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FRONT COVER - An example of a relatively open pine-spruce stand of around 

30 years of age. Stands like this will be much more common 
in the future because of logging. 

BACK COVER - The area in the foreground was logged about 10 years ago and 

now has a thrifty but open (on the average about 10-12-ft or 
pine regeneration that would likely develop into 

a stand of higher merchantable yield at harvest than that of 

the mature. overdense pine-spruce stand in the background. 

Th is portion of the original stand was left uncut because the 
trees were of submerchantable size. 

@ NORTHERN FOREST RESEARCH CENTRE. 1976. 
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ABSTRACT 

The implication of the 40% stocking standard (by l-milacre 

quadrats ) that was adopted over a decade ago in Alberta was examined 

using data from the Foothills and Mixedwood on regeneration and expected 

growth , development , and yield of stands after l ogging . New minimum 

stocking standards were derived for the two most important c ommercial 

conifers , requiring at least 220  well-dispersed lodgepole pine (Pinus 

contorta Dougl . var . latifolia Engelm . )  trees per acre (560/ha) , or 300 

well-dispersed white spruc e  (Picea glauca (Moench) Voss )  per acre 

(750 /ha) • 
S eedling spatial pattern for both species was generally clumped . 

To ensure the minimum required number of well-d ispersed seedlings on an 

area , a larger quadrat should be used in place of the l-milacre quadrat 

in regeneration surveys . A 10-m2 (1 millihec tare , approx . 2 . 5-milacre ) 

quadrat is suitable for spruc e  and l2-m2 for p ine . The corresponding 

minimum stocking percentages f or the two species should be around 75% and 

70% , respectively . 

While these recommended minimum numbers of trees may seem low 

compared to the existing standard , they were derived to ensure f ull stock

ing halfway through the rotation on medium or better sites , thus ensuring 

acceptable yield at harvest at a reasonable l evel of safety . Open stands 

on less produc tive s ites may serve other important functions such as 

recreation and wildl ife habitat. 

Problems aris ing from the present use of stocked quadrat surveys 

are disc ussed and recommendations given f or f urther study of the problem . 

RESUME 

11 Y a plus d'une decennie , on a adopte en Alberta une norme de 

40% (par quadrats de 1 mill i-acre) , et on a etud ie ,  a l'aide de donnees 

locales des forets mixtes et des Foothills sur la regeneration , la crois-



sance prevue , 1e deve10ppement et Ie rendement des peuplements apres 

exploitation. On a der ive de nouvelles normes minimales de reproduc tion 

a propos des deux res ineux c ommerc iaux les plus importants , exigeant au 

moins 220 arbres b ien espaces de Pin tordu latifol ie (Pinus c ontorta 

Dougl . var. latifol ia Engelm.) soit (560/ha )  ou au moins 300 Ep inettes 

blanches ( Picea glauca (Moench) Voss)  b ien espacees a l'acre ( 7 5 0 /ha) . 

Le mode d'espacement pour 1es semis de ces deux especes etait 

generalement trop serre. Afin d'assurer Ie nombre c i-dessus mentionne 

de semis b ien d istanc es dans un emplacement donne , un quadrat plus vaste 

devrait etre substitue au quadrat de 1 mill i-acre dans les etudes de 

regeneration. Un quadrat mesurant 10 m2 (1 milli-hectare ou approxi

mativement 2.5 mill i-acres) convient a l'Ep inette et un quadrat de 12 m2 

pour Ie Pin . Les pourcentages minimums c orrespondants pour Ie mater iel 

de reproduc tion des deux especes devraient approcher 75% et 7 0% respective-

ment. 

Alors que ces chiffres minimums que lIon rec ommande peuvent 

sembler faib1es en comparaison de 1a norme existante , ils furent tout 

de meme der ives pour assurer un materiel sur p ied normal a mi-chemin de 

la periode de revolution sur des stations moyennes ou meil1eures , per

mettant ains i un rendement acceptable lors de 1a reco1te , tout en con

servant un niveau raisonnable de sec urite. Les peuplements moins denses 

sur des stations moins productives peuvent remp1ir d'autres fonc tions 

importantes comme les loisirs en foret et llhabitat de 1a faune. 

Les prob1emes qui surgissent de l'uti1isation actuelle des 

releves des quadrats reboises sont exposes et l'auteur recommande d'etudier 

plus a fond ces probl emes. 
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1. INTRODUCTION 

At present , the Alberta Forest Service uses 40% stocking 

(based on l-milacre stocked quadrat survey) by established seedlings 

of desirable spec ies as a general minimum standard for assessing 

regeneration on cutover areas. A quadrat is considered stocked if 

it contains at least one seedling of obvious vigor which has grown 

on the area a minimum of 3 years , two 2-year-old seedlings , or any 

undamaged coniferous advance growth , 3 0  years old or less , with poten

tial for merchantable yield at the next harvest. Surveys are conducted 

in year 7 after logging so that required stocking may be ensured by the 

end of year 10 . This standard was adopted over a decade ago and was 

based mainly on prevailing standards and practices elsewhere in North 

America , part icularly in Brit ish Columbia and the U.S. Pacific North

west. Although this standard served reasonably well in the ensuing 

period , several factors have brought into question its suitability and 

adequacy: (1)  recent upswings in forest ut ilization , ( 2 )  increasing 

publ ic interest in forestry , espec ially the greater concern about the 

adequacy of restocking on clear-cut areas , ( 3 )  the possibility of overly 

stringent and hence costly minimum stocking requirements ,  and ( 4) con

cern that the stocked quadrat system of survey is ine f f ic ient for assess

ing yield potential on certain areas. 

This study was undertaken in response to a request by the 

Alberta Forest Service for a crit ical assessment of their 40% stocking 

rule. The assessment was to be based upon local data on regeneration , 

and expected growth , development , and yield o f  second-growth stands 

following logging in the major commerc ial forest types and stand condi

t ions in the region. The main object ive of this study was to evaluate 

the suitab ility o f  the present standard from the viewpoint of a des irable 

minimum s tocking and to recommend , if justified , a new and possibly flex

ible minimum standard that would ensure an acceptable , although not 

necessarily potent ial maximum , wood f iber product ion. A critical look 

at regenerat ion standards is presently underway in o ther provinces ( from 

personal communicat ions with R . M. D ixon , Ontario Ministry of Natural 
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Resources; F.W. Flavelle , Saskatchewan Department o f  Tourism and Renew

able Resources; E. Knight , British Columbia Forest Service) ,  and in the 

U . S. Pacific Northwest ( e . g. Stein 1974 ) .  

The first phase o f  this study was concentrated on two of 

the most important conifers in the region , lodgepole pine (Pinus 

contorta Dougl. var. latifolia Engelm.) and white spruce (Picea glauca 

(Moench) Voss ) .  As this study is concerned with minimum standards ,  

appropriate information from a sample of open-growing trees was pieced 

together to derive the minimum number of trees per unit area that would 

ensure complete crown closure at reference age of half rotation , which 

was so specified by the AFS. The second part o f  this report contains an 

examination of seedling spatial pattern and densities in the region , 

based on regeneration sampling in the Foo thills and Mixedwoods . Seed

ling pattern has a direc t bearing on the choice of the quadrat size in 

stocked quadrat surveys ; seedling density gives information on the number 

of "reserve trees" available on an area to counteract t ree mortality. 

2. BACKGROUND 

In evaluating the adequacy of regeneration , two of its char

acteristic s have particular importance: ( 1) spatial dispersion over 

the area ( i.e. ,  stocking) and ( 2 )  density , as expressed by number o f  

trees per unit area. 

Stocking is simply the proportion of the area occupied by tree 

seedlings. This proportion is usually expressed as a percentage of sur

vey quadrats of a certain size stocked with one or more desirable trees. 

Haig (1931)  stated the basic premise for this expression as follows: 

The system used , the stocked-quadrat method , is based 
on the assumption that if a given area is divided into 
squares o f  such size that one established seedling or 
tree per square will fully stock the square at maturity , 
then the percentage of unit s so stocked , regardless of 
the total number o f  seedlings per acre , indicates the 
proportion of land being utilized by tree growth. 

This means that if a square , or quadrat , is unoccupied ( i.e. ,  unstocked) 

there should be proportional loss in yield. And furthermore , since one 
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tree is enough to fully stock a quadrat ,  it is implied that a good many 

of the " surplus" trees on a stocked quadrat will succumb through mortal

ity by the t ime the stand reaches rotation age . 

Several workers have noted that the success of this method 

depends upon the select ion of proper-sized quadrats . Consequently , the 

introduct ion of this system precipitated lengthy d iscussions about the 

s ize of quadrat s  to be used , with pract ical values ranging between 1 

and 4 milacres (4 and 16 m2 ) .  The milacre was f inally adopted , as Haig 

stated , "because of its convenience in f ield use and o ffice compilat ions " .  

But even then it was regarded by many foresters as t oo small a unit , requir

ing a minimum of 1000 seedlings /acre ( 2500 /ha) for 100% stocking. 

It was also noted that with certain species considered for saw

t imber product ion , as few as 250-300 trees /acre ( 620-750/ha) would be 

suf f ic ient to produce full merchantable volume yield at rotat ion (Haig 

1931) . This roughly corresponds to 100% stocking by 4-milacre (16-m2 ) 

quadrat s .  Haig therefore recommended the use o f  4-milacre quadrats for 

assessment of regeneration of this type of forest . It  is implicit in the 

above that in such open stand s , even a relat ively minor drop from 100% 

stocking will l ikely result in some reduct ion of volume yield at harvest . 

For a given species o f  regenerat ion on an area , there is a 

relat ionship between d if ferent stocking percent values based on various 

quadrat s izes . ( It is also obvious that larger quadrat size means higher 

stocking percent for the same stand of regenerat ion . )  It has been inferred 

from this that surveys may be done with quadrat s of pract ically any s ize 

and results converted as des ired . It has also given r ise to a number of 

empirical studies to def ine such relat ionships for given species in certain 

geographic areas (Wellner 1940 , Lynch and Schumacher 1941 , Bever 1 949 , 

Parker and Potter 1951 , Trousdell 1954 ) . Grant (1951)  concurrently der

ived a theoret ical convers ion formula based on the assumpt ion of random 

seedling d ispers ion pattern . Generally , the se conversions gave sat is

factory answers if seedling patterns were close to random and part icularly 

if the relat ions were used for switching average values in summary sta

tistics of regeneration surveys .  

However ,  subsequent stud ies ( e . g. Gill 1950 , Grant 1951 , Ker 

1954 , Warren 1965 ) found that tree seedl ings are rarely dispersed ran-
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domly over an area . Grant (1951)  not ed also that the error in his con

version increased with increase in heterogeneity.  Heterogeneity of 

seedling pattern may also have implications regarding sampling error of 

stocked quadrat surveys ,  a point which will be touched upon later in 

this report . 

3. DESCRIPTION OF THE STUDY AREA 

Sampling was undertaken in west-central Alberta and was con

centrated mainly in the Edson Forest . These forests are in the Foothills 

Section (B19a - Lower , and B19c - Upper ; Rowe 1 9 7 2 )  where lodgepole pine , 

white spruce , black spruce (Picea mariana (Mill . )  B . S . P.) , balsam fir 

(Abies balsamea (L . )  Mill.) , and alpine fir ( �lasiocarpa (Hook . )  Nutt . )  

are the major coniferous species . Limited amount o f  sampling was also 

done in the Mixedwood Section (B18a) in the Whitecourt Forest , where the 

principal coniferous tree species are white and black spruce and balsam 

fir . 

Because sampling was spread over an extensive area , soil and 

site conditions encountered varied considerably from wet organic soils 

to well-drained gravelly or sandy soils , and clays . Although variations 

in climate and soil nutrient status likely have some e ffect on tree growth , 

probably the most important variable is soil moisture. 

Sampling for growth of open-growing pole-size trees and sampling 

of regeneration were conducted at different locations. Open-growing trees 

were sampled in the vicinity of Hinton , Edson , along the Forestry Trunk 

Road between the Clearwater Ranger Station and the Red Deer River Junction , 

and at the Kananaskis Forest Experiment S tation . Elevation at sampling 

locations varied between 2700 ft (820 m) and 4600 ft ( 1400 m) . 

Regeneration sampling after logging was conducted around Hinton 

and northwest of Edson between 3700 to 4500 ft ( 1130 and 1370  m) elevations , 

and just south of Carson Lake in the Whitecourt Forest at 2 700 ft (820 m) 

elevation . Generally , all the logged areas had received some ground treat

ment after logging . In the coniferous cover-types of the Foothills ,  which 

were generally clear-cut , the treatment consisted o f  blade scarification 

and drags , using a bulldoz er ; in the Mixedwood , where the hardwood com-
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ponent was left standing , spot scarification ("dip and dive") was 

done with bulldozers . 

In addition , data available from an earlier survey (by 

J. Soos , on file at the N . F . R . C . )  of pine regeneration following a 

wildfire near the Upper Saskatchewan Ranger Station (Rocky-Clearwater 

Forest , elevation 4500 ft or 1370 m) were inc luded in this study . 

4. GENERAL RESEARCH STRATEGY 

The initial step in the study was to determine the number o f  

trees necessary f o r  the species of interest growing on specific sites 

to achieve complete crown closure at half rotation of 40 years o f  age , 

without any prior significant intertree competition in the stand. Then 

these number of trees per acre (ha) values had to be regressed to stand 

age o f  10 years--which is the cutoff point for the regeneration phase-

by allowing for any mortality in the int erim period. 

Ideally , growth and development data from open stands should 

be used to derive minimum stocking standards. Because of the lack of 

such stands and data , this study made use of growth and siz e  information 

from individual open-growing trees , then derived minimum number o f  trees 

per acre (ha) and associated stocking percentages using a crude stand 

model . The first step in this procedure was the derivation of DBH over 

Age relations by site classes , so that average DBH for open-growing trees 

might be estimated at reference age for each site class. The second step 

was the derivation of Crown Width (CW) over DBH relationships , from which 

crown areas could be estimated from average DBH values . The third step 

was the calculation o f  the number o f  well-distributed trees per acre 

(or ha) required for the desired crown closure and the derivation o f  

appropriate stocking percentages . 

Thus the first part of this report is essentially about the 

derivation of rational minimum stocking standards .  However ,  the applica

tion of these standards is linked with stocked-quadrat surveys .  Using 

this survey sys tem ,  the selection of an appropriate quadrat siz e  is of 

critical importance if seedling dispersion is anything but random . 

Therefore , the second part of the report contains an examination of 
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seed l ing spat ial pattern and density based on detailed sampl ing o f  

different 10-year-01d lodgepole p ine and white spruce regenerat ion 

in the region. Although actual seedling dens ity together with stock

ing percentage is a useful stat ist ic for describ ing spat ial pattern , 

the princ iple value of density in this study l ies in indicat ing the 

number of "reserve trees " available on an area to f ill any gaps 

created by mortality during the l ife of the stand. This part of the 

study was required because standard stocked-quadrat surveys provide 

no informat ion on seedling pattern or density , yet it is essential 

to consider these charac teristics of regenerat ion when develop ing or 

asses s ing stocking standards. 

5. GROWTH-SIZE RELATIONS OF OPEN-GROWN TREES 

5.1. METHODS 

5 .1.1 .  Field 

Healthy lodgepole p ine and white spruce trees without apparent 

competit ion from neighboring trees ( full crown and no neighboring tree 

crowns overlapping sample trees' branches )  were selected between ages 

20 and 50 years. DBH to 1 /10 in. (2.5 rom), Height , and CW (average of 

two measurement s taken at 90° to each other) to 1 / 10 ft ( 3  cm) ; an incre

ment core through the p ith at breast height for growth determinat ion and 

a core at 1 f t , 30 cm ( stump) height for ring count were taken. Number 

of years required to reach l-ft ( 30-cm) height was estimated from advance 

growth present in the area. In addit ion , alt itude was estimated and site 

cond it ions described from a brief assessment o f  physiographic features 

and vegetat ion. 

5 .1. 2. Analys is 

Current DBH over bark and increment cores taken at breast height 

from each tree were used to estimate former DBHob in 5 -year intervals. 

Total age was estimated for each of these DBH values using the number of 

years required to reach breast height. Tree growth and size relat ionships 

were developed based on freehand curves and regres s ion techniques. 
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5.2 . RESULTS AND DISCUSSION 

5.2.1 DBH in Relation to Age 

DBH values were plotted over total age for the two species 

(Figs . 1 and 2 ) .  The DBH values in these two scattergrams are believed 

to cover the range of site conditions present in the region . The range 

o f  data was partitioned into three arbitrary but proportional site classes 

(poor , medium , good) as shown in Figs . 1 and 2. After drawing in the 

clas s centers , the average expec ted DBH , at reference age of 40 years , for 

each site class was: 

Species/ Sites 

Lodgepole pine 

White spruce 

Good 
in . ( cm) 

11.1 (28.2 )  

9.1 ( 21.3 ) 

Medium 
in . (cm) 

8.8 (22.4 )  

6.8 (17 .3 )  

Poor 
in . ( cm) 

6.4 (16.3 ) 

4 .4 ( 11.2 )  

These diameter relations (Figs . 1 and 2 )  were verified through 

comparisons with independent data collected in the Edson Forest on lodgepole 

pine and whit e spruce 20 years after logging (made available by W . D .  Johnstone , 

N . F . R . C . ) .  (The set of six data point s in Fig . 2 ,  well above the upper l imit 

o f  the best clas s ,  originated from a genetically superior white spruce that 

was growing on somewhat better then medium site . )  This comparison generally 

confirmed that the growth trends and the range of site conditions covered 

by the present sample are reasonably representative of these two species in 

the area . 

These DBH over Age trends in Figs . 1 and 2 af ford some interesting 

comparisons of tree growth for the two species under open-growing conditions . 

For example ,  it takes pine about 6 years less than spruce to reach breast 

height on medium sites (9 vs . 15 years ) , and at least the same advantage in 

DBH is maintained by open-growing pine over spruce at 40 years . At that 

age , this means a dif ference of 2 in . or 5 cm (9 vs . 7 in . or 2 3  vs . 18 cm) 

in DBH . 
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5 . 2.2 . Crown Width in Relat ion t o  DBH 

Regression equat ions developed for the t wo species and related 

stat ist ics ( r2 and n) are presented in Fig. 3 .  Regressions for both 

spec ies were highly s ignificant , with DBH accounting for 7 5% of the 

variat ion in CW for lodgepole p ine and 80% of that for white spruce. 

Initially, individual CW over DBH regressions were fit ted to 

the data, grouped by s ite classes , on the basis o f  height-over-age trends 

for each species. However, covariance tests between these individual 

regressions showed no significant separat ion , indicat ing that CW-DBH 

relat ionships were essentially independent of s ite. Thus , a common trend 

was f it ted and used for each spec ies. S imilar results were published for 

jack p ine in Manitoba (Bella 1967 ) .  Tree age as a second independent 

variable had no significant effect on CW after the effect of DBH was 

removed by the regress ions. 

It was found, rather unexpectedly , that open-growing lodgepole 

pine had wider crowns than white spruce for s imilar d iameters over 6 in. 

(15 cm) ( Fig. 3 ) .  A comparison o f  CW-DBH relat ionships suggest that 

spruce stands can support a greater number o f  s imilar-s ize trees then 

p ine , although spruce may take several years longer to achieve the same 

DBH. 

The growth data on open-growing white spruce originated in the 

Foothills Forest Section and thus may not be d irectly applicable to spruce 

in the Mixedwood. In the Foothills a western variety of white spruce 

(Picea glauca (Moench) Vos s  var. a1bert iana ( S. Brown) Sarg.) is common. 

This variety has a narrow crown ,  and the present sample may well have 

included individuals of this variety. Thi s  may have influenced the CW 
over DBH regress ions. No comparable published information could be found 

for this spec ies to verify the present results. On the other hand, it 

was possible to compare the CW over DBH regression for lodgepole p ine with 

that derived by Lee (1967 ) for the same species from British Columbia data. 

The t wo regressions appeared s imilar , although Lee's regression indicated 

a slightly greater CW, which may have resulted from the greater age o f  

the B.C. sample and possibly other causes. 
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Number of Trees Required for Full S tocking 

This 

1 .  

2 .  

3 .  

was determined in three steps: 

Est imating average DBH at reference age 

Est imating CW from DBH , then calculat ing average crown 

project ion areas 

Calculating the number of full-crowned trees that would 

be required for complete stocking based on maximum 

potent ial crown closure . 

Average DBH o f  free-growing lodgepole p ine and white spruce was 

estimated at 40 years for three s ite classes from the relat ionships pre

sented in Figs . 1 and 2 .  From these DBH values ( page 9 ) ,  average CW was 

estimated using the regress ions shown in Fig . 3 .  Then these CW values 

were used to calculate crown project ion areas . 

To estimate the number o f  ful l-crowned trees at reference age 

of 40 years which were assumed to develop without signif icant intertree 

compet it ion to that age would require knowledge about potent ial maximum 

crown closure . Unfortunately , actual crown closure informat ion at present 

is very scarce in this region , and practically nonexistent for young open 

stands of these two species .  Thi s  writer observed that vigorous young 

trees in open stands of lodgepole p ine or white spruce can develop so 

that the branches of neighboring individuals may touch or even overlap . 

Under such condit ions it is entirely feas ible that stands of either spec ies 

approach 100% crown closure . 

This means that it may be reasonable to spec ify 100% crown 

closure for ful l  stocking . Spec ifying such a high level of closure would 

mean erring on the conservat ive side ( re quiring too many trees ) , a prudent 

procedure until rel iable data become available on crown closure , tree 

growth,  and stand development under the cond it ions described . 

Based on the above , the number of open-growing p ine and spruce 

trees required for complete crown closure at 40 years of age was estimated 

for the three s ite classes (Table 1 ) . Only about 140 lodgepole p ine trees/ 

acre (340/ha) were required on good s ites , whereas on poor sites close to 

4 7 0  trees /acre ( 1150 /ha) were necessary . Comparable statistics were 

roughly double for spruce: 320 trees /acre ( 800 /ha) on good sites , 650 

trees/acre (16l0/ha) on poor s ites . 
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Table 1 .  Number o f  open- growing p ine or spruce per unit area 
required for complete crown closure at age 40 years 
by s ite class 

Site 

Class 1 

good 

medium 

poor 

good 

medium 

poor 

Average Average 

DBH 1 Crown Width2 

in . (em) 

11 . 1  ( 28 . 2 ) 

8 . 8  ( 2 2 . 4 ) 

6 . 4  ( 16 . 3 ) 

9 . 1  ( 2 3 . 1) 

6 . 8  (17 . 3 ) 

4 . 4  ( 11 .  2 )  

IFrom Figs . 1 and 2 
2 From Fig. 3 

f t  em) 

20 . 1  ( 6 . 13 )  

15 . 6  ( 4 . 75 )  

10 . 9  ( 3 . 32 )  

1 3 . 1  ( 3 . 99 )  

10 . 8  ( 3 . 29 )  

9 . 2  ( 2 . 81 )  

Average 

Crown Area 

sq f t  (m2 ) 

317 . 3  ( 2 9 . 5 1)  

191 . 1  (17 . 7 2 )  

9 3 . 3  (8 . 66 )  

134 . 8  (12 . 50)  

9 1 . 6  ( 8 . 50 )  

6 6 . 5  ( 6 . 20 )  

Number o f  

Trees per 

acre (ha) .-

137 (339) 

2 28 (564)  

467  (1155)  

323  (800) 

476 (1177)  

655  (1613)  
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This approach to the problem ind icates that cons iderably 

more spruce than p ine are required for f ull crown closure at refer

ence age of 40 years, but the d ifference in tree numbers between 

s ites is less pronounced for spruce . This can be explained by the 

generally smaller tree size (DBH and CW) at reference age because 

of spruce's slower juvenile growth and somewhat narrower crowns . 

To illustrate what the above stand densities could mean 

in terms o f  produc t ivity, rough estimates o f  stand volumes were calcu

lated for the two species at 40 years for the condit ions described 

in Table 1 .  These estimates, presented in Table 2 ,  indicate s imilar 

volumes for lodgepole p ine and white spruce on med ium s ites, although 

for spruce this vol ume was d istributed on nearly twice as many trees . 

On good s ites spruce would outproduce p ine by about 25% , because of 

the much greater number of spruce trees . On poor s ites, p ine would 

do much bet ter than spruce, probably because of substant ially greater 

DBH . Naturally, these volumes will change after age 40 in ab sol ute 

as well as relat ive terms . 

Number of trees thus derived may be used as a guide in assess

ing the old stocking standard and developing a new one . It would be 

feasible, although imprac tical from an operat ional viewpoint, to adopt 

minimum standards for each species by s ite classes . Alternat ively, a 

s ingle standard could be adopted for each species, or a common standard 

for both . 

5 . 2 . 4 .  Redef ining the Standard 

If a s ingle standard by species were adopted, the quest ion 

would be whether to have a relat ively high minimum stocking value to 

achieve full occupancy even on the poor s ites, or a low value, with 

greater weight given to bet ter s ites . A higher standard would ensure 

complete s ite ut il izat ion even on the poor s ites ; but there would be 

crowding, reduced individual tree growth, and also better self-pruning 

on good s ites . This opt ion would generally require higher establishment 

costs, whether from postlogging treatment or from plant ing .  The second 

option could result in incomplete crown clos ure and site ut ilizat ion and 
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Table 2 .  S tand vol ume estimates for open-growing p ine and 
spruce having complete crown c losure at age 40 
by site class 

Tree Stand stat istics 

DBH 
He ight 1 Vol ume per acre 

Sites in . ft Total Merch . Number Volume 2 

f t3 of trees Total Merch . 

bood 

med ium 

poor 

good 

med ium 

poor 

ft3 

11 . 1  48 15 . 67 9  14 . 7 9 9  137 2 148 

8 . 8  38 7 . 948 7 .391 228 1812 

6 . 4  28  3 . 157  2 . 7 90 467 1474 

9 . 1  41  8 . 462 7 . 892 323 2 7 3 3  

6 . 8  3 3  3 . 9 16 3 . 512 476 1864 

4 . 4  2 6  1 . 326  . 937 655 868 

lEst imated from open-growing tree data 
2 From Honer 1967 . Merchantable volume to . 5  ft stump and 

3 in. top . 

2027 

1685 

1303 

2550 

1672 

614 
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some reduc tion in yield on poorer s ites , but it would ensure generally 

faster tree growth on all s ites . It would also mean reduced es tablish

ment c ost . 

A compromise standard would fall somewhere in between , close 

to values der ived for medium s ites : 220 trees /acre ( S60 /ha) f or lodge

pole p ine and roughly twice that many , 4 7 0/acre (1170/ha) , for white 

spruce . This number of trees should be adequate in stands with fairly 

regular , or at least random spat ial pat tern . Complete regularity of 

pattern is not essent ial because both the crowns and the root s are 

quite opportunist ic in ut il iz ing ava ilable growing spac e ,  and thus 

would make use of gaps arising from small irregularit ies of spat ial 

pat tern . However , where tree pattern is heavily c lumped the same 

number of trees would be insu f f icient . (This s ituat ion is d iscussed 

later . )  

Number of trees required f or white spruce could be l owered if 

the arbitrary reference age of 40 years for crown closure and c omplete 

site occupation were raised to compensate f or the initial slower growth 

of this spec ies .  On the average , spruce takes between S and 10 years 

longer than p ine to reach breast height on medium sites , and this same 

lag in development persists at least up t o  40 years of age ( see Figs . 

1 and 2 )  and probably beyond . As it may be feasible to manage spruce 

stands on a somewhat longer rotat ion than p ine , it would also be 

reasonable to specify crown closure for the purpose of this study at 

a somewhat later age than for p ine , at SO rather than 40 years . At 

age SO on medium s ites , spruce would have an average DBH of 9 . S  in . 

(24 cm) and CW l3 . S  ft  (4 . 1  m) ; and 30S trees /acre 7 S3 /ha) would b e  

required for crown closure . So it would be safe to accept 300 trees/ 

acre ( 7 S0 /ha) as standard stocking for white spruce as c ompared t o  

2 2 0  trees /acre ( S60 /ha) for lodgepole p ine . 

The use of crown closure as the basis of the present decis ion 

model and the assumpt ion t hat young , open , vigorously growing pine and 

spruce stands approach 100% crown closure , may be open to critic ism .  

Therefore , the standards derived here should be veri f ied and pos s ibly 

revised when improved models and more data become available . The present 
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standards , however , were derived to provide a level o f  safety and i f  

anything , they err on the c onservat ive side . 

Although the required number of trees seems relat ively low ,  

there is little danger o f  s ignificant yield los s . Volume yield in any 

area is heavily concentrated on medium and better s ites ( see also 

Table 2 ) , where these standards would ensure full stocking at 40 or 50 

years . Init ially open stands , however , would mean improved forage pro

duct ion for ungulates , and are more attrac t ive areas for hunt ing and 

other recreat ional uses . After full crown closure , crowding on better 

s it es would somewhat reduce tree growth , but it would also enhance 

self-pruning and result in reduc t ion of stem taper . On poor s ites , 

which c ontribute a small proportion of the yield , any understocking 

and related loss in yield would be of minor importance .  Open stands 

on these less product ive s ites might provide des irable habitat for 

wildlife and areas for more intensive recreational use . 

If one accepts the above number of trees per unit area as a 

reasonable minimum for the two species , the next step is to express or 

define those values in terms of stocking percent. Assuming one tree 

per quadrat--as in stocked-quadrat surveys--one can derive stocking 

percent values for dif ferent quadrat s izes that would ensure at least 

the minimum spec if ied number of trees per unit area (Table 3 ) . If one 

can assume random seedling pattern as well , then it  is pos s ib le t o  

estimate from available theory ( Blackman 1 9 3 5 )  the mean expected stock

ing percentages for these two spec if ied densities ( Fig . 4 and Table 3 ) . 

The se two sets of stocking percentages are jus tif iably dif

ferent . The first set of est imates--which is always larger (Table 3 ) -

will ensure at leas t the minimum spec ified number of trees (but generally 

more , unless the spat ial pat tern is very regular) at the average spacing 

impl ied by the quadrat s iz e  and over the proportion of the area indicated 

by stocking percent . The difference between the two sets of stocking 

percentages increases with greater quadrat s ize because with increased 

inc idence of two or more trees per quadrat c ounteracts the expected 

increase in stocking percent . 

Now the problem is choosing the minimu� stocking percent and 

related quadrat s ize for the two species . For reasons given earlier , a 
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Table 3 .  Est imated stocking percentages based on 
different quadrat s izes for two specif ied 
stand densit ies 

Stand Stocking percentage 
Quadrat 

min . number of trees s ize with at least one random pat tern 

per ha 
(milacre) tree /quadrat for minimum 

per acre number of trees 

220 560 1 22 20 

2 44 35 

2 . 5  55 42 

3 *  6 6  48 

4 90 58 

300 750 1 30 26 

2 60 45 

2 . 5* 75 53  

3 100 59  

4 100 70 

* Recommended 
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.Fiaure 4. Theoretical relationships between Stocking Percent 
and density for random spatial pattern. 
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quadrat size o f  around 3 mi1acres (12  m2 ) would be desirable , although 

it c ould be smaller if the spat ial pattern of seedlings were truly 

random over the area . Because it is unjust ified simply to assume random 

p�ttern (more about this in the next sec tion) one should proceed on the 

basis of the more c onservative ,  i . e . , higher minimum st ocking percent 

(Table 3 ,  column 4 ) . Then , to ensure at least 220 wel l-d istributed 

lodgepole pine per acre (560/ha) would require 90% st ocking by 4-mi1acre 

quadrats.  If one accepted not-quite-so-we1 1  distributed 220 trees/acre 

and 2 -mi1acre quadrat-siz e ,  the required stocking percentage would be 

reduced to 44% . S imilarly , t o  ensure at least 300 reasonably well dis

tributed spruce trees per acre ( 750/ha) on a cutover area would require 

60% stocking by 2-milacre quadrats .  

Because of the forthcoming general c onversion to metric (SI)  

units in  Canada , it is  appropriate t o  adopt a quadrat size for regenera

tion surveys that will readily fit into the new syst em . From the results 

above it seems that a 10-m2 [l-mill ihec tare (mha) roughly equivalent t o  

2 . 5-milacre] quadrat would admirably suit this purpose , part icularly 

for spruce ,  with minimum stocking of 75% to ensure at least 7 5 0  trees/ha . 

For p ine , a quadrat size of 1 mha may be somewhat small , as the necessary 

minimum of 560 trees/ha would require only 56% stocking which may be too 

low t o  ensure homogenous stocking in a stand . Therefore , a quadrat size 

of 12 m2 (approximately 3 milacres) may be more suitab le , f or which 67% 

stocking or roughly 70% would be required t o  ensure a minimum of 560 

trees/ha . Natural ly some compromise would have t o  be worked out when 

regenerat ion is made up of more than one acceptable spe c ies.  This pro

blem should be tackled when these results are used at the next revision 

of the Alberta Regeneration Survey Manual . 

6. SEEDLING SPATIAL PATTERN AND DENSITY-STOCKING 

PERCENT RFLATIONSHIPS 

Because the spat ial pattern of seed1 ings--part icu1ar1y any 

departure from randomness--has important implicat ions on the use of the 

stocked quadrat system of regenerat ion surveys ( viz . ,  in selec t ing proper 

quadrat size and minimum acceptable stocking percentage) , a brief examina-
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tion to explore the nature of seedl ing pat tern was conducted us ing 

data from detailed sampling of different 10-year-01d lodgepole p ine 

and white spruce regeneration in the region .  These data were also 

used to provide background information on actual seedling dens it ies 

at dif ferent stocking levels ,  as an ind icat ion of the number of 

"reserve trees" that may be expected on an area with potent ial for 

filling gaps created by mortality . 

6 . 1  • METHODS 

6 . 1 . 1 .  F ield 

Sampling in the three main study areas was c onducted by 

selec ting cutover blocks 10 growing seasons after logging , so that 

they represented a range of stocking and stand condit ions in the area . 

On a cutover , generally three square sample plots 0 . 1  acre ( . 04 ha) 

in s ize were established to represent l ow ,  average , and high stocking 

levels . One hundred and nineteen plots were used from the Edson Forest 

and 1 3  from the Whitecourt Fores t .  The c onditions described on each 

plot included stand type , aspec t , slope , elevation ,  soil moisture and 

texture , amount of slash , c ompet it ion from lower vegetat ion ,  depth of 

duff ,  and post10gging treatment . 

The sample plots were subdivided into a gr id of 10 x 10 , 

1-mi1acre ( approx .  4-m2 ) quadrat s .  On each quadrat ,  all seedlings 

1- , 2- , and 3-years old or older , and vigorous advance growth were 

tallied by spec ies , and heal th of each individual was recorded . 

In addition ,  data collected by J. Soos in 1966 in 8-year-01d 

lodgepole p ine near the Upper Saskatchewan Ranger Station (Rocky

Clearwater Forest) were used . This was a complete tally ( 100% sample) 

by 1-mi1acre quadrat of a 38 . 4-acre (15 . 5-ha) area , where the original 

stand had been destroyed by f ire 8 years earlier . For the present 

analysis , the sample stand was part it ioned int o  cont iguous 118 . 8  x 118 . 8  

ft (36 . 2 1 x 36 . 21 m) sample plot s  ( i . e .  an 18 x 18 matrix of 1-mi1acre , 

approx .  4-m2 , quadrats). A total of 86 plots was used in the analysis . 

Plots that had roads or logging trails that prevent ed the establishment 

of regeneration were excluded from this analysis . 
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6 . 1 . 2 .  Analys is 

Seedling spat ial pattern was analyzed using seedl ing 

frequency d istribut ions c ompiled from quadrat tallies on each plot . 

These frequency d istributions showed the number of quadrats in which 

n seedlings occurred ( e . g . , n = 0 ,  1 ,  2 ,  3 ,  • • •  ) .  Random seedling 

pattern was ind icated if the observed frequency d istribution resembled 

a Poisson series (e . g . , the ob served d istribution and the expected 

Poisson were not s ignificantly different on the basis of Chi-squre 

test) ; or if the Variance /Mean ratio of the distribution was not 

significantly different from 1 (based on appropriate S tandard Error , 

as in Greig-Smith 1964 ) . 

Regress ion techniques were used to describe relat ions between 

seedling density , as the dependent variable , and stocking percent , s ite 

(aspec t ,  slope , height increment ) ,  and ground c ondit ions ( the amount of 

slash , lower vegetation ,  duff , and postlogging treatment ) on the sample 

plots as independent variables . 

In all the above analyses , relat ionships were described and 

spat ial pat terns studied on the basis of quadrat s iz e , 1- and 4-

milacres . Data for quadrat s ize of 4-milacres were obtained by c ombin

ing four adjacent quadrats .  

6 . 2 .  RESULTS AND DISCUSS ION 

6 . 2 . 1 . Analysis of Seedling Spat ial Pattern 

For this analysis the data were subdivided into two main groups: 

(1) p ine type and (2) spruce type . The analyses were conduc ted on indi

vidual plot data , but the presentat ion of results to such detail is 

beyond the scope of this paper . 

Pine types: The analysis of data from the Edson Forest was 

done on a spec ies basis: (1)  p ine only , (2)  p ine and spruce , and ( 3 )  

all c onifers . For both quadrat s izes ( 1- and 4-milacres) , over 95%  of 
the sample plots tested ind icated clumpy seedling patt ern; this was so 

for all species c ons idered . 
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Rather unexpectedly , a s imilar clumpy pattern was found in 

the Clearwater-Rocky Forest pine regenerat ion data for tests based on 

both quadrat s izes , although the degree of clumping was generally 

lower than for the previous p ine group . 

Spruce types : This typP was further broken down into two 

groups ,  known t o  be meaningful in terms of regenerat ion characterist ics: 

(1) spruce- f ir type in the Foothills ( Edson Forest)  and (2) spruce in 

the Mixedwood (Whitecourt Forest) . 

Cons ider ing spruce , and spruce and p ine for the ent ire spruce 

type , seedling pattern for this type approached random on about 20% of 

the plot s .  The tests showed no effect of quadrat size . 

In the spruce- f ir type , the test statist ics ind icated random 

seedl ing pattern for spruce , spruce and p ine , spruce and f ir ,  and for 

all conifers c omb ined for nearly 30% of the plots and this value was 

unaffected by quadrat s ize . If only the f ir component was cons idered , 

7% of the plots showed random seedling pattern from l-milacre quadrat 

data , but this increased to nearly 30% for the 4-milacre data . 

In the Mixedwood type , spruce exhibited an extremely clumpy 

pattern on all the sample plot s .  Again , a change in quadrat size did 

not have an apprec iable effect on perceived spat ial pattern . 

The relat ionships in Fig . 4 can also be used for describing 

the nature of spat ial pattern in a sample for which stocking and dens ity 

est imates are available . If a stocking percentage for a given dens ity 

falls below the appropriate trend l ine ( e . g . , the stocking percentage 

is actually greater ; note reverse d irec t ion of change in values on the 

ordinate) then the pattern tends toward regular , whereas if it falls 

above the l ine it indicates clump ing in the pattern . Plotting of sample 

estimates of stocking percentages over number of trees per acre in Fig . 4 

conf irms heavy clump ing of seedlings for both p ine and spruce . 

In summary , seedl ing pattern for lodgepole p ine and white 

spruce , in this region at least , is generally nonrandom and characterized 

by a greater or lesser degree of c lump ing . Only the f ir c omponent in 

the Foothills ( spruce- f ir type) came even c lose to a random pat tern 
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(espec ially when the tests were based on 4-milacre quadrats ) .  In 

part , the reason for this may be that f ir seedl ing establishment is 

not much dependent on ground treatment and that the necessary seed 

is usually d ispersed by air . In addition ,  a good proportion of 

established f ir seedlings are usually made up of advance growth 

already present ( and fairly well d ispersed) on the area at the 

t ime of logging , which would tend to give seedling spat ial pattern 

a random character . 

On the other hand , mos t spruce and p ine regenerat ion 

originates following logging , when seed source and ground c ondit ions 

have crit ical importance on abundance and spat ial pattern of seedl ings . 

These factors generally seem to operate t o  produce heavy clumping: 

( 1 )  because of the spotty nature of suitable seedbed , and ( 2 )  specifi

cally for p ine , because of the uneven d ispers ion of seed over the area . 

There are several implications of this clumpy spat ial pattern . 

First and most obvious is that there will be a far greater number of 

trees in certain patches over the area than would be expected with a 

random spat ial pat tern .  An excessive surplus of trees would l ikely 

mean intensive crowding and reduc tion in tree growth , and possibly a 

reduction of merchantable yield at harvest . 

Secondly , because of clumpy seedl ing pattern 40% stocking by 

l-milacre quadrat--as spec if ied by the present standard--will not 

l ikely ensure a minimum of 400 well-dispersed trees per acre (lOOO/ha) . 

The use of larger quadrat s izes and stocking percentages close t o  100% , 

as advanced in the first part of this report , is a s imple solut ion for 

ensuring adequate stocking in a new stand . 

Because a random spat ial patt ern is generally assumed in the 

appl icat ion of the stocked quadrat system of regenerat ion survey , and 

because this assumpt ion seems hardly ever ful f illed , the usefulness of 

sample estimates may jus tifiably be suspect . Heavy c lumping may al so 

have an effect on ac tual sampl ing error and may contribute to the 

dif ferences that arise in stocking percent estimates between independent 

samples (e . g .  company vs . the Forest Service check surveys) . It was 

hoped that increas ing the quadrat size to 4-milacres ( 16 m2 ) would result 
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in a trend t owards randomness in perce ived spat ial pattern . However ,  

results s o  far do not conf irm this expectat ion .  

6 . 2 . 2 .  Number of Trees in Relat ion to Stocking Percent 

Logarithmic regress ions of Number of Trees (NT) over Stocking 

Percent ( S%)  developed for p ine and spruce by stand types , for the two 

quadrat s izes are presented in Figs . 5 and 6 ,  and Figs . 7 and 8 ,  respec

tively . Table 4 lists a summary of relevant regress ion stat istic s .  

These regress ions provide estimates of average expected tree numbers of 

spec ified stocking percentages . Generally , they indicate a subs tant ially 

greater number of trees over what is impl ied by a given stocking percent

age . These "reserve trees" may then be enough to counteract mortality 

effects in these stands. 

The highl ights of the re sults are as follows: 

1 .  Pine types . Elevat ion ,  as represented by four separate 

geographic l ocations , had no s ignif icant effect on t he NT over S% regres

sions . In other words ,  seedling dens ity at spec ific stocking percentages 

was essent ially the same at dif ferent elevat ions . Therefore one set of 

regressions is appl icable for the ent ire study area . 

2 .  The inclusion of spruce with p ine in p ine types had no e f fect 

on the basic relat ionships , although average stocking percentage increased 

4-5 % ,  while the tree numbers increased about 15% from an average of 2450 

to 2824 /acre ( 6050 to 6980 /ha) (Tabl e  5 ) . 

3 .  There was a c onsiderably greater number of trees per unit area 

a fter logging (Edson Forest) than after a burn (Clearwater-Rocky Fores t) at 

s imilar stocking levels . 

4 .  For spruce types , NT over S% relat ionships were much weaker 

than in pine types , presumably because of the greater variat ion in spruce 

numbers over the area at given stocking levels ,  and because of the narrower 

range of data . Part icularly large variat ion occurred in tree numbers in 

the Mixedwood , where seedling establ ishment seems strongly dependent on 

seed source and ground treatment , part icularly on the amount of exposed 

mineral soil . The treatment used generally produced a patchy and irregular 

pat tern of mineral seedbeds , which part ially explains the large variat ion 

in number of trees . 
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Table 4 .  Number of trees over stocking percent regress ion stat istics for lodgepole 
p ine and white spruce by stand types ( vigorous 3-year-01d and older 
seedl ings and advance growth were included) 

Quadrat 
Species Size 

Stand Type Cons idered (milacres) Regres s ion 

1 l Log NT = 3 . 068 + . 03820 S% 
p ine n 

Pine 
4 Log NT = 0 . 99 1  + . 04837 S% 

Edson n 

Forest p ine 1 Log NT = 3 . 145 + . 03726  S% 
and n 

spruce 4 Log NT = 2 . 682 + . 00033 ( S%) 2 
n 

2Log NT = 7 . 587  - . 03 3 3 3  S% + . 00045 ( S%) 2 P ine 1 
p ine 

n 
C1earwater-
Rocky Forest 4 Log NT = 44 . 013 - . 87656 S% + . 00519 ( S%) 2 

n 

1 l Log NT = 2 . 08 + . 07040 S% 
n 

Spruce-Fir 
spruce 

4 Log NT = 1 . 81 + . 03153 S% 
Edson 

n 

Forest spruce 1 Log NT = 2 . 17 6  + . 06427 S% 
and 

n 

p ine 4 Log NT = 1 . 560 + . 03648 S% 
n 

Mixedwood 1 l Log NT = 3 . 52 2  + . 05215 S% 
Spruce n spruce 

Whitecourt 4 Log NT = 2 . 748 + . 04240 S% 
Forest 

n 

Per 1 / 10 acre 2 Per acre 

N 

88 

88 

88 

88 

85 

85 

29 

29 

29 

2 9  

13 

13 

r2 

. 9 1 

. 6 7 

. 88 

. 58 

. 91 

. 55 

. 65 

. 5 2 

. 75 -

. 65 

. 60 

. 67 

w 
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Table 5 .  Stocking percent and number o f  trees per-acre 
summaries (mean , minimum , maximum) by stand types 

,..,. "0 co CLl +J CLl co I-l 
I-l til I-l CLl CLl Number of trees , CLl co I-l C) .r! "0 

Stand Type 

Pine 

Edson 
Forest 

Pine 

C1earwater-
Rocky Forest 

Spruce· .. Fir 

Edson 
Forest 

Mixedwood 
Spruce 

Whitecourt 
Forest 

,.o 4-l +J S 0 0 ::l ..-t Z p.., 

90 

86 

29 

13 

P - Lodgepole Pine 

S - White Spruce 

"O CLl tll C) or!  tIl N ..-t CLl co ::l or! 'r! p. �  0' 00  S 00 0 '-" u 

P 
1 

P+S 

P 
4 

P+S 

1 P 

4 p 

S 
1 

S+P 

S 
4 

S+P 

1 S 

4 S 

3-yr and older 
Stocking % per acre 

Avg . Min . Max . Avg . Min . Max . 

5 6 . 2  18 9 1  2450 330 9530 

61 . 0  28 93 2824 570 10650 

87 . 3  40 100 2450 330 9530 

9 1 . 1 60 100 2824 570 10650 

83 . 7  50 100 3414 938 8083 

9 7 . 2  7 6  100 3414 938 8083 

1 9 . 3  8 36  370 llO 990 

2 2 . 2  10 40 448 llO 1260 

51 . 7 24 80 370  llO 990 

5 6 . 1  28 80 448 llO 1260 

35 . 7  4 63  3341 180 8030 

62 . 2  16 96 3 341 180 8030 
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A comparison o f  NT over S% relations for the two spruce 

types in Figs . 7 and 8 reveals a much greater number of spruce trees 

per unit area in the Mixedwood than in the Foothills at the same stock

ing level ( e . g . , at 30% stocking based on l-milacre , the estimated 

average number of spruce trees per acre would be around l600 /acre in 

the Mixedwood , and only about 750/acre in the Foo thills , or 3950 and 

l850 /ha , respectively) . 

5 .  The inclus ion o f  p ine with spruce in the spruce type 

(Foothills )  caused no s ignificant change in the relat ionship , although 

average stocking increased 3-4% , while number of trees increased 21% , 

from 370  to 448 /acre , or 9l0 to 1110 /ha (Table 5 ) . 

The lack o f  s ignif icant change in the NT over S% relations 

after the inclusion of secondary species (e . g . , p ine may be the pri

Uk�ry and spruce the secondary species , or vice versa) would suggest 

that both species are d ispersed over the area in a s imilar pat tern , 

although they tend to complement each o ther rather than occupy the same 

niche . This is espec ially evident in p ine types with spruce as a 

secondary spec ies (Fig .  5 ) . 

6 .  The inclusion of 2-year-old seedlings ( in add it ion to the 

3-year-old and older) had no apprec iable effect e ither on the regressions 

or on variable means . 

These NT over S% regressions ( Figs . 5-8 and Table 4 ) , can be 

used for estimat ing expected number o f  trees for spec ified minimum stock

ing percentages for the two quadrat s izes ( Table 3 ) . For example , 90% 

stocking by 4-milacre quadrats , which ensures 220/acre (560 /ha) well

d istribut ed lodgepole pine , would mean an average total of over 2 100 

trees/acre ( 5l90 /ha) for the present sample . 
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? MORTALITY 

In deriving minimum acceptable stocking percent for regenera

t ion standards , it is important to cons ider irregular mortality caused 

by insect and disease during the life of the stand . (Regular , or 

suppression mortality may be ignored for these relatively open stand 

condit ions ) .  However ,  a brief review of relevant literature revealed 

no serious widespread insect or d isease damage that could cause s ignifi

cant understocking which would have to be compensated for in these 

minimum standards . Thus , the many " surplus" seedlings that are present 

in the stocked quadrats should be enough to fill in any small openings 

created by mortal ity . This eliminat ed any need to allow for mortality 

in the period between age 10 and reference age hal fway through rotat ion 

(viz . , 40 or 50 years) . 

8 .  CONCLUSIONS AND RECOMMENDATIONS 

1 .  Trends of DBH in relat ion to Age , and Crown Width in rela

tion to DBH were derived from open-growing lodgepole p ine and white 

spruce data collected in the Foothills Forest Sect ion of west-central 

Alberta . These trends were used to derive minimum number of trees per 

acre (ha) and assoc iated stocking percentages for stands of the two 

spec ies , considering full s ite occupat ion--but no s ignif icant competit ion-

by trees about hal fway through rotat ion (at 40 years for p ine and 50 years 

for spruce) . On the average it took spruce 6 years longer than p ine to 

reach breast height on med ium s ites (9  vs . 15 years) .  While Crown Width 

over DBH trends were unaffected by s it e  for e ither species , open-growing 

pine had wider crowns than spruce for s imilar diameters over 6 inches . 

This , along with generally smaller tree- s ize at reference age , points to 

cons iderably higher minimum stocking requirements for spruce than for p ine . 

2 .  Analys is o f  seedl ing spat ial pattern indicated various 

degrees of clumping of the ent ire seedling populat ion sampled 10 years 

after logging . Spruce in the Mixedwood was the most c lumpy , while the fir 

component in the spruce--fir type was the least c lumpy . 

3 .  Number of Trees over Stocking Percent regress ions for quadrat 

s izes 1- and 4-mi1acres were developed for d if ferent stand types of the two 
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study species . Within any one stand type , the inclus ion of secondary 

spec ies ( e . g . , spruce)  with the princ ipal species (e . g . , pine , or vice 

versa) had no signif icant effect on the se relat ions , although average 

stocking and dens ity did increase . Thi s  suggests that both spec ies 

are d ispersed over the area in a s imilar pattern ,  although they tend 

to complement each other rather than occupy the same niche . 

4 .  Greatest variat ion in number o f  trees at a part icular 

stocking level was found for spruce in the Mixedwood , where seedl ing 

establ ishment was strongly dependent on seed source and ground treat

ment , both of which may be rather pat chy over an area . 

5 .  The conclusion from these analyses is that the present 

40% stocking rule ensures a more than sufficient number of trees per 

acre (ha) for both lodgepole p ine and white spruce . However ,  it is 

doubtful whether the l-milacre quadrat s iz e  presently used in regen

erat ion surveys ensures a des irable d ispers ion o f  seedl ings over the 

area . Seedling spat ial pattern for p ine and spruce showed at least 

some clump ing . This implies a surplus of seedlings ( generally more 

than the required one seedl ing per quadrat ) in stocked areas and gaps 

in between , which may render sample estimat es , including sampling 

error , somewhat suspect in surveys which presuppose a homogeneously 

random seedling pattern . It is recommended that an in-depth assess

ment of the e ffect of clumpy spat ial pattern on sampl ing effic iency 

be conducted , and possibly alternat ive methods of regeneration surveys 

explored that would also yield informat ion about the nature and degree 

of clumping as well as about ac tual seedling density . 

6 .  A bas ic premise of stocked quadrat surveys is that the 

quadrat used should be of suf f ic ient s iz e  to support a mature tree near 

the end of rotat ion . Using smaller quadrat s  would be j ustified if a 

rel iable method were available to convert s tocking percentages based on 

small quadrat s to equivalent s based on a larger quadrat size . However , 

the clumpy nature of seedl ing pattern in this region prevents rel iable 

conversions . Therefore , to enhance the usefulness of stocking percent 

estimates and bring regeneration survey pract ic e  more in l ine with theory , 

the use o f  l-milacre (4-m2 ) quadrat s should be d iscont inued and a larger 
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quadrat adopt ed . This would also automat ically mean a higher minimum 

stocking percent requirement . 

7 .  Accept ing complete crown c losure halfway through the 

rotat ion (40 years for lodgepole pine and 50 years for white spruce) 

as basic stocking criteria , it was derived that 220 well-dispersed 

p ine per acre (560 /ha) or 300 well-dispersed spruce per acre ( 7 5 0 /ha) 

are suf f ic ient to ensure acceptable yield at harvest . Although the 

appropriate stocking percentages and survey quadrat s ize s ( s )  should be 

arrived at after discussion between the agenc ies respons ible for forest 

management , the Forest Service and the forest companie s ,  it is recom

mended that pr iority be given to the adoption of  a 10-m2 ( 1  mha , approxi

mately 2 . 5-milacre) quadrat as the survey unit for spruce and a l2-m2 

(approximately 3-milacre ) quadrat for p ine . The suggested corresponding 

minimum stocking percentages for the two species should then be around 

75%  and 70% respectively . 

8 .  It is reemphas ized however , that this study was conducted 

to derive minimum acceptable stocking standards using full utilization o f  

the s ite a s  the criterion , rather than maximum f iber yield . Admit tedly , 

the standards derived were based on rather crude methods and l imited data 

and should therefore be verif ied and possibly revised when improved 

methods and more data become available . 

9 .  Although the recommended number of  trees may seem relat ively 

low in l ight of the existing standard , there is little danger of s igni f i

cant loss in yield . The required number o f  t rees was derived so that full 

stocking would be ensured hal fway through the rotat ion , at leas t on med

ium and b etter sites where most volume yield is expec ted . Generally ,  

open cond it ions in young stands would result in improved forage product ion 

for ungulates ; also , allowing such cond it ions to the end of rotat ion on 

less product ive s ites may be advantageous for both wildlife and recreat ion . 

Poor sites contribute a relatively small amount of  the wood f iber yield 

therefore ; any understocking and poss ible yield-loss would be rather minor . 

10 . This study did not confirm the hypothesis that increas ing 

quadrat s ize from 1- to 4-milacres (4- to l6-m2 ) would result in a trend 

towards random spat ial pat tern of seedlings as perceived through appro

priate statist ical tests . Further studies would be required for conclusive 



36 

answers on this problem at different levels of stocking in regeneration 

having various degrees of c 1ump iness . 
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