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Abstract:

This study determined the ages of 1,975 browse plants associated with 506 key utilization and
condition trend transects on big game ranges throughout Montana. Data were obtained for 20 species,
11 of which were sufficiently represented to permit analyses of age distributions and general age
relationships. Basic age distributions were as follows: 470 western serviceberry plants ranged from
2-85 years old with a mean age of 17.9 + se .56; 321 big sagebrush plants ranged from 3-70 years old
with a mean age of 23.9 + se .63; 210 curl-leaf mountain mahogany plants ranged from 2-130 years old
with a mean age of 37.3 + se 1.8; 211 antelope bitterbrush plants ranged from 5-83 years old with a
mean age of 30.4 + 1.06 se; 210 skunkbush sumac plants ranged from 4-160 years old with a mean age
of 34.4 &+ se 1.4; 59 Rocky Mountain maple plants ranged from 6-100 years old with a mean age of
35.0 £ se 2.69; 44 rubber rabbitbrush plants ranged from 4-45 years old with a mean age of 17.2 £ se
1.43; 139 common juniper plants ranged from 9-124 years old with a mean age of 43.4 + se 1.92; 52
creeping juniper plants ranged from 20-140 years old with a mean age of 56.7 = se 3.71; 115 common
chokecherry plants ranged from 3-57 years old with a mean age of 14.3 + se 1.02; and 34 silver
sagebrush plants ranged from 6-56 years old with a mean age of 21.2 & se 1.98. A paucity of plants in
young age classes for all species, except common chokecherry and curl-leaf mountain mahogany, was
attributed to both sampling bias toward older plants and lack of recruitment in recent years. Limited
age-class determinations were presented for an incidental 45 plant collection from nine species. Age
had little or no apparent influence on the intensity of browsing on individual plants of most species.
Analysis of plant age relative to degrees of hedging (Form Classes) and decadency suggested these
parameters of plant condition to be influenced somewhat by age as well as by browsing in previous
years. Correlation coefficients for plant age-volume relationships ranged from .41 for antelope
bitterbrush to .80 for curl-leaf mountain mahogany, although considerable variation was evident within
and among the various species. This apparently reflected differences in browsing pressures and
histories on the different ranges from which collections were made and differential effects of other
environmental factors. Correlation coefficients for age and oldest cross-section area and age and oldest
cross-section diameter relationships were highly significant (P =.01). Field age class measurements
were indicated to be very crude indexes of plant age.
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ABSTRACT

This study determined the ages of 1,975 browse plants associated
with 506 key utilization and condition trend transects on big game
ranges throughout Montana. Data were obtained for 20 species, 11 of
which were sufficiently represented to permit analyses of age distri-

-butions and general age relationships. Basic age distributions were

as follows: 470 western serviceberry plants ranged from 2-85 years old
with a mean age of 17.9 £ se -.56; 321 big sagebrush plants ranged from
3-70 years old with a mean age of 23.9 * se .63; 210 curl-leaf mountain
mahogany plants ranged from 2-130 years old with a mean age of 37.3 + se
1.8; 211 antélope bitterbrush plants ranged from 5-83 years old with a
mean age of 30.4 * 1.06 se; 210 skunkbushsumac plants ranged from 4-160
years old with a mean age of 34.4 * se 1.4; 59 Rocky Mountain maple
plants ranged from 6-100 years old with a mean age of 35.0 * se 2.69;

44 rubber rabbitbrush plants ranged from 4-45 years old with a mean age.
of 17.2 * se 1.43; 139 common juniper plants ranged from 9-124 years
old with a mean age of 43.4 * se 1.92; 52 creeping juniper plants
ranged from 20-140 years old with a mean age of 56.7 * se 3.71; 115 com-
mon chokecherry plants ranged from 3-57 years old with a mean age of
14.3 + se 1.02; and 34 silver sagebrush plants ranged from 6-56 years
old with a mean age of 21.2 * se 1.98. A paucity of plants in young
age classes for all specles, except common chokecherry and curl-leaf
mountain mahogany, was attributed to both sampling bias toward older
plants and lack of recruitment in recent years. Limited age-class dé-
terminations were presented for an iIncidental 45 plant collection from
nine species. Age had little or no apparent influence on the intensity
of browsing on individual plants of most specles. Analysis of plant
age relative to degrees of hedging (Form Classes) and decadency sug-
gested these parameters of plant condition to be influenced somewhat

by age as well as by browsing in previous years. Correlation coeffi-
cients for plant age-volume relationships ranged from .41 for antelope
bitterbrush to .80 for curl-leaf mountain mahogany, although consider-
able variation was evident within and among the various species. This
apparently reflected differences in browsing pressures and histories

on the different ranges from which collections were made and differ-
ential effects of other environmental factors. Correlation coefficients
for age and oldest cross—section area and age and oldest cross—section
diameter relationships were highly significant (R = .01). TField age
class measurements weré indicated to be wvery crude indexes of plant age.




INTRODUCTION

Sincé 1958,'big game management in Montana has been based pri-
marily upon the condition and trend of winter ranges as feflected.by
annual measurements of condition and the degree of utilization of key
forage plants on key range areas (Cole 1958). Intérpretations of sur-
vey data and their application in evaluating the status and trends of
forage plant populations on game ranges have been hampered by the pau-
city of basic. ecological information on key plant species, especially
" browse piants. A lack of information on age‘distribution and basic
age relationships of important plaﬁt species may be of particular {m—
portance. Age relationships to the growth and development,’reproduc-
tion, senility, and Qeath of individuals and natality and moftality
in.populations ;fe widely aéplied by game managers and biologists in
evaluating_status and'trends in énimal pqpulatiops and ip estab;ishing
management measures. Although age ?elatiohships of planté have been
;esg widely studied, they’should havg equal value and’applipation in
range-regearch and management studies concerned with maintaining
healthy productive_forage plant populationé on critical ranges.

At present,:very few reliable data are available on the ages of
browse plants on Mbntaﬁa rangelands. "Age—class" criteria applied in
present range surveys may reflect past browsing histories ;ather than
age, precluding their use for meaningfgl'analyses of the statgs and

trends in browse forage supplies. The only known effort to obtain

definitive age data for management purposes was a limited study by
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Trueblood (19685 who collected and counted growth rings 6f-big sage~-
brush (Artemisia tridentata Nutt.) from six areas on which browse
sﬁrvey transects were located in northeastern Montana.

Age distributions qnd/or relationships of several browse speciles
occurring oﬁ Montéﬁa raﬁgelands.have been studied in other areas. In
Colorado, Cameron (1957) determined age distributions.and relation-
ships for big sagebrush, rabbitbrush (Chrysothamnus spp.); true moun-—
tain mahogany (Cercocarpus montanus Nutt.); and antelope bitterbrﬁsﬁ

(Purshia tridentata [Pursh.] DC.) on the Cache LaPoudre Winter Deer

Range and Baker (1958) used age composition in an attempt to predict

the fate of big sagebrush populations, Ferguson (1964) evaluated the

rate of annual lateral growth of the stems of blg sagebrush along the
southern limits of its distribution on the basis of growth ring counts.
McConnell and Smith (1963) related various stem and crown dimensions

of ante;ope bitterbrush to plant age in Washington while Nord (1965)

considered age in relafion to the autecology of this species in Cali-

fornia. Saﬁford (1970) presented age histograﬁs and diséussed gsome
ageirelétionships for skunkbush sumac (Rhue trilobata Nutt.) in Wést-
ern North Dakota. Findings from these studies, however, appéar to
haﬁe_limiteq or only general application in Montana.

This study was established during the spring~of.197ljto,determine
ages of key browse plants and browse plant éommunities associatgd with

browse survey transects on big game winter ranges throughout Montana.
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Data were obtained for 20 species of which 11 —- Rocky Mountain maple
(Acer glabrum Torr.); western serviceberry (Umelanchier alunifolia

Nutt.); silver sagebrush (4drtemisia cana Nutt.); blg sagebrush; rubber

rabbitbrush (ChrysothaMnus nauseosus [Pall.] Britt.); curl-leaf moun-

tain mahogany (Cercocarpus ledifolius Nutt.); common juniper (Juniperus
communis L.); éreeping juniper (Juniperus horizontalis Moench,); common
chokecherry (Prunus ?irginiana L.); antelope bitterbrush; and skunk-
bush sumac -- were sufficiently represented to permit analyses of age

distribution. Correlation of assigned ages with certain other plant

parameters and measurements including plant crown volume, crown area,

percent of crown dead, root/stem cross-sectional area and diameter,
utilization of ‘current leader growth, form class, and age class pro-
vided opportunity to extend the study to analysis of baslc age

relationships.

P




_ METHODS AND MATERIALS
' Main root-stem samples were obtained from 1,975 plants of 20 dif-
. ferent browse species associated,with 506 browse utilization and condi—
tion trend trahsects (Table 1). The seven Fish and Game administrative
districts (Figures 1 and 2) were used to describe regional difference
in occurrence and age distribntion of each species. The basic collec-
tion of 1,548 plant samples was made by State game management and coop-‘
erating federal agency personnel during the course of range condition
surveys in April, May, and June, 1971, In these collections, one to
six plants (average three) were selected to represent the general size
and/or age structure of plants of the key browse species on each tran-:
sect. Usually'plants representing.the "youngest" (other than seedlings)
"average," and "oldest" portion of each transect browse population were
collected. Three special collections provided 1arger; 10 toh40~plant,
systematically collected samples from 2l of the transects. These in-
cluded 180 samples (6 of 25 plants each and 1 of 30 plants) of big sage-
brush from Trueblood 5 (1968) collection from seven transects in north-
eastern Montana3 187 samples collected from 12 browse transect locations
in the western half of the State between June and October, 1971 (in-
cluded’were five 10-plant samples of bitterbrush, one 10-plant and two
40~plant samples of serviceberry, one ZO-plant and one‘l7—plant‘samp1el
of curl-leaf mountain mahogany, and two 10-plant samples of skunkbush
sumac); and 60 samples (30. bitterbrush and 30 big sagebrush) collected

from two transects in southwestern Montana during December, 1971-




TABLE 1. NUMBER OF TRANSECTS SAMPLED AND SAMPLE QUANTITY FOR EACH

BROWSE SPECIES SEPARATELY AND WITHIN ALL FISH AND GAME ADMINISTRATIVE DISTRICTS.

TOTALS

No. Dists. No. Tranms. Mean No. Total
Browse DISTRICTS EXCLOSURE-TRANSECT PAIRS Where Where Samples Sample
Species 1 2 3 4 5 [3 7 Exclosures Transects Collected Collected Per Transect Quantity
Rocky Mountain Maple! 14/422  3/9 -/- 3/8 -/- -/- -/- -/- -/- 3 20 3.0 59
Western Serviceberry! 55/165 46/215 3/4 6/23 -/= -/= 1/3 3/45 3/45 5 111 4.5 500
Silver Sagebrush! -/ -/- 1/3 -/- -/- 5/10  9/22 -/- -/- 3 15 2.3 35
Big Sagebrush! -/- 2/6 11/65  4/16 12/36 13/197 3/9 -/- -/- 6 45 7.3 329
Curl-leaf Mountain -/- 2/6 55/163 1/3 4/12 -/- -/- 2/17 2/10 4 62 3.4 211

lhho;any‘

Redstem Ceanothus 6/13 -/- -/- -/- -/~ -/- o -/- -/- 1 6 2.2 13
Snowbrush Ceanothus =-/=- =/- -/- 1/3 -/- -/= -/- =-/= -/- 1 1 3.0 3
Red Dogwood -/- -/- -/~ -f= -/- -/- 1/2 -/- -/- 3 1 2.0 2
Cratataegus -/- -/- -/- 1/3 -/- =/- -/- -/- -/- i 1 3.0 3
Rubber Rabbitbrush! -/- -/- 4/12 7/ -/- 2/6 3/6 -/- -/- 4 15 3.0 45
Green Rabbitbrush -/= -/- -/- -/= -/- -/=- 2/3 -/=- -/= 1 2 1.5 3
Common Juniper! -/- -/- -/-  37/110 10/30 -/- -/- -/- -/- 2 47 3.0 140
Creeping Juniper! -/- -/= -/-  20/5&  -/- -/=- -/ -/ -/- 1 20 2.7 54
Common Chohe::herry1 -/- 15/47 -/- 11/33 1/3 -/- 12/36 -/=- -/- 4 39 3.1 119
Antelope Bitterbrush! 7/21  20/60 12/60 7/26 -/= -/=- -/- 5/25 5/25 4 46 4.7 217
Skunkbush Sumac! -/- -/- 1/3 21/65 9/27 10/28 26/78 2/10 2/10 5 67 2.3 221
Squaw Currant -/- -/= -/- 1/3 -/- -/- -/- -/- -/- 1 1 3.0 3
Willow -/- 3/8 -/= 1/3 -/- -/- -/=- -/=- -/- 2 4 2.8 11
Canadian Buffaloberry -/= -/= -/- 2/6 -/- -/- -/- -/- -/- 1 2 3.0 6
Western Snowberry -/= -/- =-/= -/= =/ -/- 1/1 =/= -/= 3 : 3 1.0 1
Totals -- 20 Species 82/241 91/351 87/310 123/377 36/108 30/241 58/160 12/97 12/90 7 506 3.9 1,975

lspecies with sufficient data for analysis.
2jgmber Transects Sampled/Sample Quantity.
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Figure 1. Collection points of western serviceberry (AMAL), curl-leaf mountain mahogany (CELE),
rubber rabbitbrush (CHNA), green rabbitbrush (CHVI), common chokecherry (PRVI), and

skunkbush sumac (RHTR). Numbers represent Montana Fish and Game administrative
districts. Species abbreviations after Garrison et al. (1967).
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January, 1972, The Trueblood coliectioﬁ sampled the néarest planfs to
regulariy spaced points on straight line Frénsects.‘ Summer-fall, 1971"
collections sample& nearest plants or nearest plants in each.qﬁarter
to five points spaced equally as the five points on a die or spgced
equldistant along a straight line the approximate length of the'tran-
éect. Winter, 1971-1972 collec;ions were méde along imaginary line
transects ﬁsing the closest plant sampling technique (Cole 1958).
Plant seedlings were not collected.
| For each plant, except the Trueblood collection, the transect
numbgr,'specieS, two diameter mgasuremehts (onelthe maximum diameter,
the other aé_a right.anglé) acfos; the. canopy of the,ﬁlgpt, plant
“height, crown height if diffe?ent froﬁ'total plant heighf, form class,
age class, percent crown dead and pércent qf leaders‘uéed‘were re—
corded togetber With ;he exposure and degree of slope of tﬁe site.
Only transect numbers and-spgcies were recorded'fof piants of Trugf
blood's collection. Plant crown measurements were recorded or con-
verted to the nearest 0.5 dm. Form and age_cléss assignments followed
the method of Dasmann (1948, 1951) as ﬁodifie&:by Cole (1958) for use
in Mpntana. Form classeg_wgre:'FC 1l -- all available, lit;lglgr no
hedging; FC 2 =~ all available, mq&érafely hedged; FC 3 - all avail-
able, severely hedged; FC 4 -- partilally available, 1i§t1e or no hed-.
ging; FC 5 -- partiéily availablé, moderatély hedged; FC 6 -- partially

available, seveﬁely hedged§ FC 7 — unavailable;‘FC 8 —- dead. Age




-9-
classeé included: S —- éeedling, stem bdse one-eighth inch or less in
‘diameter; Y -- young, stem base one-eighth—ongffour#h inch in diameter;
Ju mature,'steﬁ baée over one-fourth inch in diameter; D — deca&ént,.
any living plant with 25 percent.or ﬁofe of its crown surface made of
dead wood; R.f- resprout. Leader use was estimated as the percentage
of total available leadetrs (current annual growéh twigs) showing use.
The method of collection generally followed those of Baker (1958),
McConnell and Smith (1963), Cameron (1957), Férgusdn (1957), Rouéhton
(1963),‘and otbers in that the main root-stem transition‘compiex was
obtained fof piants of most species. 1In most cases collection of the
major.root sistem of multi-stemmed plants such as_Rocky Mountain maple,
Qesterﬁ serviceberry, skunkbush sumac, and common‘chokécherry was col-
lected to assure acquisitiqn of the oldest portion of'th§ plants. Com~
parisons of the ages'of roots and stems from s;x multistemméd plants
vqf serviceberry and four multistemmed plants 6f méple showed tﬁatlgﬁg
1é£gést roots ranged from 10 to 36 years older than the 1argeét stems.
. Plant materials were croés-sectioned using equipment ranging from
a razor blade to a 24-inch circular saw, depending on the shape an&
size of ﬁhe specimen. Repeated cuttings (up to 75 per .sample) at vari-
ous aﬁgles and points along the main stem(s) and)o; poop(s) Werelmade
to obtain secti;ns of mgximum_qualiéy and'ring clari;y. Crosgiséctions
were surfacg@ ﬁy sequentially>Sandingﬂwith ianeasingly finer, 86 £o_

400 grit, papéfs on a belt sander. The nﬁmbgf of prepared cross-section
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-surfacés fanged from i to 57 per plant.- Various stains wﬁre appliéd
to accentuate annual growth rings in some species. Number of samples
collected and number.of.samples aged, mean nﬁmber of cross-sections
aged-per planf sample, mean number of cross—section surfaces aged per
sample, range of cross-—section surfaces read per sémple, percentage
of samples with partial or complete core absence,-stains used to aid
in growth ring count, and reading quality characteristics for all
browse species With data sufficient for analysis ére presented in
Appendix, Table ;3. | |

Age‘dgtermipations and age class assiénments were made on the
bésié'of growth riqé counts. Roughton (1962) believed this méthqd to
be more accurate‘thanfagg élas; estimations and bud-scar or branching
node counté@ but ;eséifeliable than the growth ring analysis or dendro-
ch;onologic me;ﬁd4. The latter requires more time and restxic?ed sam-
-pling than queible within the scope of this stully. ’In wp;k invo;ving
some of Fhe same.spedies és my study, Roughton (1961{ 1962) found mean
discrepancieq of 0 to 10 percent betweeﬁ known.aggs and fing count .
estimates, primarily due to omitted and/or false rings. Tewest dis-
crepancies occurred in aging big gagebrgSh and aptelope_b;tterbrugh,
while the greateé£ number occurred in true mountain mahogany. _Gféﬁth
rings on each cross section were counted two to three times with aid '
of a low power binocular microscope, or until the most‘accﬁrate cross-

section aée was felt determined. Because of possible inaccuracies in
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ring counts, final age,assignmen£s were based on 5- bf'lo-year age"
classes, depending on thé.overall difficulty incurred.while'ﬁaginé"

" each species. The 5-year age classes were designated by Roman Num-
erals as follows: I =- .0-5 years; II -- 6-10 yeafs; see XXI -- 101
years and oldeé.' The 10-year age classes were designated by‘Arabic‘
' Numerals as followé: 1 -— 0-10 years; 2 -— 11-20 years; ;.. 11 -~ 101
years and older.

Following the growth ring count, two maximum diameter méasurements,
taken at right angles to each other across the Sldest cross section sur-
face, were recorded together‘with:notétions on growth rates and.the
reading quality of growth rings (Appehdix, Tables 13 and 14).

Calculations of crown area, corrected crbwn area (crownAarea X
estimated percent of crown ali&e), crown volume, plant volume, and
oldest cross-section area were computed using the Basic.equations
(n/4D1D2) for area and (ﬂ/4DiDéh) for volume after Lyon (1968). These
computations and further statistiéal analysis of age distributions and
age rélationshiﬁs were accomplished gsing a Monroe Program@able-

Calculator, Model 1785W1.




RESULTS-DISCUSSION
Age Distribution

Riﬁg sequences and reading qualities were consistently good -or
fair.for all species ekceﬁt curl-leaf moﬁﬁtain mahogany and skunkbush
sumac (Figures 3 to 8 and Appendix, Table 13). Thirty-four percent of -
the skunkbush samples had cores partially or completely absent, and 31
percent of the mahogany samples had poor ring sequences (Figure 7,
- Appendix, Taﬁle'lB). |

Agé class frequencies for browse plants éampled in this study can
not be interpreted directly to reflect the oveérall age structure of the
various species populations thréughout'the‘State. In most cases theyA
represent statewide, régionél, o;'otﬁef accumulatioh§ of the ggneral
age structure of plants on iﬁdividual browsé.transects as dete;mined
byiaging the younger, average,'and oldeét planfs associated with'egch.
The most.meaﬁiggful inﬁérprgtations can be made by_referénce to both
the colléctivé.age-class frequeﬁcy distribution“gnd the digtributibn
of aée—class freQuenciés within "age groups" for each species. The
special, éysteﬁatically collected samp;es frovide more comp;ete data
for a few.spécieé and transécts to aid ;n thesebinterpretations.

Wéétefn'Serbiceberry. - Thié‘specieé oécuré_throughout Montana,
but 1s of major imﬁortance as a browse piant in the norghWestern and
westcentral part of the State (Figure 1). It occufs on moiétiand rich
soil as well as on dry, rocky and‘rather sterile éoils; and can be

found growing'on all slopes, in canyons and gulches, and aldng étreams,
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Figure 3. Representative prepared cross-sections of Rocky Mountain
maple (top) and western serviceberry (bottom).
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Figure 4. Representative prepared cross—-sections of silver sagebrush
(top) and big sagebrush (bottom).
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Figure 5. Representative prepared cross-sections of creeping juniper
(top) and common chokecherry (bottom).
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Representative prepared cross-section of common juniper
(top) and cross-section of oldest plant aged, skunkbush
sumac (bottom).




0123cm

0. 1:.2''3 cm

Figure 7. Prepared cross-sections of curl-leaf mountain mahogany (top)
showing lack of differentiation between "growth rings' and
skunkbush sumac (bottom) showing core absence.
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Figure 8. Representative prepared cross-section of antelope bitterbrush.
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mountain sides,'and ridge tops (Booth and Wright 1966, Dayton 1931).
Plants range from 1 to 4.m tall, Samples collected in this studylwgre
from plants of two rather distinct growth forms —- 1ow—gro§ing plants,
less than 1.5 m tall, which occur individually as sprouts from under-
ground stems, and taller, multistemmed, clqmped plants.

Age determinations were made for 470 serviceberry plants from 111
transect locations. Individual plants ranged from é to 85 years old.
The mean age for the collection was 17.9 years % ée .56. The colleé—
tive age—élass.frequency distriﬁutibn was urn-shaped (Figure 9),
showing a relatively small éeréentage of plants less than 5 years old,
a préaominance (61 percent) in.aée“classes I1-1v, agd a gradual
diminution in percentages for older classes.

Despite sampling lim;tations the Aata suggested that service-
berry stands associlated with browse transects were characterized by a
lack of reproduction and/or éurvival of Tgeédlings" in recent years
~and a predomingnce of relétively young plants. This conclusion was
supported by the age distribution éf plants from 98 t:ansect.sifes‘
where three sampleé were individually selected to represent the young-
est, average, and oldest plants present (Figure 9). The younger plants
occurring on nearly one-half (45 percent) of these siteérwere 11 yeérs
old or older, and plants less than 5 years old occurred oﬁ only 23
transects (23.5 percent). - Plants in the average group, éhich in size

and appearance represented most plahts on a transect, were between 6
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Figure 9. Age class frequency distributions of 470 western service-
berry plants (top) and of plants representing young, average,
and old groups from 98 transect locations (bottom).
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ané-20 years old on nearly three-fou;éhs of the siteé; and'nearly half
.t48 percent) had oldest plants less than 25 years of age.
| Age—claés frequencies among two, 40-plant samples that‘were system—
atically collected from widely separated locations in northwestérﬁ Mon-~-
tgna were similar. When these samples Wefe combined, the mean age was
significantly lower (P = .05) than that for the 159-plant basic éolléc-
tion from District 1 (Figure 10 A and B). Significant Aifferences in
the two age distributions were also shéwn by a chi—sauare test of homo-
geneity (Table 2). Some of.the differen;e could be attributed to
under-represént?tion of the youngest age classes in the basic collec;iqn
and_groés analysis. |

| The collective age-frequency distribution (Figure. 9) appeared to
misrepresent age structuralirelationqhips of many servicebeyry stands
" by inclusion of éamples'froﬁAthe two, apparently qﬁite different growth
forms. The mean age of all fali, clumped bl;nts in the collgctioﬁ
(height >1.5 m, canopy area >25 dmz) wasvéignificantly greater (P = .05)
than that for_all_plants of the dwarf, spreading\fo;m._ Age-clags'fre—
quency distributions also differed significantly (Figure:lO C and D).
Age c;aéses I-I11 comprised 72 perceﬁt of the dﬁarf plants, but only 22.7
pefcent of thg taller, clumped plants; ‘Longevity also differed in that
qﬁly-ll ﬁercent of the former were Zl'ygars old or older as compared to
59.4 pe;gént qf the.;attef. Virtually alllplants older tﬁan 30 years

were of the tall form.
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Age class frequency distributions of all western service-
berry plants visually selected (A) and systematically se-
lected (B) in District 1. Age class frequency distributions
of western serviceberry dwarf life-form (C), and tall life-
form plants (D).
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Regional (bétween districts) differences in ége-class frequency
distributions (Figure 115 apparently réflect &ifferences in the spatial
distribution and/or the occurrence of these two life forms on browse
transects in western Montana. Sixty-five percent of the dwarf form
plants were from traﬁsects in the northwestern area (District l)'and
64 percent of the tall plants were from transects in the westcentral
area (District 2). A coﬁparison of age-class frequéncies for thé,gross'
collections from Districts 1 and 2 with thése for gross collections of
dwarf and tall plants, respectively (Figure# 12), show significant simi-
larity confirmed bylchifsquare teéts for homogeneity (Table 2). Thus,
stands of serviceberry assééiated with browse_transects.in‘District 1
tended to shoy more reproductiop, dué probably'to thelsproutiqg habit
of the pre@ominant.dwarf plants, and to bg compriéed of relapivgly
'young but short-lived plénts. Stands associated with transects iq
District 2 were comprised of older, felativély long-lived plgnts that
perpetuated themsélves by resprouting from stems and/or the root-—crowm
of the élump, with relatively few entirely new plaﬁts being produced.
Characteristics of serviceberry stands in other areas were similar to
those of stands in District 1 or District 2 ip accérdanqe'with the
growth form present. Tﬁg calculate@ 1onéévity index of'.077 (Table 3)
indicates that the life expectancy of all serviceBerry plgqts sampied'

was slightly below average as compared with other browse plants sampled.
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Figure 11. Age class frequency distributions of all western service-

berry plants visually selected in Districts 1 (left) and
2 (right).
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TABLE 2. CHI-SQUARE TESTS FOR HOMOGENIETY AMONG BROWSE PLANT
COLLECTIONS.
CHI-SQUARE TEST FOR HOMOGENIETY
Degrees of

Species and Collection Test Freedom x2 I

A Western Serviceberry AxB 12 40.6 <.005
D-1 Visually selected samples

B Western Serviceberry AxC 4 39.8  <.005
D-2 Visually selected samples

C Western Serviceberry —— o - e
D-1 Systematically selected samples

D Western Serviceberry D x E 8 15649 "<5005
"Dwarf" life-form samples

E Western Serviceberry ExG 13 b B
"Tall" life-~form samples

F Western Serviceberry FxD 8 8.5 .4-.3
D-1 All samples

G Western Serviceberry GxF 12 90.4 <.005
D-2 All samples

H Big Sagebrush B X1 11 48.5 <.005
1971 Collection

I Big Sagebrush —— - - -
1968 Collection

J Antelope Bitterbrush JxK 13 26.4 ,025-.01
Visually selected samples

K Antelope Bitterbrush o - - -
Systematically selected samples

L Skunkbush Sumac LxM 8 16.9 .05-.025
D-4 Samples Lix-0 1y ! 18.4 .1-.05

M Skunkbush Sumac Mx N 9 a1 0y ¢ «3-.2
D-5 Samples

N Skunkbush Sumac NxO 13 1152 - "Fe3wel
D-6 Samples NxL 8 14.7 .1-.05

0 Skunkbush Sumac 0xM 9 1l Ly 3=.2

D-7 Samples




TABLE 3. CALCULATED LONGEVITY INDEXES! AND RANKINGS FOR EACH OF 11 BROWSE SPECIES.

Browse Species CELEZ JUHO RHTR JUCO ACGL PUTR ARTR AMAL ARCA PRVI CHNA

Longevity Index .049 .051 .052 .056 .061 .066 .076 .077 .088 .108 .122

Ranking from
Comparatively Long
to Short Life-Span 1 2 3 4 5 6 7 8 9 10 1t

1Longevity Index = Average Percent Decrease of Plant Numbers Between Age Classes.

Spk . / A Where: N = Total Number of Plants in Sample
L = Total Number of Plants in Last or
Oldest Age Class
A = Total Number of Age Classes.

2CELE = Curl-leaf mountain mahogany; JUHO = Creeping juniper; RHTR = Skunkbush sumac;
JUCO = Common juniper; ACGL = Rocky Mountain maple; PUTR = Antelope bitterbrush;
ARTR = Big sagebrush; AMAL = Western serviceberry; ARCA = Silver sagebrush;

PRVI = Common chokecherry; CHNA = Rubber rabbitbrush.

_Lz_




~28-

Big Sagebrush. - This species occurs extensively in the south-
western, central, and eastern portions_of the State (Booth and Wright
1966). Plants are stout, much-branched, and normally range from .5
to 4 m tall. They occur on all slopes and in a considerable variety
of soils, attaining their optimum growth on deep, rich, moist alluvial
loams (Dayton 1931). »

A total of 329 blg sagebrush plants was.collected from 42 tran—
" sect locations. Assigned ages ranged from 3 to 70 years with a mean
of 23.9 %+ se .63. Although 180 of the samplesrwere collected in Au—u
gust, 1968, the error introduced by this 3—yearJtime lapse was consid-
ered negligible and partially compensated for by the 5-year age-class
divisions: The urn-shaped age—class.frequency distribution for the
entire collection (Figure 13) shows a relativelp small percentage of
plants 1ess than 10 years old, a predominance (55.4 percent) in age
classes 1v-vi, and a gradual diminution in percentages for older
classes. This apparent lack of plants in age classes I-III can be
in part, attributed to sampling bias toward older and/or larger plants.
Age-class frequency distributions among age groups for 90 plants col-
lected from 30 transect locations (Figure 13) shows that 43 3 percent -
of the youngest plants were 5 years old or less, indicating recruit-
ment of young individuals in nearly one-half of all the stands sampled 4
Plants in the average or representative age group were between 16 and

36 years old on 80 percent of. the sites. - Almost 75 percent (73.3) of
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Figure 13. Age class frequency distributions of 321 big sagebrush
plants (top) and of plants representing young, average,
and old groups from 30 transect locations (bottom).
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the oldest plant representation was between éé and 45 yéars’old.

; Comparisons between the 1971 collection (141 ﬁlants) aﬁd'the.l968
collgction_(lBO plants) showed a significant diﬁférénce (P <.005) be-
tween the age%cias; frequency distributions calculated for each (Fig-
ure 14 and Table 2). This may be atgributeallargely to the tﬁo differ-
ent sampling procedures used. The 1968 collections were designed'to
systematically sample the oyerall age structures of sagebrush plants at
seven different tranéect locations, while SQ percent of-the 1971 collec-
tion was made by visual selection of representative young, aberagé, and
old-age plants.. This latter approach would undér-represenf_the
predominant age—claéses of sagébrﬁsﬁ:stands.'

Big sagebrush was suggested to ﬁave an average‘1ifé.eipec?ancy_aé
compared to the other species calculatéd longevity index (Table 3).
Curl-leaf Mountain Mahogany. - This species is ge_nerally' restricted
to the southwestern and southcenfral.p6£tion of the State (Booth and
. Wright 1966) (Figqrg 1). Mahogany stands occur primarily on warm, dry
rocky ridges and sou;hern or western slopes bpt occasioﬁélly they may
_occur on coarse soils on steep, north~facing slppes or among cliffs
and ledges (Scheidt 1969).: Collections for this study.wére médé at
elevations rangigg from 4,000 to 7,00Q feet. The pianﬁs ranged from
1 to 4 mtall. | ' | |
‘ The 210 mahogany plants cbllectg@ffrom'62 transect loqatiohs’ranged

from 2 td 130 years in age. The meag'waé 37.3 ¢ sé 1.8. A bell-shaped
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Figure 14. Age-class frequency distributions of 141 big sagebrush
plants collected in 1971-1972 (left) and of 180 big
sagebrush plants collected in August, 1968 (right).

polygon age-class frequency distribution for the collection (Figure 15)
shows a gradual, somewhat erratic diminution in percentages of plants
in successive 10-year age classes.

Despite larger age-class divisions (necessitated by the extreme
difficulty encountered aging this species) and sampling bias, the data
suggested that mahogany stands associated with browse transects were
characterized by a preponderance of relatively young to middle-aged

plants and relatively good recruitment to the younger age classes.
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Figure 15. Age-class frequency distributions of 210 curl-leaf moun-
tain mahogany plants (top) and of plants representing young,
average, and old groups from 55 transect locations (bottom).
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Thi?ty (53 percent) of 55 transects from which three samples were
selected to typify the youngest, average, and oldest plants present
" (Figure 15) had the youngest plants 10-years old or less.. Nearly all
(93 percent) had the youngest plants 20 years old or less. Scheldt
(1969) found that én average of 91 percent of seedlings surviving thé
first critical season lived to at least 15 years., Plants in the a&er-
age group, representing the majority of the plants on all 55 transects,
were virtually all between 20 and 50 yéars old. Over half of the
oldest group (61.7 percent) wa; 61 years'bid or older.

The age4c1asg frequency for systematically colyected plants (26)
.showed over half:(53.8 percent) of,thg.plants to bhe 20 &ears old or

: T . C :

less., Thié spgcies ranked first iplphe plant longevity index rating,
suggesting individual plants to héVe a compa;atiﬁely long life span
(Table 5). . | |

Antelope Bitterbrush. - This sfecies:occﬁrs generally in the west-—
ern’one-thi;d qf the State (Booth and Wright 1966) (Figure 2). The
plants range from‘.2 to 2 m tall and oc9ur on dry plaing,.hills, and
mountain sides, ﬁostly in well drained, grayelly, sandy,icindery, or
rocky soils on south or southwestern exposures (Dayton 1931).

The-lenbitterbrush plants cgllectgd fﬁpm 46 trgnseq£ sites rénged
from 5 to 83 years in'ége; The collectibn meqn.age’was 30.4 # se.1.06.
The urn—shape& age—class freéuenéy digt;ibution for'fhe cbilectiop

(Figure 16) shows a relativély small number (17 percent) in the age
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Figure 16. Age-class frequency distributions of 211 antelope bitter-
brush plants (top) and plants representing young, average,
and old groups from 38 transect locations (bottom).
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classes I-III, a predominance (52.6 percént) in age classes IV-VII,
and a more or less.gradual diminution in ﬁercéntagesffor-blder classes.
Although sampling may have been‘Biééed toward older and/or iarger
plants, the sparcity of plants in age classes.I-III, and the predomi—
nance of comparativel? middle-aged plants on bitterbrush t;anSeqts
indicated a lack of reproduction.and/or surviva} of youﬁg plants in
recent years., Age-class fréquency-diétributions of plaﬁts repreéent-
ing the young, aﬁerage, and old population segments ffom 38 transect
locations (Figure 16) also-supported.this conclusion. Approximately
half (47.3 percent) of the youngest plant group'ﬁere over 15 years old
and only 13.1 percent Qere 5 years old or less. The majority (66.per-
éent) of plants represehting-the‘average grqub were between age classes
VI-IX and the oldest plants from the various transect'locggions ranged
from age classesAII;—XVII with the-majé;ity (57.9 percént) between age
classes VII;XI. The 1§rge amount of oQérlap fo;lthe'thfeeipopulatioh
groups (Figure 16) suggests that agé structures were quite diésimilar
émong bitterbrush stands associated with iqdividualltransggtg.
Chi-square tests of hom@genéity betﬁeen age—-class freéueﬂgy distri-
butions for all systematically selected samples in Districts 1 and 2,
the total 131-plant basic collection, and a systematiba}ly_selecfed_cal-
‘iection of 80 plants fr;m six transects were similar (Figure 17 and
Table 2). |

The longevity index indicated plants of this species to have an




a0
average life expectancy when compared to plants of other species

(Table 3).
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Figure 17. Age-class frequency distributions of antelope bitter-
brush plants visually selected (left) and systematically
selected (right).

Skunkbush Sumac. - Skunkbush occurs throughout Montana east of
the Continental Divide (Figure 1), where it is variably important as
a browse species. Skunkbush plants generally occur on dry, rocky
hillsides of various exposures (Dayton 1931) and can manifest a great

deal of plasticity in their growth form, ranging from 7 m to less than

.3 m tall (Sanford 1969). Samples collected in this study
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gene¥a11y ranged from .3 toll.5.m in height.

The 210 ﬁlants‘qpllected from 67 transect locations'ihcludéd the
oldest plants of any spécies studied. 'Ages,of individual plants'ranged
from 4 to 160 years old with a mean of 34.4* se 1.4. The urn-shaped
age—claés frequency distribution for the collection (Figure 18) shows
a preponderance of plants in the middle-age classes and only a rela-’
tively small percentage of plants 15 years old or less. Seﬁenty per-

!

cent of all plants collected were 25 years old or older. Age-class
distributions for the three\representative population gfoups from 48
transect locations are shown in Figure 18. The age—class frequency
.distriﬁutiop of the youngest plants at each location shows a predomi-
nance (60.5 percent) of plants over 15 years of age and onl& four planfs
(8.3 pe;cent) in age class I. The mean age vas 17.6% se ;8. The pau- .
city qf plants 1n'the younger-age-classes would seem té indicate low .
recruitment qf yopﬂg plants in most of the stands from which collec~
tions were made. The significanée of this withirespect to the survivai
of skungbush populations is not clear. Saqurd (1969) concluded that
skunkbush‘seed;ipgs have a very high mortality rate; and tﬁat the.pri-
mary means of short-ranged dispersal was vegetative spfoutipg from the
underground structure of exiéting plants.‘ The 1at§er? ﬁogether with
the characteristically heavy resprouting thag occurs from root'systems
of olderskugkbugnplénté‘could bevsufﬁicient to éerpgtuaté mést étaﬁds

indefinitely. It is also likely that my'samples were biased toward
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Figure 18. Age-class frequency distributions of 210 skunkbush sumac
plants (top) and of plants representing young, average,
and old groups from 48 transect locations (bottom).
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older plants because of efforts to go;lect the central and oldest por;
~ tions of root-stem complexes of clearly individual-plénfs.

Plants in the average group wefé between 25 and 45 years old on
over two-thirds of the sites. Nearly two-thirds (60.5 percent) of the
transects had oldest plants over 40 years of age. The extensive over-
lap between three age groups (Figure 18) sugéested that the age struc- .
ture of skunkbush populations associated with individual transécts
varied considerably: i.e., from mostly young plants to mostly older
plapts.

Twenty skunkbush plants systematically collected as 10-p1§nt sam—
ples from two transects showed oider age plants to prgdominate in both
locations. The youngest plant at either site was abéut 31 years and
most were ﬁetween 35 and 50 years old. Age-clags'frequenby‘distribu—
tions for individual collections f;oﬁ bistricts 4, 5, 6; and 7 &erg
similar. These results reflect consistency of the visual Selgctiye
sampling ‘procedure- and/or homogeneity between district‘age—clasév
frequency distributions. “

The longevity index rating indicated plants of this species to
be relatively l@ng-lived as compared to the Ather species studied.

Rocky Mountain Maple. - This spéciés occurs as a shrub or small
tree 20 to 30‘fget tall along mountain Stréams and canyons in the
western one-third of the State (Marks 1963). It is impqrfant as a

browse plant primarily in District 1, the northern part of District
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2, and the western portién of Diserict 4 (Figure 2).

Ages were determined for 59 plan;s from 20ftransect locations.
The plants-faﬁged from 6 to 100 years old Wigh a mean age of 35.0% se A
2.69. The liﬁited_amount'of data concurrent with diffiguity in‘aé—
cu¥étely aging planﬁs of this species resulted in an erratic columnar
shaped age-class frequency distribution (Figure 19). Only 6.7 percent
of the plants sampled were less than 10 years old while most (53.1
percent) were between 15 and 40 years. |

Young plants 10 yearé old or less were apparently lacking on most
oflﬁhe browse transects from which'éolleCtions'were made, None of tﬁe
12 locations for which samples representaéive_of the youngest, average,
gnd old plants had plants less than 5 years old and only two had plants
less than 10 years of age (Figu;e 19). Seven plants (58.3 peréeﬁt) in
the young group were over 15 years old. 'The large amount of oveflap
betweeﬁ_the age-distributions of the average and old groups suggests
considerable differénce in age-structure éf’individual maple stands
assoclated with the transects.,

Plants from this species were inferred to have an averége'life
span when compared to planté of the'oéher species (Table 3).

Rubber-Rabbitbrush. - This species occurs throughout Montana (Booth
and Wright 1966), but.is measured as a key-browse plant only gaét of the
Contiﬁénfal inide (Figure 1). -The plants‘range from 4 to 8 dmxtall and

usually occur in dry, often sandy, gravélly, or rocﬁy open sites
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(Dayton 1931).

Only 45 plantsrwere collected from 16 tramsect 1océtipns,‘.Deter;
mined ages ranged from 4 to 45 ygérs with a mean of 17.2% se 1.43.
Predominant age~classes were III and V thch comprised 31.8 percent and
18.2 percent of the collection,'respectivel& (Figure 20). fhé age-
distribution of 30’p1ants'rep:eseﬁting the young, average, and old pop-
ulation groups from 10 transects inddicated relatively poor recruitment
of young plants into rabbitbrush stands in recent years (Figure 20)

The age-distribution of the youngest plant group showed only 50 percent

of the transects to have planté between 0 and 10 years old.

Although the data wefe 1iﬁit§d, rubber rabbitbrugh plants:appeapgq to
be the shortes;—lived“of any species iﬁ the éollection (Table 3).
Common. Junipér. — Plants from this species occur widely through-
out Montana on er, well—dréined soil, but usually are not ébundant.
They often form mats .5 to 1 m in depth (Booth 19505. Its g;eateét.im—

portance as a browse plant is in the smaller mountain ranges of central

Montana, primarily in District 4 and the northern portions of District

5 (Figure 2).

Age determinations were made for 139 juniper plants from 4? tran-
sect locations. Plants ranged from 9 €0_124‘yearé 0ld with a mean age
of 43.4% se 1.92. The narrow diamond-sh;ped figure formed by the age-

class frequency distribution (Figure 21) shows less than 25 percent of

the plants to be 25 years of less and over half (60.4 perceqt) of the




/e

35 0 25 220 15 90 5 o § 10 15 0 29 % 3
PREQUENCY IN PERCENT

[ romo
(] avemacs
oLd
5 2 r g
N
% N
el :
E 4
L] 1 #
. 2
Ryl i |
; \ j
Y q M
g v 1
28 \ ’
. a
2 N rnm <
] 14 -
1, \ L4 »
N 1 "1
10 A 4
\ ¢ g
5 | v H
2 9
e N3 3 3% 3% % W%

aox 13 vauns
Figure 20. Age-class frequency distributions of 44 rubber rabbitbrush

plants (top) and of plants representing young, average,
and old groups from 10 transect locations (bottom).




iy

plants to be between 25 and 60 years old.

The data suggested common‘junipe? populations‘affiliééed wiﬁﬁ
browse transect locations to have a very low recruitment of young in;:
dividuals.‘ The age-class distribution of the youngest plants on 46 -
transects supported this, in that only one-third were 15 years old or
less., Forty percent of the youngest planﬁs-were over 25 yegrs_old
(Figure 21). Plants in the average group were predominantly (82.5
percent) 30 to 60 years old. The old representatives were errétically-
distributed between 25 and 125 years. |

Plants of this species were ranked fourth in the longevity rating
(Table 3). - ‘ |

Creeping Juﬁiper. - Collections of this species were réstricted,to
the northwestern poftion of District 4.(Figure 2). Creeéing or hori-
zontal juniper is a prostrate plant usually.less than .3 m high with
long spreading branches generally occufriqg as large mats 3 to 5 m in
diameter._ |

Age determinatiopsvwefe made fof 52 plan?s from 20 transectjlppa—
tions. The mean age was 56.7 * se 3.71 years, with a range of 20 to
140.yearst The coilective age—-class frequegcy dist;ibution apd the
distribugion of ages among young, average, and old plaﬁts:at 13 loc;—‘
tions (Figure 22) indicated a decided lack of feproduétion of.créeping
jﬁniper on.browsg transects. Only one of the 52 planfs studied was éO

yéars old or less, and only six were less than 30_years.of_age.~'Age
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class VII predominated, comprising 21.2'percént of the collection. .
Percentages of plants in older age classes varied with no more than
four planté‘in any one class. The youngest plants on the transects
ranged from 20 to 85 years old, and nearly 50 percent (46.1 percent)
were between 30 and 40 fegrs old. Although lacking in reproduction
fhe transects sampled appeared to be qharactérized by cémparativel&
long~lived and hardy individuallplants. Creeping juniper'ranged.
sécond among the browse blants studied in mean longevify with an
index rating of .051.

Chokecherry. - Chokecherry occurs commonly throughout Montana,
but is measured aé a key browse species primarily in the westcentral
and southwestern portions of the State (Figgrg 1); Plants‘oqcu; qh
‘mouptain slopes; ;tream borders, and dry Hills.(Marks’1963)L' They of-~
ten occur as tall, multi—stemﬁed shrubs ranging up to 10 m in height,
but on many transects they occurred primarily or only as short;
single—or—double—stalked-sprputs from underground stems.

| A total of 119 individual plants was collected from 39 transect
locations. Agés ranged from 3 to 57 years with a ﬁean of 14.3 & se
1.02. The ;ge—class distribution for this colleqtion indicated 52.1
percent of the plants were 10 years-old or lgss (Figuré 23). ‘
| A Eharacteristically young age structure for chokecherfy was also
’illustrated by the age—class-distributions of plants repre?enﬁing‘the

‘ youngest, average, and old population segments ‘at.each of ‘32 transect
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locations (Figure 23). All plants in the young group were 10 years
old or less and 53.1 percent-were in age class I. Plants representing
the'average chokeéherry bush were almost entirely (87.5 percent) be-
‘tween 6 and 15 years old and old group representatives were ratﬁer con-
éistent in number betweeﬁ 6 and 40 years. The predominance of plants
in the younger age classes probably.reflectS'the prolific vegetative
sp;outing which characferized many chokecherry stands associated with
browse transects; resulting in high recruitment. of young plants
indivi&ually subject to a high rate of attrition.

The calculatéd.longgvity index for cﬁokecherry-was .108, which
placed this species in the relatively shoft—lived category as coﬁpared
with the other browse plants studied (Table 3).

Silver Sugebrusﬁ-. - Silver sagebrush genergily occurs-throughout:
Montana east of the Continental Divide. 1It:is measured as a browse
p;ant only in the southwestern and eastern portions of ;he State (Fig-
ure 2). Indivi&ga} plants are usuallf 3 to 7 dm tall and are generally
found growing on all slopes in rather dry,‘sandy, or gravelly ioams on
plainé and in mountain vaileys (Booth and Wright 1966, Dayton 1931).

The qollection was limited to.35 plants from 15 transect lqcations.
Interpretations of data were restricted to general age characteristics.
The ages of individual p;ants ranged from 5 to 56 yeafs and averaged
21.2 £ se 1.98 years. Most plants (73.5 percent) were in ége classes

II to V and none were less than 5 years old (Figure 24). The longevity
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average, and old groups from 32 transect locations (bottom).
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index for silver sagebrush was .088, ranking the species ninth in
mean longevity among browse plants studied (Table 3).

Miscellaneous Species. - A few samples were obtained for each of
nine additional browse plant species. These included: redstem ceano-
thus (Ceanothus sanguineus Pursh); snowbrush ceanothus (Ceanothus velu-
tinus Dougl.); red dogwood (Cornus stolonifera Michx.); hawthorn
(Crataegus spp.); green rabbitbrush (Chrysothamnus viseidiflorus [Hook.]
Nutt.); squaw currant (Ribes cereum Dougl.); willow (Salix spp.); Cana-
dian buffaloberry (Shepherdia canadensis Nutt.); and western snowberry
(Symphoricarpus occidentalis Hook.). The number of samples and age-

class distributions for these species are presented in Table 4.

AGE IN YRARS
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Figure 24. Age-class frequency distributions of 34 silver sagebrush
plants.




TABLE 4.

AGE CLASS FREQUENCY DISTRIBUTIONS OF MISCELLANEOUS BROWSE SPECIES.

Sample Size

NUMBER OF PLANTS IN 5-YEAR AGE CLASSES

.—'[g_

and Range I II ) K | Iv Vv VI VII VIII IX X
Species of Ages 0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50
Redstem ceanothus 13 - 2 5 5 2 | - - 1 1 e
6-43
Snowbrush ceanothus 3 - 1 3 | —— - ¥ - - = oy
9-29
Red dogwood 2 — e 1 - i - - - — 25
15-22
Crataegus 3 i O P 1 = - - - 1 - 1
15-50
Green rabbitbrush 3 - X i § 1 - - - - o et
10-16
Squaw currant 3 - i § 1 1 - - - P == =
6-20
Willow 11 - ! 2 2 3 0 == - 1 1
9-48
Canadian 6 —— = A - 1 2 - - 1 1
buffaloberry 15-50
Western snowberry 1 - i - - - - - - = £
N/A




§=52-
Age Relationships

Age-Utilization and Plant Oonditién,

Utilization. -~ Age apparently had little or no influence on the
intensity of brdwsing on individuallplants of.most species., Correlation
coefficients (r) fér'relationships betﬁeen plant age and the ﬁercentége
of current leaders browsed were generally low and non-significant for
plénts of all species in the collection except antelope,bitterbrﬁsh
(Table 5). The significant (%) negative cﬁrrelation for bitterbrush,
though weék, sugéeSted decreased utilization‘with age among plants in
the colléction. Although tbis could.indicate Aecreased'palatability
and/or availability of current annual grdwth'twigSvof older plaﬁts,
such interpretation may not be warranfed on tﬁe basis of,a sipgle
year's utilization and/or where the plants were cdllgctgd from‘many
ranges in thcﬁ the browse plant ﬁopulations differed in-ovérall age
structures and.browsing pressures. |

Plant Condition. -- Anélysis’of plant age relative to form class
and decadency suggested that these parameters of plant condition ﬁay by
influenced somewhat by age and B?owsing intensity.

Among seveﬁ épecies for which form class was réco?ded (Table 6){
~ plants less than 25 years old were assigned to form classes 1 or &
(little 6; no hedgihg)_mﬁch more frequently thaﬁ older~p1ants; and, con-
versely, thé.percentages of plants severely hedged (formﬂclass 3 ér 6)

were generally greater among plants older than 25 years. The occurrence
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of similar ﬁroportions of moderately hedged (form class 2 or 5) plants
in both groups would seem to support the earlier conclusion of little
or no relationship between plant age and leader use.

TABLE 5. LINEAR CORRELATION COEFFICIENT VALUES FOR RELATIONSHIP BETWEEN
AGE AND PERCENT ANNUAL LEADER USE.

Number
of Plants
Browse Species In Analysis Te Te
Rocky Mountain Maple 53 .07 .354
Western Serviceberry 470 -.12 -.128
Silver Sagebrush 32 by 449
Big Sagebrush 1o <29 .302
Curl-leaf Mountain Mahogany 165 -.03 -.208
Rubber Rabbitbrush 44 -.05 -+393
Common Juniper 127 .20 .228
Common Chokecherry 106 -.23 -.254
Antelope Bitterbrush 156 -.24% -.208
Skunkbush Sumac 153 .14 .208

*Significant at the .0l probability level.
o Calculated correlation coefficient.

r, = Correlation coefficient of significance (Snedecor and Cochran 1971).

Percent crown dead generally increased with age among plants of 10
species for which sufficient data were available to warrant analysis
(Table 7). Correlation coefficients were significant (*) for 8 of the
10 species (P = .0l), but were generally weak, ranging from .24 for ser-
viceberry to .55 for big sagebrush and common juniper. Thus while age
doubtless had some influence on decadency in these plants, other factors

evidently were equally or more important.
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TABLE 6. NUMBERS AND PERCENTAGES OF PLANTS 25 YEARS OLD OR LESS AND
OVER 25 YEARS OLD IN VARIOUS FORM CLASS ASSIGNMENTS.

FORM CLASS ASSIGNMENTS

Species N FC1l&64 FC2"& 5 FC 3 & 6
Plants 0-25 Years 01d:

Western Serviceberry 285 68/23.9% 173/60.7 44/15.4
Big Sagebrush 60 26/43.3 31/51.7 3/5.0
Curl-leaf Mountain Mahogany*#*83 25/30.1 23/27.7 33/39.8
Common Juniper** 39 12/30.8 19/48.7 8/20.5
Common Chokecherry 89 15/16.8 38/42.7 36/40.5
Antelope Bitterbrush 78 1.5/.19:2 38/42.7 6/7.7
Skunkbush Sumac 65 1872757 27/41.5 20/30.7
Plants Older than 25 Years:

Western Serviceberry 81 13/16 54/66.7 25/30.8
Big Sagebrush 48 6/12.5 23/47.9 19/39.6
Curl-leaf Mountain Mahogany**95 4/4.2 23/24.2 60/63.2
Common Juniper*# 92 4/4.4 36/39.1 52/56.5
Common Chokecherry 18 L1225 9/50 5/27.8
Antelope Bitterbrush 102 12/11.8 51/50.0 39.36.3
Skunkbush Sumac 125 22/17.6 59/47.2 44/35.0
* -- Number of plants/percentage of plants.

*% -- Age groups for these species were 0-30 and over 30 years old.

To evaluate possible effects of browsing as well as age on decadency,
plants of each of the eight species were divided into two groups -- one
comprised of all lightly or moderately hedged plants, the other comprised
of all severely hedged plants -- and compared for age-decadency rela-
tionships (Table 8). Mean percentages of dead crown and mean ages of
plants were generally greater in the severely hedged group, but age-
decadency correlation coefficients were generally weaker for all species

except big sagebrush. Big sagebrush was also the only species for which
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curvilinear regressions of plant age on percent crown dead were sig-
nificantly (P = .05) different between groups. This, plus the fact
that age -percent crown dead correlation coefficients were similarily
significant or non-significant in the two groups for each species ex-
cept chokecherry, suggested that estimates of percent dead crown may
have only very limited value as a measure of browsing effects on plants
of most of the species studied. McConnel and Smith (1971) reached a

similar conclusion from work with antelope bitterbrush in Oregon.

TABLE 7. LINEAR CORRELATION COEFFICIENT VALUES FOR RELATIONSHIPS
BETWEEN AGE AND PERCENT DEAD CROWN.

Number

of Plants
Browse Species In Analysis Te i -
Rocky Mountain Maple 50 .28 .354
Western Serviceberry 470 o 24% .128
Silver Sagebrush 33 L1 449
Big Sagebrush 78 .55% .302
Curl-leaf Mountain Mahogany 172 43% .208
Rubber Rabbitbrush 31 s D2% 449
Common Juniper 129 .55% .228
Common Chokecherry 107 .30% .254
Antelope Bitterbrush 203 W27% 11 8%
Skunkbush Sumac 200 .26% L8
*Significant at .0l probability level.
7 Calculated correlation coefficient.
r, -- Correlation coefficient of significance (Snedecor and Cochran

1971).




TABLE 8. LINEAR CORRELATION COEFFICIENT VALUES AND SIGNIFICANCE FOR RELATIONSHIP BETWEEN AGE AND PERCENT DEAD CROWN FOR PLANTS IN LIGHT-MODERATE
AND SEVERELY HEDGED GROUPS.
Age on Percent Decadency Age on Percent Decadency Test Results for Significant
Linear for Plants Lightly or for Plants Severely Differences Between Linear
Regression Analysis: Moderately Hedged Hedged Regression Slope Values of Each Group
Mean Mean
Percent Percent
Dead Mean (P=.01) Dead Mean (P=.01)
Browse Species N Crown Age *: N Crown Age T2 Ty Tc Te
Rocky Mountain Maple | 10 13.0 38.0 27 .708 7 47.8 43.0 -.18 .798 .62 2.365
Western Serviceberry | 121 5:5 14.3 .196 .228 70 34.3 19 .068 .302 .24 1.99
Big Sagebrush 31 9.8 15.4 .55% L4498 24 51.5 33.9 .69% .496 2.56%% 2,064
Curl-leaf Mountain 78 9.2 31.3 J54% .283 94 29.7 42.1 .37% .254 .098 1.99
Mahogany
Common Juniper 69 15.4 38.9 L74% .302 60 37.0 48.5 .36% .325 92 2.00
Common Chokecherry 66 15.1 14.2 L48% .302 41 33.6 1552 .12 .393 1.03 2.02
Antelope Bitterbrush | 48 18.9 29.0 .21 .354 43 27.7 39.4 .097 .372 .50 2.02
Skunkbush Sumac 50 19.3 33.4 .28 .354 64 36.6 32.5 .30 .325 1.12 2.008
r. - Calculated correlation coefficient.

* —- Significant at .0l probability level.
*% —— Significant at .05 probability level.

-- Correlation coefficient of significance (Snedecor and Cochran 1971).
T, -- Calculated T statistic.
Ty —— T statistic from table.

—9g_
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As a further test of age;browsing—plant condition interactions,
. I compared age-crown area relationships among light—moéerately hedged,
and severeiy hedged- plants of eight species (Table'95. Plant crown’
area (dm? )generally increased Wifh age émong plants of mosf species in
both form class groupiﬁgs but correlation coefficients for the age-
crown area relationship became weaker for severely hedgeé plants.
Curvilinear regressions were sigﬁificantly different (P = .05) be-
tween plants in the two groupings for four of the eight species —--
. western serviceberry, big.sagebrush, curl—ieaf mountain‘mahogaﬁy, and
skunkbush sumac. Crowm areas for 1ighfly and severely hedged plan;s.
of‘these ?pec?es and the respedtive regressions:a;e plptted in Figures
. 25 and 26. These data indicated that crown areas of individually .
lightly or~severely bréwsed plants‘varied considerably and.dbscured
the possible depressive effects of browsing on plant crown area with
the possible_exception of mountain mahogény. The largeA§ariation in
crown areas for éeyerely hedged plantS'of serviceberry (dwarf life-
form), big sagebrush; and ékunkbush was ;eflected in the nonsignificant -
correlations of age and crowﬁigpea for plants within this.group.

Age-Plant Growth Relationships. - The relatibnéhipé bgtween.plant
age and various parameters of plant growth, inciuding plant volume,
stem or. root average cross—sectioﬁalfdiameter, maximum cross—~sectional
diameter, and croés—sectional area, wére examined for 11_brow§é species.

Distributioﬁs of plant volume (dm3) rela;ive to age, togethér with




TABLE 9. CURVILINEAR CORRELATION COEFFICIENT VALUES AND SIGNIFICANCE FOR RELATIONSHIP BETWEEN AGE AND PLANT AREA (DM?) FOR PLANTS IN LIGHT-
MODERATE AND SEVERELY HEDGED GROUPS.
Age on Plant Area Age on Plant Area Test Results for Significant
Curvilinear for Plants Lightly or for Plants Severely Differences Between Curvilinear

Regression Analysis: Moderately Hedged Hedged Regression Slope Values of Each Group

Mean Mean

Plant Plant

Areg Mean (P=.01) Are; Mean (P=.01)
Browse Species N dm Age T T N dm' Age T T, ; 55 T,
Rocky Mountain Maple |17 113.3 36.5 .29 .575 36 52.3 32.5 .53% .418 .26 2.11
Western Serviceberry |63 2.7 13.1 .34% .325 40 6.5 16.4 -.07 <393 8.5%* 2.02
(Dwarf visually selected plants)
Big Sagebrush 29 5.9 15.3 B7% 456 24 19.9 33.9 W44 496 4 ,9%% 2.06
Curl-leaf Mountain 76 25.1 21.0 .82% .290 63 54.3 32.7 13% .320 2.8%x 2.00

Mahogany

Common Juniper 69 32.8 38.9 JB4* .302 60 57.3 48.5 .62% .325 1.25 2.00
Common Chokecherry 66 7.4 14.2 .78% .310 41 9.0 15.2 .56% .393 1.89 2.021
Antelope Bitterbrush | 48 55.6 29.0 Jb* .354 43 65.9 39.4 J43% .393 .872 2.014
Skunkbush Sumac 50 52.4 33.4 JT7% .354 64 86.5 3235 .28 .325 3.1%% 2.008
r. —— Calculated correlation coefficient.
Es e Correlation coefficient of significance (Snedecor and Cochran 1971).
Te -- Calculated T statistic.
T, == T statistic from table.
*" —- Significant at .0l probability level.
*% —— Significant at .05 probability level.
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Figure 25. Crown area-age relationships for lightly (form class 1)
and severely (form class 3) hedged plants of skunkbush
sumac (top) and curl-leaf mountain mahogany (bottom).
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Figure 26.

Crown area-age relationships for lightly (form class 1)

and severely (form class 3) hedged plants of big sagebrush
(top) and dwarf form of western serviceberry (bottom).
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respective'curvilinear regressions, for the 11 species are,ghowﬁ in
Figures 27 through 32.

Although volumes generally increased with age, cOnsi&erable vari-
ation was evident witﬁip and:among the various species. Co;relation
coefficients for the plént age —- log10 piant véluﬁe relationship
ranged from..4l for antelope bitterbfush to .80 for curl-leaf mountain
mahogany (fable 10). They were significant (*) (P = .01) for all
species except silver sagebrush, but relatively weak (.55 or lower)
for mountain maple, the dwarf form of western serviceberry, antelope
bitterbrush, and skunkbush sumﬁq. The relatively low correlations and
wide'variatiqns between plant wvolume and plant age fér most species
studied may'reflect differences in browsing pressures and histories on
the many different rénges froﬁ which the plants were collected,. as well
as diffgrential'effects of'othér environmental factors. CorrgiationS'
between plant age and various parameters of stem and[or roo;'growth?
which were less directly influenced by browsing, were generally higher
and leés variable. Relationships between plant age and crown &red,
corrected crown area, and crown volume were also studied, but'were‘simi—
lar to age-plant yolume relationshipg,and omitted from this reporf.

Megn cross—section areas, mean cfoss-section Aiametgr and ygri—
;nces within age ciass‘for the l; spééies are presented in_Appendix,
Table 15.

Curvilinear regression and correlation analysié,showed highly sig-




TABLE 10. CURVILINEAR REGRESSION EQUATIONS AND CORRELATION COEFFICIENTS FOR AGE ON PLANT
VOLUME (DM3) AND AGE ON OLDEST CROSS-SECTION MAXIMUM DIAMETER.

b d

(-

Relationship Browse Species N Curvilinear Regression Equations® Yo S
Age on Logg Rocky Mountain Maple 53 Y - 2.05 + .031 (.000074)X oI1 «35
Plant Volume?2 Western Serviceberry 460 Y= .88 + .060 (.000016)X .69 b L
(all plants)
Dwarf Plants 301 Y= .80+ .039 (.000036)X A +I5
Tall Plants 159 Y = 2.26 + .029 (.000015)X 60, 21
Silver Sagebrush 30 Y =1.17 + .035 (.000216)X PR
Big Sagebrush 127 Y = .41 + .035 (.000043)X “F2 - =23
Curl-leaf Mountain 174 Y= .68 + .046 (.00001)X +80:. .19
Mahogany
Rubber Rabbitbrush 41 Y = -.21 + .069 (.00029)X .64 .39
Common Juniper 133 Y = .44 + .037 (.000018)X i <23
Common Chokecherry 115 Y = .48 + .083 (.00011)X o 23
Antelope Bitterbrush 205 Y =1.75 + .023 (.000015)X 41 .18
Skunkbush Sumac 209 Y =1.59 + .028 (.00001)X i b .18
Age on Log,, Rocky Mountain Maple 56 Y= .18 + .011 (.000004)X o73 7,33
Oldest Cross- Western Serviceberry 470 Y = -.24 + .026 (.0000007)X .83 5
Section Maximum Silver Sagebrush 31 Y = .001 + .019 (.000022)X 3 45
Diameter Big Sagebrush 315 Y= .03 + .018 (.0000003)X T2 kS
Curl-leaf Mountain 211 Y =-.07 + .017 (.0000007)X 2835 NCI8
Mahogany
Rubber Rabbitbrush 44 Y =-.19 + .026 (.000027)X A7 37
Common Juniper 139 Y = -.25 + .014 (.000002)X s835 523
Creeping Juniper 52 Y = .005 + .007 (.0000003)X > 767 5235
Common Chokecherry 115 Y =-.20 + .028 (.000003)X .86 229
Antelope Bitterbrush 210 Y= .04 + .014 (.0000003)X 21D =8
Skunkbush Sumac 209 Y= .08 + .012 (.0000003)X <7187 ' %18

-- Computed with the circle volume formula.

-- Number of plants used in relationship.

Variance of regression coefficient in parentheses.

-- Calculated correlation coefficient.

—- Correlation coefficient from table at .0l level of significance (Snedecor and Cochran

1971).
Not significant at .0l probability level.
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Figure 27. Plant volume-age relationships of western serviceberry
tall form (top)and dwarf form (bottom).
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Figure 28. Plant volume-age relationships of Rocky Mountain maple
(top) and common chokecherry (bottom).
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Figure 29. Plant volume-age relationships of silver sagebrush (top)
and big sagebrush (bottom).
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Figure 30. Plant volume-age relationships of curl-leaf mountain
mahogany (top) and antelope bitterbrush (bottom).
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Figure 31. Plant volume-age relationships of common juniper (top) and
skunkbush sumac (bottom).
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Figure 32. Plant volume-age relationships of rubber rabbitbrush.

nificant (P = .0l) correlations between age and cross-section area and
between age and cross—section diameter for all species (Table 11). Cor-
relation coefficients ranged from a moderate .58 for silver sagebrush

to .86 for common chokecherry. Correlations were generally highest for
the plant age -- maximum cross-section diameter relation. In spite of
these high correlation coefficients for all species, cross—section dia-
meter and area varied consilderably with age classes for some species;
e.g., mountain mahogany (Figure 33, Appendix, Table 15). McConnell and
Smith (1963) reported that maximum stem diameter at the root crown ac-
counted for 86 percent of the variation in age among antelope bitter-

brush plants in central Washington. These results suggest maximum stem




TABLE 11. CURVILINEAR CORRELATION COEFFICIENT VALUES FOR AGE AND OLDEST CROSS—-SECTION AREA
AND DIAMETER MEASUREMENTS FROM PLANTS IN 11 BROWSE SPECIES.

Browse Species

Relationship Correlation ACGL AMAL ARCA ARTR CELE CHNA JUCO JUHO PRVI PUTR RHTR
Age on Log,;, Oldest r% .67 .86 .72 .68 .84 .73 .81 .76 .84 .73 .78
Cross-Section Areal r{ s T e Lt N g S ey B SRR B 7 e TR L S L S L DR
Age on Logl0 Oldest wi e S T4sReS8E 66 85 RN TR 83 T76 " R86. Luibs <15
Cross-Section Average r, 233 =12 Rea 5 Iy Gl L 3TN 235 S35 w23l T8 NS
Diameter

Age on Loglo Oldest Te sl e B3 LT3 B 2 B3R A B3 % a6 B0 R A7 < 78
Cross-Section Maximum r, =33°Rel2. " ch Suaosl SE I 8RR 3T T 23, 85 SEe0 3 E RG] ]
Diameter

lcomputed with the circle area formula.

2Calculated correlation coefficient.

3Correlation coefficient from table at .0l level of significance (Snedecor and Cochran 1971)%
ACGL = Rocky Mountain Maple; AMAL = Western Serviceberry; ARCA = Silver Sagebrush; ARTR =
Big Sagebrush; CELE = Curl-leaf Mountain Mahogany; CHNA = Rubber Rabbitbrush; JUCO = Common
Juniper; JUHO = Creeping Juniper; PRVI = Common Chokecherry; PUTR = Antelope Bitterbrush;
RHTR = Skunkbush Sumac.
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Figure 33. Variation of cross-section sizes from three curl-leaf
mountain mahogany plants aged at 90 years.
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diameter could have practical applidatién;fof field use in estimating
age 'of browse species having a.single main stem.

Data presented in'Appendix; Table: 14, indicate considerable.vari-
ation between annual growth ring widths and hence in uniformity of
annual growth of plants within‘aqd'between:theivarious‘species. Al-
thgugh:measurementsnwere_quite subjective, a slow rate of growth
(rings generally less than;l mm in width) appea;ed chafaqteristig of
most plants for.the species studied.

Field Age Class-Assigned Age Comparisons. - Fleld agé,class‘meaf
surements and/or/estimates of young, mature, and- decddent plants were
indicated ‘to be very crude indexes of plant age.(Table-12). Although
mean "ages 'generally increased.from young to decadent classes‘'for all
species, the differences ‘were sometimes-slight wi;h conside;ablg over—
lap (Tablé 12). Plants assigned to'the young field-age class ranged
from 2.years old.in western serviceberry and big sagebrush to- 38 years
old. in ‘skunkbush -sumac. Plants assigned to. .thée mature class ranged from
3 years old'in western serviceberry, blg sagebrush, and common choke-
chérry to.l160 years old in skunkbush sumac; . Decadent plants-ranged..
from 4 years-old in-western serviceberry and common-chokecherty-to

130 years old in curl-leaf mountain mahogany:




TABLE 12. COMPARISONS OF FIELD AGE CLASS ASSIGNMENTS TO KNOWN AGE OF PLANTS.

Field Browse Species
Age Class ACGL AMAL ARCA ARTR CELE CHNA JUCO PRVI PUTR RHTR
Young N 2 43 - 13 28 2 19 17 7 6
(Y) X 24,0 7.8 e 9.7 10.9 7.0 14.7 5.6 6.9 327
se 4.03 o7 — .86 1.12 .98 .96 .36 s 12 Dl
R 20-28 2=-25 @ =- 2-12 3-28 6-8 9-26 3=9 9=10 5-38
Mature N 40 305 15 76 96 18 61 48 100 92
M) X 3205 19.0 20.5 24.0 395 12.7 39.2 13.2 24.9 3103
se 3. .65 ZeD 1.36 2.58 Y37 1.86 1.3 .85 2.1
R 6-77 3-78 6-35 3-70 4-100 4-25 14-78 3-38 5=57 5-160
Decadent N 14 70 16 42 66 19 58 49 79 102
(D) X 42.8 23.8 2355 322 49.9 22.2 2753 18.6 38.0 374 o
se 6.1 1.8 .28 1.42 2.98 2.2 3.0 «59 1.70 1.72 ¥
R 16-100 4-85 7-56 12-60 5-130 5-45 9-124  4-57 5=-83 4-94

N = Number of plants in field age class.

X = Mean known age of plants in field age class.

se= Standard error of the mean.

R = Range of known age plants.

ACGL = Rocky Mountain Maple; AMAL = Western Serviceberry; ARCA = Silver Sagebrush; ARTR = Big
Sagebrush; CELE = Curl-leaf Mountain Mahogany; CHNA = Rubber Rabbitbrush; JUCO = Common Juniper;
PRVI = Common Chokecherry; PUTR = Antelope Bitterbrush; RHTR = Skunkbush Sumac.
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TABLE 13. NUMBER OF SAMPLES COLLECTED AND NUMBER OF SAMPLES AGED; MEAN NUMBER OF CROSS-
SECTIONS AGED PER PLANT SAMPLE; MEAN NUMBER OF CROSS-SECTION SURFACES AGED PER
PLANT SAMPLE; RANGE OF CROSS-SECTION SURFACES READ PER PLANT SAMPLE; PERCENTAGE
OF SAMPLES WITH PARTIAL OR COMPLETE CORE ABSENCE; STAINS USED TO AID IN GROWTH
RING COUNT; AND READING QUALITY CHARACTERISTICS FOR ALL BROWSE SPECIES WITH
DATA SUFFICIENT FOR ANALYSIS.

Browse Species

ACGL AMAL ARCA ARTR CELE CHNA JUCO JUHO PRVI PUTR RHTR Totals

Total Number of 59/ 500/ 35/ 329/ 211/ 45/ 140/ 54/ 119/ 217/ 221/ 1,930/
Samples Collected 59 470 347 2321 210 44 139 S2feLi5 5 249 =S Te) 1,865
and Aged!

Totan Number of 342 1,421 77 == 538583 91+ -3328" 118" = 303" + 628 1040 5,473
Cross—-Sections Prepared

Number Cross- 40 2.9 22 1l 2.8 2l 254 252 280 =20°9 &7 2.8
Section Surfaces

Read/Sample

Range of Cross- 2-57 1-21 1-6 1-6 1-10 1-6 1-18 1-5 1-14 1-13 1-25 1-57
Section Surfaces

Read/Sample

Percent Samples 0 «5:. 138 “2455. =0 7 5 DB 4.2.13.8 -
w/Partial Core Absence

Percent Samples 0 0 20.6. #15.1= 10 4.5. 3 1.9-- 0 8.9 20.0 -
w/Complete Core Absence

Stain Used to Aid -- —= K K L K K K K Keg Lt ¢ K -

in Growth Ring Count?

.—97[_




TABLE 13. (CONTINUED).

Browse Species

ACGL AMAL ARCA ARTR CELE CHNA JUCO JUHO PRVI PUTR RHTR

Totals

Reading Quality
Characteristics:
Percentage of
Collection With
Good Growth Ring
Quality

Fair Growth Ring
Quality
Poor Growth Ring
Quality

Questionable
Quality Samples3

59.0 42.6 74.3 93.0 23.7 31.8 85.6 92.4

29.0 47.4'17.%  “F0KS K 41T 138 3.8

12 010 D “255 e 20t 305 9¢E 2055 o - 238

0.0 768.0" 2.9 2.4 Sy 252 R

61.7

80.6 42.5

33.9 19.4 42.5

4.4

3.4

0.0:"15.0

2.7

5.0

!Number of samples collected/number of samples used in analyses.
2 = Kerosene; L = Boiled Linseed 0il; Lt = Lacquer Thinner.
3a11 samples not felt to represent oldest portion of plant.




TABLE 14. ANNUAL GROWTH RING UNIFORMITY AND GROWTH RATE ASSUMPTIONS FOR ALL BROWSE SPECIES
EXTENSIVELY AGED.

Growth Ring Browse Species
Uniformity ACGL AMAL ARCA ARTR CELE CHNA JUCO JUHO PRVI PUTR RHIR
Sensitivity! N 34 216 14 . 241 97 15 100 48 82 94 153

e

59.6% 58.5 “41.20°75.30052.4% 3606 =/1.9 9203 L7153 5055 T 7651

Complacent? N . J S 20 79 88 26 39 4 33 92 48
X 504 41,5 SB.8 24.7 &7.5 63.47°28.1 1.7 28B:7949.5 23.9
Growth Rate
Assumption
Slow3 N/% 381 298] 250 2611 X2 N 121 - R0 9T R4S Ty
68 81 73.5 81.5 69 88 87 94 85 78 85
Moderate®* N/% 1/ 5/ 3/ 7/ 9/ 0/ 1/ 0/ 75107 1/
9.6 1.4 BB 2.2 S8 0 37 0 2.6 5.4 3
Rapid® N/% TENIE T DR T R F oo SRR T B Y RS
0 3 590 0 5.9:0 0 0 0 520
Slow- N/% 9/ 49/ 3/ 43/ 37/ 2/ 13/ 3/ 12/ 25/ 26/
Moderate 1.8 0133 B8 13:4200 4.9 9.4 . 6.0-18.5-13.4 130
‘.Moderate- N/% 3/ 6/ 2/ 51 6/ 0/ o/ 0/ 1/ 1 i 0/
Rapid 5.2 %6 5.9 Xh 120 0 0 .9 . (SN
Slow- N/% 6/ 10/ 0/ 4/ 5/ 1/ 4/ 0/ 2/ 4/ 3/
Moderate- 19.5 3.9 0 WG CUE W o e L S .5 2% ~1.8
Rapid

land 2 After Glock (1937) relating annual ring growth sequences to environmental and
physiological variations.
3Growth rings averaged 1 mm in width; * 1-2 mm; ° 2 mm or more.
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TABLE 15. MEAN CROSS-SECTIONAL AREA AND VARIANCE AND MEAN CROSS-SFCTIONAL DIAMETER AND VARIANCE OF OLDEST CROSS-SECTIONS AGED PER AGE CLASS OF BACH SPECTES.
, 2 AGE~CLASS INTERVALS
1 11 11 1w v vi VIl VIiII x X XI XI1 XII1 X xv Xvi
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 66-70 71-75 76-80 B1-100
Rocky
Mountain b3 1.5 28.3  32.0 ---  25.0 32.1 15.3 35,4 == e 3.7
Maple §2  --e 2 687.1 1040.2 --- 205.5 317.8 o === 11,8  em=  mmm eem
X - L4 1.3 2.3 .8 5.3 5.5 4.7 5.6 6.2 4.8 T e X |
Diameter® §7 - +1 4 1.8 L 121 9.0 2.4 2.7 3.2 - e L
51-85
Western Cross- 2
Service- Section X i3 .8 2.2 Sk 10 Al RN a8 873 488 7048
berry Area § TN i 5.4 52,2 328.7 168.0 459.0 216.0 4500.0 455.) 1856.0
Average
Cro -
section X R 10 1.5 2.3 3.8 4.0 4.9 4.6 7.6 7.0 9.2
Dismeter 2 .02 .2 .4 1.3 4.9 3.3 5.3 3.7 '18:3 4.7 9.7
Cross-
Silver Section < - 8 2.9 6. 10.3 — 22.9 18.8
Sagebrush Area §2 -e- .01 2.9 17.7 11, --- 54,1 -
Section X =-= .8 1.8 2.8 4.0 1.4 351 -— - 5.3 5.0
Diameter §? -—- .009 .6 1.0 8.7 33 .4 — --- . —
Cross- 51-80
Big Section X o 3.2 4.0 Gi8 o 100 S R0V W8S 19is1 82,2 ¢ 380k
Sagebrush Area A e 5.7 19,7 83,1 33,8 35.7  99.0 276.1 610.0 1072.1
Average
Cross- dl]
section X JR 1t 1.9 5 3.2 3.6 3.6 [ 4 4.8 5.9
Diameter 52 .05 7 .6 1.0 2.0 1.2 1.0 1.8 3.3 7.8 8.7
Rubber Cross- £
Rabbitbrush Section X th P ] 2.1 3.7 9.4  12.5 748 - 5.2 - -
Area s  .004 .8 158" 11,0 00983 1874 U6 - -— ——— -
Average
Cross- y
section X WL 1) 1.6 2.1 3.1 357 8t --- 2.7 —--
Diameter  §2 .01 .3 43 . 2] 4.7 .5 s - ——=
Cross~ s
Common Section X £ N S 3.0 4.8 9.2 4S.4  29.6  26.3  48.0 —- -
Chokecherry  Area (L R T T e ) 5.3 21,5 1845.3 406.9 283.4 1193.3 - -
Average
Cross~
section X T ) 2.4 1.2 7.2 5.8 5.6 7.5 -—-
Dismeter §7 .1 ) k3 4 N § 9.1 5.0 3.4 7.8 —-—
Cross- 61-85
Antelope Section X 1.0 .8 3.1 1.7 4 7.1 96 11,7 iy 21,2 0.0 204 R7A
Bitterbrush  Area 87 3.6 8 8.4 108 8.7 22.8  65.5 190.0 483.7 124, 74,5  39.4 136.5
Average
Croas- %
Section X 3 .9 1.9 2.0 1.0 2.9 3.3 3.6 4.5 5.2 8:l 8.1 5.9
Diameter §7 .02 .2 32 51 .6 143 1.7 2.8 5.2 1.9 1.1 .5 1.2
Cross- 3 81-160
Skunkbush s X a5 6 1.3 1.6 5.1 6.4 101 11,9 17.3 18,4 31,7 20,3 19.5 20,0 43.2 45.6 46.0
Sumac M G08 ) 2 6.5 104 189 3. 1.7 1329 190.1.  716.8  87.1 6.1 5.8 768.3 123.2 2622.0
section X .6 .9 1.3 2,0 2.3 2.8 3.5 3.7 4.6 4.6 6.0 5.1 S0 8 B3 e 1
Diameter §2 .01 .l ol '8 .6 el 142 1.9 2.2 2.8 5.6 1.1 &7 X bl S e
10-YEAR AGE-CLASS LNTERVALS
0-10 11-20 21-30  31-40 41-50 51-60 61-70 71-80 81-90 91-100 10i-110 111-120
Curl-leaf Cross- 3 91-100
Mountain Section X R L) 16.8 42,2 47.9  80.7  95.3 102.7 274.3 183.8
Mahogany Area s .1 38,2 160.9 1729.5 1796.4 5776.8 4528.9 9729.8 32254.1 21186.5
Average
Croas- =
section X 10.7 17.9 16.2
35.6 42.7
101-125
Common 2 .6 1.8 ) Ja:6p 180T 550,910 597.8 4 (€)1 4.7 23.9
Juniper 005 .4 6.9 7.2 182.9 187.4 2373.3 787.6 1003.0 18.1  3176.0
Averuage
Crows-
section R <3 .8 1.3 1.9 3.4 4.5 7.2 (3] 8.3 7.7
Diameter §7 .008 .1 % ] " 3.3 31 17.9 6.2 2.7 A
e rmerroms srriem
Crosa-
Creeping Section 2.9 6.2 .9 75 402" 2.8 12.4
Juntper Aren G TR et O e T N 2.0
Average
Croms= 2
Sectfon X ees  ee- 1.1 1.8 2.3 2.5 3.0 3.7 4.0 4.0 3.8
Diameter §/  -em  eee 3 o7 a2 52 .83 S .5 .04 1.1

n == Comput
b -~ Comput

ed with circle formula (dn’).
ed by averaging 2 linear measurements (dm).
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