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ABSTRACT 

Throughout northwestern Ontario 71 clear-cut sites, which had been full-

tree harvested between 1979 and 1986, were sampled in 1993and 1994 for 

ingress of natural regeneration. Sampled sites were stratified by seedbed 

condition and the preharvest vegetation type that they supported, based on 

the Northwestern Ontario Forest Ecosystem Classification (Sims et til. 

1989). Seedbeds were classified as either intact/mixed forest floor or 

scalped/mineral soil exposed. Vegetation types were amalgamated into 

ecologically similar groups or treatment units, which included: jack pine 

(Finns banksiana Lamb.)/shrub rich, jack pine/feathermoss. and black 

spmce (Piceainuriana [Mill.] B.S.P.)-jackpme/feathermoss. The majority 

of the sites surveyed were classified as black spruce-jack pine/feathcrmoss 

with intact/mixed forest floor seedbeds. Both the rate of natural ingress over 

the first 7 years of the stands' development and the resultant stand structure 

and composition were examined. 

Larse amounts of ingress were found on all site types. Average total stem 

densities ranged from 15 000 to 20 000 stems per hectare 10 years after 

harvest, but were quite variable. Among treatment units jack pine always 

exhibited the highest average densities although it was significantly more 

frequent than other tree species only on the jack pine/feathermoss treatment 

unit. Black spruce was found at significantly higher densities on black 

spruce-jack pine/feathermoss sites, whereas poplar (Popttltts spp.) was 

found at significantly higher densities on jack pine/shrub rich sites. Rate of 

ingress was based on the first 7 years after harvest for all sites. On average, 

ingress of natural regeneration continued for 5,5 years following harvest 

and a minimum of 4 years elapsed before ingress was complete on any site. 

There were no significant differences in the rate of ingress for any treatment 

unit, species, or seedbed combination. 



RESUME 

71 sites repartis dans tout le nord-ouest de 1*Ontario el situes dans des 

peuplcments coupes h blanc par arbres entiers entre 1979 et 1986 out ete 

ecliantillonnes en 1993 et 1994 pour etudier la regeneration naltarelle. Les 

sites echantillonnes out etc classes selon Fetal du lit de germination et le 

type de la vegetation pre.sente avant lacoupe. en appliquant la classification 

des ecosystemes forestiers du nord-ouest de 1'Ontario (Sims et collab.. 

1989). Lcs lits de germination ont etc classes en 2 groupes: couverture 

morte intacte/mixte on sol erode/mineral expose. Les types de vegetation 

ont ete groupes en 3 unites de traitemenl ou groupes ecologiquement 

similaires: pin gvia(Pinusbanksiana Lamb. )/strate arbustive riche; pin gris/ 

mousses hypnucees;epineue noire (PieeaiMiriami[Mi\\.]B.S. P. )-pingris/ 

mousses hypnacees. La majorite des sites ont ete classes dans le groupe des 

sites a epinette noire-pin gris/mousses hypnacees avec couverture morte 

intacte/mixte. La Vitesse dc developpement de la regeneration naturelle 

pendant les 7 premieres annees d'etablissement des nouveaux pcuplements 

a etc examinee, ainsi que la structure et la composition des peuplements 

resultants. 

Une regeneration naturelle importante aete observee pour tons ies types de 

sites. En moyenne, les densites totales variaicnt de 15000 a 20000 tiges par 

hectare 10 ans apres la rccolte, mais lcs cliilTres variaienl beaucoup. Au 

niveau des unites de traitement. le pin gris avail loujours les densites 

moyennes les plus elevees. II etait signif'icalivement plus frequent que les 

autres essences seulement dans Funite dc traitement a pin gris/mousscs 

hypnacees. L"epinette noire etait presentc ades densites significativement 

plus elevees dans les sites a epinette noire-pin gris/mousses hypnacees; le 

peuplier{Populus spp.)> 1'etait dans les sites apin gris/stratc arbustive riche. 

La vitesse de regeneration naturelle a ete calculee en consicierant les 7 

premieres annees apres la recolte pour tous les sites. En moyenne. la 

regeneration naturelle s'est poursuivie pendant 5.5ans apres la recolte; a 

aucun endroit. clle ne s'est lerminee avant 4 ans. Aucune difference signifi 

cative de la vitesse de regeneration n'a etc mise en evidence en comparant 

les unites de traitement, les especes et les lits de germination. 



TABLE OF CONTENTS 

INTRODUCTION 1 

LITERATURE REVIEW 1 

METHODS 

Survey Area Description 3 

Procedures For Site Selection 3 

Field Sampling Procedures 

Stratification 3 

Sampling Intensity 4 

Sampling For Stand Description Data 4 

Sampling For Rate of Ingress 4 

Data Analysis 

Stand Description Analysis 5 

Rate of Ingress Analysis 5 

RESULTS 

Description of Sampling Sites 6 

Stand Structure and Species Composition 

General Overview 6 

Density By Height Class 6 

Probability Of Occurrence 6 

Density and Structure Analysis 

Within Treatment Units 6 

Saplings 7 

Seedlings 7 

Across Treatment Units 7 

Combining Probability Of Occurrence And Density 7 

Stocking 7 

Rate of Ingress 8 

DISCUSSION 

Stand Structure and Species Composition 8 

Rate Analysis 9 

CONCLUSION 15 

ACKNOWLEDGMENTS 15 

LITERATURE CITED 15 



INTRODUCTION 

Contemporary forestry practices in northwestern Ontario 

involve numerous assumptions regarding their impacts 

and the mariner inwhicluhe lores! develops both naturally 

and following disturbance. This includes knowledge of 

early successional pathways on common forest vegetation 

types. Data collected by the Survey of Artificially Regen 

erated Sites (SOARS) Program in 1985-86 showed that 

10-to 14-ycar-oldjackpine(PinusbanksianaLamb.)and 

bSaekspruce (/'ireamanfl/ifl [Mill.]B.S.P. Iplantations in 

northwestern Ontario averaged 5 800 stems per hectare. 

By contrast, initial planting densities averaged only 1 880 

stems per hectare. The difference was the result of ingress 

of natural tree seedlings (henceforth referred to simply as 

ingress). From a timber optimization perspective, the 

SOARS data indicate that some clear-cut and plantedsiles 

in northwestern Ontario sustain a stem density that is too 

high. 

These results demonstrate the need for a tool 10 help 

predict the rate and density of natural regeneration on 

clear-Col sites, Many cutovers arc artificially regenerated 

only lo require later tending (spacing) to reduce stem 

density to acceptable levels for desired crop plans. Ad 

ministrative requirements that specify a minimum 

postharvesi stand composition at Year 5 (e.g.. 60 percent 

stocking of acceptable species) are the primary reason for 

this conservative (and cosily (approach to forest regenera 

tion. The principal objective of this study was to determine 

if a link exists between selected site types defined by the 

Forest Ecosystem Classification for northwestern Ontario 

(NWOFECHSimsetal. 1989), and the rate and density of 

ingress that occurred on full-tree harvested sites. 

Information on the ingress of naturals may help to reduce 

the costs of regenerating the forests of northwestern 

Ontario by improving the reliability of silvicullural deci 

sions during the crop planning process. Managers may 

choose to harvest and site prepare, and then leave those 

NWOFEC site types where it is considered that sufficient 

natural regeneration may occur. Planting could then be 

come a tool to be used only on those areas where site-

speciiic situations make it absolutely necessary, opting 

instead to seed or fill-plant those sites where ingress of 

naturals has proven to be less successful. 

Promotion of natural regeneration could not only reduce 

the costs of forest renewal, but site-specific knowledge on 

the ingress of naturals may allow managers to be flexible 

in timing regeneration surveys and in setting performance 

standards. For example, if the ingress of natural regenera 

tion continues for 7 years after logging, then surveys 

carried out ai Year 5 will capture only part of the immature 

stand struciure. This becomes particularly critical when 

fifth-year survey information is used to initialize models 

projecting stand development, as is increasingly becom 

ing ihe case with crop planning techniques. . 

Increasing concern for the maintenance of forest 

biodiversity across the northwestern Ontario landscape is 

also an important issue. The prospect thai single-species 

plantations may lead to monocultures is of particular 

concern. Do all cutovers resulting from full-tree logging 

lend to support monocultures alter a single species has 

been planted? This study describes the stand structure and 

composition of selected full-tree harvested sites approxi 

mately 10 years after harvest. From these site portraits tree 

stratum diversity concerns have been examined. 

LITERATURE REVIEW 

Ingress of natural regeneration appears to be highly re 

lated to site type. Several studies (Hatcher 1960, Godin 

1985. Harvey and Bergeron 1991) have described 

postharvest stand conditions composed largely of balsam 

fir advanced regeneration, and indicate that lillle or no 

subsequent ingress occurred. Yet ingress clearly makes a 

major contribution to overall regeneration success on 

other sites. 

On sites that do experience ingress, several studies have 

been conducted that include some discussion regarding 

the rale of ingress of natural regeneration onto clear-cut 

sites. In Alberta, Day and Duffy (1963) examined 2 800 

plot clusters from 80 sampled areas and concluded that 

ingress continued into the second decade of stand devel 

opment. Stocking, rather than density, was preferred as a 

measure of success, and mi croenviron menial factors were 

died as more important llian macrodimatic factors during 

the regeneration phase of a forest. 

Crossley (1976) suggested that most of the ingress on 

lodgepole pine (Pinus contarta Dougl.) sites occurred by 

the third year after site preparation and lasted between K to 

12 years following such preparation. The success of 

lodgepole pine regeneration was a function of lime since 

harvest. Four years after harvest, 32 of ihe blocks studied 

1 Andison.D.W.;Callaghan,B.P. 1986. Survey of artificially regenerated sites in northcenlralOiiiario.Oni. Vlin. N'ai.Resour.. 

Toronto. ON. Unpublished report. 140 p. 
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would have been classified as regeneration failures under 

ihe Alberta government's stocking standard of40 percent. 

Yei due to ingress of natural regeneration. 7 years laler 

approximately 90 per cent of the same sites qualified as 

successes based on the same definition. Delays in scarifi 

cation of the site resulted in lower densities. 

Similar results with lodgepole pine in Alberta were re 

ported by Johnstone (1976). Ingress occurred over the 

lirst 15 years after harvest on a cutover that previously 

supported lodgepole pine. Because only softwoods were 

examined, no information was presented for hardwood 

densities or rale of ingress. Mean densities ranged from 

10 000 lo 15 000 stems per hectare, although there was a 

high degree of variation. It was recommended thai regen 

eration assessments be delayed until the eighth year 

following harvest to account for continued ingress occur 

ring on the study sites. To ensure sufficient levels of 

natural regeneration on a site, prompt scarification was 

recommended. 

In a study near Nipigon, Ontario. Lyon and Thomson 

(1979) examined ingress on a harvested jack pine site. 

Ingress occurred over a long duration, into the second 

decade of stand development. After the site experienced 

repeated burns, beginning in the late 1940s, it was aerially 

seeded in 1957 and resurveyed in 1974. Jack pine density 

remained constant at about 4 700 stems per heciare during 

an 11-year period between surveys. However, significant 

numbers of trees entered the siand in two distinct "waves". 

The first wave began immediately after sowing in 1957 

and the second occurred 12 years later, thereby indicating 

a dynamic process underlying a static stem density. Un 

fortunately, there was no differentiation of the source of 

the initial population. Were these trees truly a result of the 

aerial seeding or could they have arisen from cones 

scattered on the site? It was noted that the acceptability of 

the seedbed for natural regeneration changed as the stand 

developed, but the importance of late ingress on a site was 

questioned. Recommendations were made that ingress 

and its duration is a process that should he included in 

stocking standard determinations, and it was suggested 

that the current 60 percent slocking requirement 5 years 

after harvest may be too high. 

Two recent studies describe the potential lor ingress, but 

do not address the rale question. Wiltshire2 examined the 
potential for natural regeneration of jack pine in the 

Thunder Bay District. He suggested that selected sites on 

the Spruce River forest management unit could benefii 

from the ingress of natural regeneration. Recommenda 

tions included an emphasis on finersilvicultural stratifi 

cation to identify suitable siies and to differentiate the 

treatments they receive. He also recommended thai: (i) site 

preparation should be delayed at least one season to assist 

tree planters in identifying stems resulting from natural 

ingress, and (ii) a shift to an area-based method of 

planting trees be adopted. The need to manage mineral 

soil exposure was also stressed; less heing better to limit 

the amount ofjack pine ingress on a site. 

In 1992 the Ontario Independent Forest Audit Committee 

(Hearnden 1992) completed an examination of forest 

regeneration success within the province. The objectiveof 

the audit was to move beyond the stand establishment 

stage to examine the actual success of these endeavors. 

Results of the audit confirmed that while ingress is obvi 

ously occurring across norihwesicrn Ontario, a conver 

sion of siand types from soil wood-dominated mixedwoods 
and black spruce types to hardwood, mixed wood, and jack 

pine types is also occurring. While the study provided a 

good description of the structure and composition of 

plantations, it did not attempi to relaie these resulfs to the 

prcharvest NWOFEC type, nor did the committee exam 

ine the rale at which the ingress occurred onto sites. 

From the literature it is apparent that very litllc is known 

about the exact rate of ingress onto a site, particularly for 

species thai occur in northwestern Ontario. There is little 

information on differences in levels of natural ingress on 

common site types found in northwestern Ontario and 

described by the NWOFEC. It has been suggested that 

regeneration assessments should be delayed to allow 

recognition of ingress that naturally increases the stock 

ing. Would delays in timing of regeneration assessments 

be appropriate for sites in northwestern Ontario? 

A recent study of sites across the northwest region of 

Ontario should provide data that will address [he lack of 

information on rate and density of ingress.3 However, due 

to the age of the plantations in the study the results are 

applicable only to tree-length harvested sites. Are the 

results similar for plantations established following full-

tree harvesting1.'The use of full-tree harvesting techniques 

has increased dramatically in northwestern Ontario 

(Wtensczyk 1992). There is now concern that full-tree 

logging, especially in jack pine and black spruce stands, 

may remove too many cones from cutover areas, thereby 

reducing the chance of successful levels of subsequent 

natural regeneration. 

Wiltshire. B. 1992. Understanding the poiential for natural jack pine regeneration on the Spruce River Forest. Out. Min. Nat. 
Resour., Thunder Bay, ON. Unpublished report. 13 p. 

- Bowling. C; Niznowski. G.: Maley, M. Natural regeneration of softwood and hardwood tree species after tree-length 

harvesting. Onl. Min. Nat. Resour.. Northwestern Ontario Science und Technology Unit. Thunder Bay. ON. (In prep.) 



The primary objective of this study was lo determine if a 

link exists between selected site types defined by the 

NWOFECand the rate and density of ingress occurring on 

[hose sites after they have been full-tree harvested. While 

this study is designed to help predict which NWOFEC site 

types are likely to have ingress of natural regeneration, it 

does nol attempt to identify the causal factors. Many 

factors influence the ingress found on any particular site. 

These include mierositc, seed source, cone loading, physi 

cal site parameters, pathogens, seed and seedling preda 

tors, and vegetative competition. 

METHODS 

Survey Area Description 

The area for the study was defined as [he Ontario Ministry 

of Natural Resources (OMNR) Northwest Region, cx-

lending from the Manitoba border east to the Kenogami 

River in the north central part of the province. In the 

southern part of the region a narrow strip along the 

Canada-United States border, from Lake Superior lo 

Manitoba, falls into the Great Lakcs-Sl. Lawrence Forest 

Region (Rowe 1959). The major conifer species of this 

region include eastern white pine (Finns strobas L.), red 

pine (Finns resinosa Ail.), and eastern hemlock (Tsuga 

canadensis [L.| Carr.). Major deciduous tree species in 

clude yellow birch (lientla aHeghaniensis Brill.), sugar 

maple {Acerscicfharum L.i. and red maple (Acei ruhium 

L.) The remainder and majority of the study area falls into 

the Boreal Forest Region. The dominant softwood and 

hardwood species that define tliis forest include jack pine, 

black spruce, white spruce |/'i1c['H^/«Hc«[Mocneh]Vo';s). 

balsam fir (Abies balsamea [L.] Mill.), tamarack {Larix 

laricina [DuRoi| K. Kodi). poplar {Populvs trenmloides 

Miehx.). and white birch {Betulapapyrifera Marsh.). 

Procedures For Site Selection 

The methodology followed that used by Bowling et a!.4 It 

was decided that a large-scale survey approach was better 

suited for this study than was a permanent sample plot 

approach since meaningful results would be difficult to 

obtain within the restricted time frame of the Northern 

Ontario Development Agreement (NODA). With the 

SOARS database as a starling point, plantation records 

were examined at districts across the Northwest Region so 

as to compile a short list of survey sites. Candidate stands 

were selected from district and company records using the 

following criteria: 

!. Ten to 15-year-old full-tree harvested areas, planted to 

jack pine, red pine, white spruce, or black spruce and 

without replant. 1111 plant, or aerial seeding. 

2. Three seedbed condition classes (SCO including: in 

tact/mixed forest floor fSCCl), scalped soil (SCC2). 

and slash. 

3. NWOFEC soil types and preharvest vegetation types 

(Table 1). 

Although the postharvesl vegetation type of a site may 

have technically changed compared to the preharvest 

condition due to planting, ingress was studied for the 

preharvesl vegetation condition. For example, a red pine 

plantation located on an area previously classified as a 

jack pine vegetation type was acceptable for this study and 

would have been categorized as a jack pine site type. 

Ecologically similar NWOFEC vegetation types were 

grouped together into treatment units (TU's) as described 

by Racey etal.(I989). 

Due to the nature of the study, the determination of 

"naturally"' regenerated trees was of primary concern 

since ingress was nol monitored over time. In addition. 

most seeding that took place was aerial in nature. This 

resulted in variable tree spacing across the site. Such 

nonuniform distribution of tree seedlings could easily be 

confused with natural regeneration. Consequently, seeded 

sites were not sampled because of the difficulty in distin 

guishing ingress. 

Aerial seeded sites that were later planted were nol sampled 

either because the trees established from ihe introduced 

seed were impossible to distinguish from naturally occur 

ring seedlings. Thinned sites were avoided because there 

was obviously ingress removed from these sites. Some 

sprayed sites were visited, but these were omitted front the 

final database because the hardwood data would have 

been difficult lo interpret. 

Field Sampling Procedures 

Stratification 

Although the silviculture! records usually indicated if a 

site had received any lending, a ground check of each site 

before sampling allowed for confirmation ofrccord accu 

racy. Tile ground check also provided an opportunity to 

combine knowledge of the site's history gathered from the 

files (preharvest Forest Resource Inventory [FRI] data 

and the si I viculture card data) wiih the existing postharvcsl 

vegetation community to determine the preharvesl 

NWOFEC vegetation type. Obviously, there was some 

clement of conjecture in this estimation. Residual stand 

ing timber was inspected if it was believed to be similar to 

what had been harvested (most often, lowland areas sur 

rounding the cut block were all that were left, thereby 

giving a poor representation of what previously existed on 

Ibid. 



the site). Where possible, preharvest stand composition 

was estimated from the study of preharvest photos. 

Each of the candidate plantations was subdivided as 

precisely as possible into homogeneous areas ol vegeta 

tion and soil type. This was done in the office using FRI 

maps, known NWOFHC plot locations, and air photo 

interpretation. 

Sampling Intensity 

Plots were established within each plantation unlil a 

precision of ±25 percent of mean lotal slem density lor the 

dominant SCC was achieved. The total number of plots 

required to obtain this precision depended on the stocking 

and density of each plantation. Precision estimates were 

calculated separately for each SCC within a plantation. 

At each site sampling began by establishing a minimum of 

11 plots on the dominant seedbed (usually SCC I [intact/ 

mixed forest door]). Data from each plot were recorded on 

a hand-held computer that calculated the mean and stan 

dard deviation of total stem density. At this point, if the 

standard deviation was within 25 percent ol the mean and 

a minimum number of trees were destructively sampled, 

sampling was considered complete. If, however, the stan 

dard deviation was greater lhan 25 percent of the mean 

stem density, the required sample si/e (based on 25 percent 

of total stem density as the allowable error) was calcu 

lated. Once the newly determined number of required 

plots was known, sampling continued until the additional 

plots had been established. Again the standard deviation 

was calculated and compared to the mean stem density. 

This process continued until a standard deviation within 

the 25 percent mean had been achieved or until efforts had 

exhausted an operational maximum of 1 day of surveying 

the site. On average, 26 plots were established per site. 

Sampling For Stand Description Data 

To remain within the predetermined sample area and to 

mitigate edge effects, transects were laid out perpendicu 

lar to the direction of site preparation from a random 

starting point at one edge of the stratum. A series of 4-in~ 

circular plots (radius = 1.13 meters) was established every 

5 meters along the length of each transect. Aleacli plot, the 

following were determined: 

1. Seedbed condition class (SCC) 

a. Intaci/mixed forest floor 

b. Scalped/bare mineral soil exposure 

C. Rock/slanding water/slash 

2. Number of trees/species/hcight classes 

3. Height and species of tallest tree 

4. Percent cover/ahundancc of competing vegetation by 

species. 

Only the first two seedbed conditions were regarded as 

acceptable. Although germination can occur on liic third 

seedbed, it represents an unsuitable microsite in the long 

term. A seedbed condition had to be represented on at least 

70 percent of each plot or the plot was rejected. For 

example, if a plot contained 60 percent intact forest floor 

and 40 percent mineral soil exposure, it would have been 

deemed unacceptable and sampling wnuld have been 

continued at (he next plot, 5 meters along the transect. 

At each plot with a suitable seedbed condition (i.e.. SCC I 

and 2 > all the trees within llie4-m plot were tallied using 

the following height classification: 

1. [.ess than or equal lo 0.10 meter 

2. 0.11 meter to 1.00 meter 

3. 1.01 meters to 3.00 meters 

4. 3.01 meters to 8.00 meters 

5. 8.01 meters and greater 

At this lime the tallest tree in ihe plot was determined and 

its species recorded, its height was also measured and any 

visible damage was documented. Any dead trees that 

occur: ed within the plot were also noted by species. While 

at each plot, ihe shrub stratum species were listed with a 

corresponding visual estimation of the percent ground 

cover for each. 

Sampling For Rate of Ingress 

When each site was ground checked it was determined 

which tree species would be destructively sampled to 

coiled rate data. Only those tree species that were pre 

dicted to compose at least 20 percent of the stands' stem 

density at maturation were chosen. Destructive sampling 

began on the first plot established and continued on every 

fifth plot. On these plots, stems for the predetermined 

softwood and hardwood tree species, of all sizes (except 

forobvious residuals or wolf trees), were felled and a stem 

disc was taken at the root collar. Destructive sampling 

continued until a minimum often stems of each species 

had been collected from at least two separate destructive 

sample plols with the same seedbed condition class. Plots 

were established until both the density requirement and 

rate prerequisites were satisfied. 

Each disc was appropriately marked by species, plot 

number, and plantation number. Each plot's collection 

was bagged separately and kept in cold siorage until 

analysis. To aid in later aging analysis of small irees. the 

entire plant was collected. 



Data Analysis 

Stand Description Analysis 

Two methods were used to describe density and species 

composition. Tables of average densities of individual 

tree species were produced. Stacked column charts, which 

illustrate the density of each species in each height class, 

were also created. Kruskal-Wallis H tests (McClave and 

Dietrich 1988), followed by a n on para me trie multiple 

comparison test (Netcr et al. 1990). were used to lest for 

differences in densities of individual species within and 

among the three treatment units. Mann-Whitney nonpara-

inetric tests (Steel and Torrie 1980) were used to lest for 

differences between SCC's on the same treatment unit. 

The percentage of plots stocked to each tree species by 

height class was calculated and averaged for each treat 

ment unit. Differences in stocking among treatment units 

was tested using a one-way ANOVA. The probability of 

natural ingress of a species on a given site was calculated 

as an additional means of describing postharvesl SCC's. 

This was determined by calculating the proportion of sites 

in each treatment unit that had an occurrence of each 

species in each height class. 

flare of Ingress Analysis 

Previous ingress research has focused primarily on stand 

structure and composition. Rate of ingress is also impor 

tant for operational survival assessments that must be 

completed shortly after artificial establishment has oc 

curred. 

The Tree Ring Increment Measuring (TRIM I system was 

used to count disc rings. Rates of ingress were summa 

rized by species, seedbed condition class, and treatment 

mill. 

Each site was assigned a cutoff aye based on the lime 

elapsed since harvest had occurred. Any lice older than 

this cutoff age would then be defined as advanced regen 

eration. Using this criterion, advanced growth thai had 

been destructively sampled was easily removed from the 

database after the TRIM work was complete. 

Destructively sampled trees that had obviously been planted 

were double checked in the office using the TRIM lo 

confirm that their present age was the same as that of the 

planledslock.Theageol planted trees could be determined 

accurately based on the age oi~ the stock and the time 

elapsed since they had been planted. With the age of the 

planted trees known and the use of a removal rule based on 

the SOARS data (it was determined that the ratio of 

planted trees to naturals was 4.3 to 1). planted trees were 

removed from the database. 

Theoretically, natural regeneration could continue to en 

ter a site indefinitely. An artificial end poiniof ingress was 

defined lo restrict the focus of this study to the natural 

regeneration that occurred during the plantations' early 

years. The early years are crucial because the ingress that 

enters asite before crown closure will likely contribute to 

the stands" dominant canopy at maturity. The end point or 

"index age" also provided a way to quantitatively express 

the rate of ingress. 

Any ingress that entered a site up to the index age was 

interpreted as 100 percent of a site's natural regeneration. 

For example, if the index age is set at 10 years, then the rate 

of ingress would be based on the first decade of stand 

development. On a 10-year-old clear-cut site, suppose 

one-hall ol the trees were 8 years old and the remaining 

Irecs were 6 years old. In this scenario, the first one-half of 

the tree population entered the site 2 years after harvest; 

the remaining ingress occurred 4 years after harvest. 

Relative to the index age, 4 years would indicate that 

ingress was complete early in the stand's development, 

i.e., no ingress occurred during the next 6 years. 

Although an index age of ten was originally planned, an 

index age of seven was ultimately chosen. The younger 

index age was selected because of the recent transition to 

full-tree harvesting in Ontario's Northwest Region, and 

the consequent young age of sites available for study. The 

suitability of a 7-year index age for this study is supported 

by a recent study.1 This research suggests that natural 

ingress of most species is complete between 7 and 8 years 

after tree-length harvesting in northwestern Ontario, when 

an index age of ten was used. A one-way ANOVA was 

completed for each species to test for differences on the 

three treatment units studied. 

A second method used to describe the rate of ingress 

involved graphically illustrating, by cumulative fre 

quency, the rale ol ingress across the time period from 

harvest lo the index age. Rate graphs were developed for 

each treatment unit and seedbed condition class. 

1 Miller, RJ. 1991. Stem analysis module for MS-DOS computers. Ont. Min. Nai. Resour., Ontario Forest Research 

Institute. Saull Ste. Marie, ON. Unpublished report. 9 p. 

'Bowling, C.;Niznowski.G.; Maley, M. Natural regeneration of softwood and hardwood tree species afler tree-length 

harvesting, Ont. Min. Nat. Resour.. Northwestern Ontario.Science and Technology Unit, Thunder Bay. ON. (In prep.) 



RESULTS 

Description of Sampling Sites 

A total of 64 different planted areas were visited over the 

2-year duration of this study. Before a site was sampled, 

the amount of mineral soil exposure was examined 10 

determine if the iwo acceptable seedhed conditions were 

present in sufficient quantity to sample both. As a result of 

plantations sampled with multiple seedbed conditions. 

71 different sites were surveyed. 

Full-tree harvesting came into common practice at differ 

ent limes across Ontario's Northwestern Region. Due to 

the use of plantation age as a primary criterion for site 

selection, this resulted in anominifbrmsampling intensity 

across the various districts. 

The concentration of sampled sites was highest in the 

Dryden and Thunder Bay districts, intermediate in the 

vicinity of Geraldton and Sioux Lookout, and lowest 

around Red Lake and Nipigon. Suitable sites were not 

found in either the Kenora or Fort Frances districts be 

cause of the lack of full-tree harvesting in these areas. 

Almost two-thirds of the sample siles were classified as 

Treatment Unit E prior lo harvest (Table 1 and Figure 1). 

Treatment Unit Faccounted for approximately one-quarter 

of the sites while slightly more than one-tenth ofthe sites 

were classified as Treatment Unit G. 

The majority (H3 percent) of the siles occurred on Seedbed 

Condition Class 1 (SCC1). representing an intaet/mixed 

forest floor condition (Table 2). Mean age of the sample 

sites was slightly greater than 10 years. Time since harvest 

ranged from 7 to 15 years. (Table 3). 

Stand Structure and Species Composition 

General Overview 

Of 1 680 plots established over 2 years, only 5 percent had 

no trees (Table 4). This absence of trees may have been 

due to a lack of ingress or mortality of planted stock. 

Approximately three-quarters of the plots had at least one 

naturally regenerated black spruce orjack pine tree over 

I meter in heighl (Slocking Categories 3 and 4 combined). 

Density by Height Class 

Hgures 2 to 6 present the relationship between height 

class, tree species, and density for the different seedbed 

condition-treatment unit combinations studied. The 

majority of ingress occurred in the third height class 

(1.0-3.0 meters) for most combinations. With an average 

age ol 10 years for the sample siles. these results suggest 

that, on average, natural regeneration will be approxi 

mately 2 m tall 10 years after full-tree harvesting. The 

fourth height class also had a large number of stems, but 

Figure I. Preharvest treatment unit classification of sites 

sampled far ingress of naturals after full-tree harvesting. 

usually stems were completely absent from the tallest 

height class. 

On most siles. jack pine and white birch dominated the 

taller height classes. On Treatment Unit F. with exposed 

mineral soil seedbeds, jack pine dominated all height 

classes. The larger amounts of black spruce on Treatment 

Unit F. arc also evident in Figures 2 and 3, although the 

dominance of jack pine on these sites is apparent. The only 

instance with the greatest density occurring in the second 

heighl class was on Treatment Unit E sites with mineral 

soil seedbeds. This combination is dominated by black 

spruce, and its relatively slow initial height growth (com 

pared to the other three species) explains why this second 

heighl class has the greatest density. Treatment Unit G had 

Ihe highest total density for Height Classes 3. 4, and 5 

combined; perhaps a reflection of the relatively higher 

productivity associated with Treatment Unit G compared 

to Treatment Units F and E. 

Probability of Occurrence 

The probability of occurrence of each tree species on the 

sampled sites was summarized for each treatment unit and 

seedbed condition class (Table 5). To approximate seed 

lings and saplings, the five height classes were collapsed 

into two broader ranges: (i) those trees less than or equal 

to 1.0 muler. and (ii) those trees greater than 1.0 meter. 

Jack pine, the most common tree species, occurred on 

slightly more Eh an two-thirds ofthe sites. The other three 

main species—black spruce, poplar, and white birch— 

were present at about the same extent across the treatment 

units; each occurred on approximately 75 percent of the 

sites. 

Density and Structure Analysis 

Within Treatment Units 

Densities of ihe four dominant species on the five treat 

ment unit-seedbed class combinations were calculated 

for the two height class ranges, namely saplings (trees 

> 1.0 m high) and seedlings (trees <1.0 m high). 



Saplings 

For each treatment unil-SCC Combination, the mean 

density in the sapling height class a! the time of sampling 

has been calculated (Table 6). The densities shown repre 

sent conditions for a range of plantation ages between 7 

and 15 years. 

On Treatment Unit F. jack pine sapling density signifi 

cantly exceeded thai of all other species on boih SCCI and 

5002(5? 12 and 7 815 saplings/hectare, respectively). In 

contrast, jack pine on Treatment Unit G and Treatment 

Unit E wilh intact mixed forest floor (SCC1) also aver 

aged the greatest density, but did not differ significantly 

from the second and third most frequent species. On 

Treatment Unit E with mineral soil exposure (SCC2) there 

was no significant difference in density across all species. 

Seedlings 

Only two combinations of treatment unit and seedbed 

condition class produced significant differences in seed 

ling density (Table 7). Treatment Unit F on SCC2 had 

significantly more jack pine than poplar seedlings. Treat 

ment Unit E on SCCI supported significantly more black 

spruce than poplar seedlings (3 388 and 598 seedlings/ 

hectare, respectively). The rank of average seedling den 

sity for each species mirrored that of the sapling height 

class on Treatment Unit F found on exposed mineral soil 

seedbeds, i.e., dominated by jack pine, followed by black 

spruce, while birch, and then poplar. Treatment Unit B. 

with an intact forest floor, had the highest average density 

of black spruce seedlings (3 388/ha), although, it did not 

differ significantly from white birch (3 022/ha). Jack pine 

seedlings wereclcarly not as dominant on this condition as 

were jack pine saplings. Jack pine seedlings represented 

19 percent of lota! seedling density across all species, but 

46 percent of total sapling density. 

Across Treatment Units 

Density differences across treatment units were also tested 

(Table 8). Densities ol jack pine showed no significant 

differences among treatment units. Black spruce seed 

lings were significantly more frequent on Treatment Unit E 

(3 971 seedlings/hectare] than on either Treatment Unit F 

(I 151 seedlings/hectarcl or Treatment Unit G (I 192 

seedlings/hectare) on SCCI. Black spruce sapling densi 

ties were significantly less on Treatment Unit G than on 

Trealmem Unit I-., hut did not differ significantly from 

Treatment Unit Fon SCCI. Total density ol black spruce 

stems was significantly greater on Treatment Unit E 

compared to Treatment Unit F and Treatment Unit G on 

SCCI. wilh 5 868, I 969. and I 350 seedlings/hectare, 

respectively. No significant differences occurred among 

the densities of poplar seedlings on SCCI across the three 

treatment units. In contrast. Treatment Unit G on SCCI 

had a significantly higher density of poplar saplings than 

didTreatmeni Unit Fand Treatment Unit E. wilh 2 538. 

I 135. and 1 21 1 seedlings/hectare, respectively. Treat 

ment Unit E had the highest white birch densities and no 

significant differences were found across the ihree treat 

ment units for either the seedling, sapling, or total density 

variables. 

Differences in species density attributable to seedbed 

condition can only be discussed in terms of Treatment 

Unil E and Treatment Unit F because only one seedbed 

condition class was sampled for Treatment Unil G. On 

Treatment Unit F. average densities were less on mineral 

soil exposed seedbeds than on intact forest floor condi 

tions for all species except jack pine. The jack pine showed 

an opposite trend in both height classes. Mineral soil 

exposure significantly reduced black spruce and poplar 

seedling density, poplar sapling density, and total black 

spruce density. On Treatment Unit E. exposed mineral soil 

significantly reduced jack pine seedling density but had no 

effect on any other species. 

Combining Probability of Occurrence and Density 

Combined results of the probability of" occurrence and 

density calculations are presented for SCCI across the 

three treatment units (see Table 8). These data show that 

jack pine saplings have an extremely high probability (X) 

of existing on Treatment Unit G and thai the associated 

density is likely to be high (H]. In comparison, black 

spruce saplings have only a moderate probability (M) of 

occurring on Treatment Unil G and a low associated 

density (L) ( 800 stems per hectare). 

Stocking 

A summary of the percentage of plots stocked to each 

species by height class and treatment unit is given in 

Table 9 lor both seedbed condition classes combined. 

Bolli height classes of spruce were found to be significantly 

higher slocked on Treatment Unil E (the black spruce 

dominated TU) than on either Treatment Unil F or 

Treatment Unit G (TUs dominated by jack pine). On all 

ihree treatment units the jack pine seedlings were 

consistently lower stocked than were [he saplings. This 

indicates that 10 years (average) after full-tree harvesting 

most jack pine are at least one meier tall and that very little 

y oung (small)jack pine are present. Ho we ver. no signifkan I 

differences existed across any of the trealmeni units for 

cither height class of jack pine. On Treaiment Unit G 

poplar saplings were slocked significantly higher (57 percent) 

than on Treatment Unit E (24 percent) or on Treatment 

Unit F (22 percent). 



Rate of Ingress 

While, in the previous section, two sites may appear 

similar in terms of stand structure and composition, the 

dynamics involved in the arrival of those stems may be 

entirely different on ihose sites. On average, across all 

species, ingress was completed most rapidly on Treatment 

Unit F. Trcaiment Unit E was the second quickest to 

achieve maximum ingress, while ingress was slowest to 

achieve completion on Treatment Unit G. However, nu 

significant differences were detected in the time it took for 

any treatment unit to receive all of its ingress (Table 10). 

On average it took 5.5 ±1.6 years to achieve maximum 

ingress on the sites surveyed. For no species or treatment 

unil was ingress onto a site completed before at least 

4 years. 

Figures 7 to II illustrate the average rate of ingress for 

each treatment unit-seedbetl condition combination. On 

Treatment Unil E, found on intact forest floor, jack pine 

entered the sites quite quickly while white birch was 

usually the slowest species to complete its ingress. These 

results can be eon finned by cross-checking with Table 10. 

in which it will be seen that complete ingress of jack pine 

is quickest at an average of 5.48 years; white birch arrives 

over the longest period at 5.93 years. 

DISCUSSION 

Stand Structure and Species Composition 

Results from this study suggest that ingress of naturals 

after full-tree harvesting depends on the preharvest veg 

etation community. Regardless of site type, all sites expe 

rienced high levels of ingress. 

One unexpected result was the relatively large amount of 

white birch regeneration. The tendency for white birch to 

be more prevalent than poplar on the study sites may be 

due to the high levels of birch residuals that were often left 

standing on the sites. The high densities of birch may also 

be a result of the forest floor remaining relatively undis 

turbed, thereby discouraging poplar suckering. 

As anticipated, jack pine was the most common species 

occurring on the siles. Most likely, this was because it 

made a major contribution to the preliarvest stands and is 

an aggressive pioneer species. 

Jack pine saplings dominated the jack pine/feathermoss 

siles (TU F) 10 years afler full-tree harvesting. Black 

spruce and while birch seedlings were more prominent 

than seedlings of other species on Treatment Unit E (black 

spruce mixedwoods). As well, black spruce stocking was 

higher on Treatment Unit B. Poplar saplings were highly 

stocked on Treatment Unit G (jack pine/shrub rich sites). 

All of these patterns suggest that treatment units return to 

their preharvest tree species composition, although abso 

lute proportions of each species on the siles may be 

different. 

Seedlings accounted for the majority of stems found on 

Treatment Unit C, This could be due to a greater amount 

of black spruce, which takes a longer lime to develop into 

saplings. There is a chance thai eventually the seedlings 

wil! contribute significantly to the final stand composition 

because this height class is composed primarily of rela 

tively larger trees. Spruce seedlings on Treatment Unit 0 

may eventually increase the final spruce component on 

mature sites. If this occurs, the spruce dominance or 

codominance on these sites would be maintained. 

The large variation in actual densilies may be accounicd 

for by a number of factors. Treatment units are a coarse 

definition of a site type, so the different composition of the 

preharvest stands will influence what natural regeneration 

ultimately returns to the siic. The age of harvested stands 

may have varied and this could have affected cone loading 

and thus ihe amount of seed available for natural regenera 

tion. The average stem densities represent conditions for 

a range ofstand ages, and there will be an inherent level of 

varialion in stem density lor maturing stands. 

Jack pine was more abundant, hut not significamly so, on 

exposed mineral soil on Treatment Unit F; otherwise, 

stem density was lower on this site combination for all 

other species (significantly so for poplar). Numbers of 

jack pine seedlings were significantly less on Treatment 

Unit E sites with exposed mineral soil ihan on similar siles 

with intact or mixed forest floor. On Treatment Unit E, 

black spruce tended to have higher densities on sites with 

exposed mineral soil. Although the dominant conifer's 

stem density increased witli mineral soil exposure on both 

sites, perhaps competing vegetation also intensified on the 

disturbed foresi floor. This would hinder the germination 

of even more conifer stems. 

Results for the full-tree harvested sites arc very similar to 

that reporied for tree-length harvested sites. For example, 

the same trend was observed for both studies with respect 

to the probability ofa tree species occurring on a site. Jack 

pine was the most commonly occurring species afler both 

types of harvesting; black spruce, poplar, and while birch 

were encouniercd less often. Jack pine densities were the 

highest of any species after either type of harvesting. 

White birch experienced the second highest densities 

overall after full-tree harvesting, while poplar had the 

second highest densities afler tree-Iengih harvesting. Total 

stem density was roughly comparable between the two 

types of harvesting on equivalent sites. However, white 

birch occurred at higher densilies following full-lrec 

harvesting. Similar stand structures were observed afler 

both methods of harvesting. Treatment Unit E contained 



Ihe greatest proportion of seedlings {approximately 

50 percent of the total stems alter full-tree harvest compared 

to approximately 40 percent following tree-length harvest). 

Although fewer stems were classified as seedlings on the 

tree-length harvested sites, the average age of the sites was 

older. This allowed a greater opportunity for those stems 

to advance to the sapling height class. After both methods 

of harvesting, the density of jack pine saplings on Treatment 

Unit F was higher when encountered on exposed mineral 

soil. This same trend was observed for black spruce on 

Treatment Unit E. 

Regardless of what tree species was planted on the sampled 

sites after full-tree harvesting, given enough time nature 

dictated the composition and structure of the stand that 

developed. Neither barren sites nor monocultures were 

encountered. All four main species were found on the 

majority of the sites. This also tended to be the ease after 

tree-length harvesting. 

Stem clumping was observed on many study siles. Clump 

ing can be loosely defined as a high number of trees 

growing in a small area. Unfortunately, no mechanism 

was used to explicitly record the amount or severity of 

dumping. Siles that had clumping were characterized by 

high densities associated with relatively low levels of 

stocking. Clumping occurred most often with jack pine, 

particularly on Treatment Unit E, and with white birch on 

Treatment Unit F. Clumping was anticipated with jack 

pine natural regeneration because all of the seed from a 

cone that tails on a suitable seedbed may potentially 

germinate. Nature is not "concerned" with creating a well-

spaced stand. 

Depending on the objectives for a stand, lending may be 

necessary on (he majority of the study sites visited. If the 

stands arc to be managed for timber production, they 

should benefit from thinning. However, if the stand is 

designed for pulpwood production, then maximum bio-

mass on the site may be the objective. As this would likely 

by accompanied by a short rotation age, thinning may not 

be necessary. Due to the erratic spacing and clumping of 

the natural regeneration on most cutovers, planted trees 

helped lo improve slocking. Unfortunately, natural 

regeneration often occurred close to the planted trees and 

this created an undesirable crowding condition. The 

problem then becomes one of being unable to predict 

where natural regeneration will occur. However, rather 

than attempting to predict ibis, it may be more reasonable 

to delay planting so thai natural regeneration can be 

allowed to enter the site. Planting could then be avoided. 

To a large extent the stand composition emerging as a 

result of natural regeneration approximately 10 years after 

harvest resembled the preharvest vegetation community 

on the sile. Thus, a wholesale shift in vegetation commu 

nities did not occur on the study sites. 

Al first glance, it may appear that some stand conversion 

to mixeclwood may have occurred, particularly on the 

spruce-dominated sites that had a high density of poplar 

and while birch. Since all of the treatment units include 

conifer-dominated mixedwood NWOFfiC vegetation types 
in their definition, it is difficult lo distinguish if indeed 

there was a shift to an increased hardwood component on 

the study sites. Perhaps a large number of the study sites 

previously supported these mixedwood vegetation types, 

thereby accounting for the higher levels of hardwoods. 

However, a conversion to a more hardwood-dominated 

mixedwood would be likely since poplar, birch, and jack 

pine are considered to be more aggressive, earlier succes-

sional species than is black spruce. 

Rate Analysis 

While the density and species composition components of 

this study represent a "snapshot" of conditions existing on 

plantations 7 lo 14 years after harvest, the rale componcnl 

sought to answer different questions: How fast did the 

ingress occur on a given sile? Was the rale of such ingress 

related lo NWOPEC site types? The implications of rate 

of ingress could dramatically alter the assessment ofa site 

and thus any subsequent prescriptions. For instance, de 

pending on the NWOFEC type, a site may not be accu 

rately judged for success 5 years after harvest because 

ingress may continue to enter the stand throughout its first 

decade of growth. To interpret the rate of ingress relative 

to the index age it is important lo remember thai the higher 

the number the longer ingress continued to arrive on a sile 

since harvest. Therefore, a small number in relation to the 

index age would indicate thai ingress occurred on a site for 

only a short time after harvest. 

Although a trend existed among species at the rate ihey 

entered the treatment units, differences were not statisti 

cally significant. As an example. Treatment Unit F (jack, 

pine/fcathermoss) was the quickest site to complete in 

gress for all species on both the full-tree and tree-length 

harvested sites. The ingress of naturals on Treatment Unit 

K progressed more rapidly than on Treatment Unit G after 

full-tree harvesting, but the reverse was true on tree-length 

harvested sites. 

The average age for which ingress was complete across 

the treatment units was 5,5 years, based on an index age of 

seven. However, is seven an appropriate index age? From 

the literature it would seem inevitable thai ingress will 

occur beyond the seventh year. Ingress did, in fact, con 

tinue beyond 5 years on mosi sites; however, it was not 

captured in this study due to the relatively young index age 
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Seedbed Condition Class I. 
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Table 1. Vegetation and soil type criteria for study site selection. 

NWOFEC treatment units Dominant tree species 

Black spruce-jack pine 

Jiick pine 

Jack pine 

Soil description 

NWOFEC vegetation types 

E 

F 

G 

NWOFEC soil unit 

19,20.31,32,33 

18 and 29 

17 and 28 

NWOFEC soil types 

SU-I 

SU-2 

SU-3 

SU-4 

Shallow 

Sandy 

Coarse loamy 

Fine loamy/clayey 

SS1.SS2.SS3.SS4 

S1.S2.S7.SS5 

S3.S8.SS6, SS8 

S5, S6. S10, SS7 

Table 2. Number of sites sampled by treatment unit and seedbed condition class (SCC). 

Treatment unit SCC .SCC 2** Total 

E 

F 

G 

Total 

38 

13 

8 

59 

7 

5 

0 

12 

45 

18 

8 

71 

* SCC I = intact/mixed forest floor. 

** SCC2 = mineral soil. 

Table 3. Age-class distribution of sites studied for ingress of natural regeneration after full-tree harvesting. 

Growing seasons since harvest 

9 10 II 12 13 14 15 Total 

No. of sites 10 16 5 22 71 

Table 4. Distribution of 4-m plots by slocking category. 

Stocking category 

Percentage 

of total 

Number 

of plots 

1. No trees occurred. 

2. Any tree species may have occurred but none exceeded 

I meter in height. 

3. Any tree species may have occurred, but at least one 

must be black spruce or jack pine over I meter and no 

hardwoods over I meter occurred. 

4. Any tree species may have occurred, but at least one 

must be black spruce or jack pine over 1 meter and at 

least one hardwood species over 1 meter occurred. 

5. Any tree species may have occurred, but at least one 

must be a hardwood over 1 meter and no softwoods 

over 1 meter occurred. 

6. Any tree species may have occurred, but at least one other 

conifer* over 1 meter was present. 

5 

10 

43 

31 

7 

100 

166 

730 

525 

124 

48 

1 680 

*Conifer - balsam fir, cedar, larch, red pine, or white pine. 
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Table 5. Probability of occurrence (exp**ssfed as a percentage of ihc number of plantations [n] of each species by 
treatment umi [TUj. height class [m |. and seedbed condition class [SCCJ). 

Species* and height class 

TU n SCC 

Sb Po Bw 

> 0 £1.0 >J,0 

E 

7 

13 

5 

8 

U 

43 

77 

20 

100 

76 

71 

K5 

40 

100 

82 

71 

54 

60 

75 

68 

57 

54 

40 

88 

* Pi -'j =_j;^k pine. Sb = Mack spruce. Vo = poplar, and Bw = white birch. 

Table6. Mean density (siems/heela re) of natural regeneration occurring in the stipling height class f>1.0 m) by tniatinenl 
unit (TU), species*, and setdbed condition class (SCC)**. 

Sb 

Po 

Bw 

7067 a ±4151 5512 a +4450 7SI5;i ±4003 

159 b ±316 &19b ±1217 499 h ±1035 

2538 ab ±1633 1135 b ±1817 123 b ±203 

23.37 ab ±2158 2225 b ±3245 24S b ±340 

5355 a +7927 

153K ab ±1257 

1211b ±2110 

3552 ab ±4696 

2342 a ±1522 

1897 a ±1646 

949 a ±1518 

3751 a ±3967 

*Pj = jack, pine, Sb ~ black spruce, Po = poplar, and Bw = while birch. 

**Letlers next io density values correspond to rtonparametric multiple comparison tosi (jYuni Nctcret al. 1990) nn ranks 

oi the species. For each TU. species with the same letter arc not significantly different (p = 0.05), The number of 
plantations sampled is provided in brackets, 

***SD = standard deviation. 

Table 7.Mean density (stems/hectare) of natural regeneration occurring for each species by treatment unit (TU). height 
class ("m), and seedbed condition class (SCC).+* 

Letters next to density values correspond to nnnparainetric multiple compiiiison test {from Neter et al. 1990) on ranks of the 
species. Far each species, TU's with the same letter arc nut significantly different (p = 0,55), 

* Number of plantations sampled in brackets. 

** Pj = jack pine. Sb = black spruce, Po = poplar, and Bw = white birch. 



* Each pair of letters represents: probability class (%)-dcnsity class (stems/hectare) 

L = Low; M = Moderate; H = High; X = eXtrcmely high 

Probability classes (9f) arc ; L = 25. M =26-50, H =51-75, x>76. 

Density classes (stems/hectare) are L = 800; M = 801-2100: H > 2101 

** PJ = jack pine, Sb = black spruce. Po = poplar, and Bw = while birch. 

Table 9.Proportion of plots stocked in each treatment unit (TU) with natural regeneration by species and height 

class; both seedbed condition classes combined."1" 

+ Letters next to density values correspond to Bonferroni multiple comparison test on ranks of the species. For each 

species, TU's with the same letter are not Significantly different (p = 0.05). 

* Pj -jack pine, Sb = black spruce, Po = poplar, and Bw = while birch. 

**SD - standard deviation. 

Table 10.Years lo reach 100 percent ingress (based on index age of 7) after full-tree harvesting for selected species 

on three treatment units (TU). by seedbed condition class ISCC). 

+ Letters next to density values correspond to Bonferroni multiple comparison test on ranks of the species. For each 

species, TU's with the same letter are not significantly different (p - 0.05). 

* Pj = jack pine, Sb = black spruce. Po - poplar, and Bw = white birch. 
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chosen. How much longer ingress actually lasts on aver 

age is open to speculation, It would seem plausible, 

however, ihiit il does indeed continue at least until the end 

of [he first decade of stand development. 

Due to the sample methodology, no information was 

collected on tree mortality thai occurred during the first 

10 years of stand development. Although lack of mortality 

data is not a major concern, without it the exact nature oi 

each stems' arrival onto a site remains unknown. For 

example, consider a rate graph that indicates SO percent ol' 

the ingress had arrived on a site 4 years after harvest. These 

stems may appear to have entered the stand consistently 

over time, but an unknown amount of mortality accompa 

nied that ingress over the same period. 

11 appears thai ingress tended to either be complete or on 

the decline 7 years after full-tree harvest took place. While 

it is inevitable that some ingress will continue onto these 

sites after the first 7 years, it is perhaps more important to 

consider the implications of the additional trees rather than 

the amounts alone. Seven years alter harvest competing 

vegetation is well established on the cutovers, as is a large 

number of naturally regenerated trees. At some point in the 

future the contribution of subsequent ingress will be little 

more than a biological phenomenon rather than a mean 

ingful contribution to the final stand's makeup. When 

ingress' contribution becomes diminished is difficult to 

predict, but on the sites that were studied crown closure 

would be occurring in the foreseeable future if it had not 

already occurred. Certainly, beyond crown closure, in 

gress will have questionable relevance in any discussion 

of the final stand's dominant canopy. Since an average of 

2 years elapsed hetwecn harvest and planting, the majority 

of study sites would have been assessed for a fifth-year 

stocking survey at7 years after harvest; probably adequate 

lime lo capture most of the stems thai will appear on the 

site. 

CONCLUSION 

Although some sort of artificial regeneration must often be 

relied upon to successfully regenerate sites, natural regen 

eration did make an enormous contribution to the site 

types investigated. However, natural regeneration must 

not be seen as a panacea to compensate for the reduced 

levels of funding available for forest renewal. 

Establishing trees before competition overtakes a site's 

available growing potential must be balanced by consid 

eration given to the level of ingress the site will attain and 

when it will arrive. Perhaps areas coukl be left unplanted 

for a longer period after harvest if competition levels 

remained reasonably low1. This would allow ingress time 

to establish itself naturally. The feasibility of fill-in plant 

ing should be investigated ior these site types. 

Jack pine/1'eathcrmoss (Treatment Unit F) sites present the 

best potential to attain sufficient levels of ingress for 

successful regeneration. Leaving Treatment Unit F sites 

for natural regeneration may be particularly appealing, 

because trends suggest that ingress is completed early on 

this site type. 

It is recommended that black spruce-jack pine /fcathermoss 

(Treatment Unit E| sites be planted with black spruce if il 

is desired as a dominant species for mature stands. Com 

petition control for hardwood tree species would probably 

be required most often on jack pine/shrub rich sites (Treat 

ment Unit G). 

Certainly, some sort of recognition of ingress as an eco 

logical process should be made for setting stocking stan 

dards. However, because an average of almost 2 years 

elapsed beiore harvested sites were planted, a typical 

fifth-year assessment would generally occur at 7 years 

after harvest and would capture most ofa.site's ingress. A 

fifth-year stocking survey done after harvest on a site left 

for natural regeneration would appear to be premature, 

particularly on Treatment Unit E and Treatment Unil G 

sites. Therefore, il would be prudent to delay a stocking 

survey until the seventh year after harvest for areas left for 

natural regeneration. 
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