain brofe: { | ) !
550 B el June 11 June 7 June %5 July Aug. : Sept. 8
R 1T 1 T e June 16| Jone I8 doly F o July 250 Awpe. ¥ Sep. 17
a0 e caew it 30| Jupe 220 Soly 00 Joiy . dept. ; Sept. 28

Sleuder wheateras: | - : :
AT Co e wee- o May 6 | May #H o June W July siuly 22 Aup. B
Hoha e idupe &) Jane 2 June 260 July DA | Sept. 3
853 . .. e - Piune 23 fane 9§ Jaly 3. Joiy 16} Aog. 25 | Sept. 20
LTI . S 1M I. Tune 21 Ty 32 ! July 27 | Sept. 3 | Sepr. 22
W, L N 1Y T ) duly ta __.do.. | Sem. 5[ Sept. o7

! The mapnitude of searly Ductonniions for Hese nod the following duiz pre disens<ed tn later sootioos,
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TABLE 5.——Forage weeds; average dales of appearance of various growlh stages al
different elevations, 1025-34

Tlower Seeds
ol et Flowers | Beods oo | TPlant
Sneecies and elevation {leet) t:\l'}il(fi{cl‘?u. in blopm Tipe (:Ls.ltcl‘:: dried up
Western ynrm\\“
7150, . e e o] afay 30 | June 20t SBept. & [ Sept. 10 | Qet. 10
7635, U Jdune 13 Toly 5 p Aue, 246 | Sept. 34 | Ock. 13
SAI. . L June 6 July 0 } Sepl. 4 do... | Sept. 25
G000 .. P oo o Adome 18 | July s | Sept. § | Sept. 29 | O¢t. 1
10,300, cew e e eeee o s M Inne 25 | Joaly 31| Bepl. 20 Oct. B | Oct. B
Stlcks' gorumum
150. .. o R, Py 15 | June 14 | July 18 | Aug, 0] Sept. 25
?,&55 - e m e . ARy 29 ) June 200 F Jaly 26 | Aog. 10 | Sept. 18
8450, I !.Tum} 41 de. | Aup. i | Sept. 3| Qet. 5
5.850_ . June §jJane 24 [ Aug. a5 _riln_ _ | Sept. M9
0,000, : dang 130 Inly 10| Auwp. 14 | Bept. 5 | Bepl, 29
10,100, Lo Jung 19 P Tuly 200 Aug. 27 0 Heptl. 1 To.
Ttxidbery |)mlt<tomnn F .
n‘nnn . . Vhune 17 | July 18 | Bept. 5 | Bepl 25 | Sepl. 28
11, 1 L June 21f July s Sepl 11 | Sepl, 27 | Sept. 28
N lg[.‘.['rhl’a(i'
K530, .. o Slupo 1| July 2001 Sepd. 2 Bepl, 28 | Bept.
1. 0HH) I . I Jong 21 Aug. 24 Hept. § Oct. 3 | Sept. 28
“I‘onmlt‘lmf\'mtvr
7050 - o Aay 2] Aday W VIone 10 | June 24 | July 8§
7,035, e o . . MMay A | ATuy 19 D dune 20 | July 3| Tnly 12
AL Lo oL L 1AMy 14 ] May 20 | June 30 | July & | July o7
L. o . o .. Plime 4 June 1a jJuly A0 oAnE. 6 Aug. 6
L1, [ .. 'l.]unu iU Jine 25 0 July 29 ) Aug. B | Aug. 26
. r

TanLe G.-- Lrowse specles; m-rragc* dotes of appearance of variovs growth slages al
differeni elevations, 19.25-84

. ; . H ]
| Flower ! ! t (- ; T.onves
a e : " H ‘Leead bards;  Inful] Lo full ¢ frui all Fruit
Spiecies and eleyation feet) hltl)rl‘l-‘lll:l" thurstmr ©deal b obluem | ripe | drepped (ir{?rlnluc{[
B . '
Mpunniain snow hrrr}' H i b
T 055 Ll Cdune 172 Juoe 1§ Tine 261 Aug, 20 Sept, 157 et 6
RAED . . L lne 2307 dune G Juee 309 Ang 170 Sept. 12 Ot 1t
h‘n{} . EH] R c i June 3G Jaly 851 Awe 21 Sept, 26 el 1L
oo Servivehermy ' i l i
I E) May 170 Apr 3 Ay 3! Moy 350 AwmEs N Aue 20 Ol §
157 5) o May 24 Muy 2 i Muy 240 Aav 200 awug, 11 ] Ane 9K 1o,
4,430 May 200 May T do C June A App. 11 . du. . ! Oct. 11
Trie ot alu-nethocnny H | f i
TR Max 230 prc 30 Aoy 2500 Moy 2400 Jady 2| Anpe 100 Oct, 4
7500 o June EI Alay 4 ! lune 5 Pdune Tl oA 2 Aug 4] OcL, 19
Aspens i I i i i
ER E) CMuay 6 Ay 1 Fome G003 Aav 1l L. PR Oot, 11
X554l N , . Sy B June 150 Aoy o e . Qut. 12
Ritterlrush: i | I ! i
7.1 . o ATy IV Aprs T Aday e i 2D Jaly a0 Aug, 10| Oet. 20
TAas June q 7 Aproom T dune b June 00 Aug, 20 ool Oer 2t
7,5 . oo dwne 1 Xay v June G June W00 Aug. 90 _doo .. Oet. 20
nnbel onl:; ; ' . ' : H
7043 . Ay 230 Mny Us ) dune 37  dune 5 Sopd, 25 Qel. 10 1o,

in some instances, delay in dafes of development are not prope:-
tional to inerease in elevation. These varintions [rom the general
tendency are due I part to differences in slope and exposure at the
dilferent stations.  Thus, the 9,000-loot elevational station (Bluebell)
presents o northeast exposure, which qurmumhnﬂ' mountains shade
In the moming and in the evening. Snow remains there longer in
the spring tha is avern: ae [or that elevation. (‘On%(!quentlv, the
dates at which developniental sis 1ges occur ab this station frequently
approximate those of the Alpine station, more than 1,000 feet higher.
Average total piant height, or length of Ewigs in the cuse of browse
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specics, reached on May 1, May 15, June 1, June 15, July 1, and
July 15 ns determined {or each species at dilferent elevations, 1s given
in table 7.

TaBLe T.—Average heighis of importan! farage planis af various dales and at different
altitudes, 182534

et e - ] | e

Speries nned elevation (leets f Mav) | Alay 15 ¢ dume | June 16 ! July 1 ; July 151

Totterman neeilenrass:

. :

TR oL L
5,450 ...
8,850, . .
RNt
10,100 .

Weslern yarrow:
T80 . -
nees
KAS0. . ..
8,00

s =
FATTEE T
——i i

Eaad )

|
i
i
|
i
|
i
.i

Cotamr=es
FmimEg
Rl = -]

SN WLl e

1§ Further average Depghi-grow 1l dutd e aot avnilable beeause plant srowih asaally cedses sonn witer
Inls 15,

1A sinels rensarement,

11923 camparison ool avaiinhle,

These data conflirm the obvious assumption that height growth ut
any particular date deereases with inercase in elevation.  Thus on
June 1 average height of western varrow at the Purslia station
(7,150 feet) was 16.2 em., and at Bluehell (8,000 feet) only 3.5 cm.
At Alpine station (10,100 feet) active growth does not ovdinarily
start until after June 1. Similarly, heighis reached by Letterman
needlegrass on June 1 were 21.8 e, nt Purshia station and 2.8 em. at
Alpine.  This same tendency holds for other dates and for all species
observed. Crrowth is more rapid, however, at the highor than nt the
lower clevations, onee it starts. Shortness of the growing senson
explains in part the failure of vegefation at high altitudes to reach an
ultimate height equal to that altained farther down the mountainside.

The average number of days helween suecessive slages of develop-
ment has been determined [or each species at cach elevational zone.
Data for three periods nre given for the more important grasses anel
weeds in table S,

Tendeney for growth 1o catch up during ecarly growth stages at
higher elevations is shown by a epmparison of the number of days
between developmental stages for the same species ab different alti-
tudes. Tor each additional 100 fect of altitude, 0.2 to 1 day less is
required after active grow(h inception for grasses to cach “flower
stalks in evidence.” Sticky gerantum requires 38 days at Wiregrass
station (7,855 feet) and only 22.5 days after growth inception at
Alpine station (10,100 feet} to reach “flower buds in cvidenco.”
Catehing up tends to deerease in sureceding stuges.

The period between “flower buds or flower stalks in evidence”
and “flowers in bloom" shows comparatively little variation between
different clevations for the same specics. A marked difference s
apparent, however, between weeds and grasses, and even betwern

131818°—39——2
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weed species themselves. Sticky geranium requires less than 24
days for this period at the 8,850-foot elevation, while slender whent-
grass requires more than 40 days. An examination of table 8 will
show that similar differences exist nt other elevations.

TaeLe 8.-—Avernage ntember of days beiwern slages of growth for {mporlant forage
grasses and weeds, 1535-34

Period required at elevation of- -
Qrowth interval vl species

FA55 feel [ 8,450 oot SR80 feet | 0,000 foet 10,100 {cat
Active growth ineeption Lo fowoer stalks
or flewer buds in evidenee: Tays Thitty freys rana Fays
Slender wheatprass, ..., . R 40,8 FL ) Ms BN
Mountain brome_ .. . - 45 L6 24,3
Letterman needlegrags, ... %1 Hs 9.1
Sticky gorantum . L 3% 0 BRI 244 225
Westerst yarrow . EN I L . a2 26.8
Pewtsfergn_._______ ., .. . 487 .7
Flower buds or flower slalks in evidener
Lo flowers in bloom:
Slender whealpmss. ... __ ... ... 10. & a6 a an. 4
Mowatain brame . .- R . k% 45,9 .5
Leltermon needlogrnss S an, e b 3L
Btieky gerandiin . _ ’ 27.6 231 255 .3
Western yarmw .. : 348 T 35. 8
Pentsieman. . _...... .. e . ! 26,5 270
Flowers in blomm to seeds ripes | i
Slender wheaterngs. . . I B8 374 5.0
Monntain brome_ . . ; .. 28] 3L
Lelterman needlegross . . ! Tk k18 #3.n A3 7
Stieky pevanlum . , 3hoaf A5 q i H4A b
Western yatrow ... . . ! Al LTI - i M4 . g
Prolsiemon_.. ... . ' . . . ! A%y b 1
: ! i :

Grasses show a tendeney to lose out in the period bewtween “flowers
in bloem” and “seeds ripa.” A longer period of time is required to
reach ‘‘seeds ripe’” at Alpine station than at lower clevations, and
the catching-up tendeney evident in the enrlior stages is counters
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 approximately 95
Lo 105 days with an average of almost 104 duys [or all stations.

RECORDS OF NORMAL DEVELOPMENT INDICATE CHARACTER
OF GROWING SEASON

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

For example, the 1935 height-growth mensurements for Letterman
needlegrass and western varrow for various (u tes, when compared
with the 10-year averages given in table 7 indieate that height growth
of Letterman needlegrass for 1935 was less than average at all eleva-
tions except at Purshin station (table 9). Oun May 1, growth was
approximately normal at the lower elevations. By June 1, bowever,
height growth was far behind the 10-year average and eontinued to
drop belind throughout the season. A specific example may be cited:
At Wiregrnss station (clevation 7,655 feet) western yarrow had at-
tained a height of 8.5 em. on June I, and Letterman needlegrass 12.2
cm. These heights are practically identical 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 behind normal
on June 1.

Tabue %—/ncrease or decrease in average heighls of 2 important forage plants ai
nariows dales in 1935, over the 10-yeor averages (1925-34), as given in lable 7

RBpeeies and rlevating (leet) May 1 | May 15 June 15 | July ! | July 15

Letlerman needleorass: . Cm. . . om, Al
7 7 +5.8 +5 0

—2.7

—i.5 -10.8
=5 =50
—fh. —=12.1
-1 —3.5

e BT D -

-l —13.4
—~1i. =20, 6
—16. =21.8
=08 =183
—4.1 =70

LR A

LELED

TanLe 10.—S8chedule of indicators of range readiness for the Wasateh Mountains,
bused on principal range plants found in 3 vegetalion zones of Ephraim Canyon

OARK-BRUSH ZONE!

. Plant height or de- |Current iwizf Flower stalks 0 )
specles velopiment rrowth ar buds Other indieatars

Grassps:
Letierman needlegrass.. | 6-5 inches Io evidenve. | No heads showing.
Rlender whealernss. . |- _.da_.... _ Natevitent, .
AMunnialn brome . do. ... . . In evidence. Da
Blizebuneh wheatirass. . Ao N el

Muttongmss . . .. Present

Weeds:
Western yarrew dinehes. ... | . .-| Bursting. .
Sicky germpum .| . .do. St ...| Bhowing.. ..
Troguelea! violet s .{ Fuli blgom.__.

Drowse;
Mountain snowherry__. | a3 in leaf ..} 223 inches.
Oambel onk . ..., _. | Leaf buds bursting. .| Startng.. . { ...
Birchieal moantain-ma- | e in lenf Neong,_....{ Bursting_...

hogany.
C'nmmnh serviceberry ... et L. .o....| Starting_...
Bitterhbrush . . o0 o ]oaodoe R [, TR

La,
Heads flly out.,

ASPEN-FIR ZONE1
Girnsses:
Meuntain hrome..._.__. | A-8 inghes H -] Ingvidence. ] No heads showing.
Slender wheatgrass. . . | 6 inches__ B _de__.._... Din,
Tetierman needlegrass_ _ . i cemmaflOo oL | Hleads low in Loot.
Waoeds:
Western yurrow ... . . Bhowing. ...
Sticky veranium ... . . . Bursting.
Tongueleal viplet... . ... cwvvmaemnas oo | HEgight  of blooming
over.

wigeerhend Lo Shawing.. ..

Rydherg pentstemon., .
Throwse:

Aspen. . .o 00 0 | Sinleaf oo ...

Mounigin snowboerrs Lo in lenf.

Common servie berey "1} kloom and leaf.

FYSPON | 1| PR,

Young (rail evident.

SPRUCE-FIR Z0NRE?
(Frnssex:

8lender whoatgrass.. . . | 6-8 inches 4 Tnevidence. | Flower hends
ning to show.,

hegin-
Letterinan needlegrass . | 6lnches.__._..__.... [V 0.
Mountuin beome. ... .| Siushes ..o ... . e emmmmmm—— Do,
Wenis:
Western yarrow.. ... j fifnehes. . .. ] - .| Bursling. ..
Sticky geranium .. . { dinehes . L R S R ; [ .| Some flowers in blogm.
Fongueleal vinloL.. .. ... Heigkl of blooining | o emeemenmmna- | Seeds ripening.
past,
Rydherg penlslemon i .. - oo ] Dursting, Some flowers in hinom.

! Elevation 6,50 to 8,0 foel, ? Elpvation 7,500 to 9,000 feet.  # Elevation 9,000 feol snd above.
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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 yarrow (table 5) and flower stalks
of Letterman needlegrass (table 4) are nermally in evidence at an
elevation of 8,000 feet in Ephraim Canyon between June 15 and June
29, and the 10-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
plants 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 (/3) for the Wasatch
Mountains in T'tah can now be revised for grester acouracy, as in
table 10.  In this 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 possible to deteet range readiness more
accurately for each vegetative and zonal range.

FLUCTUATIONS IN PLANT DEVELOPMENT PROM YEAR TO YEAR

Marked variations oceur in the date of appearance of each stage
of plant development between “early” and “late” years, the minimum
and maximum varigtion depending on the species, for example:

Variation

Grasses: (days)

Growth begun__ ... ___ .. ... 20-45

Flower stalks evident . 33-39

Flower heads showing 25-35

Flowersinbloom__.. _.______.. . _____ ________. " 23-36

Seedsripe____.___._________._ . . . Tt 33-43

Seeds disserninated 5

Weeds:
Growth begun
Flower buds evident

Browse:
Leaf buds bursting 27-46
Infullleaf .. __ . __.._____.____._ ... .~ 30-35
TFlowers in bloom 28-38
Fruit ripe. oo ...l ... T077 3h-40
Fruit dropped._______..._. _ ... .7 ITTTT apay

Table 11, as an 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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TasLE 11.-—E=ztreme veriation in the dates of growth sieges of important forage
grasses and weeds af 2 slations, 1985-54

Flower
i | mas | nos | s | S | D
uds showing | im bloom ripe

evident nated up

Znow dis-
Station and species appesr-
ance

Alpine: -
Slender wheatgrnss... }3; 10 4 . soec[tf'
AMountain brome 531“; 3 ] ; %ecgl;
Letterman needle- May 3 Aug,
grass July . . Oct.
Bluebell: - 3
Waestern yarrow...._.. %?}} T . - égf :
Sticky geranitm.___.._ . e - - : ATE. é\g'i;';rf
Rydberg pentstemon_ - ; : T : ) %e::ltm

Niggerhead. ... ___J_. ¥ R ieicd AUE. %“L‘Izt

The number of days 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 variatien
has not exceeded 25 days during the 10-yvear 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 season 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 Purshia
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 thespring 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
yeer, 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 {he lowest recorded.

The extent of variation in height growth that eccurs from year to
vear at ditferent periods during the growing season is illustrated by
the minimum and maximum height growth record of Letterman
needlegrass ac the different stations, as given in table 12. Variations
in beight tend, naturally, to become zreater ns the season advances.
Thus, the greatest difference recorded between maximum and mini-
mum height at Furshia station on May 15 was 23 em; on June 15 it
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was 26 cm; on July 15 it was 3% ecm. Similar tendencies are shown at
other stations and for other species.

TaBLE 12—Range of minimum and marimum average heighis atiained by Letlerman
needlegrass al the & siations, 1925-34

Station and clevaiinn (fecl) Mayl | May15 | Junel | Jupels | July 1 July 15
(A8 it Cri, m. e O
Purshin, 7180 e 9 625 14-3% 1541 1552 10
Wireprass, 7,655.. __ - .- 513 1323 18-34 2047 28-58
Spowberry, 8,450_._. (14 722 1434 1337 18-50
Headgquarlers, B850 0~ 4 12 -18 2024 8142
Ploehel), 8,060, . ., BR [C] ~14 18 1621 24-37
Alpine, WO, .. oo o e} e -5 13 11-15 13-28

PRINCIPAL CLIMATIC FACTORS AFFECTING PLANT DEVELOPMENT

Sampson (I2) 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 sprucefir 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 onk-brush and
spruce-fir zones is in direct proportion to the evaparation.

4. Stem elongation is greatest in the oak-brush zone, intermediatein
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 aren is produced in the
aspen-fir zone and the least in the oak-brush zone.

The present study, econducted over a longer period of time and with
special attention to the more readily measured eclimmatic factors, cor-
roborates these findings and yields additional facts on the influence of
temperature, rainfull, 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 are associnled
with periods of development that are shorter than aversge and vice
versa, The correlation coefficients given below indicate the relation-
ship between deviations from the average mean daily temperature of
the first 30 days in & developmental stage and deviations from the
average number of days required to complete that stage (4, pp. 160~
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197; 16). The coeflicients are highly significant since the odds that
they might occur by chance In uncorrelated data are less than 1 in
100 (4, p. 186).
Stage of development Correlption coefficient
Active growth ineeption to flower slalks (or buds) evident
(125 observations) .  _ . .. ... oL . .. —0. 500
Flower stalks (or buds) evident to flowers in bloom {124
observations)_____ .. .. .. _ ... . .. .. . ooieaa —.5831
Flowers in blgom to secds ripe (117 observationsy __. ... —. 443

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

Each specics 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 rute of development varies for the same species
at different altitudes (rable 13}, probably hecaunse plants at higher ele-

rations are subjected to different weather fluctuations.

PanBLE 13.- Comporison of lemperatures evpericnced ol the sene stuges of plant devel-
apment of different allitudes, 18.25-34

Sverage menn doily tengwraiirces for 30-
elay perita] Following--
spevies aml elevaliog ifeetd [ [

| R dlisap- - Flower stalks Flowers in
joopeamniee evidenl | hloow

Slender whealgrnss: E \ - e
5, [ v i
My MGy 0 . o0 _ . X A 54_-_).;
Mounntaia hrome: :
10,300 . e .
Letlerman necdiegrss:
7,055 -
10,100 et
Wesiero yarrow:
T
10, 144} AT
Sticky eeraninm:
760 e
hASD L
TR L1 -
Mountuin saowherry:
OAG . L. .

B850 Lo o

[~ An Cm amcy thC3 (<1 andn
2R BBR FE X8 2B 835
e €3 (LR K] e X s =] [ R]

At lower altitudes growth bogins enrly in the scason, when the plant
is subjected to unsettled weather conditions and low average tempera-
tures. At higher elevations inception of growth is delayed by the snow
cover, with the resuls that higher temperatures prevail when growth
begins. Average mean daily temperature for the first month following
growth inception is approximately 3° F. higher at Alpine station than
at Wircgrass station. 1t s likely that this inversion of temperature
during ently growth stages is partly responsible for the catching-up in
growth and development that oceurs at higher altitudes.

Following “flower stalks in evidence,” temperature inversion disap-
pears and average mean daily temperstures are Jower at Alpine station.
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This doubtless is one of the factors that slows up the rate of growth
and development of plants at higher elovations during the period from
“Hlowers in bloom" fo “seeds ripe.”

RAINFALL

Influence of rainfull on plant development is not so readily measured
as is the influence of temperature, owing to the complex interrelation
of precipitation and other climatic factors. However, as already
noted, at the time of snow disappearance and during the early part of
the growing season, soil moisture is at a maximum; consequently,
current rainfall appears to have Iittle influence on rate of plant develop-

1
'

b

|
|
|
|

e T e 3
Sgrace T zene ——— Al - Y agre
——s—— Tza=bran e
Finrne 2. - Date of ~how disappearanee at three elovatioual zoanes in Ephraim
Canyon, Utel 1925 84,

ment early in the season.  In the latter part of the Lrowing senson a
sightficant relutionship appears to oxist between enrrent precipitation
andl rate of plant development.

The number of days reenired for seed ripening following “flowers in
bloom™ s generally less than average when preeipitation, which influ-
ences current tempetatiires, Is lower than aversge, and vice versa.
1n 1025, when rainfull was normal, seeds of slender when terass ripened
in 34 days at the §550-Toot altiznde.  In 1926 when rainfull was
deficient, time of ripening was reduced £ 26 dayvs.  In 1920 with ex-
cessive rainfall, seeds required 47 days to ripen. AUl other herbaceous
specieg show sindlar tendencies.

Distribution 2s well as the amount of precipitation during the
period following “flowers in bloom™ inlluences the rate of seed ripening,
Excessive rainlall in the carly purt of the period may have little
eflect1f no rain falls in the Jatter part.  On the other hand, moderate
rains cistributed evenly over the period preceding seed formation may
delay seed maturity for 2 or 3 weeks.

DNATE OF SNOW MELT

The date when winter snow disappears, which fluctuntes widely
from year to yvear (fig. 2). is deternined prineipally 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
diseppears. Varistion in the depth of accumulation at different
altitudes may result in an early season at one elevation and s 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

[ S—

- 4
i
A
R

F o

Ficere 8. Buow disappearing st Headquartees station in the aspen-fic zone,
Active growth of the imporiant range plants begins almost immediately after
winter show 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 inuence. Plants delayed in early growth may catch up
later in the growing sesson to stages of normal development if above-
average temperatures and well distributed precipitation follows.
Conversely, unfavorable weather conditions—chiefly low tempera-
tures-- may reiard the rate of development of vegetation of which
the early growth was ahead of normal. The general tendency, how-
ever, 13 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 dutes 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 'seeds ripe,” have been used for
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purposes of illustration; “flower stallks in evidence” is a developmental
stage useful in defermining range readiness; “seed ripe’’ is a useful
criterion for determining the date when deferred grazing may begin.
The date of appearance of flower stalks is, on the average, nearly 33
days and the ripening of sesds nearly 88 days later than the date
when snow disappears in the spring,

A few exceptions to the general relationship between snow melt and
subsequent plant development may be noted in figure 4. The 1925
growing seascn, for example, began earlier than normal but ended
ater thon normal. This marked divergence from the usual trend
was due, in part, to above-normal rainfall received during the latter

10 e < ey e -
! T
DN T —————— TN - —f

wes e ez T es T o 1520 a7 caz *a1 1934

Eruw mel — ——=—fluer sicle Byidert

——=e=—Geedt roe

Irgrre 4. - Dales of snow mell and subsequent developinental stages of inotain
brome, 19253-34, clevation 8,858 feet.  The straight line denoles the 10-year
average.

erowth stage.  High temperatures during the late growing scason of
1932 resulted In the growth stuge “seeds ripe” being shghtly abead
of normal even though the dates of snow melt and active growth were
below. In the main, however, the relationship of snow melt to growth
stages is suflicienthy uniform to emphasize the value of judging Iater
plant development.

The association between the date when winter snow disappears
amd the date when subsequent dovelopmental stages of grasses and
weeds occur may be expressed by eovrelution coeflicients presented
in table 14. These correlation coeflicionts are, in most instances,
basedd on 10 pairs of observations, although occasionally only
g-yvear record was available.  Although the number of samples is
small, the fact that the coellicients are all positive and the odds in
nearly all cases are less than 1 in 20 that they are due to chunce
indicates that the relation Is real. Correlation cocflicients, caleu-
[ated for stages other than those given i tuble 14, show the same
refation.
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Tanre 14.—Correlation cucfficienis expressing the relaiion belween the dale of snow
disappearance and each of the 3 subsequent growih siages of imporlant forage
grasses and weeds

1 i
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For the browse species a positive eonrelation also exists hetwean
the date of snow disuppearunce aind the dates at which develop-
mental stages are reached.  The ecorveluation coeflicient showing this
relation with respeet to the date when f{lower buds are swelling is
40,694 for mountain snowberry at Headquarters {8,850 f{eet) sta-
tion (the significant value n this ca<e for odds of 1 in 20 that the
correlation mav be due to chance i3 0.602).  Common serviceberry
shows ligher correlations for the same stave of development, +0.824
and +0.868 for Wiregrass (7,655 feet) and Snowberry (8,450 feet)
stations, respeetively.

FORECASTING RANGE-PLANT DEVELOPMENT FROM DATE OF
SNOW MELT

By the use of the originel date on which the correlations shown in
table 14 are based, mathematical expressions of the snow melt-plant
development relationships (regression equations)' were determined,
as in figure 5 (4, 167). These equations give the mean date of each
developmental stage at any date of snow disappearance,

From figure 5 the regression functions appeared to he linear and
hence strarcht-line regressions were fitted. By the use of the regres-
sion charts (g, 5) developed from the regression equations, relinble
forecasts of range-plant development may be made.

10n Lhe basis of & hurh relatinuship evisting between (wo Betors, i ene fieoor 5 knowt the ather may
he caleulated within a hizh dewreo of aceuraey,  That 8, eratt=e of (e hizh relaticnship that exists be-
tween the dale of sunw disappeacntes on modniain ranges s (e snbsequest devekpment of moasialo-

rages foraca plancs, anid on the basis of past reeords, I Gwe d e of seow disappearance 3s kagwn the uverage
dote of any subsequent developmental stuve of the plasts can be calenlated.
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Fiocuke 3.— Relationship hetween the date of snow melt and the dales of oecur-
rence of phenological stages of vanoeus furage plants as shown by regression
charts. The regression lines show Llhe averapge relationship.  Defs mdicate
the actusnl observations noled during the past 10 years.  The eguations are
the equations of ihe regression lines, When s verticad line is drawn Lo the
regression line from the date of snow melt in terms of 1the nomber of days
after April 1 on the X axis, a2 horizontal line from this point will mark on the
Y axis the average date when the developmental stuge will oecur.




TaBLE 15.—~Devialions of predicted dates and of 10-year-average dales Jrom actual recorded dales of plant-developmant slages, 1935 growing
season

Date flower stalk Date  flowers i o Date seed ripe, ac- L

evident, nctual Deviation of bloom, ©  actunl Deviation of -~ tual and  pre- Deviation of—
Doty and predieted and predicted dicted
Speeles and station snow dis-{
appeared

Pre- Rogres- H)-year \etial Pre- Regres- | 10-yoar Pre- Regres- | 10-year

Actual dicted sion average | ¢ dieted sion average Actual dicted sion average

Slender whealgrass: Days Days Days Days Duys Days
H(*ndqunru\rs e e Muy 221 June 221 June Hl 13t July 201 July 23 i} 10 { Sept. 2] Aug, 31
Bluebell.... . o .. . June 3 | June 29 | June 28 .3 July 24 5 Sept, 12| Sept. 13
Alpine. . PO ey dunie B[ July 1 July Aug, 5[ July 31 5 Sept. 165 | ._do..__

Mountnin brome:
Headquarters, ... .. . . el May. 27 | June 19 ) June 23 4 12§ July 21 | July 2t 7 Aug 13| Aug. 21
Bluebell, . . .0 .. . June 5§ June 201 June 29 ) July 251 Ang, 4 31 Aug, 3L Sept. 5
Alpine. . R ol e June June 30 1. do .. 1 8 |...doo.. { July 27 Sept. t5 | Sept. 16

Letterman noedlogmss
Wiregrass1 ., ... Co o Apr, Ceam e . IR DU B . . Aug. 5] Aug. 3
Snowberry. ... L . May June 19§ June 10 ¢ i | July 10 { July I 1 41 ..do.. | Aug. @
Bluebell . o Lo dune 3G June 27 [ June 29 July 27 | July 27 b1 Aug. 20 | Aug, 31
Alpine e Jung sdoes o June 27 oo Aug, 1 Aug, 22| Sept. -7

Sticky geranium:.
Wi IreEEnss. .. oo oL L Apr. May 30 | June & June 29 | July 3 4 Ang. 3] Aug, 7
Hondqunru'rs . vieem e May 22| June 10| June 21 daly 2} July 12 ! 51 Aug. 12
Bluebellt. ... . _ . . . June June 20 | Junn 24 : July 15 } July 16 5 ammmm———
Alpine...... ... cmn June June 23§ Jaly 8 4 | July 18| July 27 Aug. 26 Sept. 7

Western yarrow:
Snowberry. . ..o ... May. 8| June 15| June 15 U} duly 15 ¢ July 15 Sept. & Sept. 11
Bluebell .. . .. e | dune 3L e . b July 23 Suly 22 81 Sept. 12 | Sept. 19
Alplm,'.. imemesseeen ee e ) June July 81 June 29 FUOIIN SR mm——

Pentstemon:
Bluebell June June 25 |...do.... July 15 July 18 k Sept. 10 | Sept, 17
Alpine... June June 20 ) June 30 1 July 17 [ July 22 Sept, 13

Niggorhcﬂd:
Heudqumtersl May 21 I PO B vmue.| Sept. 10 | Sept. 11
Bluebell. . e ST June 3| June 20 June 30 Aug. & | Aug. 10 Sept. 15 | Sept. 16

N SN OO0 N D
bt —
OX QuWrHER O oo

LNTWJOTHIAHA ILNVId HDONVE ANV YHHLVEM

' Past records not sutlicient to make prediction in all stages.
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To show the accuracy of this method of lorecast, the foilowing
example 15 eited: At Snowherry station {clevation 8.450 feet) snow
disappearcd i 1935 on Muay 314, On the basis of the determined re-
gression equation for Letterman needlegrass at that station it was
caleulated that flowers would bloom {or that species on July 11, Ob-
servers in fhe ficld recarded the actunl dale as July 10,

To check the reliability of the regression method of foreeasting
future development of mountain range plants from the date of snow
melt, phenological ohservations were continued in Ephriam Canyon
during the 1935 ficld season.  When snow disappeared ab each plant-
development station, the dates of developmental stages of varlous
forage plants were predieted, and thronghoot the growing season the
actual dates of appearance of the predicted developmental stages were
recorded, Deviastions of the predicted dates from the nctual dates
recorded are shown n fable 15 The majority of estimates hased on
the reeression method approached the actual recorded dates much
more closely than estimates based upon the 10-vear average, except
in the ease of sticky geranitm, whieh has the greatest voriability of
the plants ohserved.

As o further test of the reliability of such a lorecast, approximately
50 loeations at the head of Ephram Canyen were staked before the
heginning of the 1935 growing season.  These were seattered over an
area 2% miles long and one-fourth 1o one-liall of a mile wide, within
altitudinal limits of 9,000 and 10,008 feet.  Date of snow disappear-
ance was recorded lor cach loeation.  When plants that appeared at
each station were large enough to he identified by thetr vegetative
characters, a foreeast was made as to the date when various develop-
mental stages would occur.  Most of these forerasts were based on
regression equations obtamed from the Alpine stuflon, since the ma-
jority of these arens approximated that degree of slope, exposure, and
clevation.  Deviations of the predicled dates from actual dates, given
in tahle 168, show that the dates hased on the regression method of
forceasting agreed Tavorably with the actual dates recorded,

TaBLE 16, - Arerage deviations of prodicted dotes from aclaal dates for developmental
slages of Tmparfand forage plants, Epheiom Cawson, 1135

Flawer ' |~‘Iu\;‘\or§ i
stidks - Flavees [ =talks "Filowers
“_ . ) : o Epinis e ' PRl . Freds
Epecips "t hllll_i.\. in J Bpeies or I)I{lis- in i ripe
vinevi- ' bleran pinevl- ¢ bBlamy |
odenee " dettee | i
iy Fiays frapy - Bz Dnyr | Depe
Rlender whontperass " b 1 Weatern darmw 2 K] 4
Afcuntain bromy 2 . T Ftieky pernniig i n 5
Letierman oomileorine H n 2. Pent-leman A L 4 ¢ i)

Even in “early™ or “late’’ years, developments] slages of forage
plants were predicted by the vegression method from 3 weeks to more
than 3 moaths in advanee with reasopable accuracy.®  Moreover,
developmental stages during the Intter part ol the growing season were
predicted with nearly the same necuraey as were the carlier stages.
During the early growth period, extremes in weather fluctustions may
cause 4 devindion, but as the season advances this digression tends to

# Standard crror, 3 Uy Sedays,
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be compensated by opposite extrer»s.  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 demonstrated hy the developmental data ench individual
species of mountain range forage plants has its own peculiar rate of
growth and development. This rate of development varies vather
widely both within and between each class of vegetation; the agreatest
variation oecurring between the developmoental stages of weeds and
browse. Moareover, each developmental stage of cach vegetation class
has its own specific rate of development; the enrly stages of growth
ure completed tn more rapid order than the Inter stages. Tt is there-
fore necessary not only for practieal purposes of grazing management
but also for assurance of sustained forage production in future voars
to base the determinalion of grazing periods of mountain THNZes on
the growth and development of the more important kev forage
specles.  Inasmueh as the perennial grasses are more stablé and su-
perior as {orage plants (13), are better watershed covers (<, 5, 1)
and generatly Turnish the bulk of the feed for livestock on mountain
ranges, geazing periods, in the main, should he based on the growth
and cdevelopnient of the Important more palatable grass species.

Thie key Torage grasses in Bphraim Canyon are Letierman needle-
grass, mountain hrome, and slender whenterass; Letternan needle-
grass being more common in the oak-brush zone and mountain hrome
and slender wheatgrass in the aspen-fir and spruce-fir zones respec-
tively. When the majority of plants of these grasses are 8 to 8 inclies
high, flower stalks are evident in the two lowsr zones, and flower heads
showing in the upper zone, the associnted weed #nd browse spectes
either beeause of greater development, lower patatability, or of
limited occurrence may also he grazed.

As indieated Trom the tables of average growtl and development of
plants {tables 4, 5, and 6), the opening of the grazing season in Kpi-
raim Canyon shonld be 10 to 14 davs [ater for each 1,000-Toot incrense
in clevation. This aversge rute varies for each veaetation zone,
depending on the rate of development ol the kev Torage grasses,
heing approximately 10 days for the oak-brush, 14 davs for the aspen-
fir, and 12 days for the spruce-fiv zones.  Also, shaded narth-lacing
slopes, especinlly in the aspen-fir zone, froquently require an additional
1) days (o reach stilar development of the zone as a whole. In
general, however, the rates are in line with the estimate of Sampson
and Malmsten «/.3) of 18 days for north exposures, 11 davs {er south
exposures with an aversge of 14 days per 1,000 feet for the Wasatch
Mountains, and J. L, Peterson’s ® estimate of 10 to 14 days lor Wash-
ington and Oregon econtained In an unpublished report,” In another
unpublished veport.” Arnold R. Standing gives approxinately 10 days
per 1,000 feet on the averagoe for the Intermountain region.

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

¢ Forest Serviee files. .
* Coverioa L sationa) forests of ~ouihiern Balie, soni hwestern Wyoming, Utk ate) Nevadn,
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higher ranges before the forage plants are ready for grazing, causing
seveie damage to the plant cover. Drift fences to protect elevational
ranges from livestock until the forauge plants are ready for grazing are
useful in preventing cattle 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 cattle at new salting pluces and later to ses that they do not
excessively concentrate is equally important.  Such livestock-manage-
ment practices, now in rather general use, have been discussed by

30
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Ficras 6.—Tluctuation of date of ranpe readiness in {hree vegetation zones in
Ephraim Canyon, Ulah, as demoeanstrated by development of three key forage
grassas, 1925-34.

Chapline and Talbot (1), Sampson and Malmsten (£3), Jardine and
Anderson (#), and others.

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

Becnuse 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 yenrly variation in range-plant de-
velopment, the avernge date of range rendiness has been used as a
guide to the opening of the grazing season on many national-forest
rapges. 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,
duly 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
anumber of years. The actual date of range readiness was later than
average 3 out of the 10 years in the oak-brush zone; 5 oub 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). Qn 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 days carlier 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 aliowed to
continue, will undermine the permanent welfnre of the communities
or individuals depending upon the range resource. Thus, to prevens
the Infliction of permanent injury to the important forage plants by
premature grazing in late years ns 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 yvear in accord-
ance with the yearly development of the forage plants.  However, the
benefits of applying this system can be obtuined only when proper
nunibers 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 considersd a reliable base in
sinilar regions characterized by o permanent winter snow cover an.d
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, ptant-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 smple time (an
average of 33 days in cak-hrush, 36 days 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 ns seed maturity, can also be forecast
with accuracy at the date of snow melt, thercby enabling the range
administrator, belore the grazing season opens, o set up grazing pe-
riods for the entire grazing season, including dates for deferred grazing.

Vurying the opening of the grazing senson to meet actual range
readiness from year te year by the snow-melt, plant-development re-
lationship, however, will make it necessary for the livestock operator
to reserve & minimum of 5 to 10 days supply of feed each year, over and
above the amount necessary to feed the livestock to the averago
date of range readiness, This surplus will serve as insurance for the
satisfactory condition of the livestock in lute 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 dsate in enrly vears can be held over and
will compensate for the reserve feed necessary in late vears.

In the oak-brush and spruece-fir zones the actual dates of range
readiness fell within 5 days of the aversge date in all 10 years of the
study except one—the abnormally lnte year of 1933.  The key grasses
in the spruce-fir zone in 1934 did not reach normal I'a.nge-rea-dincss
height until a later date, but they were sufficiently developed other-
wise, within the 5-day margin. In the aspeun-fir zone, the date of
range readiness fell within 10 days of the avernge 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
vear out of 10, providing the soil is not so wet as to cause severe
trampling and uproeting 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 nationnl forests have and now maintain such rec-
ords, These should be continued and analyzed by the regression
method for the purpeose of forvecasting 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 nuhmtmn- ronge 10.1(]1119@9 “me to defer grazing, "and the end
of the grazing ponods A0y ar 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 o no-
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.

Where it is not practical from the livestock operator’s standpoint
to vary the opening of the grazing perieds from year to year, it will be
necessury to establish grazing datos sufliciently late to prevent pre-
mature grazing, This necessitates delaying the grazing season on
mountain ranges beyond the average date of range readiness.  Cloni-
gervative opening dates, or dates when the impm't-ant forage plants
will actually reach range readiness in most years, for the three vegeta-
tive zones In Ephraim Canyon and similar mountain range types arve
onk-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 date 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. Handhng and distribution. of livestock to correspond to
proper seasonal forage development within a range unit as well as
the time for the close of the grazing senson in the all have heen dis-
cussed by Jardine and Anderson (8) and Sampson and Malmsten (18).
Where the zones are used separately, the opening dates outlined in
the preceding paragraph should be adliered to unless weather and
plant development records dictate otherwise.



http:compensa.te

WEATHRER AND RANGE PLANT DEVELOPMEXNT

SUMMARY AND RECOMMENDATIONS

To determine proper opening grazing periods of mountain ranges
it is important to know (1) the normal growth and development of the
principel forage plants at different altitudinal zones, (2) the fluctua-
tion in seasonal growth and development of the plants from year to
year, and (3) knowledge of the more readily measured elimatic factors
related to the growth and development of the plants. Observations
and measurements of weather and range plant development in
Ephraim Canyon, TUtah, by the Great Basin branch of the Inter-
mountain Forest and Range Experiment Station during the 10-year
period 1925-34 furnish information on these problems.

The vegetation in Ephraim Canyon within the elevational limits
of the study is of three major types or zones: Qul-brush, 6,500 to
8,300 fect; aspen-fir, 7,500 to 9,000 feet; and the spruce-fir, 9,000 feet
angd above.

Temperature 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 annnal precipitation
for the snme zones are 17.57, 2048 and 28.01 inclhes.

The average length of the growing season for diflerent elevations in
Ephraim Canyon ave 7,000 feet, 175 days; 8400 feet, 160 days;
8,000 feet, 145 days; 10,000 feet, 125 days.

It 13 notable that each individual species of meuntain range forage
plants has its own specific rate of growth and development; the rate
varving both within and between each class of vegetation. The
greatest variation occurs between weeds and browse species,  More-
over, each developmental stage of each vegetation closs has a specifie
rate of development, earlier growth stages develop more rapidly than
later stages.

The rate of development varies with altitude, being delayed frem
10 to 14 days for each 1.000-foot incresse in clevation. [Teight
erowth af any particular date decreases with inercase 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 required to reach seeds ripe at the higher than at the lower elevations
due 1n part to lower average temperatures amd in part to increased
seasonal rainfall during the period of development at the higher
elevations.

Marked variation also occurs in the rate of growth and development
of the plants from year to vear. The start of active growth of grasses
from one year to the next, for example, has varied as much as 45 days.
Likewise, the date when the key grasses reach range readiness—when
they are 6 to S inches—varied as much as 47 days {rom 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 ench zone: being greater in the lower zones.

Temperature influence is evident during all stages of plant develop-
ment but especially apparent during the carly stages of growth,
extending to the time [owers are in bloom. Temperatures higher
than average are associated with periods of development that are
shorter than pverage and vice versa.
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During the later growth stages, precipitation, soil moisture, and
evaporation assumie 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 m the depth of snow accumulation st ditferent altitudes
may result in an early season af one elevation and a late season at
another. The degres 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, praetical forecasts of range-
plant development were made. Developmental stages of important
forage plants were predicted with ressonable 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 1835 and
the predicted dates of development sgreed {avorably with the actual
dates recorded.

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

Owing to the sporadic rate of growth and development of mountain-
renge plants it is necessary, nat only for practical purposes of grazing
management but also to perpetuate the more important palatable
forage plants, to base the determinations of grezing periods on the
erowth and developmen$ of the important key forage species. Inas-
much as perennisl 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 wheatgrass. When the
majority of these grass plants have reached range readiness, the assoei-
ated weed and browse species, either beecause of greater development,
lower palatability, or limited occurrence, may also be grazed.

Based on the developinent of the key forage giusses, 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 approsimately 10 days for the osk-
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 reached range readiness.
Drift fences are valuable aids 1n regulating scasonal distribution of
livestock., Other practices include herding and the use of an adequute
salting plan.
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Opening grazing perieds should correspond to the yearly develop-
ment of the key forage plants so as to prevent too ear?;r 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 grozing in an equal number of vears 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 & shortage of feed and prevent permanent damage to the range
in “late’” yearsitis advisable 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 grazin
date, the time of snow melt being a reliable base for the prediction of
future range-plant development in similar regions characterized by a
permanen t winter snow cover and o definite summer growing season.
Whereit 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 rnges 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 simitar mountain 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. Where the zones are grazed separately, the opening
dotes outlined herein should be adhered to unless weather and plant-
development records dictate otherwise.
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