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ABSTRACT 

In this early (1953) operational trial to regenerate yellow 

birch in cutover tolerant hardwood stands in Ontario, heavy cutting and 

ground scarification proved to be highly effective in increasing yellow 

birch content. Despite heavy browsing by deer, yellow birch dominates 23 

per cent of the quadrats and is present on an additional 43 per cent; in 

the future it may be expected to dominate about 30 per cent. These dom

inants have a height range between 10 and 25 feet 10 years after treatment. 

Any release treatment applied to the stands now would favour further in

crease in the yellow birch component. 

EXTRAIT 

En 1953 dans Ie sud de l'Ontario, Ie ministere des Forets avait 

conduit certaines experiences en vue de regenerer de maniere pratique Ie 

Bouleau jaune (Betula alleghaniensis) sis en peuplement de feuillus tole

rants: au cours de l'exploitation, on avait pratique de larges coupes et 

scarifie Ie sol, ce qui a produit une regeneration naturelle ou 23 p. 100 

des quadrats sont devenus domines par Ie Bouleau jaune. Au total, cette 

espece existe dans 66 p. 100 des quadrats, ceci malgre Ie fort broutage des 

cerfs (chevreuils). Elle dominera probablement 30 p. 100 du terrain dans 

l'avenir. Dix ans apres Ie scarifiage, les dominants s'elevaient a une 

hauteur qui se situe entre 10 et 25 pieds. Tout traitement ulterieur par 

eclaircies favorisera l'augmentation du nombre de Bouleaux jaunes. 
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THE DEVELOPMENT OF YELLOW BIRCH 
REGENERATION ON SCARIFIED SITES 

by 

B.S.P. Wangl 

INTRODUCTION 

In tolerant hardwood management, the common practice of select

ive cutting does not provide sufficient light and favourable seedbed con

ditions for yellow birch2 regeneration and development (Linteau, 1948; 

Eyre and Zillgitt, 1953; Jarvis, 1957; Godman, 1957). As a result, yellow 

birch in tolerant hardwood stands is gradually replaced by less valuable, 

more shade-tolerant sugar maple. 

In 1953 the Department of Forestry initiated an experiment in 

cooperation with Hay and Company, Limited (now Weldwood of Canada Ltd. ), 

to determine whether (a) greatly improved stocking of yellow birch can be 

obtained in tolerant hardwood stands through heavy cutting and seedbed 

preparation at the time of logging, and (b) a satisfactory proportion of the 

seedlings will achieve a dominant position in the new stand. 

Results found after the first and second years and reported by 

Jarvis (1957) indicated that tolerant hardwood sites can be regenerated to 

71 per cent yellow birch stocking through canopy reduction and ground scar

ification folloWing logging. The fifth-year reassessment of the experiment 

made by Fayle (1961) showed that both stocking and height growth of the 

yellow birch seedlings were significantly better on the treated areas than 

on the controls despite moderate deer browsing. This report presents the 

lResearch Officer, Department of Forestry and Rural Development of Canada, 
Petawawa Forest Experiment Station, Chalk River, Ontario. 

2A list of species showing common and botanical names and abbreviations 
is given in the Appendix. 
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10-year results and discusses factors affecting the development and growth 

characteristics of yellow birch seedlings. 

THE AREA 

The 40-acre experimental area is private land owned by the 

successors to Hay and Company, Limited, in Haliburton County, Ontario 

(lat. 78° 33'N, long. 45° 19'W). It lies within the Haliburton District 

of the Georgian Bay Section in the Great Lakes-St. Lawrence Forest Region 

(Rowe, 1959). The area occupies the upper and middle slopes of eastern 

aspect, which are underlain by a well-drained loam till soil varying in 

depth from less than 1 foot to 5 feet. Detailed information on climate, 

physiography and forest was given by Jarvis (1957). 

Prior to logging, the forest was all-aged tolerant hardwood 

with an average of 3,115 cubic feet per acre consisting of 70 per cent 

sugar maple, 13 per cent yellow birch, 12 per cent beech, 2 per cent iron

wood, red maple, white elm, white ash and black cherry, and 2 per cent 

hemlock, red and white spruce, balsam fir and white pine. 

THE TREATMENT 

The experimental area consisted of four la-acre blocks; two 

were chosen at random for treatment and two for control. From late Sep

tember to early October 1953, logging removed an average of 900 cubic feet 

of all merchantable species (800 cubic feet of sugar maple, 60 cubic feet 

of yellow birch and 40 cubic feet of spruce and beech) per acre, or 30 per 

cent of the original stand volume from both treatment and control areas, 

leaving a residual 2,215 cubic feet per acre. After logging, 60 per cent 

of the residual stand volume, mainly cull or defective trees, on the 

treated blocks was girdled to provide a uniform 30 to 40 per cent shade 

at ground level. Moosehorn readings (Robinson, 1947) taken 3 years after 

the girdling showed that canopy density averaged 40 per cent on the treated 

and 83 per cent on the control blocks. One to two yellow birch cull trees 

per acre were left as a seed source. Patches of seedbeds, varying in size 

up to 1/4 acre, were prepared by a n-6 Caterpillar tractor equipped with a 
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bulldozer blade. Scarification uprooted most of the small trees and ad

vance growth and produced seedbeds of (a) humus, (b) mixed humus, mineral 

soil and leaf litter and (c) exposed mineral soil. Nearly 47 per cent of 

the treatment area was scarified. In the control blocks, 15 per cent of 

the area had been disturbed by mechanical logging, which included the 

opening of haul roads and skid trails. In 1954 three 40 x 40 foot fenced 

deer- and moose-proof exclosures were established on the treated blocks, 

and these fences were reinforced by the Wildlife Section, Research Branch, 

Ontario Department of Lands and Forests, in 1957, at the start of its 

study of browsing damage to yellow birch by moose, deer and hare. 

REGENERATION ASSESSMENT 

Regeneration surveys were made at the end of 1, 2, 5 and 10 

years (Table 1). Seventy-five 1/100-acre plots of 10 contiguous milliacre 

quadrats each were laid out at random within each block. On each quadrat 

(1) the tallest seedling of each species was tallied by height class, (2) 

the occurrence of browsing damage was assessed in terms of clipped leaders 

or laterals of each species, (3) trees of more than 4 inches d. b. h. were 

noted as canopy trees, and (4) lesser vegetation was recorded by broad 

species groups, abundance classes and height. On the tenth quadrat of each 

plot the number of seedlings of each species was recorded. In addition, 

TABLE 1. STOCKING AND NUMBER OF YELLOW BIRCH REPRODUCTION 
1, 2, 5 AND 10 YEARS AFTER TREATMENT 

Per cent of milliacre Number of stems 
Years since quadrats stocked per acre 
treatment 

Control Treated Control Treated 

1 34 76 14,000 27 ,000 

2 42 71 9,000 20,000 

5 36 68 2,500 4,000 

10 34 66 1,800 4,800 
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height-growth data of yellow birch seedlings were collected by measuring 

tagged seedlings in the early summer and fall of each year under various 

seedbed conditions. Some sampling variation was introduced by imprecise 

plot location in succeeding years, as the plots were not marked permanently 

but were relocated, at each measurement, from the original layout of the 

experiment. 

RESULTS 

Stocking, Survival and Distribution 

In 10 years, yellow birch stocking dropped 10 per cent on the 

treated area but is still 32 per cent higher than the control. Probably 

both sampling variation and new regeneration of yellow birch had contri

buted to the increased number of stems per acre between the fifth- and 

tenth-year tallies on the treated blocks. Scarification and girdling not 

only increased yellow birch stocking but also improved height growth. 

After 10 years, 39 per cent of treated quadrats and only 7 per cent of con

trol quadrats had yellow birches more than 6 feet tall (Figure 1). 

Throughout the 10-year period, the proportional increase in 

stocking within the upper height classes on the treated area was consist

ently double, or more than double, that on the control area (Figure 1). 

The slow increase in the 0. 5-1 and 2-3 feet height classes on both areas 

after 10 years reflects repeated browsing by deer. 

The distribution pattern of reproduction by species has changed 

little since the fifth-year survey (Figure 2). Sugar maple is still the 

most abundant and best distributed species on both treated and control 

areas, although there are dominant stems on less than half of the total 

area surveyed. In contrast, yellow birch reproduction occupies two thirds 

and one third of the treated and control blocks respectively, and occurs 

as dominant stems on more than one fifth of the treated as against one 

tenth of the control areas. If the tallest stem on a quadrat is taken as 

an index of future dominance, treatment has increased the yellow birch 

dominance approximately two and a half times. This increase would have 

been greater had there been no browsing damage. 
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Height Growth 

Figure 2 shows that after 5 years from treatment yellow birch 

is better developed on the treated area than on the control in terms of 

milliacre quadrats dominated by yellow birch seedlings. However, the trend 

of increase of dominance by yellow birch was checked after 5 years by the 

repeated browsing by deer. 

Height measurements from the permanent sample plots showed that 

the average annual net height growth rate was 5. 2 inches for the browsed 

yellow birch seedlings and 20 inches for unbrowsed stems (Figure 3). Table 

2 shows that with canopy density reduced to 40 per cent, forest floor scar

ified, competing vegetation including maple advance growth removed, and 

browsing animals excluded, yellow birch competed favourably with its commonly . 
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TABLE 2. AVERAGE AND MAXIMUM HEIGHTS OF YELLOW BIRCH AND ASSOCIATED 
SPECIES INSIDE DEER EXCLOSURE 10 YEARS* AFTER TREATMENT 

Species 
Average height No. of trees Maximum height 

(feet) based (feet) 

Yellow birch 19.5 29 24.0 

Pin cherry 24.8 10 29.0 

Sugar maple 16.5 8 20.0 

Black cherry 27.5 6 29.0 

Striped maple 14.5 4 17.0 

Beech - 1 13.0 

*Based on 58 height measurements taken inside two deer exclosures on the 
treated area, presumably of the same age. 

associated shade-tolerant species such as sugar maple, beech and striped 

maple. 

Seedbed conditions had influenced height growth of yellow birch. 

Among the five types of seedbeds produced by the n-6 bulldozer and blade, 

mixed mineral soil and humus, and finely divided humus, were found to pro

vide the conditions supporting the best height growth after two years from 

treatment (Jarvis, 1957). At the end of 10 years, the tallest tagged seed

ling on the mixed mineral soil and humus seedbed reached a height of 20 

feet, while that on other seedbeds rose to between 4 and 8 feet. The dif

ferences in height development were attributed partly to the various degrees 

of browsing. 

Competition 

In the first 5 years following scarification and canopy reduc

tion, competition from the residual overstorey trees and saplings was not 

an important factor in the development of yellow birch seedlings. In the 

last 5 years, however, sugar maple seedlings and saplings gained dominant 

positions on 3 and 10 per cent of the milliacre quadrats on the control and 

the treated areas respectively (Figure 2) because of preferred browsing of 
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yellow birch by deer and moose. Sprouts and seedlings of striped maple and 

of pin and black cherry grew rapidly and suppressed yellow birch. For

tunately, the stocking of these species was originally small and is now 

declining. Over-all stocking of each ground-cover species has decreased 

since the fifth-year survey (Table 3). The deline in abundance and height 

of the four lesser vegetation groups by the end of the tenth year illus

trates the decreasing competitive influence of these species after 5 years. 

Browsing Damage 

Severe browsing of yellow birch by deer and moose presents a 

problem. After 10 years, 79 per cent of the milliacre quadrats stocked to 

yellow birch on the treated area still showed some form of past or current 

damage; 56 per cent of quadrats were browsed during the second year, 44 per 

cent during the fifth year, and 10 per cent during the tenth year. On the 

TABLE 3. PER CENT OF LESSER VEGETATION COVER BY ABUNDANCE CLASS* 
5 AND 10 YEARS AFTER TREATMENT 

Abundance Class 
Years 

Species from Control Treated 
treatment 

0 1 2 3 4 0 1 2 3 

Raspberry 5 44 33 15 6 2 12 34 27 18 
10 66 24 6 3 1 28 35 23 11 

Elderberry 5 79 12 7 2 T** 50 23 18 7 
10 83 15 2 T - 63 31 5 1 

Sedges and 5 19 58 15 4 4 18 41 24 9 
grasses 10 89 7 3 1 - 86 10 3 1 

Shrubst 5 74 11 12 3 T 61 21 14 3 
10 73 16 7 3 1 73 17 7 2 

*0 = absent, 1 = rare, 2 = frequent, 3 = abundant, 4 = very abundant. 

**T = less than 1 per cent. 

tChiefly hobblebush. 
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control area a similar browsing incidence occurred during this period. It 

was noticed that in addition to the reduction in percentage of browsed 

quadrats after the second year, many yellow birch seedlings had recovered 

from the old browsing effect and grown out of reach of deer. 

To evaluate the food preference of the browsing animals, an 

attempt was made to rate the woody species available within the experimen

tal area by the total frequency of damage. Table 4 lists the species 

browsed and their frequency of browsing expressed as a percentage of milli

acre quadrats stocked to each species. According to this rating, yellow 

birch is the preferred browsing species. 

SILVICUL TURAL IMPLICATIONS 

The method used in this experiment was highly effective in 

restocking the area to yellow birch. In the present study, treatment re

sulted in 66 per cent yellow birch stocking, twice that on the control. 

This stocking level, produced by 47 per cent partial scarification, could 

probably be raised to 80 per cent by increasing the scarified area to 75 

per cent (Godman, 1957). Furthermore, if the tallest stem on a stocked 

milliacre quadrat is considered a reliable index of future dominance, 

yellow birch was the tallest species on 23 per cent of the treated quadrats. 

This was two and a half times the yellow birch dominance on the control. 

Even better results in yellow birch stocking can be expected from this 

experiment when browsing damage by deer, moose or hares is light or absent. 

The 10-year results and similar findings elsewhere (Godman and 

Krefting, 1960; Tubbs, 1963; Wang, 1965) have shown that mixed humus and 

mineral soil seedbed is close to the optimum condition for the establish

ment and development of yellow birch. Therefore, improvements in techniques 

to increase the proportion of mixed humus and mineral soil seedbeds would 

benefit management of this cover type. 

Reduction of the residual-canopy density to 40 per cent in

creased per cent stocking, the number of seedlings per acre and the height 

growth of yellow birch. Generally, after selective cutting, the basal area 

of the cutover stand must be further reduced by 20 to 40 square feet per 

10 



TABLE 4. A COMPARISON OF BROWSING INTENSITY ON VARIOUS SPECIES 
BETWEEN 1953 AND 1963 

Per cent 
browsing by 

quadrats No. of 
Species quadrats Rating** 

stocked to 
Control Treated the species* 

Yellow birch 71  79 1493 preferred 

Pin cherryt 46 42 117 desirable 

Willow 61 16 76 " 

Trembling aspen 50 17 8 occasional 

Black cherry 20 15 187 " 

Balsam fir 25 0 9 " 

White spruce 0 20 5 " 

White birch 0 13 18 " 

Elm 10 0 287 " 

Beech 5 3 678 " 

Sugar Maple 6 0. 2 2922 " 

Ironwood 2 2 106 " 

Striped maple 1 0. 5 942 " 

*Based on 2997 milliacre quadrats. 

**Rating is based on average per cent of browsing by stocked quadrats: 
preferred - 100-66 per cent; desirable - 65-31 per cent; occasional -
less than 30 per cent. 

tPin cherry and willow are desirable food for moose. 
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acre to provide the 30 to 50 per cent canopy density favoured by yellow 

birch regeneration. This can be done by frill girdling and poisoning at 

an approximate cost of $6. 00 per acre (Gildner, 1963). The reduction in 

canopy density following this treatment is gradual, and its maximum effect 

is achieved after 5 years (Tieman, 1963). 

Owing to the rapid-sprouting characteristics of sugar and red 

maple and other intolerant species, many overtopped yellow birch seedlings 

need release after 5 years. The release treatment would not only hasten 

height growth, placing the saplings beyond the reach of browsing animals, 

but also increase the number of yellow birch dominants. 

On the experimental area, browsing damage to yellow birch was 

mainly from deer in summer and fall, and from moose, possibly in all 

seasons. When the terminal shoots of yellow birch seedlings were browsed, 

they died back to the lateral buds (Shafer, 1965). Repeated browsing of 

the same twigs not only retarded height growth of yellow birch in relation 

to other species but also caused them to become multiple-stemmed or deformed. 

However, the decrease in browsing damage over the last 5 years indicates 

that many of the yellow birch have grown beyond the reach of the browsing 

animals. Thus browsing may cease to be a serious factor in yellow birch 

development 5 years after treatment. Otherwise, where yellow birch regen

eration is threatened by a high population of browsing animals, repellents 

may be applied. The treatment is expensive at present but may become 

economically feasible in the future. 
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APPENDIX 

List of species, showing common and botanical names and abbreviations 

Common Name 

Ash, white 

Aspen, trembling 

Beech 

Birch, white 

Birch, yellow 

Cherry, black 

Cherry, pin 

Elderberry 

Elm 

Fir, balsam 

Grass 

Hemlock 

Hobblebush 

Ironwood 

Maple, red 

Maple, striped 

Map le , sugar 

Pine, white 

Raspberry 

Sedge 

Spruce, red 

Spruce, white 

l2l0-2-6 8-3.5M 

Botanical Name 

Fraxinus americana L. 

Populus tremuloides Michx. 

Fagus grandifolia Ehrh. 

Betula papyrifera Marsh. 

Betula alleghaniensis Britt. 

Prunus serotina Ehrh. 

Prunus pensylvanica L. 

Sambucus pubens Michx. 

Ulmus spp. 

Abies balsamea (L. ) Mill. 

Gramineae spp. 

Tsuga canadensis (L. ) Carr. 

Viburnum alnifolium March. 

Osty.ya virginiana (Mill. ) K. Koch 

Acer rubrum L. 

Acer pensylvanieum L. 

Acer saccharum Marsh. 

Pinus strobus L. 

Rubus idaeus var. strigosus Michx. 

Carex spp. 

Picea rubens Sarg. 

Picea glauca (Moench) Voss 
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Abbreviation 

wAs 

tA 

Be 

wB 

yB 

bCh 

pCh 

E 

bF 

eH 

I 

rM 

stM 

sM 

wP 

rS 

wS 


