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The Vertical Distribution ol Needles and Branchwood in Thinned
and Unthinned 8o-Year-Old Lodgepole Pine

Abst.act

About 30 years after thinning part of a 5o-year-old stand, trees ifl adiacent thinned and unthinned
lodgepole pine iq southern Ifyoming were srudied to compare relative dry matter production of
needles and branches and the disrribution of rheir weiehrs. The weieht distribution within the
canopy of the study trees was derermined using a Veibull probability density Funcrion. In rhe
thinned parr of the srand, the observed and th-eotetical weislt distribution oi both treedles and
btanchwood was symmetrical and much like a normally disriibured DoDulariotr. In the unthinned
patt_ of the stand, weight distributiotr of needles and branchwood was suongly slewed upward
in the top half of tbe canopy. The srrong upward displacement.of needles and branchwood was
rnterpreted as funher evtdence of gro$rh sragnaLion in rhe unthinoed area.

Inlroduction

Lodgepole pi.ne (Pinus contorta f)<n$.) ftequendy regenerates too abundantly, and
growth stagnates after a few years. The resulting single-storied, dense "dog-hair" stands
(up to 100,000 or mole ffees pe! ha) can stay alive for as long as a 100 yearg hut mal<e
little height or diameter growth. Trees 50 to 60 ye.ars old have an average height often
less than 2 m and a diameter less than 3 cm. Eafly heal'y thinning is necessary to obtain
satisfactory diameter and height growth in such stands ( Alexander, 7956: Batrert,196l).

Adjacent areas of thimed and unthinned lodgepole pine, located about 1.4 km south-
east of Foxpark in southern Vyoming, afforded the oppotunity to comlmre relative
dty matter production of branches and needles and rhe distibutiotr of their weights
within the respective canopies. Informatiori about the characteristics of lodgepote pine
crowns is generally lacking. Vhen more is known about the cowns, it should be possible
to develop good models of canopy biomass distributioa. In other timber types, such
models have provided a useful tool to sftrdy rhe intelaction among physical factors and
physiological processes of growth, and also to interptet changes over tirn€ and thus pro-
vide possible managem€rt options (Schreuder and Swank, 1974).

Stlrdy Area

The study was conducted in an extensive 80-year-old lodgepole pine forest that resulted
ftom oarural reseediog on a burned-ovet area. The area was about 2470 m in elevatiqn.
and the terrain was relatively flat. Wheri the trees were about 50 years old, a portion of
the stand was thinned in 1939-40 by the Civilian Conservation Corps. Tree glowrh in
the area is generally slow, and because of low economic value, the ini ial tbinnins was
done with no plan for furrher thinning r lfoodhead. 1934r.

In 1970, few trees had died in the thinned area. Slxring averaged about 2.1 m or
about 2000 trees per ha. Average height of trees was 10.7 m. Diameter at bfeast heisht
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(d.b.h.) for some 2500 trees ir the thimed area ranged ftom 1.6 to 257 cm arid aver-

aged 12.8 cm. Basal area of the trees was about 28m2 /ha (125 ftfacre). The adjacent

unrhioned part of the fotet, less,than 60 m away, based on three 10 m2 plots avemged

between 25,000 and 50,000 trees/ha. Avelage height of the trees was about 7.6 m'

Diameters ranged from 1 to 8 cm and average diametet was J 1 cm. Rasal atea in the

unthinred paft of the stand was atr'tt 34 rfi /ha (L49 ff/acre).

Measulements
crown biomass relations and cqmPa'dsons vere detemined in 1970 for five randomly

selected trees taken from lhe thinned area. The trees were zlmoog a group of about 100

trees removed to make a 10 x 50 opening which was used to determine the clearing

effect upon airflovr and snow accumulatioo (Bergen, 1p75; Gary' 797 4) ' Five additional

trees, subjectively selected to rq>resent the unthinned part of the stand, were also studied.

Field measuements on he 10 ttees inrcluded dbh, height to first dead and live

branches, height of each succeeding annual whor1, and uee height. All branches from rhe

annual whods wete removed from each tee, tagged for identification arrd qven dried

ro obtain weights of needles and branchwood.

Results
Bole and Crou,n Di'meniont
All trees.in the thioned part of the stard were generally leleased from early growth

stag[atioo. The relative differences between the thinned and umhinned a.reas as indicated

by the sample uees are g.iven in Table 1. Thirty years after the initial thinning, the

TABLE 1. Average bole anil cro$l dimensions !0 vears a-lier ibinniDs

Sland Condition
Thinned Unthinned

11.210.5r
1.4! : !0.18
5 . 6 0 = 0 . 4 8
4.36!0.22
9 , 9 5 4 0 . 6 0

lstanilard deviaiion

largest difference between the two samples of rees vras bole diameter. Diameters of

trees from the unthinned area averaged 5.6 cm and 11.2 cm for trees from the thinned

area. Average.basal area foltrees from the unthinned part of the stand was 25 9 cm2.

In contrast, trees from the thinned part had an average basal uea of 98.3 cm2 and were

approximately 3.8 times latger.
The next largest difference berween the ts/o groups of trees vras live crovrn length As

a result of the q/ider ree spacing, crown length in the thinned part of the stand was

about 65 percent looger, ald thus had greater photosynthetic potefltia] for future growth

(Madgwick, 1970). The relative difference in tree height was less than the difference in

diameter arrd crown length.
Comparisons of the annual height or leader growth, however) indicated a decline of

28 percenr during the last 20 years in both the thinned and unthinned portion of the

stand (Table 2). It was not koown vrhethet the tapering off of growth for rees taken

from the rhioned part of the stand iodicated another period of growth stagnation or

whether normal height growth was merely slowing. Average annual terminal growth

Diameter breast heishi (cm)

Heishi lo 1st dead whorls (m)

Heisht to rlllive crov,n (n)

Crown lenslh (m)

Crown lensth/heisht

5 . 6 1 1 . 1 ?
1 . 4 7 = 0 . 4 5
4 . 8 1 i l . 3 0
2.64: !0.58
'1.4 '1!0.97

. 3 6
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during the last 20 yvars was 14.4 cm and 9.9 cm for trees on the thinned and unthinned
a.reas, respectively. Based on cumulative annual terminal growth fot 30 years since
drinning, height grov/th was 2) percent grearer on trees in the thinned atea than those
in the utrthinned area.

TABLE 2. Averase annnal ilecline in leader srovlh (cm).

Stand Conalilion

1 6  - 2 0
1 1 -  1 5

6  - 1 0
0 - 5

ThiDned
16.?17.31
15,617.5
13.2:!7.1
12-0):4.9

Unthinned
11.813.6
10.412.9

8.913.2
4.5.L2.7

tslandad ileviation

Brancb Deoelopment and Dry Matter Prodacr;on

In lodgepole pine, as in many other conifers, the larger branches generally arise from
auxiliary buds at the apex of the leader, vrhile the smaller branches dwelop from latent
buds along the leader. Both types of branches colleotively formed the annual whod of
branches, and their ages could be counted faidy accurately up to 20 years. Number of
live branches per whod, over the mqst rccent 2l-year period, averaged 3.6 for trees in
the thinned area and 3.5 in the unthinned area, rarging from one to eight in both groups
of trees

Meao diameter computed for the la.rgest branch from 20-year-old vrhods was 14.4
mm for trees in the thinned area and 9.1 mm for trees in the urthinned arm. Mean
diameter of the largest l-year-old branches vras 5.6 mm for trees in the thinoed area and
7.5 rom, o! slightly larger, for study uees iq the unthinned area.

Mean lengths compu,ted fot the longest br4nch on 20-year-old annual whorls was
90.6 cm for trees in the thinned a,rea and, 46.5 cm, or about one-half as long, for trees
io the unthinned area. Mean length for the longest l-year.old annual vrhod branches
ranged from 15.0 cm to 10.5 cm for trees in the thioned and unthinned areas, respec-
tively.

The initial dwelopment of all bmnch whods was apparently simila.r, but branch
size varied gready over rime due to yearly l ariarion in the growing season, continual
cha.nges in the cown environment, and factors of competition. During the past 20 years
( between 10 and 30 years after initial thinning) the cumulative weight of branchwood
iq the annual whods of trees growing in the thinned area reached abou.t 1.1 kg per
tree or abour 5.4 dmes more than their counterpa-ts in the unthinned area (Fig. 1) . For
trees in the thinned area, there was a definite, although inconsistent, ttend of increase
in weight of the annual growth. Ifeight changes were negligible for branches older
than about 8 or 9 years for trees in the uridiorted part of the stand,

The cumulative production of needles was considerably greater than production of
branchwood. If cast needles could have been accounted for, the ratios of needles to
branchwood weights computed below vrould have been considerably greater:

Needle/branchwood l7eight
Ttrinned area
Unthinoed area

1. t0
2.36
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Figure 1. Average ovendry weights of needles and branchwood by age of whotls.

The correlation coefficient between weights of needles and braochwood was 0.96

for crees in rhe chinned area and 0.88 in che unthimed area.

Vettical Dittributian ol Needles and Brawhuood'

Individual tlee clowrs in both stand densities had wide gaps, bodr hotizontally and
vertically, between the needles and branches of succesive whods. Similar oharactefistics
vrere ob,served by Stiell (1962) and apparently ale commoo to all conifers. Becau$€

of the wide variability of uee heights, crown leng'ths, and amounts and location of

needles and branchwood, analysis of individual ttee crowns yielded litle infotmation
about the relative distribution of needles and branches within the canopy itself.

Since the canopy is usually of greater interest from the standpoint of energy budgets,
nutrienrs fluxes, etc., the distributions of needles and branches wete computed in terms

of canopy. For this pulpose, the crowns of the five study trees in each area were

assumed ro represent collectively the stand canopy. The limits of the two canopies en-

I tr"", in thinned slond

ffi rr... in unthinned slond

306 G-y



compssed rhe space from the tip of rhe ullest ree down to the level of the lowest aL[-
live whorl, usually on a different tree. The upper level of the canopy was about 1.) m
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Figure 2. Vertical weight distribution of needles and needles plus branchwood for 10 equal height
secuoos withio tlle canopy space.
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higher in the thinned area, while canopy depth was about 0.5 m less than in the un-
thinned area.

A Ifeibull probability density function was fitted to characterize vertical weight
distribution of needles and bmnchwood within the assumed canq>ies. This model has
gained wide accepta.nce fot characterizing diameter distributions (Bailey and Dell,
1973) and appears equally vetsatile for determiniog foliage weight distribution ( Schrzu-
der and Swank. 1974).

For grouping the weight garametets, it was assurned that all main and internodal
branches q/ithin an individual whod were attached to the bole at the same relative
height. It was further assumed rhat all branches grew horizontally and did not ovedap
rhe next higher whorl. Figure 2 shows the compu,ted vertical weight distri,bution ( pro
portion of rotal weight of needles and needles plus branchwood) for 10 equal height
sections withio the canopy space.

The Weibull model gave a good draracterization of the distribution of oeedles and
needles plus branchwood weights. The distribution of needles viithin. the thinned padt
of the stand was nearly symmeuical and very much like a normally disributed popu-
lation, with about 50 percent of the needle weight in both the losrer and u14>er halves
of rhe canopy. Io contrast, about 75 percent of the needle weight for trees in the un-
thinned part of the stand was skevred upward aod located in the upper half of the
canopy space. The weight distribution of needles plus branchwood exhibited abou,t the
same parterns as thar shown for needles, although in hoth areas the midpoinr of weight
disribution of needles plus branchwood was skewed slightly downward due to larger
branches iq the lower half of the canoov.

Summary and Conclusion

Organic matter groduction is genemlly proportional to leaf mass. \(here site condirions
and climate a.llow a stand to close, organic production will generally reach a constant
level or a balarrce between developing and dying needle and btaach tissue ( Tadati,
1966). The neady symmetrical distributioo of needle mas $/ithin the canopy in the
thinned area apparently indicated the stand canq>y vras closed or nea.rly so. Thus, on the
basis of needle distribution, it vras concluded that organic poduction was ne,Lr a con-
stant level for the present stand densiry. Iq the unthinned part of the stand, about 75
percent of the needle and branchwood mass was in the uplxr half of the canopy space.
This disttibution lmttern indicated obvio$ s.and closute and a paftern of general dec-
adence of branch tissue and needle produotion for the lower half of the canopy.

Thirty years after thinning, breast height diameters of trees in the thinned part of
the stand averaged about twice as large-or neady four times larger iq basal area.
Height growth vras 25 1rrcent greater in rhe thinned are'a, and the trees had grown to
marketable small pole sizes. Few trees in the unttliffIed part of the stand will ever grow
to pole size.
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