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Cutting Methods in Mixed Conifer Swanps,

Upper Michigan
By John W. Benzie

• INTRODUCTION •

Mixed conifer swamp forests produce an assort-

ment of wood products, provide a habitat for many
species of wildlife, and furnish a storage basin for

ground water. They occupy many of the poorly

drained sites in the northern hardwood region.

Stands vary from small patches of a few acres to

several hundred acres and are made up of several

species, any of which may be predominant on a

given site.

Management of the mixed conifer swamp type

for the production of wood, game, and water is

concerned with ( 1 ) influencing the amount and

kind of regeneration established after harvesting

mature trees, ( 2 ) reforesting denuded swamps,

and ( 3 ) increasing the growth and yield of young

stands. One of the most important problems is

securing prompt and adequate regeneration of the

conifer species (Thornton, 1957a).

A survey of reproduction on cutover swamp-

lands in the Upper Peninsula of Michigan was

made in 1951 ( Zasada, 1952). It showed that new
forest stands were usually established after com-

mercial logging. However, the proportion of conif-

erous reproduction was less than in the original

stands, and severe competition from shrub and

hardwood species sometimes delayed the develop-

ment of coniferous reproduction for many years.

These results indicated the need for further testing

of even-aged and uneven-aged cutting methods to

obtain conifer regeneration.

Two detailed studies and three less intensive

ones were installed between 1952 and 1955. The

first 5-year results from these studies are the basis

for this report.

• THE MIXED CONIFER SWAMP TYPE •

Definition

The mixed conifer swamp type is composed of

northern white-cedar (Thuja occidentalis ) , black

spruce ( Picea mariana), white spruce ( Picea

glauca), balsam fir( Abies balsamea), and a wide

variety of minor species. The proportion of tamar-

ack ( Larix laricina ) has been reduced by heavy

infestations of the larch sawfly ( Pristiphora erich-

sonii ) in many stands where it might otherwise be

a significant component. Other associated species

may include red maple (Acer rubrum), black ash

(Fraxinus nigra), yellow birch (Betula alleghani-

ensis), paper birch (Betula papyrifera), quaking

NOTE: the author is Research Forester (Forest
Management) at the Lake States Forest Experiment
Station. The research was done at the Station's North-
ern Hardwoods Project, Marquette, Mich.

aspen ( Populus tremuloides), bigtooth aspen

( Populus grandidentata), and balsam poplar (Pop-

ulus balsamijera ). Species that occur less fre-

quently are American elm (Ulmus americana),

eastern hemlock (Tsuga canadensis), sugar maple

(Acer saccharum), and eastern white pine ( Pinus

strobus ).

This complex of species is recognized in "For-

est Cover Types of North America" ( Society of

American Foresters, 1954 ) as transition forms or

variants of the three conifer swamp types; black

spruce ( no. 12 ), tamarack ( no. 37 ), and northern

white-cedar (no. 38). Since these transition forms

are composed of the same species, they are usual-

ly considered to be one mixed conifer swamp type

in the Lake States. The division between the mixed



conifer swamp type and one of the pure types is

defined as the point when that species predomi-

nates ( amounts to 50 percent or more of the vol-

ume ), but this separation is generally not made in

practice as long as the other species are well repre-

sented in the stand.

Although some stands have nearly equal stock-

ing of cedar, spruce, and balsam, most have a

greater proportion of one species. Quite often a

stand has relatively high proportions of two species

such as cedar and spruce, or spruce and balsam.

Almost any combination can be found in the mixed

conifer swamp type.

In addition to the variations in proportion of

the major species the associated species vary in

the different mixed conifer swamps. These species,

which are mostly hardwoods, fall in two general

groups: ( 1 ) red maple, black ash, and yellow birch;

and ( 2 ) aspen, balsam poplar, and paper birch.

The hardwoods associated with the conifers are

often the species found in the surrounding forest

type. Mixed conifer swamps surrounded by north-

ern hardwoods are most apt to have red maple,

black ash, and yellow birch as associated hard-

woods; those with an aspen-paper birch type

around them will more likely have that species

group in mixture. These mixtures are not limited

to a transition zone between the surrounding type

and the mixed conifer swamp type. They usually

occur throughout the entire swamp stand.

Species Characteristics
The silvical habits of the species growing to-

gether in the mixed conifer swamps vary consid-

erably. Both long-lived and short-lived, tolerant

and intolerant, and fast- and slow-growing species

occur. Although all of the major species produce

seed in the fall, some of the associated species

produce seed in the spring. Some species also re-

generate by layers and others by sprouts and suck-

ers. A brief summary of the silvical characteristics

of the major species will help to explain their re-

sponse to various treatments and to evaluate their

role in the stand.

Northern white-cedar. — This is a shallow-

rooted, slow-growing, small to medium-sized tree,

commonly 40 to 60 feet in height at maturity ( God-

man, 1958 ). In general, it does best in near-neu-

tral or only slightly acidic swamps with a shallow

organic layer of well-decomposed woody peat or

muck and moving ground water. It is a tolerant.

long-lived tree that reaches ages of 400 years or

more. Advanced reproduction of both seedlings and

layers is usually present but cannot develop under

dense, even-aged swamp stands. In old-growth

stands with small openings caused by natural mor-

tality, cedar regeneration must compete with the

more tolerant balsam fir and associated hardwood

species.

Balsam fir. — This small to medium-sized tree

is commonly 40 to 60 feet in height when mature.

It is very tolerant and a prolific seed producer

( Hart, 1959 ). Seedling growth is usually slow, but

older trees grow quite rapidly under favorable con-

ditions ( Roe, 1950 ). It is a shallow-rooted tree

that grows on a wide variety of moist to wet sites.

Because balsam fir is a short-lived tree, seldom

reaching 100 years of age, it is often less common
in the overstory of old, fully-stocked stands than

in young ones. However, when small openings are

created in old stands balsam fir is likely to in-

crease along with the hardwoods, because of the

abundance of tolerant seedlings generally present.

Black spruce. — This is a medium-sized tree,

commonly about 60 feet in height at maturity. It

is intermediate in longevity between northern

white-cedar and balsam fir, reaching ages up to

250 years ( Heinselman, 1957 ). It is usually consid-

ered less tolerant than either cedar or balsam fir

but more tolerant than tamarack. Although black

spruce seedlings and layers will become establish-

ed under a closed forest canopy, they cannot sur-

vive for more than a few years ( Heinselman,

1959 ). In the northern hardwood region, black

spruce is largely confined to organic soils ranging

from sluggish bogs to seepage areas with good

internal drainage. Competition from cedar, balsam

fir, and white spruce increases on the better drain-

ed sites. There, successional changes are more

rapid and black spruce is eventually forced out.

White spruce. — Although this tree makes its

best growth on well-drained loams, it is common
in many of the mixed conifer swamps where it

reaches 80 to 100 feet in height and over 20 inches

in diameter at breast height. It is similar to black

spruce in both tolerance and longevity. White

spruce starts growth 2 weeks earlier in the spring

than black spruce and is therefore more susceptible

to frost injury. It is also more exacting in its nutri-

ent requirements than is either black spruce or

balsam fir ( Nienstaedt, 1957 ).
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Tamarack. — This is a moderately long-lived

and very intolerant tree. It is relatively fast grow-

ing and occurs as a dominant tree in the overstory

of some mixed conifer swamps, but it is practically

never found in the understory. When tamarack is

able to survive both competition and the larch saw-

fly, it attains an average size of 60 to 80 feet in

height and 14 to 20 inches d.b.h. (Roe, 1957).

Hardwood tree species. — These, when associ-

ated with the mixed conifer swamp type, are often

defective and poor in quality. They usually com-

prise a minor portion of the overstory but repro-

duce vigorously. The aspen-balsam poplar-paper

birch group is intolerant, and the red maple-black

ash-yellow birch mixture is more tolerant. The

two groups generally occur in separate stands, but

occasionally they grow together. American elm

and sugar maple are also common in some stands.

Spring and fall seeders are represented in both

groups. The seed of red maple, American elm,

quaking aspen, bigtooth aspen, and balsam poplar

ripens in the spring, whereas the seed of black

ash, sugar maple, yellow birch, and paper birch

ripens in the fall. In addition, all of the species

except yellow birch are prolific sprouters. The

aspens and balsam poplar also regenerate by root

suckers. Juvenile height growth of nearly all the

hardwood species greatly exceeds that of the con-

ifers, but the swamp sites apparently favor the

conifers as the species mature. Advance reproduc-

tion of the more tolerant hardwood species is usual-

ly present, but the intolerant species do not re-

generate unless there is an opening in the over-

story.

Nonmercharitable shrub and tree species. —
These most frequently include mountain maple

(Acer spicatum), speckled alder (Alnus rugosa),

dogwood ( Cornus spp.), honeysuckle ( Lonicera

spp. ), and ribes (Ribes spp.).

Ecological Succession

Many of the present mixed conifer swamp
stands developed after the widespread tamarack

mortality caused by the larch sawfly infestation

from 1890 to 1910. Later some of the swamps were

cut over for single products such as cedar poles or

spruce pulpwood. Other disturbances, such as fire

and windthrow, have also altered the succession.

One ecological classification of cover types for

northern Michigan includes mixed conifer swamps

in Stage Eight of a series of ten stages originating

from seepage bogs or marshes ( Graham. 1945 ).

The previous stage ( Seven ) is characterized by

highbush cranberry, dogwood, and alder. The next

advanced stage ( Nine ) has red maple, yellow birch,

American elm, and white pine. A more detailed

discussion of successional changes within this stage

is provided by a recent description of the lowland

forests in northern Wisconsin ( Christensen et al.,

1959 ).

Tamarack is said to be the first tree species to

invade the ericaceous shrub stage of the open

bog. It is followed by black spruce. These two

species may remain a long time in various propor-

tions, but eventually they are replaced by a mixed

stand dominated by northern white-cedar and of-

ten including balsam fir and black ash. The final

stages of succession for these forests are most

likely hardwoods with mixtures of eastern hem-

lock.

Areas Occupied

In the northern Lake States, 2,356,000 acres

have been classified as conifer swamp ( Cunning-

ham et al., 1958; Findell et al., 1960; Stone and

Thorne, 1961). This includes the cedar, black

spruce, and tamarack swamps of Michigan and

Wisconsin, but only the cedar swamps in Minne-

sota. The black spruce and tamarack swamps in

Minnesota are generally pure types and more typi-

cal of the boreal forest region. Although some of

the swamps included in the northern hardwood

region are pure cedar, black spruce, or tamarack,

most of them have a mixture of the conifer species.

The mixed conifer swamp type is found in the

wet depressions and drainageways scattered

throughout the northern hardwood region. Locally,

it may cover only a few acres or several hundred.

A large proportion of the individual swamps are

less than 100 acres in size, forming pockets or

depressions only a few feet lower in elevation than

the surrounding topography. Often a ridge or an

impervious layer forms the swamp boundary, sep-

arating it from the gently rolling or sloping lands

that may be at a lower elevation but are better

drained.

Soils supporting the mixed conifer swamp type

have been grouped in three general classes : ( 1

)

peat, ( 2 ) muck, 1 and ( 3 ) wet or poorly drained

1 In this general classification, muck is defined as a
well-decomposed organic soil.

3



mineral soils ( Zasada, 1952). Usually black spruce

is the predominant species on the peat soils, and

northern white-cedar occupies the muck soils with

varying mixtures of the other species. The wet or

poorly drained mineral soils often have a more
complex mixture, including northern white-cedar,

balsam fir, black spruce, white spruce, and several

hardwood species.

Stand Conditions

Both single-story and multiple-story stands oc-

cur. Single-story stands have a closed canopy and

may be composed of one or more age classes.

Multiple-story stands usually do not have a closed

canopy and always have two or more age classes.

Multiple-story stands generally have lower stocking

than single-story stands.

Past treatment and site are the two main fac-

tors affecting stand condition. A fully stocked

stand of regeneration originating after a disturb-

ance that eliminates the entire overstory will form

a single-story even-aged stand. On less favorable

sites where the regeneration is not adequate for

full stocking, multiple-story, uneven-aged stands

result. New stands following disturbances that do

not completely remove the overstory start out as

• THE STUDY
The mixed coniferous swamps used in this

cutting experiment are located at Amasa, Dukes,

Newberry, and Norway, Mich. (fig. 1). Two sep-

arate swamps on the Upper Peninsula Experimental

Forest at Dukes were used for detailed measure-

ments and observations. Less intensive measure-

ments were taken at three other experimental areas

to provide supporting data for the test.

Figure 1. — Mixed coniferous swamp study areas in

the Upper Peninsula of Michigan.

multiple-story stands, but on the better sites they

will develop into single-story stands with a closed

canopy consisting of two or more age classes.

Past treatments include not only logging but

also disturbances by fire, wind, insects, disease,

and animals. These, acting alone or in various

combinations, have affected the present stand con-

ditions. One of the most notable effects is the alter-

ation in composition caused by severely reducing

or eliminating one or more species. Commercial

clearcutting has often removed only one or two

species, leaving those for which no market existed

at the time. Insects or diseases specific to one

species, such as the larch sawfly, also change

species composition. Some factors, such as fire

and sometimes wind or logging, affect all species

in a given area. The influence of these factors on

stand condition may be modified by site.

Site indices have been prepared for the major

species found in the mixed conifer swamp type

( Gevorkiantz, 1956, 1957a, b, c, d I and are at

present the best available measure of productivity.

However, more information is needed on site

quality, especially the identity and influence of

factors affecting successional changes, before site

character can be used to full advantage in mixed

conifer swamp management.

AREAS •
There was considerable variation among these

study areas typical of that found in the mixed

conifer swamp type. The stand "at Amasa had a

relatively light overstory density averaging only 77

square feet of basal area per acre ( table 1 ). Its

multiple-story structure was characteristic of un-

even-aged stands. Ages of northern white-cedar

exceeded 200 years, spruce ranged up to 100 years,

and balsam fir 80 years. All of the other stands

were single story with a closed canopy. The two

at Dukes had several age classes ranging from 30

to 120 years, but 75 per cent of the trees were in

the 60- and 90-year age classes ( fig. 2 ). The stands

at Newberry and Norway were primarily one age

class originating after a commercial clearcutting

60 years ago.

Only the two study areas at Dukes had more

than half of the trees in one species, which was

northern white-cedar. Spruce and balsam fir, how-

ever, were well represented and together account-

ed for about one-third of the trees. At Norway,

northern white-cedar also comprised the largest

4



proportion of the stand but was less than half of

the trees. At Newberry spruce was the largest

component of the stand with 46 percent of the

trees, followed by cedar with 38 percent. At Amasa
the species were more evenly divided, with 36

percent spruce, 29 percent balsam fir, and 28 per-

cent cedar. Tamarack accounted for 8 percent of

the trees at Norway but occurred only as scattered

trees in the other stands. An occasional white pine

or hemlock was also found on the study areas.

The associated hardwoods, ranging from 5 to

22 percent of the trees, also varied by species com-

position among the study areas. Red maple and

black ash were the most abundant hardwoods in

the two study areas at Dukes, with some American

elm, yellow birch, and sugar maple occurring

throughout the stands. Paper birch was the most

numerous at Amasa, with red maple and yellow

birch also quite common. The stands at Newberry

and Norway had primarily aspen, balsam poplar,

and paper birch, with only scattered trees of red

maple and black ash.

This variation in species composition and the

differences in stand structure among the study

areas provide a good representation of the mixed

conifer swamp type (fig. 3). Although stand char-

acteristics varied considerably there was apparent-

ly less difference between the sites.

Table 1. — Mixed conifer swamp overstory on five study areas;
trees 3.6 inches d.b.h. and larger

Study
area

Average
d.b.h.

Stand density
per acre

Overstory composition based
on number of trees per acre

Basal
area

Trees 0 ' Balsam
Spruce

|

fir
Cedar

j_

Hard-
wood

Inches Sq. ft. Number Percent Percent Percent Percent

Amasa 7.1 77 277 36 29 28 7

Dukes-A 8.9 219 507 11 16 62 11
Dukes-B 8.8 188 448 25 11 59 5
Newberry 5.8 175 936 46 7 38 9

Norway1 6.0 109 554 20 6 44 22

- Besides the species listed here, an additional 8 percent of the trees were tamarack.

F-503685
FlGUBE 2. — Uncut mixed conifer swamp stand at

Dukes-B study area. Although several age classes

ranging from 30 to 120 years are represented, the
60- and 90-year-old classes account for 75 percent
of the trees.
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Site indices were obtained for black spruce,

balsam fir, and northern white-cedar at all study

areas except Amasa where they could not be de-

termined because of the uneven-aged stand condi-

tion. Site indices, expressed as total height at 50

years, were 40 feet for black spruce, 45 feet for

balsam fir, and 30 feet for northern white-cedar on

the two study areas at Dukes. On the study areas at

Newberry they were 40, 40, and 25 feet and at

Norway 45, 50, and 30 feet respectively. Water

movement was moderate through each of the study

areas.

• CUTTING

Five cutting methods were tested. Tree selec-

tion and designation by diameter limits were used

for the all-aged systems. The even-aged systems

were a two-cut shelterwood, clearcut strips, and

clearcut blocks.

All five methods were included in the studies

at the Upper Peninsula Experimental Forest and

at Newberry. Clearcutting in blocks was not tested

in the studies at Amasa and Norway.

Uneven-aged Systems

Selection Cutting

Individual tree selection removed between one-

fourth and one-half of the basal area by cutting the

poor-risk and poor-quality trees in all size classes

over 4 inches d.b.h. The residual stands were com-

posed of spruce, cedar, and balsam fir in approxi-

mately the same proportions as found prior to

cutting. Only a few trees of other species were left

scattered throughout the stands. The cutting cycle

was undetermined but was expected to vary be-

tween 10 and 20 years depending upon the devel-

opment of regeneration and growth of the residual

stands.

The cutting provided small openings and left

a relatively uniform spacing in the overstory. The

residual overstory ranged from 48 to 119 square

feet of basal area per acre, but most of the varia-

tion was due to the variation in original stocking

(table 2).

Diameter-limit Cutting

The objective of the diameter-limit cutting was

similar to that of the selection cut. A diameter limit

was set for spruce, cedar, and balsam fir to insure

The soil on the two detail study areas at Dukes

was classified as Lupton muck. It averaged 3.5

feet deep in study area A and 3.1 feet deep in area

B but ranged from 2 to 6 feet in both areas. Re-

action of the surface layers was near neutral, with

an average pH of 7.5, but below 1 foot it was more

alkaline, with a pH of 8.0.

The size of the study areas ranged from 10 to

30 acres. The minimum was 5 acres for each cut-

ting method in the detail studies at Dukes and 2

acres in all other study areas.

METHODS •
Tablk 2. — Basal area of residual stands ; all trees U

incites d.b.h. and larger
(In square feet per acre)

Study
area

Cutting method

Uncut o , .• Diameter
Selection ,. .,

limit
Shelterwood

Amasa 77 48 60 44
Pukes-A 219 112 38 60
Dukes-B 188 119 100 54
Newberry 175 94 94 89
Norway 109 88 76 . 49

that the residual stand would have about the same
proportion of these species as the original stand.

All trees above these limits and the merchantable

trees of all other species were designated for cut-

ting. Diameter limits used on the five study areas

ranged from 6 to 12 inches d.b.h. for spruce, 6 to

10 for cedar, and 6 to 8 for balsam fir.

Except for the study identified as "Dukes-A",

the diameter-limit cutting left approximately the

same average stand density as the selection cutting

(table 2). The residual stand density at Dukes A
was considerably lower than planned because of a

severe ice storm during logging. Since the storm

occurred at the time of logging, most of the trees

were utilized and included in the cut, leaving the

residual stand density at 38 square feet of basal

area per acre.

In all of the diameter-limit cuttings the residual

stand provided less uniform cover than the original

stand. This cutting method emphasized lack of uni-

formity in the original stand instead of minimizing

it as the selection cut did. Portions of the stand

with lower densities had more trees over the di-

ameter limit than did areas with higher densities;

consequently the most open parts of the stand

were cut the heaviest.

7



F-503686
Figure 4. • Residual shelterwood stand of cedar,

black spruce, white spruce, and balsam fir 2 years
after cutting.

Even-aged Systems

Two types of even-aged silviculture were tested.

One involved complete removal of the overstory

on part of the area, either in narrow strips or

small blocks. The other involved partial removal

of the overstory over the entire area, leaving the

most vigorous and best developed trees as a shelter-

wood stand for seed production and site protection.

Both types presuppose subsequent cuts to remove

the shelterwood overstory and the adjacent strips

and blocks.

Shelterwood Cutting

In the shelterwood method, spruce, balsam fir,

and cedar trees were selected to provide a uniform

overstory of one-fourth to one-half the original

basal area ( fig. 4 ). The trees in the residual shel-

terwood stand were selected for quality, vigor, and

species. Quality was determined by cull and form.

Tree vigor was based on crown class and competi-

tion with neighboring trees. The best quality and

most vigorous spruce, cedar, and balsam fir in

that order of preference were left uniformly

spaced over the area. Species composition in terms

of basal area averaged 44 percent spruce, 44 per-

cent cedar, 10 percent balsam fir and 2 percent

other species in the two study areas at the Upper

Peninsula Experimental Forest. On the other study

areas, spruce ranged from 10 to 31 percent, cedar

from 9 to 73 percent, and balsam fir from 2 to 7

percent of the total basal area.

Clearcutting in Strips and Blocks

Clearcutting methods were included in all of

the studies, but only those at Dukes removed the

entire overstory ( fig. 5 ). The others were "mer-

chantable" clearcuts and left an overstory of un-

merchantable trees ranging from 35 to 65 square

feet of basal area per acre. The differences be-

tween the merchantable clearcuts and the silvicul-

tural clearcuts, which removed the overstory com-

pletely, were so great that they cannot be consider-

ed the same treatment. Evaluation of the clearcut-

ting methods is therefore based on the results ob-

tained from the silvicultural clearcuttings in the

two stands at Dukes.

Both the strip and block clearcutting methods

removed the entire overstory on one-third of the

treatment area. Strips were 75 feet wide and ori-

ented in an east-west direction. Blocks were 2

chains square or 0.4 acre in size.
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• REGENERATION •

Advance Reproduction

The five study areas were each fully stocked

with regeneration before cutting if all sizes and all

tree species are included. Advance reproduction

was present on 96 to 100 percent of the milacre

plots. Reproduction less than 6 inches tall was

abundant on all areas, but most of it was only 1- or

2-year-old seedlings. They are being continually re-

placed by new regeneration and can be considered

as universally present in mature mixed conifer

swamps.

The study areas at Norway and Amasa had re-

generation 6 or more inches tall on 65 and 75 per-

cent of the plots respectively. At Newberry, how-

ever, only 4 percent of the plots had reproduction

this tall. The two detail study areas at Dukes aver-

aged 80 percent stocking with advance reproduc-

tion of this size.

Species composition of the advance reproduc-

tion 6 or more inches tall was quite variable among

the study areas. At Dukes the conifers accounted

for only about one-third of the regeneration but

on the other study areas they were between 50

and 80 percent of the total, with balsam fir pre-

dominant. Spruce had the least stocking in all

stands except at Amasa, where hardwoods had the

least.

Reduction in stocking by the mechanical effects

of logging were kept to a minimum by the protec-

tive cover of snow during the winter operations

( Thornton. 1957b l. Losses of advance regeneration

were primarily due to exposure and the accumula-

tion of slash. Both the total area covered with

slash and the area covered with deep slash in-

creased with the intensity of the cut ( table 3 ).

The exposure, of course, also increased with

the intensity of the cut. The decrease in stocking

of advance reproduction after cutting ranged from

12 to 38 percent, being least in the partial cuttings

and greatest in the clearcuttings.

Release of advance reproduction was also re-

lated to tne intensity of the cut. Before cutting,

the reproduction on 12 percent of the milacre

plots was classified as "free to grow". 2 After cut-

ting, the plots stocked with reproduction free to

grow had increased for each of the methods. The

increase ranged from 8 percent in the selection

cutting method to 23 percent in the clearcut strips.

The total stocking of advance reproduction af-

ter cutting ranged from 38 to 56 percent. Repro-

duction free to grow ranged from 26 to 47 percent.

In general, the total stocking decreased with the

intensity of the cut, but the area stocked with re-

production free to grow increased.

2 Reproduction that liad a reasonable chance of rcacli-

ing the overstory was classified as "free to grow".
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Tablk 3. — Effect* of cutting methods on slash accumulation and advance reproduction
in the two study areas at Dukes immediately after cutting

Cutting

Overstory
basal area 1

Area covered
with-

Mil
advance

acres of
reproduction2

method
Before
cutting

After
cutting-

Deep
slash3

Any
slash

Des-
troyed

Re-
leased

Free to

grow
Total

Sq. ft. Sq. ft. Percent Percent Percent Percent Percent Perc

Uncut 189 180 0 0 0 0 12 71
Selection 223 1 1

5

19 57 15 8 26 56
Diameter limit 2 or, 70 29 75 12 15 35 48
Shelterwood 200 57 75 12 19 44 56
Clearcut strips ] 99 0 51 80 38 23 47 49
Clearcut blocks 200 0 40 80 29 22 37 38

1 .1// trees ].('< inches d.b.h. and larger.
- Includes nil tree specie* between n inches loll and 0.5 inch d.b.h.
2 Over ', feet high.

Regeneration 5 Years After Cutting

Regeneration established after cutting was not

observed separately from the advance reproduc-

tion surviving the first 5 years. Thus the total re-

generation represents the net effect of the various

cutting methods. The fifth-year results include

both the decreases in advance reproduction due

to logging and subsequent exposure or other causes

and the increases due to new regeneration.

Because of the abundant advance reproduction

before cutting, the total density of regeneration be-

tween 6 inches high and 0.5 inch d.b.h. in the cut

stands was only slightly greater than the 7,085

trees per acre present in the uncut stands at Dukes

( table 4 ). However, considering only the conifer

species, the density ranged from less than 2,000 to

over 5,000 stems per acre. The density of the con-

ifer regeneration was less in the uneven-aged cut-

ting methods ( selection, 1,998; and diameter limit,

2,542 ) than in the even-aged methods ( shelterwood,

2,897; clearcut strips, 3,844; and clearcut blocks,

5,135 ).

Composition of the established regeneration 5

years after cutting was closely related to the in-

tensity of the cut. The proportion of spruce, bal-

sam fir, and northern white-cedar reproduction was

greatest where the overstory was completely re-

moved (fig. 6). The proportion of hardwood re-

production decreased as the residual overstory den-

sity decreased. The net result was approximately

the same total density in all cutting methods, but

the cutting methods that were most favorable for

conifers were least favorable for hardwoods. Al-

though the density of each conifer species 5 years

after cutting increased with the proportion of over-

story removed, these increases were not equal.

Spruce increased the most and balsam fir the

least. Cedar constituted practically half of total

conifer reproduction in each cutting method but

Tablk 4. - Fifth-year regeneration 0 inches or move toll on the two study uveas at Dukes

Cutting-
Number of stems per acre

Percentage of milacres
stocked with-

methods
Spruce

Balsam
fir

Cedar
Hard-
wood Total

Coni-
fers

Hard-
wood

Any
tree

Uncut 14
Selection 37
Diameter limit 12

Shelterwood 100
Clearcut strip 223
Clearcut block 407

300
077

1,183

1,327

1,716
2,002

1,877
984

1,.".17

1,374
1,005

2,57(5

4,804
5,450

5,840

4,953
4,405
3,509

7,085
7,454

8,388
7,850
8,240
8,644

30
51
61
71
75
75

88
80
84
92
78
75

92
87
88
98
91
89

1!)



F-503687
Figure fi. — Conifer re-

production in clearcut
blocks and clearcut
strips had a better op-
portunity to compete
with shrubs and hard-
wood species than that
in partially cut stands.

F-503688

was 82 percent of that in the uncut stand. The

number of stems of cedar reproduction in the un-

cut stand was less than in the clearcut strips and

blocks but more than in the partially cut stands.

The distribution of the reproduction must also

be considered in evaluating the effect of the cut-

ting methods. Although the actual requirement

for satisfactory stocking is not known, an arbi-

trary minimum of 60 percent of the milacres stock-

ed with at least one stem, which is commonly used,

was established for this study. Using this standard.

all cuttings except the selection method resulted

in satisfactory stocking of conifers alone ( table

4 I. The selection cutting, with only 51 percent

stocking of conifers, might also be considered sat-

isfactory since it is scheduled to receive addition-

al selective cuts which may increase the conifer

stocking. However, all of the partially cut areas

( selection, diameter limit, and shelterwood ) are

more heavily stocked with hardwood reproduction

than are the clearcut areas (figs. 7 and 8). The

competition of this hardwood reproduction could

Figure 7. — Competition
from shrubs and hard-
wood reproduction was
the most severe in par-
tially cut stands. The
conifer regeneration in

this shelterwood stand
at Dukes was well

established 5 years af-

ter cutting but it was
overtopped with shrubs
and hardwood repro-
duction up to 8 feet

tall as shown bv the
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Figure 8. — Competition from shrubs and hardwood

reproduction in the elearcut areas was not as severe
as in the partially cut stands, but it will still delay
the growth of conifers unless it is controlled.

well limit the development of established conifer

reproduction and prevent the establishment of ad-

ditional conifers following future cuts in these

stands.

The results at Amasa, Newberry, and Norway

differed from those at Dukes in some respects.

Stocking of conifer regeneration 6 or more inches

tall showed the same general trend for the various

cutting methods in all study areas. But compared

to Dukes, the percentage of milacres stocked was

• ENVIRONMENT FOR

The amount and kind of competing vegetation

and use by animals as well as some measures of

the micro-environment were recorded for each of

the cutting methods on the two study areas at

Dukes. These data were used to compare the treat-

ments in terms of overhead shade, air tempera-

ture, and seedbed moisture conditions. The differ-

ences in conifer regeneration and competition were

related to these factors.

Physical Factors

The effects of shade, temperature, and seed-

bed moisture on regeneration cannot be evaluated

directly from this study, but a general description

of the conditions created by the cutting methods

can be obtained. Briefly, the clearcuttings had less

overhead shade, lower minimum temperatures,

12

higher at Amasa, lower at Newberry, and approx-

imately the same at Norway. Part of these differ-

ences is undoubtedly related to the composition

of the overstory at the study areas. Amasa had

the highest proportion of balsam fir, which is a

very tolerant species and regenerates more abun-

dantly than the other conifers, whereas Newberry

had the highest proportion of spruce, which is the

least tolerant, except for tamarack, and the most

difficult to regenerate.

Competition from hardwood species was much
more variable among the study areas. There was

more hardwood reproduction at Dukes than at any

of the other study areas, and the cutting methods

did not have the same trends in all areas. Compo-

sition of the overstory hardwood species was quite

different among the study areas as described

earlier. This probably explains much of the

variation, but the application of the cutting meth-

ods also contributed to it. Commercial clearcuttings

left a residual stand of unmerchantable trees, mak-

ing conditions more nearly like those in the partial

cuttings than those in the silvicultural clearcut-

tings where the entire overstory was removed.

Considering all the information available from

these study areas the general conclusions agree

with the findings at Dukes. Conifer reproduction

fared best in the open, where it was more abun-

dant and had the least competition from hard-

woods.

SEEDLING GROWTH •
and fewer "dry" seedbeds than did the partial

cuttings. Details are discussed at some length be-

low.

Overhead shade

Classification of the milacre seedbeds by over-

head shade conditions shows that the proportion of

the area shaded was related to the residual basal

area as would be expected. Overhead shade was

classified as none, moderate, or heavy based upon

the crown cover directly over the plot and the esti-

mated proportion of the day that sunlight would

fall on the seedbed.

Conifer regeneration 6 or more inches tall was

most abundant and most uniformly distributed

where the overhead shade was the least ( table

5). As the amount of overhead shade increased,

conifer regeneration decreased. Moderate shade

was most favorable for hardwoods.



Table 5. — Stocking and density of regeneration be-

tween 6 inches tall and 0.5 inch d.b.h. related to

overhead shade on study areas at Dukes 5 years af-
ter cutting

Overhead
shade

Co nifers Hardwoods

Stocking Density Stocking Density

Percent Number Percent Number
None 70 3,100 84 4,600
Moderate 53 2,100 89 5,400
Heavy 41 2,100 79 4,400

Temperatures

Frost was observed on the ground 2 weeks

earlier in the clearcut areas than in any of the

cutting methods with a residual overstory. This

observation prompted the recording of air temper-

atures in the clearcut blocks, the shelterwood, and

the uncut stand during the growing season. Two
years' records show that maximum temperatures

under the shelterwood stand averaged 5 degrees

higher than under the uncut stand, but minimum
temperatures were approximately the same in both

stands. In the clearcut blocks minimum tempera-

tures averaged 6 degrees lower than in either the

shelterwood cutting or the uncut stand, and maxi-

mum temperatures averaged 6 degrees higher than

in the uncut stand or nearly the same as in the

shelterwood cutting.

The significance of these findings is not fully

understood, but perhaps the combination of both

higher and lower temperatures in clearcut blocks

and strips favors the swamp conifers in competi-

tion with shrub and hardwood species. High day-

time temperatures early in the season stimulate

bud bursting, and the succulent tissues are then

subjected to frost injury from low nighttime tem-

peratures. Phenological records at the Upper Pen-

insula Experimental Forest show that growth starts

about May 15 for most of the competing shrub and
hardwood tree species except black ash. The aver-

age date that growth starts for black ash, balsam

fir, and northern white-cedar is 10 days later on

May 25, and for black spruce it is not until June 6.

Moisture

Because the ground water level is usually near

the surface in mixed conifer swamps, moisture is

one of the most important factors affecting the

vegetation. The fluctuations of the ground water

levels were recorded during the growing season

in an uncut portion of study area B at Dukes ( fig.

9 I. Except for two short periods during August

1957 the ground water was not more than 1 foot

below the average ground surface and most of the

time it was less than 0.5 foot.

The combination of high water table and un-

even ground surface or microtopography results in

some seedbeds that are periodically under water

and some that get very dry in the summer. In an

attempt to establish a relationship between stand

treatment and surface moisture conditions, each

milacre plot was classified as "wet", "average", or

"dry" based primarily on its elevation in relation

to the water table. The smallest proportion of

average seedbeds was on the uncut areas, and the

largest proportion on the clearcut areas ( table

6). A smaller proportion of the area was classified

as wet in the cut stands than in the uncut stands.

The proportion classified as dry was least in the

clearcut areas and about the same in uncut and

partially cut stands. Thus the proportion of wet

seedbeds decreased with all methods of cutting,

but the proportion of dry seedbeds did not decrease

until the complete overstory was removed.

Table 6. — Classification of milacre seedbeds by mois-
ture condition 5 years after cutting on study areas
at Dukes

(in percent)

Cutting
method

Moisture condition on seedbed

Wet Average Dry

Uncut 26 47 27
Selection 19 55 26
Diameter limit 16 57 27
Shelterwood 17 56 27
Clearcut strips 17 72 11
Clearcut blocks 12 71 17

These differences in seedbed moisture condi-

tions may have been caused by changes in both the

ground surface and water table. The ground sur-

face was modified to some extent by the logging

equipment even though the operations were car-

ried out during the winter months. No direct

measurements were taken, but the disturbance was

observed to increase with the intensity of cutting.

The cutting methods may have influenced the wa-

ter table also by their effect on precipitation

reaching the ground and by possible changes in

evapotranspiration.

One-third of the total precipitation in the cen-

tral part of the Upper Peninsula of Michigan falls

as snow. There is very little snowmelt during the

winter months; consequently most of this moisture

13
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is held in the snowpack until spring break-up and

becomes available just before the start of growth

(fig. 10). This is an important source of soil mois-

ture recharge.

Measurements in the study area over 4 winters

showed maximum snow depths during the second or

third week of March. The snowpack in the clearcut

areas averaged 5 to 10 inches deeper than in the

partial-cut areas and 13 to 16 inches deeper than in

the uncut stand (table 7). Snow melted earliest on
the north side of the clearcut areas and latest in

the uncut stand. During the period covered by
these measurements, an appreciable amount of

ground in the clearcut areas was free of snow cover

by April 15, and snow had completely disappeared

from the uncut stands and the south edges of

openings by the middle of May. This same trend

has been reported for black spruce swamp cuttings

in northern Minnesota ( Weitzman and Bay, 1959).

Table 7. — Average depth of maximum snowpack at
Dukes

(in inches)

Cutting
method

Date
Average

3-13-58 3-9-59 3 -17-60 3-9-61

Uncut 28 34 42 31 34
Selection 38 40 46 34 40
Diameter limit 38 42 52 38 42
Shelterwood 42 42 48 35 42
Clearcut strip 45 51 57 45 50
Clearcut block 45 47 54 40 47

The data on seedbed moisture conditions show
that hardwoods were dominant on a larger propor-

tion of the dry seedbeds ( 70 percent ) than on wet

ones (60 percent), but the reverse was true for

conifers, the figures being 23 and 27 percent re-

spectively. The smaller proportion of dry seedbeds

in the clearcut methods might help account for

F-503690
Figure 10. — Snow pole in a shelterwood stand at

Dukes showing 50 inches of snowpack (the 5-foot
pole is marked at 3-inch intervals). A series of 60
poles observed for 4 winters showed that the average
maximum snow depth increased 6 to 8 inches when
the overstory was partially cut and 13 to 16 inches
when it was completely removed in strips or blocks.

their slight advantage over partial cuts in conifer

abundance and distribution.

Biological Factors

Competing Vegetation

Although conifer regeneration may become
established within the first year after cutting, it

is often suppressed by hardwood and brush com-

petition for many years. 3 An evaluation of this com-

petition showed it was present in 75 to 80 percent

of the milacre quadrats and 30 percent were over

3 feet tall 5 years after cutting. There were no

differences in stocking among the cutting methods

studied.

Mountain maple was the most widely distrib-

uted species of brush competition in the uncut

stand and was still the most widespread in all cut-

ting methods after 5 years (table 8). None of the

3 The term "brush" as used here includes both woody
shrubs and unmerchantable hardwood tree species as
shown in table 8.

Table 8. — Percent of milaeres stocked with brush species at Dukes
5 years after cutting

Species

Cutting methods

Selec- Diameter Shelter- Clearcut ClearcutUncut
tion limit wood strip block

Mountain maple 73 52 59 61 34 30
Speckled alder 17 8 6 17 23 20
Ribes 13 18 21 15 14 18

Dogwood 7 8 6 12 24 16
Honeysuckle 12 8 8 4 1 4
Rubus 0 16 1 7 16

Willow- 0 7 7 3 8 5

Cherry 0 0 1 0 1 1

Hazel-nut 1 1 1 1 0 1
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other species was found on more than 25 percent

of the area in any of the cuttings. Speckled alder

was the second most frequent species in the even-

aged cutting methods and ribes in the uneven-aged

methods. Dogwood was more prevalent in the even-

aged cutting methods than in the uneven-aged

methods and honeysuckle was more common in the

uncut stand. Brambles ( Rubus spp. ) and willow

were scattered throughout all cutting methods but

were not found in the uncut stand.

Growth of established conifer regeneration can

be increased by releasing it from overtopping

brush and hardwood competition. In another study

at the Upper Peninsula Experimental Forest, the

average height growth of seedlings during the

first 5 years after release was 32 to 93 percent

more than that of the seedlings that were not re-

leased (table 9). Balsam fir showed the greatest

response and northern white-cedar the least. Black

spruce was intermediate, with 68 percent increase

in height growth. Before release, black spruce and

balsam fir averaged 3.0 feet and northern white-

cedar 4.5 feet in height. They were overtopped with

speckled alder and mountain maple.

Table 9. — . 1 verage growth of trees <luring first 5

yearn after
trcea

rt lease com pu re 1 to groictli of overtopped

Species
Average annual height growth

Overtopped Released Increase

Feet Feet Perceti t

Halsam fir

Black spruce
Cedar

0.22

0.22

0.22

0.43

0.37

0.29

93
68
32

With the amount of shrub and hardwood tree

species present in all of the cutting methods tested

and the favorable results obtained by releasing

conifers from overtopping competition, the possi-

bility of release as a regular management practice

should be considered. Cutting the overtopping

shrubs and hardwoods would involve a large num-

ber of stems in most cases. A more economical way

might be with the use of a silvicide.

Animals

Mixed conifer swamps in the Lake States often

support large populations of whitetail deer and

snowshoe hare (Thornton, 1957a). In some stands

the populations exceed the carrying capacity, and

over-browsing severely restricts or eliminates the

reproduction, especially that of northern white-

cedar. In study area A at Dukes, however, no dif-

ference was observed between the reproduction

protected and that unprotected from deer and

hare. The population of deer on the Experimental

Forest in 1959 was 15 animals per square mile as

determined by a pellet survey. No estimate of the

hare population on the study area is available, but

it can be asserted that neither the snowshoe hare

nor the whitetail deer had an appreciable effect on

the overall regeneration. No data were collected

on the protected and unprotected reproduction at

the other study areas, but observations indicate

that the effects of browsing were no greater than

those found on study area A.

Krefting ( 1962 ) studied the relative deer use

among the cutting methods in the two stands at

Dukes and found that in the partial cuttings it in-

creased with the intensity of the cut. The clearcut

blocks had the least evidence of deer use. The re-

sults in the strip cuttings were variable; use was

high in the uncut strips and low in the clearcut

strips.

Other animals also find both food and shelter

in mixed conifer swamps, but their influence on

the stand is more difficult to evaluate. Two ex-

amples illustrate some detrimental effects of the

beaver and squirrel. Beavers dammed one of the

streams draining the Amasa study and flooded the

shelterwood cutting area. At the Dukes studies,

squirrels clipped a large amount of the spruce

cones before they ripened in 1956 when the seed

crop was rated as good. Good seed crops were also

recorded in 1958 and 1960; but losses caused by

squirrels were minor.
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• GROWTH OF RESIDUAL STANDS •

Classification of Residual Trees

A comparison of the basal area per acre by

diameters before and after cutting shows the

changes in stand structures caused by the three

partial cutting methods at Dukes (fig. 11). The

differences in growth and mortality among the

cutting methods were caused by the differences in

both the density of the residual stand and the type

of trees left.

Trees in the three partial cutting methods

( selection, diameter limit, and shelterwood i and

in the uncut stand were classified prior to cutting

by the Lake States tree vigor classification system,

which is based on crown position and development

( Gevorkiantz et al., 1943 ). Three classes are rec-

ognized: progressive, provisional, and regressive.4

The number of residual trees per acre in each

of the three classes varied with the cutting meth-

od ( table 10 ). The selection and diameter-limit

cuttings left the same number of regressive trees

per acre, but the selection method left a larger

number of progressive and provisional trees. The

shelterwood cutting method left about the same

number of progressive and provisional trees per

acre as the diameter-limit cutting but only about

one-third as many regressive trees.

Growth

The net growth during the first 5 years after

cutting was less in cut stands than in the uncut

stand. Part of this was due to the reduction in the

4 Progressive 1. Head dominants Dominating sur-

rounding trees.

Competing with
trees of same
crown class but
poorer develop-
ment.

Competing with
trees of same
crown class on
equal footing.

Competing with
trees of same
crown class but
better developed.

Competing with
trees of higher
crown class.

Overtopped.

2. Strong domi-
nants

Provisional 3. Conditional
dominants and
codo7ninants

Regressive U. Weak domi-
nants and
codominants

5. Intermediate

6. Suppressed

growing stock and part was due to higher mortal-

ity in the cut stands ( table 11 ). Both the diameter-

limit and shelterwood cutting methods had nega-

tive net growth. The selection cutting had the most

gross growth, but net growth was only three-fourths

of that in the uncut stand because of increased

mortality after cutting.

Although this study indicates that partial cut-

ting in mixed conifer swamps is not justified from

the standpoint of growth, younger stands have

shown favorable results. A 45-year-old stand in the

eastern end of the Upper Peninsula had 320 trees

per acre over 5 inches d.b.h. 10 years after a heavy

thinning compared to only 80 trees that large in

the unthinned plot ( Roe. 1947 ). However, a similar

thinning in a 60-year-old stand was not beneficial,

but the reason for this was thought to be poor

drainage. In northern Wisconsin, growth per acre

was greatest in the densest plots in a 65-year-old

mixed conifer swamp stand, but diameter growth

of individual trees responded to a 10-year-old im-

provement cutting to such an extent that good

growth was recorded for all stand densities from

90 square feet of basal area per acre to over 200

i Skillmg, 1959 I.

Differences between the growth obtained in this

study and that reported elsewhere may be par-

tially due to stand ages, conditions, sites, and the

shorter growth period ( 5 years ) used. The growth

may well increase in some of these cutting meth-

ods after the trees are fully adjusted to their new

growing space. A reduction in mortality might also

be expected, which would increase the net growth.

Mortality

An average of 23 trees per acre was lost by

mortality during the first 5 years after cutting

i table 12 i. Mortality ranged from 13 trees per

acre in the uncut stand to 33 trees per acre in the

diameter-limit cutting.

More than 40 percent of the mortality ( number

of trees ) in the uncut stand as well as in each of

the partial cutting methods was the result of wind-

throw and breakage ( fig. 12 ). Other types of mor-

tality included logging injury and exposure.

More mortality occurred in each of the partially

cut stands than in the uncut stand. Although the

17



25 h

n _ SELECTION CUTTING

12 16 20 24 28

D.B.H. (INCHES)

DIAMETER-LIMIT CUTTING

ELD
4 8 12 16 20 24 28 32

D.B.H. (INCHES)

SHELTERWOOD
CUTTING

4 8 12 16 20 24

D.B.H. (INCHES)

Figure 11. — Effects of partial cutting' methods on stand structure in the study areas
at Dukes. Shaded portions of graphs represent the residual stand.
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Table 10. — Number and percentage of residual trees 3.6 inches d.b.h. and larger per
acre by tree class, Dukes study area

Class
Cutting method

Uncut Selection Diameter limit Shelterwood

No. Percent No. Percent No. Percent No. Percent

Progressive
Provisional
Regressive

Total

128 29
68 15

251 56
447 100

71 21
75 23

188 56
334 100

47
40

188
275

17
15
68

100

44 31
37 26
60 43

141 100

Table 11. — Effect of cutting methods on basal area of residual stands during first
5-year period, Dukes study area"1

(In square feet)

Cutting
method

Overstory basal area
per acre2

Annual change
per acre

Before After 5th year Net Mortality Gross3

Uncut
Selection
Diameter

limit

Shelterwood

189.2

223.2

205.3
199.9

189.2
115.4

71.2

57.1

194.0
119.0

69.6

56.7

.96

.72

—.32
—.08

1.06

1.65

1.53
1.30

2.02

2.37

1.21
1.22

1 Clearcut blocks and strips are excluded since they had no residual stand.
2 Includes all trees 3.6 inches d.b.h. and over.
3 This column shov>s the annual change that would have occurred if no trees had died.

Table 12. — Summary of mortality per acre during first 5 years after cutting, by
cutting method and tree class

{Number of trees)

Class
Cause of

mortality

Cutting method

AverageUncut Selec-

tion

Diameter
limit

Shelter-
wood

Progressive Wind 1.5 1.5 2.2 3.0 2.0

Other 2.0 1.4 2.2 3.5 2.3

Total 3.5 2.9 4.4 6.5 4.3

Provisional Wind 0.0 4.4 4.3 1.5 2.6

Other 0.5 3.2 0.4 0.5 1.1

Total 0.5 7.6 4.7 2.0 3.7

Regressive Wind 4.8 5.3 8.5 4.0 5.6

Other 4.4 13.1 15.7 5.0 9.6

Total 9.2 18.4 24.2 9.0 15.2

Total Wind 6.3 11.2 15.0 8.5 10.2

Other 6.9 17.7 18.3 9.0 13.0

Total 13.2 28.9 33.3 17.5 23.2

19



number of trees lost per acre was the greatest in

the diameter-limit cutting, the greatest loss in

basal area was in the selection cutting (table 11).

The estimated volumes lost by mortality during

the 5-year period were 0.33 cord per acre in the

selection cutting, 0.31 cord in the diameter limit,

0.26 cord in the shelterwood, and 0.21 cord in the

uncut stand.

The average mortality for all stands by tree

class was 4 progressive, 4 provisional, and 15 re-

gressive trees per acre during the 5-year period.

The fact that regressive trees made up the great-

est proportion of the mortality explains some of the

differences between the cutting methods. In the

uncut and selectively cut stands, 56 percent of the

residual trees were regressive; after the diameter-

limit cut, 68 percent were regressive; and after the

shelterwood cut, 43 percent. In general the shelter-

wood cutting method removed the greatest propor-

tion of regressive trees, the diameter-limit cutting

left the most, and the selection cutting method

removed trees in about the same proportion as they

occurred in the original stand.

© RECOMMENDATIONS •

The results observed during the first 5 years

in this study have established some basic relation-

ships that are useful in the development of silvi-

cultural prescriptions for mixed conifer swamps.

As described earlier in this report, the type is com-

posed of a complex mixture of species and shows

a strong tendency toward ecological change. Assum-

ing that it is desirable to keep a high proportion

of conifers on these sites, the natural succession

must be held somewhere between the shrubs and

the hardwood tree species. The even-aged cutting

methods were the most successful in this respect.

Conifer regeneration made the best development

and competing hardwoods the poorest develop-

ment on the clearcut blocks and strips. The shelter-

wood method was also more favorable for the

conifers than either of the uneven-aged methods

tested, but hardwood competition was greater

than on the clearcut blocks or strips.

It is apparent, then, that even-aged manage-

ment holds the most promise for regenerating

conifers in the mixed conifer swamp type.

Determination of rotation age is a major prob-

lem in the application of even-aged systems in this

type because some species reach maturity at a

much earlier age than others. Stands with a high

proportion of balsam fir must be cut at a relative-

ly young age compared to stands consisting mostly

of spruce or cedar. In stands where balsam fir is

a significant component in mixture with spruce

and cedar a compromise must be made between

harvesting the balsam before losses become ex-

cessive and keeping spruce and cedar through their

most productive growth period. A compromised

managerial rotation age of 80 years has been sug-

gested in a cutting guide prepared by the Forest

Service for these stands (Stout, 1961).

This guide, based primarily on early results of

this study, recommends strip cutting. Narrow

strips not exceeding one tree height in width are

to be clearcut. Wider strips up to two tree heights

are permissible providing 30 square feet of basal

area per acre in dominant conifers of good genetic

characteristics are left as a shelterwood overstory.

These recommendations were generally borne

out by later analysis of the study. The major point

not discussed in the guide is the possibility of

clearcutting in blocks or irregular patches instead

of strips. Since the results in terms of conifer

establishment and growth were as good on blocks

as on strips, it would appear that these two meth-

ods are equally applicable. The choice of method

should depend on the condition of the stand. In

uniform stands it will usually be more advan-

tageous to clearcut strips. In many stands, how-

ever, natural mortality or past stand treatment

has already created a number of age classes in ir-

regular patches. Block or patch cuttings could take

better advantage of this natural age distribution

than could regularly spaced strips.

Clearcut openings should be small. Observa-

tions of numerous cuttings in this type indicate

that clearcutting large areas usually results in ex-

tensive brush invasion. Considerable time is often

required before the conifer species again occupy

these sites. The size of openings used in this study

provides a guide until more information is avail-

able. Blocks are 2 chains square, and strips are

75 feet wide.

20



Observations of regeneration and measurements

of the environmental factors suggest that a north-

erly exposure is the most favorable for swamp
conifer regeneration. This can be accomplished by

cutting east-west strips with subsequent strip cut-

tings progressing toward the south. Similarly block

cuttings should progress from north to south in

each stand.

Shelterwood cutting is recommended for small

areas of swamp where it is impractical to use clear-

cut blocks or strips. A residual stand of 60 square

feet of basal area per acre should be left after the

initial cut. Well-developed dominant and codomi-

nant trees uniformly spaced over the area should

be selected on the basis of windfirmness, seed pro-

duction, and tree quality. They should remain until

a good stand of conifer regeneration is established,

approximately 10 years.

Although the recommended cutting practices

create the most favorable conditions for the estab-

lishment and growth of conifer regeneration, hard-

wood competition if not controlled is likely to re-

tard growth, especially in the shelterwood meth-

od. Release of established conifer seedlings from

5 to 10 years after cutting will ensure satisfactory

development. Competition is generally not limiting

until the fifth year, but after the tenth year conifer

growth may be reduced considerably. Techniques

for releasing the swamp conifers have not been

studied, but chemical control methods seem to

offer the best possibility for reducing the large

number of hardwood stems present in the swamps

at minimum cost.

These recommendations are based on observa-

tions and experience in conjunction with the re-

sults of this study. Most of the evidence supports

the recommendation for even-aged management.

A lesser amount of evidence is available for the

specific applications discussed, and they will un-

doubtedly be modified when more detailed in-

formation is acquired on the effects of opening

size, shape, and orientation, and the density and

composition of the shelterwood overstory.

• SUMMARY •
The mixed conifer swamp forests occupy the

wet depressions and drainageways in the northern

hardwood forest region. They vary in species com-

position, but one or more of the conifers, northern

white-cedar, black spruce, white spruce, balsam fir,

or tamarack, are always predominant. The species

in the surrounding types are generally scattered

throughout the swamp. The strong tendency

toward a change in species composition is one of

the major problems in regenerating the swamp
forests. The hardwood species growing in the

swamps are usually very aggressive but highly de-

fective and poor in quality. Conifers are generally

more desirable than hardwoods, but do not regen-

erate as prolifically nor grow as fast in their juven-

ile years.

A survey of the regeneration on cutover swamp-
lands in the Upper Peninsula of Michigan made in

1951 showed that under existing logging practices,

the proportion of conifers in the reproduction

stand was less than that in the original stand. This

indicated that these practices were inadequate to

ensure continuous high production in swamplands.

Therefore between 1952 and 1955 several experi-

mental cuttings, including both even-aged and un-

even-aged methods, were made on five study areas.

The even-aged methods tested were clearcutting in

small blocks, clearcutting in narrow strips, and a

two-cut shelterwood. The uneven-aged methods

were selection and diameter-limit cuttings.

Advance reproduction was generally present in

all study areas, but most of it was small and not

well established. The two clearcutting methods re-

sulted in the greatest losses of advanced reproduc-

tion because of logging, exposure, and slash ac-

cumulation. However, they also released more ad-

vanced reproduction from overtopping trees than

did any of the other cutting methods.

Five years after cutting, the distribution, den-

sity, and composition of conifer regeneration were

best in the clearcut blocks. Clearcutting in strips

was the next most successful followed in order by

shelterwood, diameter limit, and selection. All cut-

over areas except those cut by the selection meth-

od were over 60-percent stocked with conifer re-

generation. The area cut selectively was 51-percent

stocked with conifers, which is probably adequate

for this type of cutting if subsequent cuts have

similar results.

All cutting methods tested encouraged the in-

vasion of hardwoods, but partial cutting over the

entire stand increased their abundance and size
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more than did clearcutting portions of the stand.

A study of the environment associated with the

cutting methods showed differences in overhead

shade, temperatures, and moisture, which explains

some of the variation in early development of the

reproduction.

Competition from shrub species also retards

the development of conifer regeneration. Methods
for dealing with this problem have not yet been
tested, but growth studies have shown that release

can increase the height growth of white-cedar by
32 percent, black spruce by 68 percent, and balsam
fir by 93 percent. Use of silvicides to control both

brush and hardwood competition should be con-

sidered.

The partially cut stands in this study made
very little growth during the first 5 years after

the cut. All but the selectively cut stands showed

a net loss in basal area because of post-cutting mor-

tality. Forty percent of this mortality in all cut-

ting methods was caused by wind. Losses were

greatest in the residual stands that had a high pro-

portion of trees with suppressed and poorly devel-

oped crowns and least where the proportion of

dominant and well developed crowns was highest.

Cutting recommendations to obtain conifer re-

generation based on these results would generally

favor clearcutting in small blocks or narrow strips.

The shelterwood method, however, may be more

appropriate in small areas of the swamp type. It

will probably still be necessary to control shrubs

and hardwoods in some areas to ensure a conifer

stand.
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