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TREE BIOMASS AND PRODUCTIVITY 
ESTIMATED FOR THREE HABITAT TYPES 

OF NORTHERN IDAHO 
by Do nald P. Ha nley 

INTR O DUCTION 

A floristically r ich forest belt occurs at mid-elevations 
northern Idaho, defined by Daubenmire and 

ire (1968) as the western hem lock series. The 
occurs within an envi ronmental gradient that lies 

the colder, more moist SUbalpine fir series, and 
warmer, drier, Douglas-fir series. Five habitat types 

the environmen tal variation found in this 
ies. Abies grandis/Pachistima myrsinites, Thuja 

ta/Pachistima myrsinites, an d Tsuga 
myrsinites 1 habitat types are 

on well drained sites. Thuja plieata/Oplopanax 
and Thuja plieata/A thryium felix-femina 

types occupy relatively insign ifica nt ac reages of 
lorlv-(jraine:d soi ls. Grand fi r/ pachi stima is the warmest 

dryest of the types while hemlock/pachistima is the 
and wettest. North of about 47°45' latitude, 
red cedar infrequently becomes climax. South of 

I latitude, western heml ock occurrence 
quite rapidly and is replaced by western 

Daubenmire and Daubenmire (1968) defined 
associations by the presence of the Pachistima 

Th is complex understory union consists of 
,mer,,,,, shrub and forb species. The most constant 

are: A denocaulonJ Clintonia, Coptis, Galium, 
Pachistima, ThalliclrumJ and Vaccinium. 

The objective of this study was to es timate the 
biomass and potential productivity of fu lly 

stands within the grand fir/pachistima, western 
cedar/ pachist im a and western hemlock/pachistima 

tat types found in northern Idaho. Th e estimates 

i study is one portion of the I ntensive Timber Culture Program, 

)~~I~r~:~~ by the Forest , Wildlife and Range Experiment Station, 
n of Idaho and the Intermountain Forest and Range 

I Station, USDA Forest Service. The author is gratefu l 
Mr. G lenn H. Deitschman, Mr. Charles A. Wellner, and Dr. David 

. Adams for their suggestions and guidance. Contribution No. 28, 
Wi ldlife and Range Experiment Station, University of Idaho. 

ereafter referred to by common names. 

came from existing information relevant to the tree 
species and site characteristics of the western hemlock 
series. The study was limited to the coniferous tree 
portion of the stated habitat types. Primary production 
was estimated for the foliage, branchwood, peeled bole, 
bark, and roots by the accretion of live and dead biomass 
over a time interval. 

Tree biomass information is essent ial to determine 
emphasis, pnOrll1es, and direction in research and 
management. Producti on estimates, on the ecosystem 
level, are required for com parison and analysis of changes 
brought about by man's alternative actions. 

METHODS 

Stand se lect io n, equation selection, 
determination, and productivity determination 
steps involved in carrying out the objectives. 

Stand Selection 

Stand selec tion criter ia were: 

biomass 
were the 

(A) Location within the western hem lock series 
(Daubenmire and Daubenmire 1968); 

(8) Uncut through the measurement period, and in 
accord with expected natura l secondary succes· 
sional trends; 

(C) Near or at "normal stocking" for complete site 
occupancy; 

(D) Even-aged and at the point of maximum mean 
annual increment, cubic-vol ume basis, the point 
of maximum biomass accumulation; 

(E) No abnorcnal mortality and f,ee of e-<eessive 
pathological or entomological problems; 

(F) A fixed radius sample plot located within (ts 
boundaries with a measurement record for all 
trees at the beginning and end of a known t ime, 
(5-1 1 years). 

Selections were made from stands in which the 
Intermountain Fores t and Range Experiment Station had 
established long-term growth and yield pl o ts. To obtain 
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Tabl e 1. Stand information and descriptions for the plot sites selected for productivity estimation of the grand fir , western red ceda r 
and western hemlock habitat types , northern Idaho. 

Plot 

W- 12 

W-18 

W-21 

15 

W-9 

W-lO 

W-ll 

W-19 

W-20 

101 

105 

161 

32 

148 

Habita t 
11 

Typ~ 

GFIP 

GFIP 

GFlp 

GFIP 

WRC/P 

WRC/p 

WRC/P 

WRC/P 

WRC/P 

WHIP 

WH IP 

WHip 

WHIP 

WHIP 

Stand Information 
Age 

Location @ Tl 

21 Hay Cr .- 103 

OroGrand e Cr . 

Or oGrand e Cr . 

Phantom Cr)./ 

Orofino Cr. 

Hay Cr. 

Hay Cr. 

OroGra nde Cr . 

OroGrande Cr . 

Benton F lat~/ 
Ben ton Fla r!:-/ 
Benton Cr .!!./ 
Sand s Cr)./ 

Fox Cr .!!/ 

103 

103 

105 

103 

103 

103 

103 

103 

105 

110 

100 

20 

250+ 

Period of 
Measurement 

T1 T2 

1925 - 1935 

1925 - 1935 

1925 - 1935 

1963 - 1973 

1925 - 1935 

1925 - 1935 

1925 - 1935 

1925 - 1935 

1925 - 1935 

1964 - 19 74 

1959 - 1970 

1953 - 1963 

1934 - 1939 

1962 - 1972 

Site 
Index6 / 
(WWP)-

(ft .) 

74 

70 

73 

50 

73 

75 

77 

66 

65 

60 

55 

60 

65 

65 

Basal Area 
@T1 

(Sq M/ha & Sq ft/ac) 

67 . 7 295 

61. 3 

62 . 2 

53 . 5 

56 . 9 

88.4 

63 . 8 

60.6 

62 . 2 

62.9 

51.4 

56 . 2 

11 . 2 

49.8 

267 

271 

233 

248 

385 

278 

264 

271 

274 

224 

245 

49 

217 

% Normal.2.1 
@T1 

Trees/AC 
@ T1 

Aspect 

(T/ha & T/ac) 

99 

90 

90 

79 

83 

803 325 SE 

127 

92 

89 

628 

699 

11 27 

764 

964 

598 

729 

91 820 

92 2609 

74 1443 

84 1868 

104 6741 

62~!J 259 

254 S 

283 W 

456 SW 

309 E 

390 SE 

242 SW 

295 E 

332 E 

1056 SE 

584 SE 

756 SW 

2728 E 

105 NW 

t~ GF/P - Grand fir/Pachistima ; WRC/P = Western Red Cedar/Pachistima; WH/P = Western hemlock/Pachistima . 
3/ The "W-plots" are located on the Clearwate r National Forest , (latitude 40°35'; longitude 115°37 ' ) . 
4/ Fernan District, Idaho Panhandle N.F. , (latitude 47°47 ' ; longitude 116°30 '). 
5/ Priest River Exper imental Fo rest , (latitude 48°20 '; longitude 116°50 ' ). 
6/ Deception Cr. Exper imental Forest , (latitude 47°45' ; longitude 116°30'). 
7/ Fr om Haig. 1932 . 
- Based on Haig ' s (1932) o l des t age-class of 160 years . 

Sl ope % 

55 

50 

40 

20 

55 

40 

30 

55 

60 

10 

10 

50 

50 

20 



:J, <./ 
ively standardi zed esti mates of potential productivitY:i 
12 stands chosen (Table 1) were normally stocked 
even-aged at or near culmination of :mean annual 
ment on a cu bic-vol um e basis. Two addi t ional stands 

analyzed for stand age influences on biomass and 
uctivity. Stand No. 32 was immature, 20 years old, 
Stand No. 148 was over·mature, 250+ years old ; both 

within the western hemlock/pachistima habitat 
3 (Table 1). Normality com parisons were based on 
's (1932) tables. 

atian Selection 

A search of the literature and information from the 
nlists engaged in fores t biomass studi es provided 
ession equations (Table 2) that are considered most 
licable to north Idaho. Equations of the form shown 
w were sought to predict oven-dry tree com ponent 

ghts4 from known diameters and heights of the 
iferous tree species usuall y found within these habitat 
es: 

re: 

Wc = f(dbh, ht) 
or 

Vc = f(dbh, ht) 
Wc = ex Vc x Spg 

We :::: tree component oven-dry weight in kilograms 
Vc :; tree component volu me in cubic meters 
dbh = diameter (o.b.) at 1.3 m (4.5 ft) above ground 
ht = to tal height of tree 
Spg = mean specific gravity of componen t from pub­

lished sources 
C = 1000.0, the weight in kil ograms of 1 m3 of water 

e com ponents were defined as: 

foliage = the weight of all live need les present. 
branch wood = the weight of all branch wood present 

including the bark, excl uding any portion of the 
main stem. 

peeled bole = the weight of the main stem from ground 
line to top of tree, excluding the bark. 

bark = the weight of the main stem bark from the 
ground line to the top of the tree. 

roots = the weight of the below·ground portion of the 
tree . 

t is beyond the scope of this paper to discuss the advantages and 
'sadvantages of using the normality concept. Exce llent discussions 
e found in Nelson and Bennett (1965) and Smith (1965). No 
tempt has been made to transform the study data to an "average 

ormal" value. 

omparisons could only be made for the western hemlockl 
achistima habitat type because of limited available data . 

3 

Biomass Determination 

T o t a l st anding tr ee bi o ma ss, determined 
independently for each of the stud y pl ots, was calcu lated 
by summing the five component weights for each tree 
(1.5 cm dbh and larger), then adding these individual tree 
values for the pl ot totals. This determination was made 
twice, at Tl , the begi nning of the measurement period, 
and at T2, the end of the period. 

Primary Produ ctivity Determination 

Productivity was also determined independentl y for 
each pl ot. Periodic annual productivity was measu red for 
the period which bracketed the point at which mean 
annual incremen t maximized, in order to estimate the 
M A I poi n t. Periodic annual productivity of the 
branch wood, peeled bole, bark, and roots was 
determined by summing the differences between 
beginning and ending biomass for each tree over the 
measurement period and dividing by the number of years 

in the period. Loss to the tree (Le. bark loss, branchwood 
fa ll , and small root turnover) and respirat ion losses were 
not included. 

Foliage productivity was handled separately because 
of the continual turnover of needle biomass. Periodic 
annual foliage productivity was determ ined by averaging 
tree fo liage biomass for a given species during the 
measurement period and divid ing by the average duration 
of needle retention for that speciess Annual fo liage 
productivity was added to the annual productivity of the 
remaining components to arri ve at total ann ual produc· 
tivity . The procedure can be summari zed as follows to 
arrive at the stand periodic annu al producitvity in oven-dry 
ki logram s/hec tare/year: 

Productivity -

" - E { (bw2 - bWl ) + (pb 2 - pb 1 ) + (b2 - b1 ) + (r2 - r 1 ) }/V 
i-I 1 iii i ill 

+(f2 +f t )/2nl.. ] /A 
i i 

4Weights are expressed in kilograms/hectare. 

5Average yearly needle durations used in this study are as follows: 
WWP=3 (Buchanan 1936) ; DF =3 (Mitchell 1974); GF =4, WRC=3 
(Sargent 1933); WH : 4 , ES=5. PP=2. SAF::5. LPP::3 (USDA Forest 
Servo 1965) ; WL:: 1. 
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Table 2. Sources of biomass equations employed for productivity estimates in the grand fir. western red ceda r , and western hemlock habitat 
t ypes , Northern Idaho. 

Component 

Foliage 

Branchwood 

Peeled Bole 

Bark 

Roots 

WWP 

Brown 
(1975) 

Brown 
(19 75) 

Stage!! 
(1966) 

2/ Young- et 
a1. (1965) 

2/ Young- e t 
a1. (1964) 

WL 

Brown 
(1975) 

Brown 
(1975) 

1/ Stage-
(1966) 

1/3/ Fau rot- -
(1974) 

Smith4/ 
Kozak -
(1971) 

Rennie£/ 
(1955) 

OF 

Brown 
(1975) 

Brown 
(1975) 

1/ Stage-
(1966) 

Faurot1/}/ 
(19 74) 

SmithZ/ 
Kozak­
(1971) 

Col e-Dice2./ 
(1969) 

GF 

Brown 
(1975) 

Brown 
( 1975) 

1/ Stage-
(1966) 

2/ Young- et 
a 1. (1965) 

Rennie~/ 
(1955) 

Species 

WH 

Brown 
(1975) 

Brown 
(1975) 

1/ Stage-
(1966) 

Kurucz 
(1969) 

2/ Young- et 
a 1. (1964) 

WRC 

Brown 
(1975) 

Brown 
(1975) 

1/ Stage-
(1966) 

Kurucz 
( 19 69) 

EIS§./ 
(1970) 

LPP 

Brown 
(1975) 

Brown 
(1975) 

Stage!/ 
(1966) 

Faurot!.!l/ 
(1974) 

Smith'4/ 
Kozak­
(1971) 

Jolmst onel / 
(1971) 

ES 

Brown 
(1975) 

Brown 
( 197 5) 

Stagel} 
(1966) 

2/ Young- et 
a 1. (1965) 

2/ 
Young- e t 
a1. (1964) 

SAF 

Brown 
(1975) 

Brot.rt1 
(1975) 

Stage!/ 
(1966) 

2/ Young- e t 
a 1. (1965) 

Rennie£/ 
(1955) 

PP 

Brown 
(1975) 

Brown 
(1975) 

1/ Stage-
(1966) 

Faurot.!/~.! 
(1974) 

Smith'4/ 
Kozak­
(1971) 

8/ Han l ey-

t~ Vo lume e quations - conve rted to weight via specific gravity 
- Local equatio ns not avai l able - equations used represent values ob tained from o the r parts of the U. S . and may inc lude values from o ther 
3 species within the same genera . 
4~ Equations predict gross bark volume including fis s ures . 
5/ Determined specific gravit y constants from Pacific Northwest data base . 
6/ Equations determined from Pacific Northwest data base . 
1/ Eq uations det e rmined from British Co lumbia data base. 
8/ Equations dete rmined from Alberta data base . 
- Hypo the t ical equation . 



re: 

bw = branch wood biomass 
pb = peeled bole biomass 
b = bark biomass 
r = root biomass 
f = fo l iage bio mass 
1· = first observation on the ith tree , 
2· = second observat ion on the ith tree , 
n L = average duration (years) of needle retention by 

species on the ith tree 
Y = the number of years in the measurement period 
A = plot area in acres 
n = number of trees per plot 

ductivity Assumptions 

The productivity estimation was dependent on the rate 
tree growth, mortality, and ingrowth. These three 

aracterist ics can be expressed as: 

(A) B2. ? B1. (accretion) , , 
(B) B1. = 0, B2. > 0 (ingrowth) , , 
(C) B1. > 0, B2. = 0 (mortality) , , 

ere: 

8 1. = biomass at beginning of measurement period for 
. , 

e ' th tree 
82. = biomass at end of measurement period fo r the 

tree l 

tuation A is documented in the previous section and 
ill not be duplicated here. Situation 8, ingrowth, was 
ndled as if all the biomass accumulated at the end of 
e measu rement period, therefore total productivity for 
e ith tree equals 82" Situation C, mortal ity, was 

and led as if no produ~tivity occurred before the tree 
ied, therefore total produ ctivity for the ith tree equaled 
ro.6 

-Plots 

The "W-pl ots" (Table 1) were semi-permanent sample 
lots es tablished in stands of th e western white pine type in 
925 and 1926 by the U.s. Forest Service. Unlike the o ther 
lots: trees had not been individually tagged, so records 
onsisted of periodic stand tallies by species and 1-inch 
2.54 em) dbh classes. These stand tab le data were 
ransformed into an equivalence of individual tree data 
ecords by all ocating growth and morta li ty via a 
ystematic sequence, which included an assumption that 
o individual tree could grow more than two 1-inch (2. 54 

No data were available to determine at what point during the 
easurement period an individual tree died . 

5 
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cm) classes during the 10-year measurement period; dbh 
was expressed as the mid-point of th e class. Individual 
trcc heights wcre developed from height/dbh curves for 
each pl ot. 

RESULTS 

Standing biomass and net primary productivity were 
each estimated as "total" and "above ground." Because of 
questionable applicabil ity of the very diverse sources of 
the root eq uations used, the above-ground estimates are 
considered much more reliable. 

Total standing biomass ranged from 322,900 to 
793,100 kg per hectare with a mean of 495,500 kg per 
hectare at T1 (beginn ing of measurement period) and 
from 371,600 to 937,500 kg per hectare with a mean of 
586,900 kg per hectare at T2 (end of measurcment period) 
(Table 3) . Note the small change in component 
percentage at the beginning and end of the measurement 
period (Table 3). The above-ground standing biomass 
for each of the study units with correspondi ng 
com ponent percentages is expressed in Table 4. 

Periodic an nu al productivity and com ponent 
percen tages are shown in Tabl e 5 for total and above 
ground estimates, respectively. Total productivities ranged 
from 8,313 to 19,935 kg/hectare/year with a mean of 
13,403 kg/hectare/year. Above-ground producti vit ies 
ranged from 7,658 to 17,437 kg/hectare/year with a mean 
of 11,967 kg/hecta re/year. 

Th e young and old (study units 32 and 148, 
respec tively) stands used for stand age com pari sons had 
total standing biomasses and productivities as presented in 
Tables 3 and 5. Total standing biomass and productivity 
for the young stand was lower than the western 
hemlock/pachistima habitat type mean values, while the 
over-mature stand had a total standing biomass higher 
than the mean habitat value, but with a lower total 
prod uctivity. Above-ground estimates resulted in the 
same trends as the total estimates (Tables 4 and 5). 

DISCUSSION 

Component Proportions 

Total standing biomass and total productivity are 
shown separately by the five tree com ponents (Fig. 1) . 
Comparison of the average percentage shows foliage 
accounted for onl y a small portion of the stand weight (3 
percent), but fo liage accounted for 36 percent of the 
annual production . This di ffe rence is caused by the 
re lat ively short life span of the foliage; 1-5 years 
depending on the tree species. Th e other four components 
represent standing biomass accumulations over the life of 
the stand. A simi lar foliage relationship is also ind icated 
in Fig. 1 for the above-ground stand com ponents. 



Table 3 . Total standing biomass for the selected plot sites, and percentage 
distribution by tree components . 

Standing Components 
Habitat Biomass 

Plot Type Tl T2 Foliage Branchwood Peeled Bole Bark Roots 

(M Kg/hec t are) (Percent ) !.I 

11- 12 GF/P 490 . 9 658 . 0 3 7 70 6 14 

W- 18 GF/r 507 . 1 610.3 3 7 69 7 14 

W- 21 GF/P 544 . 5 662.0 3 7 70 8 12 (13) 

15 GF/r 344 . 2 390.0 6(5) 12 58(59) 8 16 

W- 9 WRe/p 487 . 9 585 . 2 3 7 69 6 15 

W- lO WRe/p 793 .1 937 . 5 3(2) 7 68 7 15(16) 

W- 11 WRe/p 621. 3 730.4 3 7 71 (70) 7 12(13) 

W-19 WRe/r 500 . 1 618 . 4 3 7 70 6 14 

W- 20 WRe/p 529 . 1 631. 7 3 7 69 7 14 

101 WH /P 412 . 4 460.0 4 10 57 9 20 

105 WH/r 347 . 3 388 . 0 3 9 59 9 20 

161 WH/P 322.9 371. 6 4 8 63 7 18 

X 491. 7 586.9 3 8 66 7 16 

32 WH/P 27 . 3 54 . 7 14(12) 10 32 (39) 3 (4) 41(35) 

148 WH/P 399.8 432 . 8 3(2) 8 60 8 21(22) 

}) Percentages are the same for the beginning and end of measurement per iod , 
except where indicated by parentheses . 
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Table 4 . Above-ground standing biomass for the selec t ed plot sites, and 
percentage distribution by tree componen t s . 

Above Ground Components 
Habitat Biomass 

Plot Type Tl T2 Foliage Branchwood Peeled Bole Bark 

(M Kg/ha) 
1/ (Percent)-

W-12 GF/P 467.7 566 .9 3 8 81 8 

W-18 GF/P 434.9 521. 5 3 8 81 8 

W- 21 GF/P 477 . 6 578 . 1 4 8 80 8 

15 GF/P 287 . 6 326 . 5 7 15(14) 69 (70) 9 

W- 9 WRC/P 415 . 5 495 . 7 3 8 81 8 

W- 10 WRC/P 673 . 8 793.1 3 8 81 8 

W-11 WRC/P 545 . 5 636 . 6 3 8 81 8 

W- 19 WRC/P 431. 7 531. 7 3 8 81 8 

W- 20 WRC/P 458 . 1 545 . 4 4 8 80 8 

101 WH/P 328 . 3 367 . 9 5 12 72 11 

105 WH/P 277 . 4 311.1 4 11 73 12 

·161 WH/P 264 . 9 305 . 9 6 9 77 8 

X 421. 9 498 . 4 4 9 78 9 

32 WHIP 16 . 1 35 . 5 24(18) 17(16) 54(60) 5 (6) 

148 WH/P 315.9 341.1 4 (3) 10 76(77) 10 

Y Percentages are the same for the begi nning and end of t he measurement 
period, except where indicated by parentheses . 

7 



Table 5. Periodic annual productivi ty for the selected plot sites , and percentage distribution by tree 
components over the measurement period . 

Habitat Total Above- Ground Components 
Plot Tyee Productivity Productivity Foliage Branchwood Peeled Bole Bark Roots 

(M Kg/ha/yr) 
1/ (Percent)-

W- 12 GF/P 15 . 2 13 . 4 25 (28) 5 (6) 53 (60) 5 (6) 12 

W-18 GF/P 13 . 9 12 . 2 27 (31) 5 (6) 51 (58) 5 (5) 12 

W- 21 GF/P 16.0 14 . 3 29 (32) 5 (5) 51 (57) 5 (6) 10 

15 GF/P 9 .9 9.1 55 (59) 6 (6) 29 (31) 3 (4) 7 

W-9 WRC/P 13 . 0 11. 2 26 (31) 5 (6) 51 (58) 5 (5) 13 

'" W-l0 WRC/P 20 . 0 17 . 5 29 (33) 5 (6) 49 (56) 5 (5) 12 

W-11 WRC/P 15 . 6 13 . 8 31 (35) 5 (6) 48 (54) 5 (5) 11 

W-19 WRC/P 15.7 13.9 27 (30) 5 (6) 52 (59) 5 (5) 11 

W-20 WRC/P 13 . 6 12 . 0 26 (29) 5 (6) 53 (59) 5 (6) 11 

101 WH/P 10 . 8 10.0 57 (62) 4 (4) 28 (30) 4 (4) 7 

105 WH/P 8.3 7.7 57 (62) 4 (4) 27 (30) 4 (4) 8 

161 WH/P 9.1 8.3 48 (53) 4 (4) 36 (39) 4 (4) 8 

X 13 . 4 12 . 0 36 (40) 5 (5) 44 (50) 5 (5) 10 

32 WH/P 6.3 4.7 23 (31) 9 (12) 39 (52) 4 (5) 25 

148 WH/P 6.5 5.5 44 (52) 4 (5) 33 (38) 4 (5) 15 

1/ Component percentages without percentages are based on total productivity , those with parentheses 
are based on above- Qrollnrl nrflrlllrtiui.-" 



TOTAL BIOMASS 

ABOVE - GROUND 
BIOMASS 

TOTAL PRODUCTIVITY 

ABOVE - GROUND 
PRODUCTIVITY 

.g. 1. Average tree component percentages of standing biomass and productivity, "total" and 
hove-ground", for the 12 sampled north Idaho stands. F=foliage, BW=branchwood, PB=peeled 
Ie, B=bark, and R=roots. 
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TOTAL BIOMASS 

Immature Matur e Over-mature 

TOTAL PRODUCTIVITY ( 

I mmature Mature Ove r-ma ture 

F=44 

Fig. 2. Average tree component percentages of total standing biomass and productivity for 
stands of three age-classes ; immature (20 years), mature (100 year s), and overmature (250 y 
all within the western hemlock/ pachistima habitat type . F=foliage, BW=branchwood , PB=peel 
bole, B=bark, and R=roots. 
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nd Age Influence 

Major age differences between even-aged stands of 
s type have an effect on the component percentages. 7 

e most striking difference is the root biomass 
portion of a young stand as compared to that of 
ture and over·mature stands (Fig. 2 and Table 5). Also, 

large proportion of foliage biomass (14 percent) in 
developing crowns of the young stand is in contrast 

th e stable crowns of the over·mature stand (3 percent). 

Comparison of productions among the three age 
oups shows a high proportion of the production is in 
Iiage compared to that component's relatively sma ll 
oportion of total biomass. Annual production is lower 
the immature and over-mature stands compared to the 

atu re stands (Table 5). These comparisons indicate the 
ssibility of maximizing mean annual increment on a 

eight basis close to the mean annual culmination point, 
sed on a cubic-volume basis. These comparisons were 
ade on a limited number of observations, and 
trapolation beyond these comparisons is not advised . 
ecies composition and site index should be kept 
iform to insure relevant comparisons. 

pecies Composition Influence 

Species composition has an influence on biomass and 
roductivity. In general, the "W·plots" with a very high 
roportion of white pine have produced more than the 
ther stands (Table 6). In addition, the tree diameter of 
erage basal area is much greater for these plots. Dbh 

ifference is due to white pine dominance in the 
verstory and lack of cedar and hemlock in the 
nderstory. Crown competition factor (CCF) (Krajicek et 
I. 1961 ) also indicates differences between the "W·plots" 
nd the others. High CCF values (Table 6) for some plots 
ay indicate higher tree-to-tree competition and a 

stagnated" stand condition. Other factors such as site 
dex, basal area, habitat type, measurement period,8 and 

he introduction of white pine blister rust (Cronarlium 
ibicola, Fisher) must also be accou nted for in these 
omparisons. 

Comparisons were made between stands within the western 
emlock / pachistima habitat type only in order to hold constant 
any environmental variab les. 

The 1925-1935 decade was a period of lower than average growth 
or wh ite pine. (Leaphart and Stage 197 1). indicating a conservative 
roductivity estimate during this period. 

11 

Site Quality and Stand Density Influence 

Site quality and stand density have an influence on 
productivity. Productivity is greater on those sites with 
high site index and basal area across the range of habitat 
types and species compositions. Multiple linear regression 
was used to describe the re lationship between 
productivity and the independent variables, site index and 
basal area per hectare; correlation coefficient equaled 
0.06 (Fig. 3). A multiple coefficient of determination of 
0.857 and a standard error of the est im ate of 1.42 M 
kg/hectare/year were obtained. The re lationship between 
these variables an d productivity helps explain the high 
productivities obtai ned on the lOW-plots." 

Habitat Type Influence 

When the productivity ranges of the sample stands are 
grouped by habitat type they appear as follows: 

GFIP 

wRe/P 

WII/P 

10 12 14 16 

Periodic Annual Productivity 
(M kilograms/hectare/year) 
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The mean and standard deviations by habitat type are: 

GF/P 

WRC/P 

WHIP 

=X = 13.755=2.71 

= X = 15.58 5 = 2.74 

= X= 9.405= 1.28 

expressed as M kg/hectare/year. 

20 

The habitat type values obtained are inconsistent with the 
widely accepted but unpub li shed production theory about 
the types, where WH IP is greater than WRC/P, which is 
greater than GFjP. This inconsistency is brought about in 
part by variabi li ty in site index and basal area within and 
between habitat types. Species composition, stand stocking 
level, and stand history also affect the re lative habitat type 
productivity rankings. Additionally, the warmer 
temperatures associated with the grand fir/pachistima 
habitat type may be more important than abundant 
moisture in the production of biomass. Additonal research 
is needed over a more diversified data base in order to 
identify the variables infiuencing the biomass production 
on these types and to provide a more discrete 
classification of hab itats to minimize within-type 
variation. 



'" 

Table 6_ Species composi tion compar ed to above- ground biomass and productivity for the selected plot sites by species. 

Plot 

W-12 

W-18 

W- 21 

15 

W- 9 

W-10 

W-ll 

W-19 

W- 20 

101 

105 

161 

32 

148 

Above-ground 

Biomass 

(M Kg/ha) 

467.7 

434 . 9 

477 . 6 

287 . 6 

415.5 

673.8 

545 . 5 

431. 7 

458.1 

328.3 

277 .4 

264.9 

16 . 1 

315.9 

Above-ground 

Productivity 

(M Kg/ha/yr) 

13 . 4 

1 2 . 2 

14 .3 

9. 1 

11. 2 

17 . 5 

13 .8 

13.9 

12 . 0 

10 . 0 

7 . 7 

8 . 3 

4 . 7 

5.5 

t~ Average basal area tree d iameter. 

Average 

DB~/ ccFl/ 

(centimeters) 

32 . 8 227 

35 . 1 187 

33 . 5 138 

24 . 4 255 

30.7 169 

34 . 0 237 

36.8 198 

32.5 192 

31.0 209 

17.5 309 

21. 3 228 

19.6 251 

4.6 195 

49.5 170 

Species Composition 

WWP WL DF GF WH WRC 

(Per ceot);V 

96 94 o 0 1 1 3 5 o 0 o 0 

87 84 o 0 3 3 8 11 o 0 o 0 

83 78 o 0 10 6 7 16 o 0 o 0 

21 15 20 21 23 19 33 43 o 0 o 0 

96 77 o 0 1 1 3 20 o 0 1 1 

85 62 5 3 2 3 3 22 o 0 510 

89 60 1 1 8 6 2 33 o 0 1 1 

87 82 3 1 2 1 8 15 o 0 1 1 

82 71 4 2 6 5 8 22 o 0 1 1 

33 24 45 17 3 3 1 1 1 1 16 54 

37 28 40 12 4 4 1 1 1 1 15 51 

67 33 2 2 12 5 o 0 1 1 18 58 

57 38 1 1 1 1 4 5 39 57 o 0 

43 30 12 5 2 2 5 11 21 39 16 13 

3/ Crown competition factor (Krajicek, et al., 1961) . 
- Species per centage based on trees/acre and basal area/acre respec tivel y . 

Other 

Species 

o 0 

2 2 

o 0 

3 2 

1 1 

o 0 

o 0 

o 0 

o 0 

1 1 

4 4 

1 1 

o 0 

1 1 



mparisons to Other Forest Communities 

Th e bi omass and productivity estimates were 
pared to 20 natural stands representative of a wide 

ge of coniferous forest types selected from the 
rature (Table 7). The format is similar to that used by 
t and Marks (1971). Limitations of available data 
cessitated comparing biom ass and productivity for the 
ove-ground portion on a stand basis only. The average 
mass (421.9 M kg/hectare) and average productivity 
.0 M kg/hectare/year) from this study were wi th in the 

blished range of values. In a very recent publication, 
son (1975) listed an above-ground biomass of 320 (M 
/hectare) and prod uctivity of 12.0 (M kg/hectare/year) 
r "temperate forest, cool conifers, montane, valley 
ils." These values compare quite closely with the va lues 
tained in this study. The limited data available makes 
mparisons somewhat superficial; thus an accurate 
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ranking of these forest types by productivity is not 
justified at this time. More valid comparisons should be 
possible when other sources of published data become 
availabl e, and as further research is conducted in the 
western hemlock series. 

CONCLUSION 

Biomass and productivity of coniferous trees of three 
habitat types in northern Idaho were determ ined by 
empirical formulas. The es ti mates are usefu l as a standard 
for comparing stand-by-stand performance. Such estimates 
can also be used as a basis in evaluati ng silvicul tural 
alternatives. 

Additional research is needed to refine these 
estimations with actual prod uctivity measurements on the 
diverse northern Rocky Mountain forest types. 

SITE I NDEX=80 

SITE INDEX=70 

SITE I NDEX=60 

SITE I NDEX=50 

0::0 

Il."! 
'" 

'" .. 
.; PROD . =-11.~2+0.186(8A/HA)+O.199(SI) 

STD. ERR. EST.=1.~2 (M KG.) 
R2=O.857 

0 50.50 0 

(SQ. M. /HA.) 

"'l00.00 220.00 
~~~~~~ ___ 5+5~.~09~ __ ~5~9.~6~8 __ ~6t~~.~27~ __ ~88~.~8~8~~7f3~.~~5~ __ ~78~.~0~~~~82.83 

2 0.00 280.00 280.00 3 0.00 
BASAL AREA (SQ. FT./Ae.) 

Fig. 3. Productivity estimated by basal area and site index. for the three habitat types studied . 
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