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THE PROBLEM

Northern white cedar (Thuja occidentalis I..) stands occupy

approximately 639,000 acres in Michigan, About 293,000 acres
of this total is found in the eastern half of the Upper Peninsula
of Michigan (35).

Cedar is the staple winter food of the vhite-tailed deer

(Odocoileus virginianus borealis Miller). It ig the chief source

of poles and posts in the Lake States as well as being an important
source of other timber products, Northern white cedar has negative
velue in the extensive stands menaged for pulp production,

Fewer ecological and silvicultural studies have been made
on this species than on any other commercial tree svecies in the
region. None have been made that would serve to indicate possible

management practices,
It is with these facts in mind that a study was initiated

concerning the factors affecting its reproduction in swamp stands

in the Upper Peninsula,




REVIEW OF LITERATURE

Literature directly related to northern white cedar reproduct-
fon is limited. Papers directly concerned with any phase of the
management of the specles are not numerous, However, bog studies,
reproduction studies of other species, and studies involving
ecological factors dealt with in this dissertation are multitudinous,
Studies on northern white cedar reproduction are limited to the states
of Maine and Minnesota, Curtis (16) made a genersl study of the
species including reproduction -- primarily in swamp stands character-
ized by high vater tables throughout the year. He also conducted a
similar study on the species in upland stands (15). Montgomery (42)
carried on further studies of reproduction in Maine, Makl (41)
studied growth and reproduction in Minnesote stands,

Stewart (50), in effect, classifies northern vhite cedar in a
single cover type in the Lake States, Ceder is limited in the type
of site that it occupies in the southern portions of Michigan, pre-
dominantly those sites with a Rifle peat soil type (55). The site
preference becomes less marked as one progresses northward and westward.

The succession of cedar and its associates has been the
subject of considerable study. Gates (24) classifies the Thuja
association as a climex type in the hydrarch serlies in bog lakes
in the Douglas Lake region of Michigan, In wet soils, he places
Thuja as a temporary typne, preceded by a bog association or a
lowlend forest, It is associated with and replaced by a_Picea-~
Ables assoclation,

Coover (14), in describing an area evolving from Koweenavan

leva flows (Isle Royale), differentiates between a bog succession



and a delta swamp succession. Thuja does not enter into the bog
succession except as a subdominant to Larix, a subclimax stage of
one line of development, On the other hand, he places Thuja as
the dominant in a similar stage in the delte swamp succession.

For the most part, cedar seed and seedling studies have been
aimed at determining the effect of environmental factors on
germination rather than being carried out specifically as species
studies, Heit and Eliason (30) have limited their studies to

coniferous tree seed including a specific study of Thuja occidentalis

regarding methods of seed testing and factors affecting germination
end seed quality.,

There 1s no apparent marked difference in the subterranean
organs of a glven specles growing in a bog and in comparable condi-
tions in mineral soils (19). However, Rigg end Herrar (47) contend
that excessive root fuslon often occurs in svhagnum and eccentricity
of root growth and enlargement 1s characteristic of tree roots growing
in sphagnum peat, Moore (43) maintains that northern vhite cedar is
the only northeastern conifer that does not have myccorhizal fungi
in or on its roots,

The effect of light and pH on cedar reproduction are mentioned
in the literature, Wiesner (60) and Burns (9), using photographic
vaper, calculated the average minimum light intensity requirement
for cedar. Iutz and Chandler (40) point out that northern white
cedar has been observed commonly on calcareous golls and is scarce
or absent on adjacent acld soils. Wherry (59) discusses the re-

action vreference of eastern conifers including cedar,




It was found necessary to turn to the literature for methods
of classifying and determining the effects of the various types of
germinating media found on the swamm floor (7, 22, 26, 45). McCullough
(LL) nhas developed a system of classification for the various stages
of decay in logs on the western spruce-fir forests for use in relation
to their acceptibility as tynes of germinating media, His classifi-
cation was used in this study.

Zon and Averell (62), studying growth in relation to swamp
drainage, conclude that growth rate decreases in proportion to the
distance from the source of drainage, ILeBarron and Neetzel (38)
tallied sample quadrats over a long vmeriod of time at designated
distances from artificlal drainagewéys in a cedar stand and found
that effective draining would change a bog conifer type to a hardwood
conifer type,

Northern white cedar is an important comnonent of meny deer-
yorés throughout the Lake States and is subject to heavy browsing dy
several mammals, Bartlett (6), Swift (51), and Aldous and Smith (4)
discuss the winter deer food problem in Michigan, Wisconsin, and
Minnesota respectively, Davenwort (17) nmoints out that northern
white cedar proved to be the only species of browse fed exclusively
upon which deer were able to maintain thelr strength. Swift (52)
reports that in northern Wisconsin, only three out of every ten young
cedar remain undamaged from deer or snowshoe hare browsing, The
harmful influence of snowshoe hare browsing on plantations in the
Leke States has been discussed (1), Cedar is commonly damaged by
snowshoe hare browsing, especlially when other food is scarce (36).
Krauch (33, 34) reports that rodents are highly inimical to natural

coniferous regeneration in several regions,



Cedar is one of the few conifers that reproduces vegetatively,
Potzger (46) acknowledges the fact that vegetative propagation occurs
in conifers., Harlow (27) found occesional rejuvenation of T,

occidentalis by natural cuttings in the Adirondacks, Cooper (13)

is resnonsible for recognition of natural layering a2mong conifers,
Aldous (3) reports that cedar food and cover plantings for deer were

unsuccessful in Minnesota,

DESCRIPTION OF ARFA

Physiography

This study was made in the Great Lakes plains region, a
glaclated part of the Great Central ILowland of the United States,
and vas confined to a nortion of this province in the eastern part
of the Upper Peningula of Michigan, The area as & whole is underlaln
by paleozolc sedimentary rock, The large swamps, the specific areas
that the cedar studies were made in, have developed from level till
plains or old lake beds., Upland ridges in the vicinity probably are
the result of glaclal activity. The beds dip gently to the south as
the result of a greater amount of recent uplift on the I2ke Superior
shore (55). Drainage is poor and haphazard, In the Cusino swamp, the
location of this study, Stoner Creek provides the main drainagewey,

emptying into Lake Michigan at Manistique through the Manistique River,
Climate

The Cusino swamp lies avproximately at 46°30' North latitude,

The climate is of a marine tyve, goverined by the force and direction

of the wind,



Climavic conditions within the study aree are more similar
to those of the weather station near Seney, Michigan than to any of
the other nesrby stations at whick records have been kept (54). A
ten-year record shows an average Januery temperatwre of 14,99 F, and
a July average of 64,80 F, Maximum temperature recorded at this sta-

tion is 1030 F, and the minimum is -47,00 F, The average date for the

last killing frost in the spring is June 15th and for the first frost in

fall is August 27. The average groving season 1s 73 days. A l7-year
record indicates that aversge rainfall is 26,75 inches with a groving
season range of 2,89 inches during May to 3.33 inches in September,
Light frosts have been known to occur during June, July, and August
(55). During the 1949 growing sesson, frosts were kmown to occur in
the svamp on June 8 and July 18,

Climographs have been constructed for 1947, 1948, and through
the 1949 growing season for the Seney station (figures 1, 2, 3). A
climograph for the ten year period from 1930-39 inclusive has been
transposed on each yearly climograph for comparison, The 1947 grow-
iIng season started out cool with the latter mortion of the season
varmer than average. The season vas dry throughout, The 1948 season

vas dry but the 1949 season twrned out to be warm and very wet,

THE SPECIES AND ITS ENVIRONMENT

The Seed

The seeds of northern vhite cedar are very small in size and

1/

light in weight . They are approximately 1/8 inch in length with

1/
There are about 300,000 seeds ver pound (56).
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Figure 1. Olimograph of Cusino weather for 1947 superimposed
upon ten-yeaer composite climogreph. Graphs were constructed with

Seney Migratory Waterfowl Refuge reasdings, the nearest inland weather

station.
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Pigure 2. Climograph of Cusino weather for 1948 superimposed
upon ten-year composite climograph. Graphs were constructed with

Seney Migratory Waterfowl Refuge readings, the nearest inland wenther

station,
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Figure 3., Climograph of Cusino weather for the first elght
nonths of 1949 superimposed upon =z ten-year composite climograph.'
Graphs were constructed wlth Seney Mlgratory Waterfowl Refuge readings,

the nearest inlznd weather station.



a pair of wide wings and brown in color, High quality seed should
contain roughly 75 percent filled seed and average purlity should also
be about 75 percent (30). Seed has been stored in sealed containers

for five years at 20 to 40 C, without any apparent loss in its

original viability (30).

Seed production has been noted on stems as young as 12 years
in age in the Cusino area and cones were found on individuals as
young as 6 years of age in Maine (16), Commencing at 20 years
of age, seed is produced quite abundantly with sufficient production
for commercial seed gathering occurring from 30 years of age to
maturity, Seed occurs 2lmost every year but heavy seed crops are
borne at apnroximately 5 year intervals, It is not uncommon for
an average-sized tree wlith a fairly full crown to produce % bushel
of cones, A bushel of cones averages one pound of cleen seed (81).
Isolated trees, and especially those on upland sites, produce seed
more prolifically than the trees on swamp sites in the study area,
Seed is shed throughout the fall months and is aided considerably

in distribution by clippning of the branches by squirrels.

The Tree

Northern white cedar is the only member of its genus Thuja
(Thgxa Sarg.) that 1s found in the lLake States, It commonly grovs
from 40 to 60 feet in height and several feet in diameter,

1/
Growth form is poor in swamp-grown cedar ; '"pistol-butts!

1

-/For a 40 foot tree -- a common height in swamp stands ~- that has
a diameter at breast height outside bark of 8.0 inches, Gevorkiantz
and Duerr (25) calculate the diameter inside bark at 1 foot above
the ground as 9.2 inches and 3,0 inches at 30 feet above the ground,

16



and "bowed-butts” are common, OCurtis (16) puts forth several
hyootheses to explain these phenomena, Vegetative reproduction

of the layering type will account for curved butts, Poor stem
anchorage causes stems of all ages to be forced from the vertical
because of snow, ice, or wind action, Seedlings establish them-
gselves on rotten logs, stumps, and moss hummocks that graduvually

lean as the substrate dlsintegrates and their welght increases.
Unland ceder seems to attain better form than swamp cedar, Forked-
heads and stag-heads are also common in Upper Peninsula swamp stands,

Height and diameter growth of cedar are slow; Gevorkiantz
and Duerr (25) use 160 years as & base in determining site index,
Although old stems usually show butt rot, reliable ring counts
have been obtained that indicate trees 300 years old are present in
stands in the Uvper Peninsula,

Lateral root systems seem to develop on swamp-grown trees,
replacing the tap root of the young seedlings, The root systems -
are shallow, and the branch roots attain a red coloration.

Northern white cedar was one of the species included in the
pine cut! in the ILake States., Its use then was principally for
shingles and poles, Today the wood 1s used chlefly for posts,
voles, ties, lumber in boat manufacturing, cabin logs, rustic fences
and furniture, novelty items, and mine lagging,

Northern white cedar foliage is the most important winter
browse for vhite~-tailed deer in the Iake States region both from
a palatability and a nutritional rating (2). Although the amount
of follage produced by the total tree is correlated with diameter
at breast height, the browse available for deer declines sharply

beyond a d.b.h, of 3.0 inches,(2).
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Cover Types and Associations

Stewart (50) classifies northern swamps into 2 single major

type containing Thuja occidentalis, lLarix laricine, and Pices

mariana -- the site conditions governing the stand composition,
The best stands of cedar occur on the edges of highland end svamp
vhere the peat layer is just a few inches thick, Stevert further
observed that in deep peat soils, growth of cedar is slow and
recommends a rotation on an average site of 70 to 90 years for
posts and 200 years for poles.

Northern white cedar is included in elight of the cover
types designated by the Society of American Foresters (49), namely;
18. red spruce type 20. paper birch-red spruce-balsam fir type
21, white spruce-balsam fir-paper birch type 22, balsam fir type
23. black spruce type 24, northern white cedar type 25. tamarack
type 26, black ash—American elm-red maple type. Of the types
listed, only five occur in the Lake States, the white spruce-belsam fir-
paper birch type, black spruce type, northern white cedar type,
temarack type, and the black ash-Americen elm-red maple tyve,

The white spruce-balsam fir-paper birch type does not commonly
contain northern white cedar and occurs more extensively in northern
Minnesota than in northern Michigan and northern Wisconsin,

The black spruce type is the typical bog csver type that is
loceted on acid peat with 1ittle or no drainage., Cedar is 2 minor

component of the stand. The type is utilized mainly for pulpwood.
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The northern white cedar type , as established by the Soclety of
American Foresters, is predominantly comvosed of cedar and is
essoclated with tamarack, balsam fir, yellow birch, paper birch,
black ash, red meple, black spruce, white pine, hemlock, and alder,
The tyne occurs in the northern half of the Leke States region as
well as in Yew England, It 1s located on sites with slow drainage
and a high water table that are not strongly acld, It is also nresent
on limestone uplands, According to its type description, 1t will
maintain 1tself as long as the swamp remains wet if it is not dis-
turbved,

The tamarack type includes considerable northern white cedar
and is found in Michigan, Wisconsin, and Minnesota, It 1s truly a
bog type, the southern stands of thlis type occurring as pure
temarack, It is succeeded by black spruce or cedar, depending
primarily on the drainage and acldity,

The black ash-Americen elm-red maple type contains cedar
only in the Lake States and then in small numbers, It occuples low-
land sites and 1s considered a climax type,

Curtis (15) provoses a separate cover type for the upland
no;thern vhite cedar that differs from the Society of American
Forester's cedar tyme, a clagsification which includes both swamp
and upland stands,

The Lake States Forest Experiment Station (35) estimated

that cedar stands occupy 639,000 acres in Michigan or 3% of the

1/

Synonyms mentioned by the Society of American Foresters include
the following types; cedar-tamarack-spruce, cedar-tamarack-spruce-
balsem, cedar-spruce-balsam-vhite pine, balsam-cedar-tamarack-spruce,

cedar-paper birch-balsam-red maple, and mixed swvamp,



total forest land in the state, It 1s further estimated thaet the

acreage by sections of the state is as follows;

Section Acres
Eastern half of the Upper Peninsula 293,000
Western helf of the Upper Peninsula 153,000
Northern half of the Lower Peninsula 180,000
Southern half of the Lower Peninsula 13,000

Associates of cedar that were observed and collected are
listed in the Appendix, Thelr occurrence does not necessarily in-
dicate common occurrence on cedar sites, however, For example,

Potentilla fructosa was found rarely on ceder swamp sites where-

as Cyprivedium acaule, Rubus triflorum, and Galium asprellum were

commonly found, Sarracenia purpurea and Ledum groenlandicum were

most abundant on the types with cedar that approach the true bog

condltions, Irils versicolor and Tyvha latifolia were found in the

moister pockets within the swamp,

Soils

Although Thuje occidentalis is considered to be a calcicole

(20), its occurrence in the Lake States is by no means limited to
soils of calcareous érigin. It is found extensively throughout the
acid swamps of the reglon, Cheney (12) summarized the occurrence
of cedar in svamps by stating that cedar comes in only on the older
bogs where the peat is fairly well decomposed,

The area studied lies within the Podzol soll region of North
America. Soils are formed from material deposited by the late Wis-

consin glacier and deposits are mainly of local origin,




The mineral soils of the area fall into two major groups
(55), soils which have developed under free drainage and aeration
and contain a normal amount of moisture for the region, and soils
vhich are permanently or intermittently saturated with water, It
is with the latter group that our interest lies although cedar does
appear on soils of the first group,
A generalized soil profile with poor dralnage or excessive
moisture includes:
1., a dark-gray or black surface layer of organic matter.
2. a gray or drab layer of sand or sandy loam, slightly
or not at all colored by organic matter,

3. a layer containing maximum concentration of clay and
maximum coherence or plasticity, or one contain-
ing maximum yellow or brown coloration and maxi-
mum cementation from iron oxides,

L, the substratum or parent material,

Newton sand is a soil of the wetter swamps, the water table
being only slightly lower than that of peat swamps, The profile is
characterized by a 2 to 8 inch layer of veat over a sand with smoke-
colored or rust-yellow splotching, It is strongly acid and covered
with a vegetation common to peats and mucks,

Saugatuck sand is a wet sandy tyve, with a gray, sandy surface
above a rust-colored or browvnlsh-black sandy hardpan, Its surface
relief 1s more or less a plt-and-mound condition, It i1s acid and
supports a somewhat more mesophytic type of vegetation than does
Newton sand.

Ogemaw fine sandy loam is a wet land soil characterized by a

fine sand or sandy loam over an impervious clay. The helght of water

table is less than with the Newton and Saugatuck soils, In the Cusino



area, red meple, balsam fir, hemlock, and white spruce are among
the most abundant tree species found on this soll type although
cedar does occur,

The organic soils of interest to this problem exhibit a
considerable range in chemical and physicel properties. Spalding
peat is a transition type from the open heath-bog type to the forested
type of organic soils., It is strongly acid and composed of brown
woody or spongy fibrous, slightly-decomposed material,

Rifle veat is an acid browvn, coarsely granular or woody
peat, The surface 4 to 8 inches are more decomposed, darker colored,
and contain more woody material than the underlying layers, The less
decomnosed woody peat and raw fibrous peat are under the surface layer,
It 1s covered with a forest typve vegetation and is intermediate in
development between a Spalding peat and Carbondale muck,

Carbondale veat or muck is the most productive type of organic
soil in the region, It is a dark-browm, 1oamy or granular muck,
less acid than Rifle peat. The dark-colored soil grades into a more
peaty, less decomposed material at a depth of 1 to 2 feet.

Kerston muck is confined to the areas immediately adJacent to
stream courses and is characterized by an admixture of alternate
layers of organic material and alluvial mineral deposits,

Longrie loam overlies limestone bed rock and occupies upland
ridges in the swamps in small acreages, Cedar occurs as an old field
type on Longrie loam, Figure 4 illustrates a pasture in western
Alger county on Longrie loam that is reverting to a northern vhite

cedar tyve,



Pigure 4, Cedar seedling reproduction, a portion of which is
indicated by the arrow, on a Longrie loam soil type in western Alger

county., This pasture is reverting to ez pure stend of cedar.



The presence of peat soils in the eastern half of the Upper
Peninsula is common., There is a total of 666,112 acres of veat and
muck soile in the counties of that section of the state that have

been surveyed (table 1).

INITIAL REPRODUCTION
Seedling Characteristics and Development
Methods

Morphological characteristics and seedling development were
observed throughout the course of the experiments and incorporated
into field notes, At the beginning of the study, it immedlately
became apparent that criteria for separation of northern white
cedar seedlings from the other coniferous seedlings and herbaceous
material of the swamp floor would need to be found. Identifying
characteristics were arrived at through standard taxonomic procedures.

Data on the change from Juvenile to adult foliage, root
growth and development, rate of top growth, root-top ratios, and
the indications of mycorrhizae were also obtained through general.

field observations,
Results

Northern white cedar seedlings, in their early years, are
distinguishable from vegetative reproduction by the nresence of
Juvenile leaves along the main stem. Juvenile leaves are opprositely

arranged and generally tend to form four vertical rows on the young



Table 1, -- Abundance and freouency of muck lends in the eastern half

of the Upper Peninsulal/

; Percentege ; Sections ; Average muck : Acreage
County ¢ muck : contalning : screage per ¢ muck in

: : muck : section2/ : county

Percent Percent Acres Acres

Alger 19,1 85.7 134,9 111,936
Chippewa 18.7 63.4 184.0 188,608
Luce 33.4 85.7 2k3.3 195,392
Schoolcraft 22,0 78.6 176.5 170,176
Totel - ‘ 666,112

1/ Adapted from Harmer's calculations (28) and based on Soil Surveys
in counties that have been surveyed.
2/ Based only on sections containing muck.




stem as compared with an alternate or whorled arrangement of adult
foliage, Some seedlings establish adult foliage during the first
year of growth; others th=t are 2-years-old have been found without
adult foliage formed as yet, A 1l0-year-old seedling, twenty six inches
high, was found with juvenile foliage still present on two small bran-
ches nezr the base of the stem, However, in general, the juvenile
foliage is no longer present at this age. Reversion of foliage to
the juvenile form in saplings and poles has been noted but is rare,
Previous to the formation of adult follage, northern vhite
cedar seedlings are somevhat difficult to distinguish from other
svamp conifer seedlings. TFigure 5 illustrates cedar seedlings both
with and without adult folizge, Figure 6 provides a comparison
vetween cedar, balsam fir, and spruce seedlings, The following
distinguishing characteristics have been noted:
Northern white ceder: 2 cotyledons; Jjuvenile leaves
opposite, the 4-row characteristic being recog-
nizable in the majority of seedlings; early leaves
approximately 3/16 inch in length, sharply nointed,
Balsem fir: L large primary leaves with & whorled to
alternate arrangement; whitened undersurface of
leaf with prominent midrib; early leaves approximate-
1y 6/16 inch in length, blunt at the tip (obtusely
pointed).
Spruce: early leaves whorled, needle-ehaped, sharply
pointed.
LeBarron (37) has develoved a method of distinguishing
black spruce seedlings from white spruce seedlings, However, in

view of the fact that his method is not absolubte but based on a

population estimate, no distinction was made in thie etudy.



Figure 5. Northern white cedar seedling reproduction. Note
the seedling without adult folisge that is above and to the right of

the seedling with adult foliage,

A~ 0



Pigure 6, Left to right--spruce, northern white cedar, znd
bzleem fir seedlings. (Photograph by Mary Jayne Hallifex, Munising,

Mich,) o
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Exposed to adverse conditions, seedlings have the ability to
reproduce by branch layering wher approximately five years in age. A
cedar seedling, 7.8 inches in height, was found with two side branches
developing as ieaders. They were partially covered with sphagnum and
evidently had recently assumed an upright position, thus reducirg the
poesibility of being smothered by the sphagnum. The leaders thus form-
ed were 4.6 and 6.2 inches in heighte

Development of a tap root during the first several years seems
to be inherent in the specieses This tap root system 18 soon replaced
. by a fibrous system in swamps, however. An example was found of an
eight-year-old seedling that had a fibrous root system with a group
of five major roots comprisiag the main support of the stem; adventi~
tious brace roote had also formed on the stem and served as en aid
in support. The majority of root-top retios in 1l- to 3-=year-old
seedlings fell between 1.25 and 3.00. The highest root—~top ratios
were found in a rotter vood medium.

Abnormalities in the root halrs of cedar seedlings were noted
although no nycorrhizae were found and indications of the frequently
branched ectotrophic type (57) were not encountered. For the most
part, the abnormalities consisted of very thick root hairs with a
pronounced bulbous condition at the tip.

The lack of mycorrhizee is in agreemenﬁ Qith the literature.
Moore (43) found that northern white cedar is the only northeastern
conifer that does not have mycorrhizal fungl in ite roots. He did
note — to a very limited extent. -~ that northern white cedar has a
fine bristly or filamentous growth unlike the mycorrhizae that are

characterietic of other conifers.



Observations of cedar seedlings in Upper Michigan indicate that
there is very little difference in their development in this geogre~
phic region end in Maine as observed by Curtis (16). However, Curtis
indicates that young seedlings may have 2 or 3 cotyledonses No seed~-

lings with 3 cotyledons were found in this study.
Survival and Mortelity
Methods

It was noted during the fall of 1946 that cedar had a very suc-
cessful seed year in the Cusino area. In the summer of 1947, consider-
eble cedar seedling reproduction was found along with the usual
vegetative reproductione

Four milacre plots were laid out early in the growing season
of 1947 on a Rifle peat soil type to determine the amount of cedar re-
production, its subsequent survival, snd the factors causing its mor-
taelity. Three of these were fenced with chicken wire and one was left
opens One of the exclosures ie shown in figure 7. The sites for the
individual plots were originally selected on the basis of varying de-
grees of I;ght intensity and density of ground cover.

The total reproduction within the plots was talliedl/. The
cedar seedling and vegetative reproduction was marked with wire pegse.
Mortality counts were made at periodic intervals. The amount of mor-
tality as well as its probable camnse were ascertained. Plot descrip-
tions followe
lLThe reproduction present at the time of plot esteblishment has been

designated "1947 reproduction". The amount present previous to the
summer of 1947 is unknown.



Pigure 7. Illustration of the type exclosure established
to study smount of ceder reproduction, its survivel, and causes of

mortality.



glot lo
in the canopye

An exclosure located in mature cedar with some balsam
Browge line at 10 feet.

Ground cover composed of a

moss-grase-sedge-violet~bedstraw complex.

of roduction
Cedar (seedling)
Cedar (vegetative)
Spruce
Balseam fir
Red maple

Plot 2+ An unfenced plot located in mature cedar.
Ground cover essentially mosse

composed of cedar-spruce-balsame

Type of Reproduction
Cedar (seedling)

Cedar (vegetative)
Spruce

Balsam fir

Red maple

Black ash

Number of sgtemg
191
0
i

13
L

Canopy was

Number of stems
7
0
3
21
6
1l

Plot 3. An exclosure located in an area of mature cedar. Im—

mediate canopy was all cedar.
ed to predominate.

Type of Reproduction

Cedar (seedling)
Cedar (vegetative)
Spruce

Baleam fir

Red maple

Plot 4.

cedar stande

Ground cover of sedge-grass-moss tend-

Murber of stemg

8
1
2

11l

3

An exclosure in a small natural opening in a mature
Heavy ground cover composed of grass-pedge~-moss. The

light intensity in this plot was 2 to 3 times greater than that in

Plots 1, 2, and 3.

of roduction

Cedar (seedling
Cedar (vegetative)
Red maple

Black ash

Number of stemg
29
.5

b
1

In addition to the plots just described, three other unfenced,

milacre plots were esteblished, two in commercial cuttings and one on

a small limestone ridge in a swamp.

Plot descriptions follow.



Plot 5. Located in & commercial cutting made during the winter
of 1946-47. Cover was composed of cedar-balsam-spruce-lowland hard-
woodse Ground cover light and essentially moss with Labrador tea,
Joe~Pye weed, and Rubug species.

e of Reproductio Number of steme
Cedar (seedling 51
Cedar (vegetative) 9
Spruce 7
Balsem fir 46
Red meple 27

Plot 6, Iocated in a limestone outcropping (Longrie loam) in
which the surface soil was removed for road fill (1922-23). Canopy
none — entirely open and unshaded. Ground cover sparse and consists
of grass, sedge, horsetail, yarrow, strawberry, and willow.

Type of Reproduction Number of stems
Ceder (seedling) 20
Cedar (vegetative) 0
Spruce 8
Balsam 8
White birch 8

Plot 7. Located in an area selectively cut during the winter
of 1946-47. Canopy composed of cedar—spruce~balsem-lowland hardwoods.
Ground cover bedstraw-mogs—greass—sedge.

Type of RBeproduction
Cedar (seedling)

Cedar (vegetative)
Spruce

Balgam fir

Red maple

Black ash

c*

Regultas

The loss of a;edlings during and between three growing seasons
follows & consteant trend (figure 8) if the plots are considered in
toto. Differential mortality —— both as to time of occurrence and
the amount of mortality — occurred between the various plots (table
2). |

Although expressed in smaller numbers, counts of the 1948
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Table 2, -~ Seedling reproduction tellies for three srowing seasons

in established plots

(In individual stems)

Date
Plot

July ¢ Oct. ¢ July : Sept. : May : July : Sept.

1947 ¢+ 1947 ¢ 1948 : 1948 : 1949 ¢ 1949 : 1949
1 191 190 159 156 148 142 138
2 74 72 64 63 59 53 52
3 68 65 L7 u6 41 33 30
L 29 25 20 20 20 18 17
5 51 L5 37 - 13 10 7
6 20 20 15 15 15 14 13
7 28 27 21 - 7 3 3

Total 751 Ll 363 - 303 273 260




seedlings showed essentially the same trends in loes as did the counts
on the 1947 seedlings (table 3)s The heaviest mortality was in Plots
5 and 7, the plots located in commercially cut areas that were cut by
a selective-cutting method (tsbles 2 and 3)e

Difficulty was encountered in determining accurately the causes
of individual cases of mortality of northern white cedar seedlings.
Observations, coupled with a knowledge of the climatic conditions,
were the only tools availables One of the chief problems encountered
stemmed from the fact that the foliage of northern white cedar did
not show signs of injury or death until quite some time after the
causal agent had actedl/. The effect of snowshoe hare and rodent
browsing ere discussed elsewhere in thig dissertation and are not in-
cluded here in view of the fact that only & portion of the plots were
exclosuress In view of the difficulties involved, the causal agent
of only 38 percent out of the 212 mortalities recorded wee determined.

By far the greatest amount of seedling mortality was caused by
desiccation, In meny instences, seeds germinated during the wet
spring season on the top of stumps or logs with very little decaey, in
the thin layer of litter covering brace roots, in clumps of moss that
later dried up, or on the swamp floor in areas that later became
desiccated.

Late froste were found to kill seedlings. A frost occurred
on June 8, 1949, during which the air temperature immediaﬁoly above
the surface of the swemp floor was recorded at 24,0° F. This followed
l/ A gseedling removed from the swemp floor in its natural medis and
placed inside without watering was still green after a 3-week period.

It was definitely desiccated, however. Leaves were brittle, droop-
ing, and curled but there was no appreciable loss in colore

Jb
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Teble 3. -- Seedlings reproduction tallies for two growing seasons

in established plots

(In individusl stems)

Dete
Plot
“Aug, ¢ Sept. : May ¢ July Sept.
1948 ¢ 1948 ¢+ 1949 1949 ¢ 1949
1 16 16 16 16 14
2 3 3 3 2 2
3 2 2 2 1 1
L 1 1 1 1 1
5 L Ly 2 1 0
6 2 2 2 2 2
7 7 7 3 3 1
Totel 35 35 29 26 21
Percent

Survivel 100,0 1.00.0 82.8 74,3 60.0




approximately a month of frost-free weathere A plot tally in July in-
dicated mortelity caused by frost. Exemination of the plots on
November 14, 1949, showed no indications of fall frost as a factor in
mortality.

Boot rot was observed to be a lethal factor in seedling north-
ern vhite cedar. Although no isolations of pathogenic organisme were
made, appearances of some seedlings in the swemp, especially those on
thelswamp floor proper, indicated that the rot was a post-emergence
damping off or e very early root rot. A derk lesion completely sur—
rounding the seedling stem that appeared from verying distance above
the ground surfece to the ends of the root system wes noted. This
factor undoubtedly caused a considerable number of the deaths classi-
fied in the ‘"unknown'! category but the cause of mortality was not
definite enough to classify.

The cause of mortality designated as "litter and duff" is in
need of explanation. Cedsr seedling growth is extremely slows.

Coupled with this is the fact that large ceder does not shed its indi~
vidual leaves but the abscission layer forms between branch stems and
small branchlets (cladoptosis). Thus, if a single branchlet or sever-
el branchlets happen to fall upon & small gseedling, the seedling

_ covered with litter is forced into a position parallpl to the swanmp
floor and eventually killed. The difficulty arises in finding the
remeins of the seedling following mortality.

It is suspected that this cause of mortality ("litter and duff®)
is largely limited to swamp stands containing cedar although it may
express itself on other coniferous seedlings also., Cladoptosis is

peculiar to cedar alone of the Lake States swemp conifers with which



we must contende The hardwood litter was not observed to be as signi-~
ficant a fector as the ceder branches in mortality of this types

Seedlings were found with poorly developed root systems which
had failed to branch out. In some cases, the development of the root
pystems was physically difficult due to the type of medium upon which
the seed germinated. This wes especielly true when the germinating
medium chanced to be & log or stump with 1little decey.

Competition is also a cause of seedling mortelity. In the
plots under observation during the 3 growing seasons, competition from
grass was predominant. Grass growth would completely surround the
seedling, thus causing its death towards the latter portion of the
groving seasone

Another type of competition that was not encountered in these
particuler plots due to the lack of its presence within the study
plots is competition from sphagnume As previouely stated, cedar seed-
lings are especially slow growing, slower growing than the accumule~
tion of sphegnum which may smother the seedlings. Obviously, this
factor does not express itself on the whole of the seedling pbpular
tion but only in areas of heavy sphagoum growth. Sphagnum grows much
more rapidly in the open than in the shade and the competition be-
comes more noticeasble under the open conditione

The reletive amounts of mortality that the various causes were

responsible for in Plots 1, 2, 3, and 4 -~ gxclusive of snowshoe hare

and rodent brovwsing -- are as follows:



Percentage

Cauge mortality
Desiccation 38e5
Spring frosts 19.2
Boot rot 1504
Iitter and duff 115
Poorly developed root system 1le5
Competition from grasses 329

Total 100.C

Including rodent end snowshoe hare browsing as & mortallty
factor, the percentage mortelity caused by all factors, known and un-

known, for Plots 1, 2, 3, and &, is as follows:

Percentage
Cauge ~mortality
Rodent and snowshoe hare 8e5
browsing
Desicestion 7.2
Spring frost 3e6
Root rot 249
Litter and duff 22
Poorly developed root system 2e2
Competition from grasses l.1
Unknown 723
Total 100,0

It should be reelized that rodent and snowshoe hare browsing as
a cauge of mortelity is much easier to definitely ascertain than the
other factors enumerateds It is undoubtedly a more reliable estimate
of mortality thamn are the other values obtained.

In the plots that are located in the commercially cut sareas
(Plotes 5 and 7)s the mortality ceused by desiccation was approximately
6348 percent of the total mortaelity. The areas upon which tkhese
plots were located were found to be dry during the late éummer and
fall of 1948, the period during which most of the mortality occurred.
It is possible that some of the mortality clessified as caused by

desiccation might have been ceused by sunscald. However, there seemed



to be enough canopy left in the general vicinity of the plots to pre-
clude this possibility.

Tallies made for shorter periods, i.e. one and two growing
seasons, on l4 other plots indicated that the same cmuses of mortal-
ity occur ap vere previously mentioned and in about the same propor-
tionse

The factors affecting mortality of cedar seedlings have re-
ceived little attention in the Lake States. It is realized that the
resulte of this study are indicative only of the study area and that
the importance of each factor will vary with locatione.

Montgomery (42) has tallied seedling reproduction by single
years in l- to 8-year-classes in & Maine study. He has thus provided
an indirect measure of mortalitye. His observations indicate that
mortelity of seedlings approaches 100 percent in five yearse

Desiccation as a factor in cedar seedling mortality has been
recognized by Curtis (16) although he does not attempt to estimate
its relative importance. He also concedes that "there is strong evi-
dence that 1- and 2-yesr-old cedar seedlings may suffer fatally from

late spring frosts',.
Types of Reproduction
Methods

It has long been known that northern white cedar is able to re-
produce vegetatively as well as by seed. The nurseryman has found
cuttings to be a satisfactory method of propagating cedar commercial-

lye Bowever, little 1s known about the specific naturel means of



vegetative reproduction and their relative abundance in cedar stands.
Hawley (29) lists three types of vegetative reproduction that may be
effective in establishing or renewing a forest: sprouts from the
stump or from the roots (root suckers), cuttings, and leyering. Pre-
liminary observations were limited to classification into these
categoriess Later, it was possible to further subdivide the classes
according to the apparent ceuse or method involved.

A cruise of twenty 1/100th acre plote was made to determine
the number of stems falling into each category that was established.
This necessitated a critical examination of the root system of each
gtems The plots were located in such & manner that cutting hed occur—
red in ten of them.

Some difficulty wes experienced in determining the origin of
the larger stemse A 1limit of 8 feet in height was used in an effort
to obtain important dete within the realm of dssired accuracy. A
lower 1imit of 2 feet was esteblisheds A classification designated
"unknown vegetative type! was also established to include cteme which

did not definitely belong in any of the specific classes.
Resgults

Small seedlings can be distinguished from vegetative types, in
moet cases, by the pressnce of Juvenlle leaves. Cases are found of
vegetative shoots reverting from adult to juvenile folisge but are
usually essoociated with rodent browsing.

Several methods of layering were noted. There is a natural
tendency for the lower cedar branches to droop towards the forest

floor. The weight of the foliage together with the weight of snov and



jce forces some branches into contect with the swamp floor. It is ap—-
parent that rapidly growing sSphegnum beds build upward in some cases
and thus engulf the branchess Duff and litter cover many of the
branches in contact with the swamp floor. These processes all tend to
provide a moist medium around the branch that is favorable for the
development of adventitious roots from the trachesl rays of the stem
and thus the formation of new individuels. This method of layering
has been designated "branch layering's Figure 9 illustrates tkis type
of vegetative reproduction.

A single branch may be covered at several points by moist medie
end start formation of adventitious roots at all of these points. Be-
cause of the utilization of low branches in this type of reproduction,
it follows that this means of reproduction is most prevalent in the
vicinity of stems of the lower age classes.

Layering also occurs in conjunction with broken or severed
brenches that are in contact with the swemp floor. Thie contact may
be made as a result of wind-breaskage or logging. In these cases,
the stoms are not dependent upon the root system of the parent tree
but must form a root system of their own by breanch layering. Two cate-
gories were established for these means of vegetative reproduction,
"layering from windthrow! and "leyering from loggingh.

Vindthrows also produce vertical stems in a manner somevwhat
different than that previously d escribed. In many cases, the branches
of windthrows either contimue to grow upward or assume a vertical
position, obtalining water ard nutrients from the portion of the root

system of the parent stem that is &ill in %tlke grounds An example of



Pigure 9. Branch leyering. The stem held in the right hend
hag become imbedded in sphagnum, thus providing 2 moist medium for
the Dranch held in the left hend. Adventitious roots have formed on

the branch end a new individual esteblished.

W




thie type of reproductionl/vas found in which the parent cedar stem
(3 inches debehs) hed fallen and six of its branches had formed up-
right etems (figure 10). The 0ld root systeu supported all these
gtemgss Three of the stems are now 1 inch d.b.he, one stem is 2 inches
desbehe, @nd two ctems are 3 inches d.behe The designation "windthrow"
has been given this type of growthe

Natural cuttings are difficult to trace positively to their
origine BHowever, definite examples of this type of reproduction were
founde The first example of this type was found in the Upper Penin-
sula Experimental Forest, Dukes, Michigan., A stem of vegetative re-
production was formed by rabbit cutting, the cutting felling, being
partially covered with duff, and rootinge In this instance, eight
brench roots were formed. Several similar examples have been found
g8inces

No cases were found of stool sprouting or of root suckering.
Isolated cases of formation of coppice shoots on stunps were found
but they showed no indication of development to a degree that might
be clasges as a stem of reproductione Cases wesre found involving
“topped"l/ stems in which the laterels took over as a leader. How-
oever, this probebly should be classified as a transformation rather
than a means of reproduction in that no increase in the number of

stems resulted.

l/More of & transformation that true reproduction; dbut for purposes
of this study classed as a type of vegetative reproduction.

g/The term "topped" refers to a tree that has hed its main stem cut
or broken at a point that ies sbove the usual height of cuttinge
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Illustration of vegetative reproduction formed

Figure 10.

The sapling stems have developed vertically

from a windthrow.

from branches on a windthrown tree,
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Seedlings, branch layers, and stems originatingfrom windthrow
accounted for over 90 percent of the reproduction (teble 4). Approxi-
mately 80s9 percent of the vegetative reproduction wae caused by
layering of one type or anothers

There wag no significant difference between the abundance of
the verious types of vegetative reproduction in the plots with cutting
and the plots without cutting (table 5)s The obvious exception is in
the category M"layering from logging'e

It should be re—-emphasized that the plots sanpled in determin-
ing the types of reproductior were located on organic soils. Obser—
vations have indiceted that the relationships expressed here between
the various types of reproduction do not hold on the so-~called %“old-
field" types in Upper Michiganes The reproduction is predominantly
of seedling origin in these stands.

Curtis (16) mentions three types of vegetative reproduction
by

le 1layering.

2 tops and branches of thrown trees that develop root
systemse.

3¢ thrown or partially thrown stems when the uppermost
branches from them begin to grow vertically in their
new poslition even though the ctem of the trec may
not be in contact with the forest floor.
Moot of the types established in this study could be classified under
the same categories; layering from windthrow and layering from
logging end would tbus fall into the classification "tops and
branches of thrown trees develop root systems!, He does not mention

natural cuttings as a means of vegetative reproduction. Montgomery

(42) has evidence of root sprouting and stump sproutinge These

types of reproduction were not of conseguence in this study.




Table 4. -~ Types of ceder reproduction on a swemp sitel/

Type ¢ Number of stems : Percentege
Seedling 108 20.0
Brench leyering 326 60.4
Leyering from windthrow 14 2.6
Layering from logging 9 1.7
Windthrow 58 10,7
Natural cuttings 1 0.2
Unknovn vegetative 24 L.b

types
Totzl 540 100.0

1/ Besed on tellies of ceder 2 to 8 feet in height in twenty
1/100 acre plots.



Table 5. -~ Relative emounts of vegetative reproduction in 10

plots without cuttine end 10 nlots with cutting

Type : - Treatment
¢ Without Cutting : With Cutting

Percent Percent
Branch layering 4.2 77.4
Layering from windthrow 3.0 3.6
Layering from logging 0.0 5.3
Windthrow 16.7 8.3
Netural cuttings 0.4 0.0
Unknown vegetative 5.7 5.4

types

Total 100.0 100.0




Maki (41), working in Minnesote, feels that the proportions
of seedling and vegetative reproduction is governed primarily by the
type of seed bede He concludes thet under dense, mature cedar stands,
seedling reproduction is dominant due to the slow growth of sphagnum
and sparseness of herbaceous cover, thus providing little interference
with secedlings. With a fairly dense sphagnum mati, layers are doni-
nant due to smothering of seedlings by the sphagnum matse In cut-
over areag, sphagnum usually resumes growth with renewed vigor but
both seedlings and layers are common, |

Observations in the Upper Peninsula of Michigan do not corcur
with these resulis of Meki in their entirety and the heavy emphasis
on type of seedbed as the determing factor is thought to be mispleced.
It is agreed that dense, mature stands produce predominantly seed-
ling reproduction but it is for the reason that branch layering is
the principal type of vegetative reproduction end that the lower
branches in & dense, mature stand have been self-pruned loang since;
this does not allow for the formation of tranch layers. It is agreed
that sphagnum aid bronch layering but it is felt that the age of the
stand and the severity of cutting if it has occurred are the dominant
influences in determining the type of reproduction that will be
presente

In other studies conrcorned with the proportioa of seedling
reproduction to vegetative reproduction, Curtis (16) reports that re-
Juvenation of swemp cedar in Maine is mainly through vegetative pro-
pugation and the number of stems origineting through vegetative means
is probably large in comparison with the number originating from

seeds This, in effect, is similar to the results in Upper Michigan.



Invironmental Factors Affecting Initial Reproduction
Laboratory Studies
Seed Viability

Cones were collected during the fall of 1948 from two swamp
stands in the Upper Peninsula of Michigan and air-dried. The seed
was extracted by sieving and placed in cold storage. Standard germi-
nation tests were run using Petri plates and filter paper.

Further seed was obtained from a commerciel seed source; it
had been collected in Door County, Wisconsin. Germination percent-
age vas again celculated for the field run seed. Selections of
well-filled, healthy appearing sceeds were made and germination tests
conducteds The results of all germination teste were then computed
on percentage bases to determine viability.

Germination was determined from Baldwin's stendard (5). He
defines germination as having occurred at the time that the tip of
the radicle has elongated far enough beyond the seed coat to show a
normal growing tip and gives indications of developing into a healthy
seedlinge

Gernination from 1948 seed collected in ewamp stands in the
Upper Peninsula indicated approximately 3.0 percent germination of
field run seeds Germination approximated 9.0 percent on seed odb-
tained from Door County, Wisconsin. By selecting only well-filled,
healthy appearing seeds from this lot, germination was increased to
80.0 percent under optimm conditions.

Several methods of approach including Korstian's procedure on

gouthern white cedar (32) were utilized in an attempt to determine
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the amount of visble seed per unit of forest floor, but none of the
methods proved satisfactory. Germination counte on milacre plote
gave the only indication that could be obtained of the number of vie~
ble seeds. Throughout the course of the study, the highest germina-
tion on an acre besisl/ was 427,00C geedlings with counte above
150,00C seedlings per acre quite commons Talllies and observations
showed that & satisfactory amount of vigble seed was present in the

areag etudied.
Light

A study of the effect of light on seed germination was ini-
tiatede Preliminary tests under conditions of full sunlight end full
darkness were followed by a series of full sunlight, full darknesg,
and partial sunlight. Four replicetes of 100 seeds each were used in
the latter tests.

Three layers of moist filter paper were placed in Petri dishes,
the filter paper serving as germinating media. The plates were seel-
ed with Scotch tape to prevent moisture loss. Water was added as
nececsarye

A similar series was wrapped with a heavy sheet of black paper,
cfealed, and then covered with a vrapping of white paper. These
wrappinge were removed only long enough to obtain germination counts
and to edd water. The partisl sunlight peries was constructed in the

same nanner as the full sunlight series. However, it was placed in

\

1/ Most of the counts were on a milacre hasis and expanded to an acre
basis for comparison with the results of other workerse




partial light conditionse The mean foot candle power for the partial
1ight replicates, obtained from & series of olx random readings during
daylight hours, was 76.3. Geormination wae checked semi-veekly.
Germination under partial light conditions appears to be bvetter
than germination in the dark, from the standpoint of vigor of germina-
tion and rapidity of germination (teble 6)e There was no significant
difference in total germination between partial light and derkness.

Full sunlight inhibited germination.
Acldity

Five replicetes, each consisting of 10C selected seeds, were
adjusted to pH intervals of one unit from 3.0 to 840 with initial
deviations not greater than one-tenth pH unit to determine the ef-
fect of pH upon seed germination. Difco standard agar at a concen-
tration of 20 grame per liter of water was adjusted with nitric scid
and sodiun hydroxide to obtain the desired degrees of hydrogen-ion
concontrations A Beckman electric pH meter was used to make the pH
determinations. Germination wes at room temperature. The pH was
measured agaia ot the conclusion of the experiments

A trend of increase in germination with a decrease in hydrogen-
ion concentration is apparent (tuble 7). It becomes less pronounced
as the longth of the germination period increases. A statistical
analysis of the data indicates a significant decrease in germination

below pH 440 under the conditione of the experimente.
Types of Germinating Medie

A test to determine the effect of different types of



Teble 6. -- Accumwlative seed cerminestion in different light

conditiong in laboratory tests

(In number of seeds germinated)

Light :
Condition :
_ 7 10 1k 17 21
Tull sunlighbl/ 2/ 0 0 0 0 0
Partial light 109 203 229 236 236
Darkness 14 63 117 179 187

1/ Four one-hundred seed replicates were initizted in each light
condition.
2/ Bstablished on July 1, 1949.




Table 7, -- Accumuletive seed germination at verious pH levels

under laboretory conditions

(In number of seeds germinated)

Test Period in Deys

pH :

: 7 : 10 : 14 : 17

i/ 3.0 0 20 72 92
L.o 1 L8 259 347
5.0 b4 79 281 362
6.0 2 20 186 293
7.0 16 142 346 378
8.0 33 186 371 Loo

1/ Five one-hundred seed replicates were initiated at each pH
level,



germinating media under controlled temperature and moisture

was initiated. Four replicates, each consistinz of 100 selected
seeds, were germinated in four tyves of natural germinating
mediay the organic swamp floor, logs in various stéges of decsay,
hardwood litter, and mineral soil as a check. Tj,e swamp floor
sample was ovtained from the top inch of an organic swamp soil
clagssified as a Rifle peat. The decaying log sample was obtained
from the same location and would fall into the decay class 5
according to McCullough's classificationl/(44). The hardwood
litter sample was predominantly composd of alder leaves and was
obtained 1In a large .alder clump on the edge of the swamp.

A small percentege of red maple libdter was included in the
sample. A very limited amoynt of decay had occurred, but the
leaves of the component specles were recognizable. The mineral
80il sample that served as a check was obtained from the Ay
horizon of a Trenary fine sandy loam.

The samples that were kept in Petri vlates at room
temperatures with an adequate supvly of moisture.Germination
was checked seml-weekly.

An analysis of variance showed no significant difference
in seed germination between any of the media. Results are

shown in table 8.

1/ McCullough defines decay class 5 (D5) as fallen trees definite
in outline but with decay well advanced as indicated by the presence
of loose fragments of wood.




Teble 8, -- Accumuletive seed germination in verious types of

natural media under laboretory conditions

(In number of seeds germinated)

Types of : Test Period in De.ys
Naturel :

Medis : 7 P14 : 21 s 28 : 35
Swemp floor 15 187 226 229 229
Deceying logs L 137 208 236 254
Hardwood litter 14 237 250 258 258
Mineral soil - 1 137 184 189 189

;/ Four one-hundred seed replicztes were initiated in each type
of nsturel media.




Temperature

Preliminary tests to determine the effect of constant
temperatures upon the seed germination were established in the
laboratory at 4°Centigrade intervals from 100 C. to 34° C.1/
using moist filter paper in Petrl plates as germinating media.
Refrigerator controls at 16°,14°, and 18° and incubators af
higher temperatures provided the temperature chambers. Average
daily variation intemperature approximated:}_0.5’ Ce In a thirty
day period following the establishment of the tests, germination
occurred from 18° to W% with maximum germimation to24° to 26°.

WVith these results in mind, a series of tests were instigated
at 10°.l’+°,and 18° and a check at room temperature to better
establish the minimum temperature at which germination would
occur. The tests at room temperature averaged an,2%¢. with
an average dally variation of 2.65° C. as obtained from thermo-
graph readings.

Five replicates of each treatment, each containing 100
selected seedsﬁ[. were established. Germination was checked
seml -weekly.

It can be seen that low temperatures have an adverse effect
upon seed germination(table9). No germination occurred below
18° C. It was also noticed that initial seedling growth was less

vigorous at the low temperatures.

ylélechanical difficulties necessitated a 24° C. test instead of
22”7 C.

E/Source of seed was Door County,Wisconsin.



Teble 9, -~ Accumulative seed germination at various temperatures

under leboratory conditions

(In number of seeds germinated)

Test Period in Days

®s as ee oo

Temperature
7 : 10 : 13 : 1?7 : 20
/100 c. 0 0 0 0 0
14° 0 0 0 0 0
18° 0 3 14 23 30
Check 102 243 286 296 305
(24.2°)

1/ Five one-hundred seed replicates were initiated at esch temper-

ature level,



Field Studies
Season of Seed Germination

A geries of ten milacre plots were picked clean of cedar
seedlings reproduction prior to the 1949 growing season.
Throughout the growing season, semi-weekly checks were made
of the plots in an attempt to find new seedlings. Seedlings
found were merked with numbered pegs to prevent duplication
in counting. The date and type of medium upon which the seed-
linzs were growing was also recorded.

It 1s acknowledged that the date at which the seedlings were
found was later in the growing season than tne date of emergence.
In order to limit thls factor, as well as the possibility of
discovering seedlings that might have been missed in previous
inspections, the presence of the two primary cotyledons in a
healthy state was deemed necessary for inclusion in the data.

Emergence was first noted on the 3rd of June and continued
until the 28th of July. The preponderance of emergence occurred
between the 5th of June and the 5th of July(figure 11).

The first emergence noted was that occurring on exposed
stumps.No germination occurred on the swaump floor until June Z%th.
by that time, 77 vercent of the germinat¥n that was noted on
logs and.stuu@s in verious stages of decay hod been tallied.
Germination on the swamp floor was definitely later than on logs
and stumps.

Effective Seeding Distance
Methods
Observations were made throughout the course of the study

to determine the effective seeding distance of cedar. A concerted

effort was made to locate seedlings that were situated in relation
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Figure 11, Germination period as determined by the number of

new stems found ot each inspection.




to o single scéd-bearing tree such that the parent

could be definitvely deternminzd. Observations were limited
to swamps or swoilp borders to reduce the possible effect
of slope. Distrnce and direction of the seedling from the

narent were noted. Frevelent winds in the area are from the northwest.

Results

Humerous instoances were found in which seedlings were
located from LO to $3 feet from the nearest seed trecs. It
is concluacd, from the observations made, tht adequcte stocking
will occur 40 to £0 feet from seccd trees, this being especially
true in the direction of the prevailing wind.

The maxinmwa distance of adeaqunte seedling reproduction
from seed trees wos found in an area clear cut cccording to
the classiczl definition (29) between 1957 and 1910. The avea
with seedling »roduction illustrated in figure 12 contained 223
seedlings on o milacre basic, King counts showed all seedlings

had drveloned after the clesr cutting operation. The distances

to the ncorest cednr trees of seed-vecring sge were in the

‘s ‘s . 1
cardincl directions and ag follows_/;

Direction Distance
North 93.0fect
Vest 158.0 feet
Soutn 80.0 fect
Bost 1L7.0 feet

E/ It is highly iumrobavle that animels or birds could have been
tae dispersing cgeent in this case. All indications suggest wind
as the merns of dispersal.
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A word of explenation is due concerning the light conditions
in this clear cut area. The immediate area in which these seed-
lings were found was located under cover of partial windthrow and
high butts of leaning trees, The light intensity within the area
of seedling establishment was only 10 percent of that throughout
the remainder of the area.

Becanse ceder seldom growsvisolated, and in view of the fact
that few technically clear cut areas containing satisfactory
light conditions for seed germination are available, satisfactory
work areass were difficult to find. BResults on this phase of the
study are thus observational of necessity.

Rate of fall is an importent factor in dispersael by wind.
Cedar seed is light in weight (spvroximately 325,000 seeds per
pound) and possesses a relatively large wing to aid in seed
dispersal. On the other hend, the total height of the species
is small and acts towerd limiting the dispersal distance.

Seed dispersal of northern white cedar stands is not dependent
upon the wind glone., Mention should be made of the extensive work
that is undertaken by the red squirrel in this respect. Through-
out the course of the study, this chattering little mammal was
often observed scurrying about the ceder trees, In the fall, he
cuts cone clusters and branches containing the clusters. The per-
centage of seed dispersed or eaten by this animel is not known

but it is felt that it has a profound effect on seed distribution.

Light
Methods

Throughout the course of the study, light readings were taken
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on 211 milacre plots established to determine the effect of light
upon the initial establishment of cedar seedlings and vegetative
types of reproduction. Readings were taken with a DeJur Amsco

Model 5B incident light meter and were taken as near to 10 AM

and 3 PM as possible. These times were erbitrarily chosen because
of the similar foot candle power in full sunlight during the two
veriods. It was also felt that the two vperiods were most represent-
ative of daily conditions in that readings at these two hours

would tend to balance the readings in vlots that were shaded during
the morning and open in the afternoon and vice versa.

Readings were taken only during periods of a clear sky.
Bxcept in a single group of plots, readings were tsken from one-
half hour before the designated time to one-half hour following
the designated time. In the series of plots located in Section
13 T4UN R26W, travel distances were of such a megnitude that
readings had to extend to a maximum of one hour past the desig-
nated times.

An extended effort towards uniformity in method was made
in taking 2ll readings. That is, the light meter was held at
waist level with the operator!s back to the sun and at a distance
such that the operator's shadow did not fell across any vart of
the milacre vlot. A single operator made all the readings.

The entire plot was covered with the meter. The reading
gselected was the avparent modal reading with the operator still
bearing in mind the minimum and maximum readings. This integration
was thought to be most representative of the light conditions with-
in the plot. It was also upon the recommendation of the DeJur Amsco

Corporation engineers (39) that light flux falling upon the object
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was used 28 a criterion for measurement rather than the amount
of 1light reflected from the object.

Calibrations from light meter readings to total light flux
foot candles were furnished by the DeJur Amsco Corporation and are
shown in figure 13. The individual plot light meter readings were
converted into foot candle power and a mean obtained for the plot.
Classes were then established in foot candle power corresponding
to light meter units insofar as the accuracy of the instrument
is in block units. The standerd deviation of the seedling tallies
was obtained for each class and plot rejections were made at a
level of greater then two standard deviations from the arithmetic
mean.,

Several wnroblems presented themselves in the designation of
height clesses to be included within the tallies. It is acknowledged
that some of the vegetative remroduction is over 2 feet in height
at the time of origin, especially those forming vertically from
vindthrows. However, it is felt that the majority of the stems
formed from branch layering are under 2 feet in height at the time
adventitious roots form. It is also acknowledged that seedling
reproduction and vegetative reproduction of the same height would
be quite widely separated in age. With these facts in mind, the
height class from 0 to 2 feet in height was designated as initial

reproduction.

Results

Figures 14 and 15 illustrate graphically the abundance and
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frequencyl/ of seedling reproduction under 2 feet in height. The
seedling reproduction szbundance znd fr'equency data are included
in table 35 (Appendix).'

The results indicate that light intensity is not e critical
factor in seedling germination znd initial establishment throughout
the normal range of light conditions found in our swamp stands and
swamp cuttings. There is a decrease in both ebundance and frequency
at both extremes., The conditions at the lower end of the tezble, i.e.
conditions with an averege foot candle power of 5 to 7, were found in
very dense stands and were usually 1ocatéd in an area with a sufficient
amount of reproduction in the somewhat larger size classes. The
average minimum light intensity requirement-z/ aporoximates 0.067.

The conditions at the upper end of the table‘ with a foot candle
power of 331 and upwards were found in 10-yeer-old cuttings that
were harvested under a system of absolute clear cutting.

The results also indicate that 1ight intensity was not a
critical factor in vegetative reproduction. Initiel estzablishment
was found throughout the range of light conditidna that are present
in our ‘swamp stands and swamp cuttings (table 10). There was a
decrease in both abundance and frequency at the lower extreme,

The vlots at that end of the table, i.e. conditions with foot candle

power of 5 to 10, were found in very dense stands with a sufficient

l/ The term "abundance! is used in this dissertation to desiznate
a count of a gliven species present on a unit area basis. It is
acknowledged that this is a rather broad use of the term but was
used in view of the fact that density seemed difficult to visual-
ize in relation to a stand of seedlings. ZFreaquency is defined as
a measure of the degree of dispersion measured on a percentile
basis,

3/ The ratio between intensity falling on the forest floor eand
intensity in the open.
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ABUNDANCE OF NORTHERN WHITE CEDAR SEEDLING REPRODUCTION
UNDER VARIOUS LIGHT GCONDITIONS IN 210 MILACRE PLOTS.
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Figure 14. Abundence of northern white cedar seedling repro-
duction under various light conditions., BEach dot represents the
meen number of seedlings in the plots examined that were tallied in
that specific light cless. The number of milacre plots in each

light class represented in this figure is indiceted in Tedble 35.




FREQUENGCY OF NORTHERN WHITE CEDAR SEEDLING REPRODUGCTION
UNDER VARIOUS LIGHT GCNDITIONS IN 210 MILAGRE PLOTS.
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Figure 15. Frequency of northern white cedar seedling repro-
duction under various light condltions. Each dot represents the
percentage of milacre plots in which cedar seedling reproduction

was found,




Table 10. --Abundence end frequency of vegetative reproduction under

?2 feet in helght in verious light conditions

Foot-candle : : ! Number of mil-
power : Abundance H Frequency acre plots in
: : : class
Number of stems Percent

5-7 0.7 22, 9
7-10 0.6 L3, 14
10-14 1.9 59. 17
14-20 2.3 68. 22
20-28 1.7 52, ' 27
28-40 2.8 69. 13
L40-58 L,9 87. 16
58-.81 0.8 55. 11
81-114 1.4 Ly, 9
114-162 0.5 50. L
162 plus 3.9 6k, 11
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amount of reproduction in the larger height classes and extremely
heavy self-pruning. Nine of the readings in the most intense classl/
hed foot candle vower above 331 and were located in an area that Wa§
clear cut ten years previous to the plot examination.,

The conclusions correspond very closely with those of Maki
(41). From limited observations, he concludes that there is no
correlation between radiation intensity and the number of seedlings
without regerd to age. Probably Baldwin (5) best summarizes the
effect of light on seeds of forest trees by stating that light is
rarely necessary but in nearly all cases germination is improved
and hastened by it.

This discussion is not in anyway meant to invalidate the
effect of light upon seedling growth and development following seed
germination and initial estaﬁlishment. Obgervations indicated that
light is beneficial, increases the growth of reproduction, énd that

possibly the species becomes more light tolerant with ege.

Acidity

Methods

A study was initiated to determine the effect of pH upon
seedling and vegetative reproguction under field conditions. 1In
156 of the milacre plots established throughout the course of the
project, oH readings were obtained. During the 1948 growing season,

determinations were made with a Wsoiltex" kit. However, in view of

l/ This relatively low figure was chosen as an upper class designation
because of the difficulty in obtaining an adequate number of plots in
the more open areas.,
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the difficulties encountered due to the organic matter in muck and
peat soils clouding the single colorometric reading, a LaMotte-
Morgan soil testing kit with a series of indicators was used during
the 1949 season to alleviate this difficulty. Samples were collected
from within the top 2 to 3 inches of s0il and seedling and vegetatiwe

reproduction was tallied. Plot rejections were made as previously.
Results

Seedling reproduction increases with a decrease in hydrogen-
ion concentration above 6.0 to a neutral and slightly alkaline
condition (circum-neutrsl). There seems to be no appreciable
difference in reproduction in the range between pH 4.0 and 6.0.
Indications point to a vpossible reduction below this level. Figure
16 illustrates the seedling zbundance end figure 17 shows the seed-
ling frequency data in a graphic presentatioul/ . |

The regsults in table 11 indicate a decrease in abundence and
frequency of iregetative reproduction at the higher pH levels (above
pH 7.0). However, this is ebove the organic soil range in most of
the study area, All the observatlions in the class 7.0 to 7.9 fall
at pH 7.5 or below.

General obgervations also bear out these findings concerning

vegetative reproduction. In the Longrie loam typegl that is present

in or neer swamps, seedling reproduction seems to teke over old

fields that have been utilized as pastures. This is in contrast

J‘/ The seedling sbundance snd frequency data are presented in table
35 (Apvendix).

3/ Longrie loam is characterized by a limestone bed rock and is
neutral to alkaline in reaction.
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FREQUENCY OF NORTHERN WHITE CEDAR SEEDLING REPRODUCTION AT
VARIQUS Ph LEVELS IN LOWLAND STANDS IN 156 MILACRE PL.OTS.
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Figure 17. Frequency of cedar seedling reproduction at various
pH levels in lowlend stands. Each dot represents the percentage of

milacre plots in which cedar seedling reproduction was found.
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Table 11, -~ Abundance end fregquency of vegetative reproduction in

swyamp stands at various pH levelgl/

: H ¢ Number of mil-
pH : Abundence : Frequency ¢ acre plots in
: : H class

Nunber of stems Percent --
L,0-4.9 1.4 33, 21
5.0-5.9 1.5 33. 17
600"6.9 202 370 108
7-0"'?.9 007 15. 13

1/ Tallies are based on stems from O to 2 feet in height,




to many stems of vegetative reproduction that we often find in swamp
cuttings.

It should be realized that the pH values are very closely
correlated with soil type in swamp soils. A grouping of the pH
values by soil type would show that the lower pH values are repre-
gsentative of the plots established in Saugatuck, Ogemaw, and
Newton types. The intermediate values represent Rifle peat sites.
The higher values were found on Carbondale peat. The neutral and
slightly alkeline readings were found in Carbondale veat with
shallow deposits of marl and on Longrie loam that was located
within swamps.

The correlation between an increase in seedling reproduction
above pH 6.0 to the neutral puint ond slightly elkaline conditioné
is not absolute, however. It would appear that the rise in
germination and initial establishment, although correlated with
pH, is not due to the hydrogen-ion concentration but rather due
to other physical, chemical, or biological factors involved in
the integration designated as pH. Wilde (61) described the
circum-neutral soils (pH 6.6 to 7.3), essentially the groups with
better seedling establishment in this study, as being characterized
by high activity of micro-orgenisms, rapid humification and nitrif-
ication, high availability of nutrients, and usually in good
physicel condition.

Adequate germination occurred throughout the normal renge
of pH values found in the cedar stands. The lower values at
vhich germination and initiel establishment might be prohibited

are of 1little consequence to the forester. Baldwin (5) concludes
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thet most forest seeds exhibit a rather wide range of tolerance
to reaction and germinate well within the limits of acidity
usually found in nature.

The results would indicate some agreement with Fernald
(20) in his classification of ceder a2s a calcicole. However,
it should be strongly emphasized that the occurrence of the
species and its reproduction are definitely not limited to basic
sites and have the capacity to adapt themselves remarkably to

the acid conditions of the Upper Peninsula swamps.




Types of Germinating Media
Methods

It was observed early in the course of the field work that
in swamp stands cedsr seedlings germinated and grew best on logs
and stumps in varying stages of decay, bare or moss-covered, as
germinating media. An effort was made to find the extent to which
this observation held true.

Twenty seven semi-permanent milacre plots were established,
nine in each of three different tynes of sites, at 50 foot
intervals.One group was located in a deep swamp site on Rifle
veat and designated as such, another group was located near the
edge of the swamp on Carbondale peat, and a third group located on
a Newton sand, The cover was such that alder clumps were not
prevalent on any of the sites.

Seedlings were counted on comparable areas of logs, stumps,
and down stemsl/and organic soil of the swamp floor in each tyve
of site. Tecayed logs were measured in milacre plots covered by
this type of germinating medlum was ascertained. Figure 18
illustrates the method devised by the author to determine the
vortion of the ground area within, the swamp occupied by logs
and stumps in various stages of decay.

Type of medium studies on vegetative reproduction were con~

ducted on an observational basis,

1/Hereafter collectively designated as "decayed logs" or a similar
abbreviated terminology.
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Results

This study indicated that logs in various steges of de-
composition are the favored type of medium for germination of
seedlings (table 12). ZEighty seven percent of the seedlings tallied
germinated on this type of medium. It was lmpossible to identify
the species of the logs in most cases; however, it was possible
to identify some northern white cedar and yellow birch logs.

The log in figure 19 is typical of this type of medium. Figure
23 indicates a stump that vegetation is utilizing as a germinating
medium,

The proportion of ground cover that is the favored type of
germinating medium varies from 0 percent to 39 percent with a
mean of 16.3 percent for 27 milacre plots (table 13). The amount
of log medium varies on different sites, possibly due to different
productive capacities, conditions for decay, and logging history.
However, the same type of medium was favored on the three different
sltes included in this study.

Analyses of correlation and regression were celculated
where gpplicable. No significant correlation or regression was
present between the number of seedlings and the sguare feet of
medium that consisted of logs in verying steges of decay.

Within the plots with the best reproduction of cedar, several

generalizations were noted:

1. the canopy was composed of a pure coniferous
stand with ceder the predominent species.

2. the seedling populations were located
considerably above the generzl level
of the swamp floor.




Table 12,

-~-Types of germinating media reletive to

seedling reproduction

: Log Medium : Orgenic Soil
Site : H

: Square feet : Number of : Square feet : Number of

: _exemined ¢ geedlings : exemined t _secedlings
Carbondale peat 5.5 15 46,5 0
Rifle veet bs.5 57 bs.b4 13
Newton sand h6,2 13 L6,2 0
Total 138.2 85 138.1 13




Flgure 19, An example of the type of medium classified as
"logs in varying stages of decey". Woody medium varies from

slightly decayed to advanced decay classes,

83
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Table 13, -~ Percentage of swemp floor covered by logs in verying

stages of decay on three different siteg

H Site
Plot :
: Carbondale : Rifle : Newton
3 peat : peat : sand
Percent Percent Percent
1 39 14 22
2 11 23 15
3 20 9 24
4 11 8 30
5 1 7 10
6 35 15 11
? 32 17 1
8 16 18 0
9 15 31 5

Mean 20.0 15.8 13.1




3. the seedlings growing on ddcayed lags had better
developed root gystems than those growing on
the swaemp floor.

4, the presence of suiteble media in a swamp stand
is not adequate insurance in itself that
cedar seedling reproduction will occur.

An absence of seedlings was noted in deer runways and other
aress with an sbundance of deer and rabbit scats (figure 20). This
might be partially explained by the trampling effect of deer which
causes death of young seedlings and changes the physical condition
of the organic soil., Several of these areas suggest a hyvothesis
that the concentrations of scats may exert a chemical effect that
is inimical to seed germination and seedling establishment.

There seems to be a question in the minds of the foresters
and game managers throughout the region as to whether the seed-
lings growing on pertially decayed logs will be able to survive.
The frequent occurrence of concrete examples leads to the hyvothesis
that there is rossibly a far greater number of stems that origin-
ated in this t&pe of medium present in meture stands than heretofore
suspected. ZFigures 21 and 22 illustrate common examples of seed-
ling vroduced stems. A numerical comparison of adult stems that
hed originated on logs and on the swamp floor was not attempted.

Obserfationa indicated that the formation of vegetative
reproduction is more dependent upon the moisture condition of the
medium then upon its composition., It was found that a moist
coniferous litter or sphagnum moss was the best medium for veget-
ative formation, probably due to the importance of branch layering

as a means of vegetative reproduction. In a series of twenty




Flgure 20. Illustration of heavily used deer runway.

the concentration of scats in the run,

Note
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An example of a cedar pole that developed from

Figure 21.

hough its origin 1s difficult

Alt

the seedlinz type of reproduction.

to prove, deduction indicated that seedling type origin would be the

only possibility,




Figure 22, An exeample of an adult cedar that has developed
from 2 seed which presumably germinated in the duff and moss on
the fellen log. Agein, deduction precludes the possibility of a

vegetative type origin. .

8&




1/100th acre plots, en aversge of 8.4 stems of vegetative repro-
duction were found in five plots where sphagnum moss was sparse
as compared with 2 mesn of 18.9 stems in 15 plots where sphagnum
moss was medium or heavy.

Although logs in various stages of decay occupy a relatively
small proportion of the total availsble germinating medis (20.0%,
15.8%, end 13.1% respectively on 3 soil tyves), they are the
favored medium for seed germination in the field. The fact that
there weas no significant difference in seed germination between
typves of germinating media, including hardwood litter, in the
laboratory under similar conditions of temperature and moisture
indicates that under setisfactory field conditions of these two
fectors among others, there should be no difference between the
types of media as regards germination and initial development.

However, observations substentiated by moisture studies
indicated that the hardwood litter in the swamps, predominantly
a medium of alder leaves, had a lower moisture content than either
the orgenic swamp floor or logs in varying stages of decay.

It is felt that moisture is definitely the limiting value in the
establishment of seedling cedar reproduction in alder clumps.

The most exposed wood media are also subject to copsiderable
desiccation. Seedlings that might establish themselves on the
upper portion of a stump as indicated in figure 23 would be
subject to desiccation during the latter vportions of the growing

geason.

The results of McCullough (44) indicate thet the establich-
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Figure 23. An exposed stump, a type of germinating medium
found in swemps that was classified as "logs in varying stages
of decay"., Seedlings that became established near the cut end of

stumps were often found to be subject to desiccation.




ment of Engelmenn spruce and slpine fir seedlings is not dependent
upon the herbaceous and shrub succession or the degree of decay

of logs but that it can occur on logs showing only slight signs

of decay. With this in mind and the fact that the species in

the northern swamps that contribute fallen logs and stumps have
very divergent wood characteristics, no such classification was
designed. Logs with slight decay, in the moss stages of succession
with a scattering of herbaceous vegetstion, were the best germinat-
1ng' media,

Although the early decay clesses provide the most satisfactory
germinating media, it does not follow that logs in the early stsges
of decay are the best types of media for the ultimate establish-
ment and suwrvival of the reproduction., Observations indicate that
the later stages of decay are superior in this respect. Several
significant facts are offered in its support. There is less
vhysical impediment to root penetration in the later classes.

They also zppesr to have a higher capacity for moisture absorption
than the slightly decayed logs.

It is probable that until the vpresent century or the last
few years of the past century -- with the exception of swamps
with heavy and complete burns -- a goodly number of the swamp
stands in the Upper Peninsula of Michigan were virgin. With the
very slow decay that occurs under these conditions, the percent age
of the swamp stands occupied by a medium of the type most suitable
for seedling development was probably at an optimum. With ever-

increasing utilization of forest products and reduction of woods




waste, the percentage of area occupied by this type of medium will
no doubt decresse. Such a condition cannot help but have an in-
fluence upon the future amount of medium most satisfactory for
germination. From a long time aspect, there is the possibility

of a correlation of the amount of satisfactory germinating media
with the means of slash disposel.

Not only was this tyve of medium (logs in various stages of
decay) found very suitable for ceder seedling reproduction but
observations indicated that it is equally =8 adventegeous for the
seedling reproduction of spruce and belsam fir.

It is regretted that the opportunity to observe and study
the effect of fire upon germinating medie end cedar reproduction
in general did not present itself. It is a factor that should

receive attention.

Temperature

Methods

The effect of temperature upon seedling reproduction was
undertoken in an attempt to obtain specific information concerning
swamp temperatures and to determine the effect of several aspects
of temperature upon reproduction:

1. late spring and early fall frosts upon seedling
mortality.

2. the low temperature of vhe forest floor in relation
to the delay or prohibition of seed germination.

3. the role of soil temperature as a factor determining
the preference for the type of germinating
medium in swamps.

Two partiel weather stations were constructed within the swamp.
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Minimum and meximum temperatures were obtained in three vpositions
at each site, one set. at 2 to 3 inches below the surface of the
swamp soil, another set from the inside of decayed logs (the most
satisfactory germinating media for cedar seedlings in the swamp),
end a third set i‘;:om 2 %o 3 inches sbove the surface of the swamp
floor. Figures 24 and 25 illustrate the types of installations.
The set at the Cusino station was used as an upland check of air

temperatures. Readings were obtained semi-weekly.
Results

Pigures 26, 27, and 28 indicate the mean, minimum, and
maximum temperatures throughout the growing season at 2 to 3 inches
above the surface of the swamp floor (Air), 2 to 3 inches below
the surface of the swamp floor (Soil), in decaying logs, and at
en upland check station (Air). It can be seen that during the
periéd of seed germination (June and July), the temperatures
within logs in verious stages of decay were higher thaon the
temperature of the forest floor. The maximum temperatures attained
in the decaying logs was also higher; minimum temperatures over-
lapped in range. This latter phenomenon appeared to occur at
times when the water table would drop beneath the gauges in the
swamp floor. '

The average semi-weekly variation between minimum and max-
imum temperatures was slso greater within the logs. It avereged
6.8° F. for the swamp soil stations as compered with 10.6° F. for

the decaying log stations. The average variation of the eir just




Pigure 24, An illustration of the location of thermometers
designed to obtain minimum end maximum temperatures above the

surface of the swamp floor.




Figure 25. An illustration of the location of thermometers

designed to obtein minimum and maximum temperatures in decaying logs.




MEAN MONTHLY TEMPERATURES FOR SWAMP SOIL, LOG,AND
AIR STATIONS AND AN UPLAND CHECK STATION,
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-:-L-; Temperature readings were in degrees Fahrenheilt.
% Readings obtalned during 1949 season,
3/ The upland check station mensured air temperatures.
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MONTHLY MINIMUM TEMPERATURES FOR SWAMP SOIL, LOG, AND
AIR STATIONS AND AN UPLAND CHECK STATION.
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l; Temperature readings were in degrees Fahrenhelt,
&/ Reedinge were obtzined during 1949 season.
3/ The uplend check station measured air temperatures.
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l/ Temperature readings were in degrees Fahrenheit.
2/ Reedings obtained during 1949 growing season.
The uplend check station measured air temperatures.




ebove the swamp floor was 30.0° F.

Results at the two stations were in very close accord with
each other. Table 14 indicates the veriation between the two soil
and log stations for the month of August, 1949,

It is also noteworthy that the average air temperatures
within the swamp ere considerably lower than those of a checlk
station located on an adjacent uplend ridge. This is especizlly
true of the minimum temperatures and the average monthly temp-
eratures (figures 26 and 27).

The effect of late spring and early fall frosts on repro-
duction are discussed in detail elsewhere in this dissertation.
In summation, late spring frosts were found to kill seedlings.
No indication was found of damage by esrly fall frosts.

Germination of seede on the swamp floor was late, It vas
definitely behind seed germination on other types of media. It
is felt that the low temperature of the swamp floor coused this
delay. |

The fact that the mean temperatwre of the swamp floor was
found to bé lower then that of logs and stumps in verying stages
of decay correléted with the amount of seedling reproduction.
The feoctor causing the difference in germination between these
two media, in the cases that were not exposed to such a degree
that moisture supply is the limiting factor, 1s temperature.

The limited work of LeBarron and Neetzel (38) at Dukes,
Michigen on swamp soil temperatures provides a further checik on

the results obtained in this study. On June 11, 1941, twelve
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Teble 14, -~ Temperature relationships during August 1949

(In degrees Fahrenheit)

Station : Tocation : Meen ¢ Minimum : Maximum :Variationl/
: ¢t temperature: temperature: temperature:
1 Soil 59.0 Ls5,0 68,0 10,0
2 Soil 56.5 46,0 71.0 8.8
1 Log 59.5 40.0 72.0 13.6
2 Log 59.3 bs.5 72.0 11.0

1/ Based on the average semi-weekly variation between minimum and
meximum temperatures.
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inches below the surface of the swamp floor, the temperature was
52° B, with a range of between 46° and 49° in similar wmositions

elsewhere in the swamp. Readings for that period during 1949 at
2 to 3 inches below the swamp surface at Cusino averaged 15° F,

for Station 1 and 48.5° for Station 2.

The leboratory results indicated that the lower threshold
for germination of cedar occurred somewhere between 14° and 18° c.
(57.2° and 64.4° F,). If exposure to cold temperatures during
the winter plus alternation of temperature has not markedly
lowered the threshold of germination, the temperature studies
would indicate that the seed is able to attain the surface
temperature of the media involved and commence germination with~
out a warm lgyer of soil.

The hypothesis that the exposure to cold and alternating
temperatures have slightly lowered the threshold seems more
tenable. This conclusion is based on the fact that swamp soiis
are characterized by a very high water table during the period
of germination, thus possibly reducing the temperature differential

between the surface and underlying layers.,




Soil Moisture
Methods

Soil moisture studies with regards to initial seedling

reproduction were instigated with the following objectives in minds

1. to obtain specific information on swamp moistures.

2., to determine the effect of low mid-summer moisture
on seedling mortallty.

3. to determine 1f soil moisture is a factor influencing
preference for type of germinating medla in the swamp,

Paired samples of approximately 50 grams each were obtained semi-
veekly at each of two stations in each of two types of germineting
media — logs in various stages of decay and within the top 3" of the
organic soil. These samples were taken from May 12 to September 26
during the 1949 growing season. Samples were oven dried at approx-
imately 10000. and reweighed when oven dry. The actual percentage
of moisture was then determined. Samples were obtained from media that
was supporting cedar seedling reproduction. Welghings were made to a
2 mg. accuracy and moisture percentages calculated.

Two water level gauges were installed during the summer of
1947. One was located in Section 19 TW7N R16W, close to the up-
land dbut within a cedar-spruce type. It was subject to considerable
drainage from the uplands and thus showed marked fluctuations. The

other gauge was located in Section 30 TH7N R16W ~= within the swamp
proper and not subject to the fluctuations described for the previous

gauge. Readings were taken irregularly during 1947, weekly during

the summer of 1948, and weekly during the entire growing season for 1949.

1VU<




Figures 29 and 30 show the water level during the 1948 and 1949

growing seasons.

Results

It was noted that the moisture content of the swamp floor was
greater than the moisture content of logs in various stages of decay
upon which cedar was found germinating (table 15). The moisture
percentages of both types of media throughout the growing season is
well above the wilting percentages arrived at by Feustel and Byers
(21) for peats. The mean soil moisture percentage throughout the
growing season was determined to be 560.1 percent for both stations.
The mean log molsture percentage for that period was found to be
473.9 percent. The standard deviation of the individual semi-weekly
determinations from the seasonal mean was found to be 120 percent
for the soil medium and 135 percent for the log medium.

Water was standing in the swamp on July 23, 1949. This

condition was not the result of recent rains but rather is indicative
of the water table at that time. The data indicative of the role of
desiccation in the section of the dissertation on seedling mortality
were largely gathered following a severel month perlod of dryness in
the 1948 growing season.

Although determinations were not carried out on hardwood
litter throughout the growing season, observations indicated that
the principle reason that viable seeds of cedar did not tend to
germinate upon the litter was the lack of moisture in the medium.
Samples of hardwood litter gathered on July 28, 1549 following two

days of rainy weather with a precipitation of approximately 1.24
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Pigure 29. Water level reedings during the 1948 growing
seeson indiceting weekly fluctuations in the water table, The
Section 19 gauge was located close enough to the upland so that
it was subject to ropid drainage. This phenomenon probably accounts
for the greater veriation in its readings as compered with the

Section 30 observetions.
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Figure 30. Water level readings during the 1949 growing
season indicating weekly fluctuntions in the water table, The
gauge in Section 30 was inundated during most of the observation
period, A comparison with the 1948 season illustrates the

extreme veriztion between growing seasons (figure 29).
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Table 15, -- Average moisture percentage of the two major types of

germinatinge media for cedarl/

(In percentage)

; Soil ; Log
Month : :

—_ t Station 1 : Station 2 : Station 1 : Station 2
May 591 60l 507 489
June 579 540 Lok k21
July 566 600 Los 480
Auzust shly 514 lys7 504
September - 480 547 574 536
MeanZ/ 560.6 559.7 470.7 4772

1/ Date collected during 1949,
2/ Based on an aversge of the semi-weekly readings.
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inches had an average moisture percentage of 148.l4 as compared with
666.2 percent in the orgenic swamp soil and 447.7 percent for logs
in varying stages of decay. During the drier periods of the growing
season, this type of medium was found so dry that crumpling with the
hands would break the leaf comwonents of the litter into numerous
pleces.

It should be emphasized that hardwood litter covers an
important portion of the ground area of swamps. The areas which
are inimical to cedar seedling reproduction are meinly alder clumps
or alder stends constituting a significant acreage.

The observations attributed to the "swamp floor" are
composed of mosses, coniferous litter, and the remains of shrubby
and herbaceous assoclates among other things. The needle--type
character of the coniferous leaves is of such a nature that i1t does
not form a mat similar to that formed by hardwood litter. The
exceptions occur in northern white cedar and white pine. Observations
indiceted that cedar branchlets on the swamp floor have a high
moisture retaining capacity and seem to be moist enough to allow
adequate reproduction. White pine needles, however, are inclined to

form a mat that has a tendency to dry out on the surface layer.
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Drainage
Methods

A study was instigated to determine the effect of natural
drainagel/ upon northern white cedar seedlling reproduction.
Experimental design followed that of LeBarron and Neetzel (38)
insofar as possible. With their results in mind, four lines were
esteblished perpendicular to the Creighton creek (Section 19 TU7N.
R16W) on mesnders in such a manner that the closest distance from
the nlots to a drainageway would be along the established line.
The lines werée 125 feet in length with plots located from the bank
of the stream to the end of the line at 25 feet intervals. A
milécre was examined at each plot location for cedar seedling
reproduction under 2 feet in height.

Plot rejections were at 2 standard deviations. In this
discussion none of the plots has been included that fall outside
the 1limits of 2 standard deviations. Thus aporoximately 5 percent
of the more erratic plots are eliminated. 1Two standard deviations
was chosen as the point of rejection in accordance with the
sugzgestion of Bruce and Schumacher (8). Inclusion of plots with

greater than two standard deviations from the arithmetic mean
would permit single plots to exert undue influency upon calculations

of means.

1/

" Artificially induced drainageways are of little consequence in
swamp stands but the presence of streams and natural drainageways
effect considerable areas. Therefore, the latter situations were
chosen for studles on the effect of drainage.
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Results from the four lines were tallied. These results

prompted the establishment of four more fifty foot lines with plots

at 25 foot intervals. Initial revroduction (0 to 2 feet in height)

vas tallied from milacre plots in the same manner as previously described.
The srea is located in a Rifle peat soll type. The cover was predom-
inantly cedar with an admixture of spruce and balsam. Stream drainage

is into the Creighton River, the Manistique River, and thence into
Lake Michigan.

Results

The tallies of the four lines established indicated a definite
decrease in seedling reproduction from a 50 foot distance to the
stream's edge. Four more lines established pervendicular to the

drainageway and with plots at the stream!s edge, 25 feet, and 50
feet supported the initial results. The data for the eight lines
were grouped (table 16).

It was found that the plots directly adjacent to the stream
were in water during a portion of the study veriod. It was also
observed that the percentage of herbaceous ground cover decreased as
one traveled away from the stream's edge. The vegetation adjacent to
the stream was malnly composed of sedges.

Light readings indicated that the swamp surface adjacent to
the stream!s edge received more light than the plots farther removed
due to the opening made by the stream itself. However, light
measurements carried on throughout the course of the study indicated

that the values obtained were not too high for seedling establishment.
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Table 16. -- Average seedling reproduction at verious distances from

2 netural dralnagewvzy.

Distance : Average : Number of
from : number of : observations
drainage : seedlings :

Strezm's edge 3.75 8
25 feet 5.38 8
50 n 8.12 8
7" 11.75 ly
100 © 13,50 b
125 10,75 L
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It 1s felt that the rclationships obtained in this phase of
study were correlated with inundation but no experimental evidence

can be produced in behalf of this hyvpothesis,

Rodent and Snowshoe Hare Browsing

Methods

Rodent and snowshoe hare browsing was noted very frequently
in cedar reproduction in the study area. With these observations in
mind, a series of plots were instigated to check the combined effect
of their browsing upon initiel seedling reproduction(0 to 2 feet in
height).

Two rodent and snowshoe hare proof plots and two check plots
were constructed and located in such a manner that rodent and snow-
shoe browsing within the plots could be the only significant
differentiating factor. Costs of material and labor limited further
replication. There was necessarily some difference between light
conditions in the check and the animal proof plots but this was
reduced insofar as possible by placing a partial wire along the
check plot sides. The plots each covered one square meter of the
swamp surface.

One-half inch pipe was cut and assembled into a square meter
frame with a bar down the center for support. A union was included
in each half of the frame to enable it to be tightened to the exact
size. This frame was attached to 6-foot lengths of three-~

fourths inch pipe and driven three feet into the ground. The tops of
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the plots were covered with 4 x 4 mesh hardware cloth. The sides

of the animal proof plots were dug in to a depth of 6 inches below
the swamp floor level. The wire sides of the check plots were placed
at 14 inches from the ground line to allow ample room for rodents

and snowshoes to enter the plot. Figures 31 (a) and (b) illustrate
the rodent and snowshoe proof plots and the check plots.

An index of the rodent population in the study area was obtained
during the summer of 1948 (table 17), following in general the
procedure outlined by Calhoun(ll). A total of 605 trap nights in
three days trapping on four lines were used to obtain the index.

The trap lines were placed at a distance from the plot locations
that should preclude the possi’bility of an influence on the rodent
povulation but were still close enough to be within the same cover
type.

The winter rodent population was not obtained. No index of
snowshoe hare population was determined although observations

indicated that the snowshoe hare were abundant in the study area.
Results

Table 18 indicates the seedling mortality in the plots
between the time of establishment (July, i9l48) and the time the snow
was off the ground in the following spring (April, 1949). Examinations
showed that the mortality of 8.5 percent of the seedling population in
the check plots was definitely due to rodent and snowshoe hare
browsing. Snowshoe hare scats were found on the floors of these plots.

In Plot 299, a check, three other seedlings had lost their tips due




Figure 31, (2) Rodent end snowshoe hare proof plot. (b) Check plot.

OTT
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Teble 17. -- Results of 605 trav nights on four rodent trepping 1inesl-/

(In individuals trapped)

Species H Male : Female
Sorex cinereus(Masked shrew) é 6
Clethrionomvs gzapperi(Red-backed vole) 1 2
Microtus pennsyvlvanicus(Meadow vole) 2 0
Butemius minimus(Least chipmunk) 1 0

1/ The trapping period wes during August 1948,
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Table 18, -- Seedling counts in rodent end snowshoe hare proof

plots 2nd checks

(In number of stems)

: : H : Loss
Plot : Type of Plot ¢ July ¢ April : Ceused by
: : 1048 ¢ 1949 :  Browsing

300 Rodent end snowshoe proof 33 33 0

206 Rodent and snowshoe proof 35 34 0

299  Check 38 33 1/2

294 Check 33 29 L

;/ The loss of the other 3 seedlings was caused by factors other
thon rodent end snowshoe hare dbrowsing.
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to browsing. Five seedlings in Plot 294, also a check, showed similar
damage. Thus at least 20 percent of the seedlings in the check
plots showed browsing mortality or injury during a single winter.

Browsing of small seedlings was not confined to the specific
area included in this phase of study. Counts made in the Escanaba
River area -- specifically, Section 13 TMUN R26W -- indicated wide-
spread damage by rodent and snowshoe hare browsing also. On a mile
acre plot of 103 seedlings, 20 of them (19.4%) were severely browsed.
Another plot containing 401 seedlings had approximately 40 percent
of 1ts seedlings browsSed.

Although the studies include both rodent browsing and
snowshoe hare browsing, the resulting damage was grouped. Both
mice and snowshoe damage were found. A microscopic check lndicated
equal damage by the two groups insofar as ldentification could be
made.

- It was not possible to determine the type of damage to seed-
lings in their first few years of growth. The cedar stem was more
of a succulent than woody nature and methods of identification (48)
did not adapt themselves. The seedlings were too small to indicate
more than a single tooth-cut.

The effect of rodents on seedling reproduction is not unique
to northern white cedar. Krauch (33, 34) has demonstrated that
silvicultural methods designed for controlling of the rodent
population is necessary in Douglas-fir silviculture in order to
obtain adequate stociking.

It was thought that the check plots might attract rodents and

snowshoes due to the fact that the hardware cloth used as a covering
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did collect a layer of snow and thus exposed this area before the
surrounding swamp floor in the spring. However, the results of
checks in other areas tend to discredit the possibility of this being

a major source of error.

Soil and Cover Types
Methods

So0il Types

Some of the component factors constituting the differences
between and among soil types were studied in detall rather than as
a study of the sum expression of the edaphic factors as soil and
are presented in other sections of the dissertation. However, in-
sofar as many of the observations were made by a soil tyve grouping,
results of these observations are included in the following

discuseion.
Cover Types

Stand compositions and basal areas were obtained by 1/10th
acre cruises on 15 plots vhich were established in conjunction with

the soil type observations.

Results

Soil Types

Although northern white cedar occurs on Kerston muck,
inundated conditions caused by beaver dams on the Kerston mck
tracts within the general study area precluded the possibility

of studying this type.

Spalding peat stands including cedar were found to be
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lightly stocked. Cedar was scattered, old, and small; cedar repro-
duction was limited.

Reproduction on Ogemaw fine samdy loam was extremely limited.
Cedar is not one of the dominant species in the original stands.
Although this so0il class would fall into a drainage catena with
Saugatuck and Newiton sands more closely than with the upland soil
types, it showed little promise of becoming a cedar-producing
type.

Newton and Saugatuck sands are more or less intermediate in
number of seedling stems.between the poorly dreained upland soils
with cedar occurring in the canopy and the organic swamp soils.

The highest numbers of stems of reproduction were found in the
more highly decomposed organic solls of the swamps, Rifle peat and
Oarbondale muck.

Although Longrie loam does not cover extensive areas, it was
found in swamp border and ridge situations. Excellent cedar
reproduction occurs in a forest type that can justifiably be
included in the "old field" cedar type (15) on Longrie loam.

The depth of organic soil was measured to provide a clearer
picture of the conditions existing throughout the swamp and adjacent
ridges. The depths varied markedly -~ from 2 to 3 inches on upland
sites and Newton and Saugatuck sands to as deep as 76.5 inches in
the deep Rifle peat. Watson (56) indicates that the site is pro-
gressively better as the organic soil layer decreases in depth.

Site indices by soll types were obtained following the
sugzestions of Gevorkiantz and Duerr (25). The values obtained

placed the sites within a narrow range of differences. With the
exception of a Newton sand area and the Carbondale muck tyve, the

site index for cedar in the soil types studied fell in the 45 class.




119

The Nettton sand area was a somewhat poorer site, the site index
of one of the plots falling into the 35 class. On one of the
Carbondale muck plots, a site index of 55 was obtained. No stands
of Longrie loam of sufficient helght to safely fit the tables were
found. Site index as usually defined;j did not seem to adequately

differentiate cedar sites.
Cover Types

Northern white cedar was found to occur most commonly in the
Cusino area in three major forest types; the black spruce tyve, the
northern white cedar type, and the black ash-American elm-red maple
type. Its occurrence in other types was limited. In closed stands,
it was found that an increasing amount of cedar reproduction seemed
to be roughly correlated with an increasing basal area of cedar.
Total reproduction under 2 feet in height in 6 milacre plots located
in stands with less than 40 square feet basal area of cedar per
acre showed an average of less than one seedling per plot as com-
pered with 6.4 seedlings per milacre in 9 plots on which the basal
area of cedar ranged from 40 to 100 square feet. Vegetative repro-
duction averaged 1.8 stems per milacre for the lower basel areas
and 9.9 stems per milacre for the higher ones.

There is a definite relationship between soil and cover
types. The black spruce or tamarack types are correlated with

Spalding peat. The black spruce type is also found to be prevalent

lj Site index is usually défined as the height in feet of the
asymptote of the height-d.b.h. curve.
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on Newton sand. Cgemaw fine sandy loem areas supported an association
that would probably be classified as a white spruce-balsam fir-paper
birch type. The Longrie loam soil type is assoclated with the northern
vhite cedar cover type and Saugatuck sand with the black ash~American
elm-red maple type.

Rifle peeat, Kerston muck, and Carbondale muck support a cedar-
spruce~balsam fir tamarack association, all of which would be classed
as the northern white cedar type. On the Carbondale muck, there is an
influx of lowland hardwoods and the most highly decomposed areas of

this type might be found supporting the black ash-American elm-red

maple type.
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Age of Stand

Methods

Observations throughout the study indicated that the eoge of
main stems at the time of cutting when considered on = stand basis
might influence the layering ability of the lower branches. It
is also known that self-pruning reduces the number of lower branches
that would be capable of layering at the time of cutting.

Two swamp cedar stands were chosen for the study. Their
selection was primarily based on the relative amounts of vegetative
reproduction over 2 feet in height. A completely clear cut area
at Cusino had excellent vegetative reproduction. The Bobl!s Lgke
release cuttings (Plot 36) had little or no reproduction of a
vegetative nature. The stand adjacent to the cutting at Cusino
was primarily in the O to 6 inch d.b.h. classes. The remaining
uncut stand at Bob!s Leke zppeared mature with overmeture stems
in evidence.

Five lines (1 chain x 10 links esch) established in each of
the two locations were searched for ceder stumps of the vrevious
cut, i.e., approximately 10 years ago. The stumps were measured with
a diameter tape, cut back to obtain a fresh cut, and smoothed down
to a surface such that the annual rings could be ascertained with
the aid of a hand lens. Only 3 of the stumvs in the 10 plots were
decayed to the voint that a pertial estimate of age was necessary.
Tallies of vegetative revroduction of ceder and the number of
stems of other species were msde in each of the plots. Height
class was designated as from 2 to 8 feet. The average age of the
cedar stumps in each location was calculated and the mean diameter

of the stems at each location was ascertained. The number of former
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stems by sge classes was obtained and summerized in an accumulative

table-
Results

More cedar stems of smaller dismeter and younger age classes
were cut in the Cusino cuttings than in the Bob'!s Lake cuttings
(tzble 19). The difference in the emount of cedar vegetative
reproduction in fevor of the Cusino cutting is very apvarent
(table 20). In the light of observations of the remaining plots

at Bob's Lzke, it is clearly evident that the type of cuttingl/

did not differ enough from the Cusino cuttings to cause the differ-
ence in results., Relisble estimates indicate that the Cusino stand
was cut at a much esrlier age than the Bob's Leke cutting and
smaller stems were cut slthough we were not able to esteblish the
exact age of the stands at the time of cutting. Table 21 presents
data showing that this condition exists —-- the‘ fact thet 64 percent
of the stems cut at Cusino were in the 80-yeesr age class or under
whereas only 36 percent of the cedar stems at Bob's Lake fell
within this category. In actual numbers, there were 3.8 times
as many stems in the 80-year class or under at Cusino as at
Bob!s Lzke.

Further observations disclosed that the only vegetative
reproduction found in the Bob's Lake cutting was located in Plot
LO —- a plot cut to = 4 inches d.b.h. mininum dizmeter Limit

but with young ceder stems from 2 feet in height to 3 inches d.b.h.

J"/ The Cusino cutting was en absolute clear cut. The Bob'!s Lake
cutting (Plot 38) wes to a 4 inches d.b.h. minimum diameter limit.




Teble 19, —- Number of cedar stumps, their mean aszes end dismeters

o
b2
=]
cr
]

ITtem :
: 1+ 2 ¢+ 3 t 4 1 5 : Weighted
: : : : : :  mean
Bob!s Leke Cuttines (Plot 36)

Number of stumps 11 2 6 5 1

Mean age in years 130.1 158.5 152.3 106.2 43.0 129.4

Mean dismeter 2.2 10.6 5.9 4.6 2.0L/ 6.4

in inches

Cusing cuttings (Browse Procurement Plot)

Number of stumps 7 6 15 11 15

Meen age in years 111.0 48,6 77.0 107.0 4.6 83.7

Mean diameter 4,6 2.1 3.8 4.3 3.3 3.7
in inches

1/ Indicetions showed thet the stumps smeller than 4 inches d.b.h.
were in or 2long skid rosds.

123




124

Table 20. =- Renroduction from 2 to 8 feet in height

- r————

(In number of stems)

s Plot
Stems H '
1 ¢ 2 ¢ 3 :+ 4 : 5 : Per scre
Bob's Lake Cuttines (Plot 36)
Ceder (vegetative) 0 0 0 0 0 0
Other stems per acrok/ 43 53 66 50 64 5520

Cusino Cuttines (Browse Procurement Plot)

Cedar (vepetative) 52 48 7% 68 56 5960
Other stems per rcrel/ 35 26 20 22 38 2820

1/ A1l alder and willow stems above 2 feet in height were tallied in
view of their rapid rate of growth. Other species tallied include
spruce, balsem fir, tamarack, white birch, red maple, red-osier
dogwood, balm of ziliad, black cherry, serviceberry, and aspen.
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Jable 21. —-- Accumulative tally of stumps by a~ve classes

(In number of stumps)

; Ace
Plot H

220 ¢ 40 s 60 : B0 : 100 : 120 : 140 : 160 : 180: Over 180

Bob!s Leke cuttinzs (Plot 36)
1 0 0 2 L 7 7 7 7 9 11
2 0 0 0 1 1 1 1l 1 1 2
3 0 0 1 2 3 3 3 L 4 6
L 0 1 1 1 2 2 5 5 5 5
5 0 1 1 1 1 1 1 1l 1 iR
Total 0 2 5 9 14 14 17 18 20 25
Cusino custine (Browse Procurement Plot)

1 0 0 1 2 3 L 7 7 7 7
2 0 2 4 6 6 6 6 6 6 6
3 1 L 5 11 13 13 13 15 15 15
L 0 1 3 4 6 7 9 10 10 11
5 1 2 7 11 12 14 15 15 15 15

Total 2 9 20 34 4o Ly 50 53 53 54
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in evidence.

A combination of two factors appecrs to manifest itself
in this expression of the age of the stand upon vegetative
cedar reproduction. The stands containing predominantly mature
and overmature stems with a2 high basal area per acre]-/ are self-
pruned to a height that would preclude the possibilit‘y of extensive
branch layering, the principle type of cedar vegetative reproduction.
The younger stems that do have lower branches also seem to express
more vigor in the branch layers that form than do older trees.

i/ Gevoriciantz and Duerr (25) correlated increasing age with
increasing density of cedar when expressed azs basal area.
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ADVANCED REPROIUCTION
Survival and Mortality
Methods

Twenty four 1/100th acre plots were established in a heavy
winter deer yard on a Rifle peat soil type to determine the amount
of mortality in the 2 to 8 foot height class and the causal
agents. This necessitated a eritical examination of each stem,
including the root system, to determine the cause or causes of
mortality insofar as mossible. In the event that the effect of
two or more possible causes was noted, e.g. both deer and snowshoe
hare browsing, the factor that was most apnarent was chosen., If
the cause of mortality was not clear-cut, the stem was classed in
an unknown! category.

Advanced reproduction was established as that reproduction
that was from 2 to 8 feet in height. The height classification
was made for a comdbination of reasons. Observations indicated
vhat a different set of environmental factors are able to express
tuenselves on thiese stems than on lower stems. The helght at
establishment to the 2 foot level would be the most equitable size
class for both initial seedling and vegetative revroduction., The
designation of 2 to 8 feet as advanced reproduction would also
allow a more comnlete analysis of the original vnlot tallies insofar
as they were taken in O to 2, 2 to 5, and 5 to 8 foot height classes.

Coumarable tallies were made in an unbrowsed nortion of the
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swamn but mortality numbers were insufficient to make a numerical

commarison between the causes of mortalivy.
Results

A total of 724 cedar stems were tallied in twenty-four 1/100th
acre plots. Of this total, 49.3 percent (357) stems were living and
50.7 percent (367) were dead. It is not known how long a period this
mortality represents. Decay of woody material is known to be very
8low in swamps and it is probable that the mortality is the accumulated
nortality over a considerable period of years.

Deer browsing can readily be distinguiched dy its ragged cuts and
the pulling off" of browse. Mortality of advanced reproduction caused
by deer browsing is shown in figure 32, A comparison of reproduction
that is free from browsing is shown in figure 34. Figure 35 illustrates
stems that have develoned to a height such that their top foliage
is unavailable to deer.

Snowshoe hare browsing is characterized by sharp, smooth cuts
of the limbs. Although a combination of deer browsing and snowshoe
hare browsing was found to occur, little trouble was experienced in
determining which cause was predominant.

Cases weré observed in which rot had occurred on the branch
from which the root system evolved in stems of vegetative repro-
duction formed by branch layering. The rot then seemed to progress—
ively invade that nortion of the branch under the surface of the
swann floor.

Mortelity was laid to competition in heavy cluups of repro-

duction that were under a heavy overstory. These cases were
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Figure 32. Cedar mortelity caused by deer browsing, Note

the presence of other woody species that are unbrowsed.
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as a result of deer

Derd 2nd dying young cedar

Flgure 33.

Potegennissing Deer Yord, Drummond Islend, 1941,

browsing,

(Photograph by S.C. Whitlock.)
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Fieure 34, Unbrowsed cedar reproduction. This may be compared

with a heevily browsed condition (figure 32).
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Figure 35. Browse line on cedar, Long Point Bags Lake Deer

Yard, Drummond Islend, 1936. (Photograzph by F.E. Gillette.)
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thoroughly perused for deer and snowshoe hare browsing before the
stems were clagsified under the cause of competition,

In some stems, formed by branch layering, the adventitious
roots failed to develon. Roots were found to be short and few in
number. It was rea lized that many of the smaller roots might have
decayed and would not be in evidence if mortality had occurred
several years previous to the time of examination.

The leader (main stem) of some of the reproduction was found
broken. The pnrobable causes were snow and ice accumulations with
possible wind action.

Windthrow of stems of the large diameter classes was found %Yo
destroy reproduction during the process of windthrowing. The wind-
tharow was not that of the revroduction itself.

The two most frequent causes of mortality in twenty 1/100th
acre nlots located in a portion of the swamp with no deer activity
were snowshoe hare brdwsing end root rot.

Deer browsing has long been known to be an important factor
in mortality of cedar reproduction in the height classes between
the snow level and the upper limits of availability to the deer.
This particular mortality study on advanced reproduction attridbuted
45 vercent of the mortality to deer browsing (table 22). Snowshoe
hare browsing accounted for approximately 20 percent of the
mortality encountered. Aldous and Aldous (1) concur in the
importance of snowshoe hare browsing in relation to forest repro-
duction by regarding it 28 one of the limiting factors in plantation
establishment in the Lake States.

The results of this study concerning snowshoes are in
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Table 22. —- Advanced cedar renroduction moritality in o winter

deer yard on a Rifle pneat soil type

Cause : Humber of Percentage

: stens loss
Deer browsing 164 Ly, 7
Snowshoe hire browsing 72 19.6
Root rot 22 6.0
Commetition 19 5.2
Failure of root systenm 16 b4

to develop

Broken leader 7 1.9
Windthrow 2 0.5
Cause unknown 65 17.7

o
Q
o
o

Total 367
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agreement with Trippenseel/ although observations indicate that

snowshoe damage to northern white cedar is a definite problem.
Hot only have these studies indicated that rabbit browsing is an
important causal agent of mortality in advanced cedar reproduction,
but it has also indicated that the snowshoe markedly reduces the
already limited supply of deer browse.

A practice suggested by Trippensee (53) for reducing coniferous
plantation damage by the varying hare might well aid in reducing
its damage to cedar, i.e., retaining the enemies of the varying hare,
including timber wolves, coyotes, bobcats, lynx, and the great

horned and barred owls.

Bffect of Deer and Snowshoe Hare Browsing Upon Advanced

Reproduction and Stand Comvosition
Methods

A series of excloswres were established by Civilian Conservation -
Corps crews during the summer of 1937 under the direction of Shaler
E. Aldous at the Upper Peninsula Experimental Forest, Dukes, Michigan.
Bach exclosure covers an area of 600 square feet, 400 square feet
of which has been made deer proof and 200 square feet of which has
been made deer and snowshoe hare proof. Tﬁe effect of twelve years
exclosure of deer and the combined exclosure of deer and snowshoes

on reproduction is thus avallable.

l/Trippensee (53), in discussing food preference of the snowshoe
hare, states that "the idea 1 cover type for the snowshoe is a
nixture of hardwoods and conifers, hardwoods for food and conifers
for protectionl.
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The four exclosures were located in different sites. Exclosure
1 was located in Section 25, T 46 ¥ R 23 YW and had not been cut in
recent years. Exclosure 4 was in an acre block that was clear cutl/
in 1937. Exclosure 5 was adjacent to it in an uncut stand in Section
27 T 45 N R 23 W. Species composition of the stand composing the general

type in which Exclosures Y and 5 were located was§/:

Species Stems ner Range in d.b.h,

acre in inches
Cedar 298 2 - 21
Balsam fir 172 2=-13
Black spruce L 2 - 13
Red maple 36 2 - 13
Blacl: ash 31 2 -~ 12
Yellow birch 17 3~ 16
Other spp. 17 2 -6

Exclosure 7 (Section 23 T 46 N R 23 W) was located in an overmature
reserve stand, Oedar stems 18 inches d.b.h. and over are common.
All‘exclosures fall within the Hulbert land type, predominantly
Carbondale muck.,

The snowshoe hare population in the general area is very
high, In the vicinity of Exclosure 1, snowshoes have been the
chief cause of plantation failures. The deer ponulation is not
an acute oroblem in the area. No browse line was present. The
only figures availavble on deer population indicate that the "deer
kill per square milel in the county is below the average for the
Upper Peninsula of Michigan. In 1948, the "deer kill per square

mile" in Marquette county was 1.95 as compared with an Upper

l/Specifications indicated a minimun d.b.h. of 4.0 inches. However,
2 and 3 inch defective stems were also cut.
g/This tally was made prior to clearcutting a portion of the area.




Peninsula mean of 2.53 (23).

A check (400 square feet) was established adjacent to each
exclosure. Although stems in all the plots were tallied according
to liichigan Conservation Devariment Game Division Browse Study
Form lo. 1 (Appendix D), and repnlicates were established withiLn each
exclosure, size classes and replicates were lumped for statistical
treatment. It is realized that snowshoe hare and deer browsing
could have little effect on the number of stems over 3 inches d.b.h.
However, their numbers per acre were not significantly large enough
to influence an analysis of snowshoe and deer browsing on the number

of stems per acre.
Results

The general composition of stems over 2 feet in height in each
exclosure area reveals that cedar is an important component of the
stand (table 23). Exclosure of deer and snowshoes had no effect
upon the number of stems of cedar (table 24). Although no reduction
in number of stems due to browsing is indicated, damage from snow-
shoe browsing is very apparent. For example, in the vicinity of

Exclosure 1 and within the deer exclosure mortion of that plot, 20

ct

o 25 percent of the cedar stems from 2 to 8 feet in height were
severely damaged due to snowshoe browsing.

The associates of cedor showed varying effects of browsing.
Black spruce was not present in large enough nunmbers to provide
an estimate. Yo significant difference was noted between the
various treatmnents as regards the number of balsam fir stens ner

acre. Alder and red nmanle showed a2 highly significant loss in




Table 23. -~ Stand table in exclosure areas l/

(In nuaber of stems per acre)

Ixclosure area

Species
1 : 4 : 5 : 7
Cedar 3594 2795 980 1016
Black syruce 73 109 109 73
Balsam fir 1089 1416 109 290
Alder 726 5046 oLl 182
Red Maple 2977 2251 L4610 2105
Black ash 109 3412 3884 36
Other sp. 145 1597 36 254
Total 8713 16626 10672 3956

l-/ Stems two feet in height and over.




Table 24. -~ Stems mer acre two feet in heisht and over

: Exclosure
Treatment H
: 1 : L 5 : 7 Mean
Cedar
Check 2178 L792 980 653 2151
Deer exclosure L4900 1198 L36 1525 2015
Snowshoe hare and 3703 2396 1525 871 21.24
decr exclosure
Alder
Check 762 2178 54 0 871
Deer exclosure 109 3158 54 109 980
Snowshoe hare and 1307 9601 1742 436 3322
deer exclosure
Red maple
Check shly 3158 1198 2722 1906
Deer exclosure 2287 1416 3920 2287 2478
Snowshoe hare and 6098 2178 8712 1307 L5l

decr exclosure




number of stems ner acre due to snowshoe browsing (table 24).
There is no significant loss in numbers of stems of these species
due to deer browsing. Black ash showed no significant difference
in nunmbers of stems ner acre due to browsing.

it is interesting to note that in the clear cut area (Exclosure
4), snowshoes preferred alder, red maple, black ash, and red-osier
dogwood to northern white cedar and the other conifers present for

food.

Effect of Deer Browsing upon Advanced Reproduction

and Stand Composition
liethods

It has been the opinion of numerous foresters and game
managers that extremely heavy browsing of northern white cedar
by deer would change the competition within a stand to such an
extent that there would ve partial exclusion of northern white
cedar,

A group of large enclosures were available for study at
the Cusino Wildlife Experiment'Station. These eight enclosures,
one acre each in size, are located in various tyﬁes of swamnp and
hardwood stands and have been subjected to different amounts of
deer browsing over the vast ten years. Construction is of large
poles with two heights of standard snow fence. Figure 36 illus-
trates a general view of the enclosures.

The correlation of cedar reproduction and young stand
development with deer drousing is largely devendent upon an

accurate estl.wle oI whw Urowse conditions present. A method




Figure 36, A drowse plot viewed from the outside showing the

tyne enclosure construction used. The Andromogon furcatus in the

foreground was noted only along the swamp roads, It was not used
by deer to any extent inasmuch as the deer were ranging in the

uplands at the time that the grass would be of value as forage,




of quaontitative commarison of browse conditions based on the
information acauired by use of the iiichigan Demnertment of Conservat—
ion Game Division Browse Study Form lo. 1 wos devised to obtain

this estimate. A discussion of the browse anpraisal method is in-
cluded in Apnendix D,

Davenport et al (18) provide a rather detailed description
of the browse plots at Cusino that were used in this study.
However, their description was primarily aimed at a éﬁscussion
of the plots with carrying capacity in mind and a fuxrther
descrintion was felt necessary.

Browse plots 1, 5, 6, 7, and 8 were found to be satisfactory
for the purpdse of this study%/. These nlots were originally
cruised as cedar-spruce-balsom fir-swamp hardwoods with heavy
stocking, O to 6 inch d.b.h. The stand densities and dates of

establishment are as follows:

Plot Total Stems Date
per Acre Established

1 8680 1936-37

5 17360 1936-39

6 11680 1938-39

7 13980 1938-35

& 13720 1938-39

The cruise data obtained during the summer of 1949 was

then analyzed for "percentoge of available browsel!, Results

l'/Ziirowse nlots 2 and 3 were excluded from the study because they

wvere not pure stands of conifers., Plot 2 was a cutover stand of
hardwood reproduction and Plot 3 a mixed swanp tyoe of both conifers
and hardwoods. Plot 4 was discarded becouse cruise records indicated
a low stocking in comparison with the other nlots at the time of
establishment (3140 stems per acre).

P ol 4
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Plot Percentage of
available browse

M1 O\ -
o
.

Thus a classification according to the present browse
condition would include Plots 5 and 6 as completely browsed out,
Plot 8 was very heavily browsed, Plot 1 as medium to heavy drowsing,
and Plot 7 with a high percentage of availecble bdbrowse. It was
decided that one »lot in each group should be given intensive study.
Plot H was selected to represent the completely browsed out plot
because Plot 6 had a stream running through or 2djacent to several
of the lines that might have provided a substantial error. Plot
6 also had an extremely heavy concentration of deer placed in it
for a single yarding season (10 deer in 1938-39).

According to DNavenport et a2l (18), at the time of plot
establishment, 38 percent of the total stems within Plot 1 were
northern white cedar and 41.5 percent speckled alder and high-
bush cranberry. On the basis of the commercial speciesl/ plus
alder, cedar accounted for 39.5 pmercent of the stems above 2 feet
in height. Deer were browsed in this nlot throughout its
existance. The total nown deer daysgl of browsing from the
time of establishment to the summer of 1549 is 2366.
l/Gedar, spruce (black and vhite), balsem fir, black ash, and

red naple.
g/During World War II, all nlots excent Plot 7, the control, were

cleaned of snow fence such that differential browsing was by
chance during this period. Plot 7 remained intact.




Plot 5 had the highest total number of stems per acre at the
time of establishment. Cedor accounted for 17.8 percent of the
stems of commercial species and alder above 2 feet in height.
Alder was very heavy in the plot (58.0%) and a generous sprinkling
of black ash and red maple was present. Plot 5 has been browsed
since establishment with 1106 days of individual deer browsing.

Plot 7 had 25.8 percent cedar stems of the commercial species
and alder. This plot has been a comnlete control since 1938-30
with the exception of a 132 pound adult female deer that escaped
from Plot 8 into Plot 7 for a period not exceeding 32 days during
the 1949 yarding season. Therefore, in this plot virtually all
the reduction in available browse during the past ten years has
been due to snowshoe hare browsing and natural pruning.

Plot 8 originally was composed of 30.2 pnercent cedar stems
as calculated by the same ctiterion used for the other nlots.

A total of only 657 deer days of browsing are on record. Pract-
ically the only foods within the plot at the time of establish-
ment were cedar and a smell amount of balsan,

The Wpercentage of available dbrowse! on the cedar at the
time of plot establishment for Plots 1, 5, 7, and 8 is as

Tollows:

Plot Percentage of
available browse
1 56.3
5 19.9
7 56.0
8 .9

- B

e S



Results

All the plots showed a decrease in available browse during
the eleven or more yarding seasons. A comparison of the tabulations
of "percentage of available browse!! at the time of plot establish-
ment and in 1949 substantiates this fact. .The decrease of 10.8
percent in Plot 7 is attributed to snowshoe browsing and natural
pruning., Figure 37 illustrates the extent to which these factors
can effect the food supply.

It should be noted that there is an increase in cedar stems
in all the plots during the interval from the time of establishment
to the summer of 1949 (figure 38). The increase in stems is least
in the very heavily browsed area and becomes increasingly larger
as the Wpercentage of available browse! becomes larger.

Although there was no difference in cedar stems over 2 feet
in height at the time of plot establishment, an analysis of the
1949 data shows a significant difference in cedar stems between the
plots. There is a correlation of ,978 between the number of cedar
stems per plot and the 'percentage of available browse! (Appendix A).

Table 25 enumerates the cedar reproduction from 2 to & feet
in height on an acre basis as found in the summer of 1943, It can
again be seen that thefe is an increase in cedar reproduction as
the "percentage of available browse! increases. It is especially
evident in the check »nlot.

Table 26 also brings out an important consideration in
swamp ecology. In all cases, the number of alder stems de-
creased over the eleven year period, in spite of heavy browsing

of the cedar and less desirable species in some of the plots.
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Figure 37, 3Browse plot 7 indicating a portion of the plot in
which self-pruning and snowshoe hare browsing have reduced the browse

supply. It is not meant to imply that the present browse conditlon

shown here is the result of only these two factors, however, Deer

browsing, prior to the plot esteblishment, might have been & partial

cause, especlally in the case of the older stems,




NUMBER OF CEDAR STEMS OVER TWO FEET
IN HEIGHT PER ACRE AT TIME OF PLOT
ESTABLISHMENT AND AT PRESENT
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Figure 38. Plot 5 was completely browsed out in 1949, plot 8
was very heavily browsed, plot 1 has been subject to medium to heavy

browsing, and plot 7 was an unbrowsed check,




Table 25. —- Cedar revroduction from 2 to 8 feet in height on an acre in 1949

(In number of stems per acre)

Plot ¢ Browse Condition H Browse (Class :
: :No Browse : 0-33% : 34-66% : 67-100% : Total
5 Very heavily browsed 0 100 560 L6o 1120
8 Heavily browsed 0 40 600 1720 2360
1 Medium browsed 0 180 Loo 1780 2360
7 No browsing 0 160 20 4800 L98o

o~



Toable 26. —— Alder stems mer acre 2 feet in height and over at

the time of vnlot establishment and summer 1949

(In number of stems per acre)

Date of : Plot
tally : 5 : 8 : 1 : 7
Time of establish~ 6580 6300 3100 5400
ment

Summer 1949 4060 5580 2580 2880




It must be remembered that the stand as a vhole was comparatively
young at the time of plot establishment (0 to 6 inch classes),
the heavy cut probably having been 30 to 40 years previous. The
nunber of alder stems has decreased as much as h6.7 percent in
an eleven year period. Although a good share of this was probably
due to the mortality of alder stems within the clumps, considerable
evidence was present of conifers enroaching upon the alder clumps,
There was no correlation between the Y"percentage of available
browse!" and the increase or decrease in number of stems of the
other species.
Unon completion of the study, the data from Plot 6 was checked
for comparison. Essentially it followed the csame trends as Plot
5 ~~ another heavily browsed plot -- in that there was an incresse

in cedar stems and a decrease in alder stems over the years.,

SILVIOULTURAL FRACTICES n

Effect of Certain Silvicultural Practices upon the

Reproduction of Cedar and its Assoclates

Methods

Bob's Lake Cuttings

A series of experimental swamp cuttings were initiated in
the winter of 1937 by the Game Division, Michigan Department of
Conservation with the cooperation of the Michigan Emergency

Conservation Worlc program Camp Escanaba River (Oivilian Conservation




Corp). L.A. Davenport was responsible for the planning phases
with various foresters and game managers responsible for the
field work involved. It was possible to correspond and converse
with several of the technicians responsible for the project as
to the conformity of field work with the specifications.

A checkerboard series of plots each five chains square were
laid out with picket lines separating the individual plots. A
total of forty-four plots were established in this manner.

Figure 39 illustrates the plots that were established and cut
prior to the time of photographing (October 4, 1939). Figure 40
11llustrates the plot design and indicates the depth of the
organic soil layer throughoﬁt the area studied.

The plots designated as the WBob!s Lake Release Cutting! are
located in the S% of the NW} and the N} of the WE) of the SW
Section 13 TW4N R26W. 0dd numbered plots were used as check plots
with no silvicultural treatment.

There was no differentiation between species regarding the
diemeter limit on the portion of the cut nlots for which a limit
was designated. All trees on the plots below the specified
limits were not cut or pruned in any manner except where necessary
for roads or picket lines.

On the portion of the cut plots designating a leave stand in
trees per acre, the stems left were good stems, evenly spaced, and
not necessarily the large stems. Wherever nossible the merchant-
able material was removed and the leave stems selected from the
remaining stand. The leave stems were selected in the following
order of priority by species; white pine, northern white cedar,

hemlock, balsam fir, spruce, birch, black ash, red maple, poplar,
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Figure 39. An aerial photograph of the checkerboard design
in Section 13 T 44N R 26W, This photograph was taken before all

the cuttings were made,
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Figure 40, Contour map of the Bob's Leke cuttings showing the
deoth of the organic soil layers. The experimental design vas a
checkerboard pattern of 5-chain square plots with the various cuttings

.occurring in the even-numbered plots.
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and balm of giliad. Stems containing available browse were given
preference over stems that had no available browse, either from
animal browsing or self—ﬁruning.

For interpretation of the slash disposal upecifications, the
term "browse species" was defined as including northern vhite
cedar, hemlock, and red megple.

Oruises at the time of plot establishment were made in an east-
west direction through the centers of the nlots, thus covering a
strip five chains by ten links. Oruises were made in conformance
with Browse Study Form No. 1. The availability region was considered
to be from the ground up to 6.5 feet in height.

The 1949 cruise was conducted in a slightly different manner
in order to conform with procedure used elsewhere in this dissertat-
ion., Five temporary lines, each 1 chain in length, were established
on each plot that was selected for study. Posts were placed at
either end of the line. ILocation of plots was according to the
plan illustrated in Figure Y41. Oruises were taken in 10 link widths,
All stems above 2 feet in height were tallied by browse classes. A
height of 8.5 feet was used as an upper limit of browse availability.

At the time of establishment, four to six plots were cut
according to each of the cutting methods in use. The plots were
then replicated as to slash disposal. The cutting methods used
are as follows:

. Out all material over 2" d.b.h.
. Out all material over 4! d.b.h.
. Selective cut leaving avnroximately 500 stems per acre.

Selective cut leaving amproximately 750 stems per acre.
. Uncut check plot.

T -




A, WIS

ILLUSTRATION OF GRUISE LINE LAYOUT
ON BOB'S LAKE CUTTINGS
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Slash disposal followed two specific methods:

1. Pile and burn the slash from all non-browse species as
it is cut. Scatter the slash from all browse species
until the deer have had an opportunity to feed on it
a8 much as they will, then pile and burn all the
remaining slash}/.

2. Pile and burn the slash from all the non-browse species
as it is cut. Lop and scatter the slash from all browse
species so that no part of the slash lays more than
24 inches above the ground or snow,

Plot selections were made on a basis of site and cover type.
Oruises were made only on plots falling within a definite swamp
cedar-balsam type. With this in mind, plots selected for considerat-
ion were those emumerated in table 27.

Incident to the cruising, soil borings were made at the
south end of each line and the data obtained was incorporated
into a contour map of the depth of organic soil in the experimental
area. Plot 32 was found to be a Newton sand tyvme with a very
shallow organic layer and was discarded from the study.

The stand composition on an acre basis at the time of plot
establishment points out the dominance of cedar (table 28).

A milacre plot was also established at the south end of
each line, OCedar seedling and vegetative reproduction from
O to 2 feet in height was tallied within these plots. Plot

rejection was at 2 standard deviations from the mean or greater.
Cusino Cuttings

Twelve one-acre release cuttings (2 chains x 5 chains) were
laid out during the winter of 1935-36 and were clear cut. All

l/ These types hereafter will be designated by the treatment of
the browse species.




Table 27. -~ Plots selected for comparison of cutting and slach disposal

methods

(Flot numbers)

Cutting method

H Slash disvosal method
¢ Pile and burn: No slash: Lop and scatter

Cut all material over 2 inches d.b.h. -

Cut all material over 4 inches d.b.h. 34, 40
Selective cut to 500 stems per acre 12, 14
Sclective cut to 750 stems mer acre -, 16

Uncut check

11.27

2k, 26
36, 38
20, 28
18, 32




Table 28. -~ Stand commosition in the Bob!'s Lake cuttings at the

time of establishment L/

(In.nunber of stems per acre)

Size Classes

Species :Stems 2 to 8 feet: Stems 6 inches : Total stems over 2
in height ¢ d.b.h. and over: feet in height
Cedar 189 158 1007
Snruce 2 58 109
Balsam fir 200 33 L0oo
Alder 351 0 138
Red Maple 51 0 53
Tamarack 7 0 9
Asnen L 0 16
Total Ley 249 1732

L/ Obtained from 1/20th acre cruises on 9 plots.
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are located in the Wy of Section 30 TUTN R16W. The soil type
throughout the area is Rifle peat; swamp types constituted the
cover. The land Economic Survey, Michigan Depariment of Conservat-
ion, typed the cover in 1932 as a swamp cedar-spruce-tamarack
type with medium stocking, O to 3 to 6 inches d.b.h. No record
has been found as to the amount of material taken off each plot.
Fgure 42 shows the location of the plots.

Brovwse procurement plots were cut in the same manner as the
release cuttings, i.e. a complete clear cut. Five lines were
established in the Browse Procurement Plots, each 1 chain by

10 links. All reproduction above 2 feet in height was cruised.

Results

Bob's Lake Cuttings

Cedar seedling reproduction under 2 feet 10 to 14 years
after cutting is shown in table 29. It can be sceen that seed-
ling reproduction is increasingly heavier as the intenéity
of cutting decreased. In all cases, there is a greater
everage number of seedlings'in the plots in which the browse species
were lopped and scattered than inAthe plots in which cedar has
been piled and burned after browsing was completed.

A good portion of the seedlings tallied in the Bobls
Lake plots was in the l- and 2-year-old class. Not all of
the reprodnction was of this size, however. Seedlings from 10
inches to 2 feet in height were frequently noted.

Oedar vegetative reproduction under 2 feet in height was
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Figure 42, An aerial photograph illustrating the Cusino

cuttings.,
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Table 29, -~ Averzge number of cedar seedlings ver milacre nlot in

summer 1949

Cutting method H Slasd disposal method
tPile and burn: Mo slash: Lop and scatter
Cut all material over 2 inches d.b.h. - 3.0
Cut all material over 4 inches d.b.h. 10.0 16.9
Selective cut to 500 stems per acre 26.9 31.6
Selective cut to 750 stems per acre 29.8 36.0

Uncut check

55.2
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negligible in all cases. Out of 71 plots critically examined,

only 8 were found to have vegetative reproduction present.
The amount of cedar reproduction per acre in the 2 to 8

foot height classes at the time the plots were established is

as follows:

Plot Number of stems
11 120
12 60
o4 4o
26 100
o7 20
28 280
36 220
38 240
Mean 135

There is inadequate cedar reproduction in the 2 to & foot
height classes under all the cutting methods and under both
slash treatments (table 30). There is too little reproduction
in these size classes to correlate with any silvicultural
treatment,

It appears that a heavy clear cut favors alder invasion.
Lopping and scattering of slash seems to have an inhibiting
effect upon alder invasion. Within the lighter cutting, i.e.
lighter than a cut of all material over 2 inches d.b.h., it would
appear that some factor other than degree of cutting might
influence the invasion of alder. In all types of cutting, the
amount of alder has increased over that of the uncut check
plots (table 31).

Balsam fir reproduction is favored by the heavier cuts




Table 30. -—- Cedar revroduction 2 to 8 feet in heirnt in swimer 1949

(In stems per acre)

Slash disposal method

Cutting nmethod :

Pile and burn: No slashd: Lod and scatter

Cut all material over 2 inches d.b.h.
Cut all material over 4 inches d.b.h.
Selective cut to 500 stems ner acre
Selective cut to 750 stems ver acre
Uncut check

10
0
0

20
10
0
0

104
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Table 31. -- Alder stems per acre 2 feet in hei~hi and over in summer 1949

Cutting method H Slash disposal method

tPile and burn: No slash: Lop and scatter
Cut all material over 2 inches d.b.h. - 7320
Cut all materisl over 4 inches d.b.h. 3080 1970
Selective cut to 500 stems per acre 3510 2200
Selective cut to 750 stems per acre 5620 5360

Uncut check 250




(table 32). Soruce reproduction seems to follow the same trend
as balsam fir (table 33).

The order used in the classification of cuttings from heavy
to light was verified by tenth-acre plots within the various
cutting types. An exemple of the conformance to cutting
specifications — and probobly the most accurate one -~ is
shown in Plot 28, selectively cut to 500 stems per acre. The
1949 cruise produced a tally of 530 stems per acre 3 inches
d.b.h, and over.

Stems of species other than those already discussed
were scattered and varied from plot to plot rather than
correlating with the different treatments. On a plot with
a cut of all material over 2 inches d.b.n. that was adjacent
to upland aspen (Plot 24), a heavy infiltration of aspen
from the residual stand was noted (540 stems mer acre).

Willow and red~gcsier dogwood also invaded several of the

plots. Very little red maple and black ash were tallied.
Cusino Cuttings

Table 3% summarizes the results of this phase of study.
It can be seen that cedar definitely is a heavy component of
the understory. The reproduction is mainly of a vegetative
origin., Oounts of individual stems were not made in these
plots,

Alder is not a dominant component of the stand in any of
the cuttings in which it was not noted in the cover at the time

of establishment.

409




Table 32. —-- 3Bzlsein fir reoroduction 2 to 8 feet in heirht in swamer 1949

(In number of stems per acre)

Cutting method Slasiy disvosal method

Pile and burn: No slash!: Lon and scatter

Cut all material over 2 inches d.b.h. ~ 1270
Cut a1l materisl over 4 inches d.b.h. 960 960
Selective cut to 500 stems ver acre L4000 1150
Selective cut to 750 stems per acre 140 460

Uncut check 290




Teble 33. -- Soruce renroduction 2 to 8 feet in heicht on an acre basis

in summer 1949

(In number of stems)

Slash dignosal method
Pile and burn: lo slash: Lop and scatter

Cutting method

Cut all material over 2 incnes 4d.b.h. - 220
Cut all material over 4 inches d.b.h. 100 : 260
Selective cut to 500 stems per acre 240 110
Selective cut to 750 stems wmer acre 0] 0

Uncut check 0

©h
L8
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Alder
Salsain fir
llorthern white cedar

Soruce

Tanmaerack:

Good stoclking
Haediiwm stocizing

Ty - . - e
Poor nilociling
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Table 34. = Cusino cuittinss sunmery

Release s Cover : Cover ¢ Cover ¢! Deer ! Snowshoe hare
cutting : 1935 & 1949 ¢ adjacent : use : use
plot H : ¢ to plot :
1 L/as't 2/4BT sct! Medium Heavy
c!
2 CSat'  BTS CSB Heavy Heavy
ctH!
3 ASTC ASBT CST Heavy Heavy
cH!
L ABS BTA CST Heavy Heavy
cHt
5 - ST CSsT Heavy Heavy
crnt
6 - ACB cs Heavy Heavy
¢!
? ASCT!!  ABT SCA lHedium Light
5L
8 AC! CA(TS cst! Mediun Heavy
LK
9 ACS't  ASB CS Eeavy Heavy
¢!
10 - cH CTB CST Light Light
cin
11 CAS''  SBT cs Heavy Heavy
ciit
12 - 3/ - Hoavy -
L/ Syubol key is included on opposite page.
2/ Vest & of Plot 12 _AS ; east § _TSB .
3/ Overstory cover is above the line; understory tyme below the line.




Slash piles definitely limit Eeproduction. There was no
cedar reproduction within their boundaries. Figure 44 brings
out this observation. Deer use was noted in all the areas and
runvays extend from plot to mlot. Deer browsing has eliminated
white birch and black ash reproduction in several of the areas.

The reproduction on an area that was clear cut in the same

manner ac the other release cuttings is as follows:

Snecies Stems per acre
Cedar 5960
Spruce 520
Balsam fir 200
Alder 1540
Tamarack 160
Yhite birch 20
Red maple 6o
Black cherry 20
R. 0. dogwood 200
Willow 30
Amalanchier 20
Aspen 20

It can be seen that an adequate amount of cedar reproduction is
present. Alder has not invaded the area very strongly. Observations

indicated that the cedar reproduction was predominantly vegetative.
Plantations

Methods

Plantations of northern white cedar were made during the fall
of 1941 and the spring of 1942 in the study area. The 1941 plantings
were made primarily for increasing deer food and cover. The 1842

plantings were an attempt to convert a spruce~balsem type to cedar




Figure 43, An area clear-cut in 1939-40, The stand wes
relatively young at.the time of cutting, The cedar reproduction

vag vegetative in origin,




Figure L4, A slash pile in a 193536 cutting, Red-osier
dogwood is the only woody species that has been able to reproduce

within the slash pile., Photograph taken in July, 1949,




by »lanting recently cut-over arees.

The 1941 plantings (SE} and WH} of Section 19 and SE} of
Section 8 TUTN R16W) were made with 3-2 planting stocl, 9 inches
in height, produced at the Hardwood State Nursery, Boyne Falls,
liichigan, Forty thousand stems were planted by Civilian Conservation
Corps personnel with lMichigan planting bars at a 6 foot x 6 foot
spacing. No soil preparation was made. The soil types planted were
Saugatuck sand and Rifle peat.

The 1942 plantings were made from the same age stock using
similar planting methods. However, local labor was used to make
the plantings. The soil types (Sections 16 and 17 TY47N R16W)

wore Rifle peat and Carbondale muck.
Results

The 1941 plantings proved failures. Although it is difficult
to distinguish natural reproduction from planted stock in
portions of the area, very little indication of planted stock
was left. Natural reproduction is present in portions of the
area not covered with an alder type.

The attempt to convert from a spruce-balsam type to‘a'cedar
type was also a complete failure. Adequate reproduction of balsam
fir and black spruce was present. The cedar transplants that have
survived show heavy deer and rabbit browsing.

The failure of cedar plantings is not confined to the Upper
Peninsula of Michigan., Aldous (3) reports the failure of ceder
plantations in lMinnesote and concludes that it is not practical

to plant white cedar as it is too severely browsed by deer. The




The only successful plantings were those protected by usre-
ena deer- proof exclosures. Eighty-three percent of the white
ceazr within the exclosures survived a growing seeasons in com-—

perison with 18 percent survival outside.

DISCUSSION

Reproduction

The diverse environmentel characteristics of the northern
swamps should provide an opportunity for a considerable amount
of variation in the relative importaence of the fazctors cuusing
mortality. The varied nature of the swamp floor offers us en
exemple of the possibilities. For illustration, blsck spruce,
enother swemp species, had 0 to 2 percent damping oft on cosarse
sand and find sand respectively whereas on a muck media damping
off affected 80 percent of the seedlings (31l). Although it is
considered to be relatively resistent to dampiﬁg oft, cedsar
wight also react to damping off epiphytotics in e similer manner.

The difficulties involved in differentisting petween vine
types of reproduction have been mentioned. These were not the
only difficulties involved, especially in tellying vegetetive
reproduction. The predominant type of vegetaztive reproduction,
vranch layering, is in effect a transformation from & branch of
the paerent stem to & stem of reproduction. This involved a
degree of judgment that could be questioned. However, the
debatoble cases were few in comparison with the total number

of stems tallied.
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Curtis (15) gives further support to the theory that adult
stems of seedling origin may possess varying degrees of sweep
in his discussions of old field cedar. "0ld field stands . . .
est2blished from seed . . . many individuals have sweeps of.
varying degrees, but that this is largely due to snow, crowding,
occurrence of multiple stems, or root &nchorage’. Watson (56)
also adds that cedar is apparently quick to form compression
vood and grow rigidly into 2 curved stem. He 2lso mentions
phototropiems 2s 2n explanation for some of the stem curvatures,
The above citations 8re presented in an effort to correct a
widespread fallacy concerning cedar reproduction; namely, that
& curved stem 8bsolutely classifies & tree 2s being of vegetative
origin.

The effect of light upon germin@tion in the laboratory
substantiates the observations made in the field. An absence
or near absence of light reduced germination vigor. At the other
extreme, i.e. full sunlight, field studies 2gain confirmed
laboratory results., Seedling germination and initial development
were m2&rkedly reduced in both series. The conditions at the
upper end of the table with foot ca&ndle powers &bove 331 were
found in the l0-ye2r-old cuttings that were removed under &
system of complete cle&r cutting.

The effect of acidity under laboratory c&nditions follows
somewhat the s2me trend 2s in the swamps. The decreise in
germination and establishment 2t the lower extremes follows in
both ceses. The definite trend of incre2sing germination through-

out the acidity range manifests itself above approximately pH 6.0
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unuer field conditions. Tne trend in the laboratory substantiates
the 1ield results in this respect.

It was noted in the laboratory experiments thzet the lower
oH replicates exhibited different degrees of gelation than did
viae upper values. A difference in hardness of the germination
meaie (ogar) could cause changes in the availability ot moisture.
This phenomenon might explain the laboratory results or at least
indicate that pH can be of considerable complexity -- even under
controlled conditions.

The experimental design in the laboratory was initiated
using constent temperature as a base rather than alternating
vemperatures. Although it is acknowledged that an alternating
pemperature-experiment would have more closely aporoximated
qonditions of seed germination in the swamp, it would have intro-
uuced variables thet require the use of high-cost facilities.

It is realized that elternations of tempernture are more favorable
1or the germination of seed than constant temveratures and might
nave the effect of lowering the threshold of germination.

The marked preterence of cedar seedlings in the field for
a meaium of logs in varying stages of decay can hardly be
caplained on a moisture hynothesis. Iu i8 realized that there
is less tluctuation of the water supoly in decayed logs. They
are usually located 2t a slight to considerable elevation above
the swamp floor and thus are relatively free from the inundations

thet occur during rainy periods. The moisture studies during
the 1949 growing season actually showed a greater averzge semi-

weekly variation from the mean for logs during the growing
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sezson than did the swamp floor, however. Curtis (16) uescribes
rvivten wood a5 a medium in which moisture is more or less constant
beneath the forest canopy.

There was a definite difference in temperature between the
two typés of media, the log medium showing a higher mean temper-
ature throughout the growing season and a greater alternation of
temperature. The higher mean temperature is especially noteworthy
during June and July, the period of seed germination. Tne
threshhold for seed germingtion at a constant temperature talls
between 14° and 18° C. (57.2° to 64.4° F.) with a definite decrease
in germinative capacity ot these temgeratures. The monthly mean
temperature of the swamp floor did not rise above the upper Llimits
of this threshhold until August and then only slightly.

The swamp floor is exceedingly veriable in elevation if
L1ogs in various stages of decay, stumps, and pits and mounds of
organic material are considered a portion of it. This variation
can and does account for a remarkable degree of variation in
temperature and moisture within an area as smell as a milacre.

Soveral hypotheses may be offerred regarding the limited
germination of seedlings in sphagnum beds. It is felt that the
sphagnum, however dense, stil} forms a rather open type medium
in which the space occupied by air is great. There is the
possibility that the apparent reduction of germination is due
to tvhis factor. It was also observed that sphagnum mats became
relatively dry during periods of little rainfall. However, this
is not as likely to be the cause of reduction in germination and

establishment as it was found to occur later in the growing season
vaan the time at which germination and establishment normally

occur.
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Although damage by rodents and snowshoe hare is 2 serious
problem in northern white cedar reproduction, if’is not felt
that poisoning is necessary as a control measure unless the
effect of snowshoes upon advanced reproduction might also
reach 2 critical stage. However, reduction of animal popula-
tions in these categories should be given due weight in cutting
and slash dispos2l methods.

The masked shrew, according to Burt (10), is chiefly an
insectivorous and cernivorous animal. The mezdow vole eats
grasses and sedges; the least chipmunk seeds, nuts, berries,
and insects. The food of the red-backed vole is not known
although Curtis (16) concludes that this species is partially
responsible for seedling losses by cutting seedlings in the

runvways. The short-tailed weasel (Mustella cicognanii

cicognanii BonZparte) has been observed in the vicinity of

the plots also but its carnivorous habite would lead to the
conclusion that it would reduce the mouse popul2tion rather
than the cedar seedling population.

Both frequency &nd abundance indicete that neither light,
pH nor type of germinating media are critical factors in the
establishment of vegetative reproduction throughout the range
of conditions found in the swaﬁp stands investigated. Indica-
tions show that 2 moist germinating medium, especially sphagnum
moss, definitely 2ids vegetative reproduction. Insofar as
few commerci2l species of forest trees reproduce vegetatively,

'no mortality studies have been found in the literature.
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Managenent

It is concluded that seedling reproduction under 4 feet
in height is unavailable to deer as winter food in the region
under study. This leads to the decision that little if any
browse can be produced by cedar seedling reproduction in less
than 20 years under swamp conditions that cover & good portion
of the deer yards in that area, |

It is evident that more rese2rch should be conducted in
rela2tion to veget&tive reproduction because it can produce
browse in swamp st2nds more répidly than that of seedling
origin. lVegetative reproduction up to 5.0 feet in height
prob2bly will be wéighted down by ice 2nd snow and thus covered
during the winter. Although the age class design@&tion may
indicate slow growth, this is not necessarily the c2se because
a good number of the yee2rs represented may have been 28 &
branch a2and not &2s & branch layer.

The incre@ase of the number of cedar stems per acre in
the Cusino browse plots that accompanies the varying degrees
of browsing does not hold true in the Dukes experiments.
Although this appetrs to be & contradiction of data, several
salient points are evident. There is a difference in the &ges
of the stands at Dukes a2nd a2t Cusino. The Cusino plots are
2ll composed of & young stand wheree2s there is & gradation
from very young reproduction (Exclosure 4) to an overmature
stand (Exclosure 7) &t Dukes. It is also evident that deer
over-popuiation has not been serious 2t Dukes but has been

at Cusino.
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The conclusions reg2rding the increase of éedar stems
and decrease of alder, even under medium 8nd he2vy drowsing
conditions do not 2gree with the conclusions of Swift (51).
He contends that in time 2 good deer yard, if constantly
overbrowsed, will grow up to plants which deer e2t only as
& last resort. "Thus --- white ced2r, mountain maple . ., .
will be replaced by tag-alder, 2spen, &nd respberry'.

In summ@tion, the results of the silviculturalbpractices
studied indicate:

l. Cedar seedling reproduction is greater with
lopping and sc2ttering of slash than with
piling 2nd burning.

2. Initial seedling reproduction increases with an
increasing residual stand.

3. The age of the steand will dictate the amount of
vegebative reproduction to 2 large degree.

L, Heevier cuts favor both 2lder inveasion 2nd
belsan reproduction.

The results of this study indichte the possibility of
different 2ppro2&ches in silviculturel methods for various
purposes of management. It is felt that conditions favoring
2 peedling type of reproduction should be sought for in
management for commercial pole, post, &nd c2bin log production
whereas & vegetative type of reproduction would be the most
favorable for g2me man&gement purposes. Intermediate cuts
must be considered with the se2me points in mind. The commercial
operator's interest lies in incre2sed stem growth. The
gane mén2ger's interest centers &bout:

1. increased foliage growth within the height classes
that are aveilable to géme animels &g browse.




2. reduction of self-pruning.
3. an aid to reproduction.

If the condition expressed in t&able 4 holds true in the
majority of swamp st&nds, the designation "clear out" used to
describe the various types of cutting methods c&n not be used
synonomously &8s expressing & method of reproduction (29). The
fact that approximately 65 percent of the reproduction tallied
originated from layering would ch&nge the classification to a
method that is undescribed in the liter8ture. It is proposed
that two new methods of reproduction be added to forest
terminology to describe the removal of the o0ld stand and the
est2blishment of the new crop by this type of reproduction.

The Y"layering method* 1s & method composed wholly or
m&inly of layers. The renewdl of the forest is accomplished
principally by layers. Although there is usu2lly & mixture
of seedlings and other types of veget&tive reproduction. The
stand is cut cle2r,

The "layering-with-standards method" ent2ails the maintain-
ing of standards 2bove & layering forest. Reproduction is
mainly from layers, but the 2rea is never cutclear., Standards
0r -~- in other words -- & residu2l stand is left standing 2at
the end of each rotation.

It is felt that the designation of the reproduction
method as & Vlayering method" or "Ylayering-with-standards
method¥ is more than merely chenging the name of the method
in use. & layering type of reproduction involves 2 new
philosophy of coniferous man2gement in the Lake States and
enphasizes concepts that are quite different from the clear

cutting, seed-tree, shelterwood, 2nd selection methods.

A0V




Montgomery (42) has made strides in the direction of new
management practices by suggesting that topping of cedar 4 to 10
* feet in height approximately &t brezst height will result in’ a
greater total number of dranches, gre2ter total length of
branches, a2nd more bdranch layering than an untopped check.

It wag difficult to obtain an estimate of the number of
seedlings per acre that constitute an adequate stocking.

Hawley (<9) advises the establishment of 2t least 2,000 to 5,000
vell-distributed young plants per acre 2s adequate in direct
seeding. Assuming these figures to constitue adequate stocking
of cedar seedlings in & mixed coniferous swamp, indicetions

are that a cut of 211 maAterial over 2 inches or 4 inches d.b.h.
would be unsatisfactory 2s & reproduction method whereas a
selective cut with a2 residu2l sta2nd of 500 or 750 stems pexr

acre would be more satisfactory.

Bvidence 21so pointe to the possibility of he2vier cuts in‘
young stands with the reproduction of cedar by vegetative
means. In mature 2nd overmdture st2nds, & light selective cut
with & thinning from below might be advisable if the man2gement
is for browse production and the young stems &re devoid of
browse. Windthrow, both of cedar and its 2ssocites, was
encountered in heavy cuttings 2nd adjacent to them. It must

be considered in determining 2 cutting method.
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SUMMARY AND CONCLUSIONS

Northern white cedar is assuming more importance in the
Lane States each year. Although it oeccurs on both mineral and
organic soil types in the eastern half of the Upper Peninsula
ot Micnigen, this study is mainly concerned with swamp stands.

Luboratorynétudies were cénducted‘on various factors affect-
ing germination. Indications are that laboratory germination of
seed collected in swamp stands is low under'good germinating
conditions. Temperatures 18°,C..énd below hed an adverse effect
upSn seed germination end seedling vigor. A4 trend of increase
in germinztion with a decrease in hydrogen-ion concentration
apove pH 6.0 was apparent, but became less pronounced aé the
perminetion period increased. No significant difference was
found in the amount of germination on tour natural types of
media: owamp floor, logs in varying stages of decay, hérdwood
Litter, and minersl soil as a check., Full sunlight inhibited
germination and partial light was more sﬁtisfactory than darkness.

Field observations and experiments confirmed the laboratory
results except as'noted. Field studies indicate that sufficient
seed is present in swamp stands for reproduction although
viabiliby is low. The preponderance of seedling emergence occurred
petween the 5th of June and the 5th of July; earlier germination
occurred on partially decayed logs and stumps than on the swamp
floor. Results point out that light intensity was not a eritical
factor in seedling germinetion and initial development through-
out the normal range of light conditions found in our swamp

stands and cuttings although there is & decrease in both




ebundance and frequency et the upper and lower extremes. The
abundance and freguency of seedling reoroduction increases with

e aecrease in hydrogen-ion concentration sbove approximetely

pH 6.0. However, adequate germination occurred throughout the
normel range of pH values found in cedar stends. Maximum seeding
aistance observed was 158.0 feet with 40 to 50 feet appearing to
provide adequate insuraence of a seed supily.

Unaer field conditions, logs in various stages of decay are
the preferred types of germinating media for Seedlingé and were .
1ound to occupy ebout 16 percent of the swamp ground earea. The
seedlings germinating upon them developed better root systems
than those germinating upon the swamp floor. A higher temperatrue
throughout the growing season in this type of medium as compared
with the swemp floor is thought to be the responsible factor.
Haruwood litter and sphagnum beds were not satisfactory germinating
media, the hardwood litter -- predominsntly alder leaves -- being
Loo dry. A noticezble absence of seedlings was found in deer
ifunwvays.

Avoroximately 8.5 percent of the seedling population was
rounda to be killed and 1l.5 percent damaged by rodent and snowshoe
hare browsing in a single year. Desiccation, late spring frosts,
root rot, covering by litter and duff, inadequate root system
aevetopment, and competition from herbaceous cover and sphagnum
moss are other factors that cause mortality of young cedar
seedlings. Netural drainageways had an inhibiting effect upon
ceedling reproduction from the stream': edge to a distance of
75 feet. No experimental evidence is offerred in explanation

of this phenomenon.




Growth studies indicate that approximately ten years are

required for & seedling to re2ch 2 feet in height and twenty

years to re&ch 4 feet in height on & Rifle peat site. Reproduction

is roughly correlated with the basal area of cedar and the high-
est numbers of seedlings are found in 2refs with the greadatest
bas2l area of cedar and on the favored organic soil types, Rifle
peat and Carbondale muck.

Temperature and moisture observations were cérried out as
2 phese of the study. The temperatures within logs in various
stages of decay 1s significantly higher and showed 2 greater
variation than the temperature of the swamp floor. The average
air tempera2tures within the swamp are consideradbly lower than
those of 2 check station located on an adjacent upland ridge.
Moisture percentages, obtained throughout the growing season from
decaying logs and the éwamp floor, indicated higher moisture
contents than hardwood litter. The water level of the portion
of the swamp that is affected by drainage from the adjacent
upland slopes shovws greater fluctuations than the portions that
are located deeper in the swamp.

Although studies on the factors affecting vegetative repro-
duction were carried on in parallel with studies on initial
seedling reproduction, the numbers of stems of vegetative origin
vere less and therefore not of a magnitude to 2llow statistical
interpretation in many ceses. Both frequency 2and abund@nce of
initial veget2tive reproduction indicate that neither light,
pH, nor type of germinating medium are critical factors in its
establishment. The presence of sphagnum moss definitely aids

vegetative reproduction. The 2ge of the stand is felt to be an




important factor in determining the amount of vegetative
reproduction that will result. Rodent a2nd snowshoe hare browsing,
deer browsing, root rot, and failure of adventitious roots to
develop were noted as causes of mortality in this type of
regeneration. Growth, in rel2tion to age, is difficult to
determine in view of its dependence upon the root system of the
parent plant in many of the forms of vegetative propagation.
However, it was found to be more rapid in producing available
deer browse than the seedling method. Layering, principally
that of branches, and the formation of vertical stems from
windthrown trees were the most common me2ns of vegetative
propagation although other types were found. In & representative
st2nd on Rifle peat, 20 percent of the reproduction from 2 to 8
feet in height was of seedling origin and the remaining 80
percent of vegetative origin.

Forty~-five percent of advanced reproduction mortality
that was tallied was due to deer browsing and 20 percent
caused by snowshoe hare browsing. Of the rem2ining 35 percent
mortality, the cause of 17 percent was undetermined; Other
causes that were noted include root rot, competition, failure
of the root system to develop, broken leaders, and windthrow.

Although snowshoe hare browsing and 2 combination of
snowshoe 2nd deer browsing did not reduce the number of cedar
stems per acre in & twelve ye2r period, the snowshoe browsing
severely injured &s much as 25 percent of the cedar repro-
duction from 2 to 8 feet in height in the are2 studied.
Among the associates of cedar, snowshoe browsing markedly

reduced the number of stems per a2cre of 2lder and red m2ple
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but had no significant effect on black ash or balsam fir.

In a period orf eleven yarding scasons, the number of cedar
stems over 2 feet in height showed an increase znd slder in the
szme height classes a decrease under know amounts of deer
prowsing. This trend did not express itself es rapidly under
heavy end medium deer browsing as it did with little or no
browsing, however.

Studies on the effect of silvicultural practices upon
ceder reproduction indiceote thet seedling reproduction is greater
with lopping and scattering of the slush of browse species than
with piling and'burning. Less alder invasion wag also found with
lopping and scattering than with piling and burning. No repro-
duction wes found in slash piles. Initisl seedling reproduction
increaselwith an increesing residual stand. A selective cut
leaving & residuel stand of 500 stems per acre or 750 stems
per acre was satisfactory. Tue age of the staend at the time of
cutting determines the zmount cf vegetative reproduction, the
younger stands fevoring it. Heavy cuts approaching and including
a clear cut fevor both a2lder invasion and balsem fir reproduction.

Managenent of cedar on a commercial basis should rely on
¢ system that favors seedling reproduction in view of the
importence of form. M.nagenent for mass foliage production should
favor vegetetive reproduction &s it reesches &n available height
for browsing sooner. Reproduction methods are suggested insofor
&5 the date ond observations obtained in this study would allow.

It is proposed that the terms "layering method" and "layering-

rith-stonderds method" be used in forest terminology to
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designate the types of reproduction methods that describe
veder reproduction. '
Attempts to increase deer food and cover and to change

cut-over spruce-balssm type to ceder type by cedar plantations

nave been unsuccessful.
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Table 35. —— fbundance and freouencr of seedling revroduction under 2 feet

in neight in various licht conditions

Foot-candle : Abundance : Freouency : Number of mil-~

nowver : : : acre nlots in
: : H class
Tunmber of stems Peorcent

5=7 3.2 33. 8
7-10 10.0 86. 14
10-14 6.5 90. 19
14-20 17.0 82. 28
20-28 6.6 77 31
28-40 2.9 67. 15
40-~58 2.0 76. 25
58-81 6.8 53 19
81-11L4 9.6 76. 17
114-162 21.0 69. 13
162-232 23.8 75. 8
232-331 5.5 50. b
331 plus 1.2 33. 9
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Table 36. -- Abundance and frequency of seedline revroduction in swanp

stands ot various pH levels l/

Number of mil-

pH Abundance Freguency acre plots in
class
Number of stems Percent
L,o-L4. b4 1.5 5k, 13
L,5-0.9 0.8 33. 6
5.0-5.4 1.2 40. 10
5:5=5.9 0.9 33. 15
6.0-6.4 7.3 66. 61
6.5-6.9 17.4 81. 52
7.0-7.5 39.1 92. 13

1/ Tallies are based on seedlings from O to 2 feet in height.
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Analysis of variance, Germination of cedar seed in the
laboratory under different light conditions. Original data

presented in table 6,

Source D, F. S. S. _ Variance ) 5% 1%
Treatment 1 60 60 1.50 4,21  7.68
Time 4 1377 34y 8,60 2,73 411
Treatment x Time 4 1806 452 11,30%* 2,73 411
Replicates 3 83 28 1,43 g8.62 26.50
Error 27 1076 4o

Motal 39 4ho2

Analysis of variance, Germination of cedar seed under various

PH conditions., Original data presented in table 7.

Source D. F. S. S. Veriance F 5% 1%
DE 5 3229 645.8  35.5%* 2,30  3.20
Time 3 16254 5418,0 297,6%*x 2.70 3.98
Replicates 4 12 3.0 6.1 5.66 13.57
Time x PH 15 5045  336.3 18,5+ 1,78 2,25
Error 92 1671 18,2
Total 119 26211

L. S. D. = -/ Error variance XN x 2@ X to5

=/ l8,2xbx2 x 1,985

[T218.F x 1.985
29,4
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Treatment Total Comparisons
pH 3.0 92 Less than 4.0, 5.0, 6.0, 7.0, 8.0
4,0 347 Less than 7.0, 8.0
5.0 362 Less than 8,0
6.0 293 Less than 8,0
7.0 378
8.0 400

Anelysis of variances. Germination of cedar seed in the
laboratory on various types of germinating media, Original deta

presented in table 8,

Source D. F. S. S, Variance _ F 5% 1%
Treatment 3 54 251 1.37 3.86 6.99
Replicates 3 238 79 2,32 8.81 27,34
Error 9 1646 183
Total 15 2638

Correlation between the number of ceder stems per acre at
present (19N9) and the percentage of browse available in Cusino

Browse Plots.

(x) (¥) 5 5
Plot Browse (x) (Y) XY
Cedar Stems Percentage

5 103 3.0 10,609 9,00 309.0
8 155 6.9 24,025 47.61 1,069.5
1 187 23,3 34,969 542, 89 4,357.1

7 299 5.2 &9, 401 2,043,04  13,514.8
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46, 68
/ 20,620 x 1,105

= 0978




Avpendix B:  Common Names of Trees and Shrubs and their
Scientific Equivalents.

Alder

Amal anchier
Ash, Black
Asven (Poplar)
Balm-of-Gilied

Birch, White (Paper Birch)

Birch, Yellow

Cedar, Northern White (Arborvitae)

Cedar, Southern White
Cherry, Black
Cranberry, High-bush
Dogwood, Red-osier
Elm, American

Fir, Alpine

Fir, Balsam

Fir, Douglas
Hemlock

Maple, Red

Pine, Bastern White
Spruce, Black
Soruce, Engelmann
Soruce, Red

Soruce, White
Tamarack

Willow

Alnug incana Willd.

Amglonchier cenadensig (L.) Med.
Fraxinug nigra Marsh |

Pooulus tremuloides Michx.
Povulusg balgamiferg L.

Betula vepyrifera Marsh.

Betula luteg Michx.,

Thuja occidentalls L.
Chamaecyvaris thyoides L.
Prunus seroting Ehrh,

Viburnum ovulus smericanum (Mill.) Ait.
Cornusg stolonifers Michx.,
Ulmus gmericang L,

Abies lasiocerpa (Hook.) Nutt.
Abies balgamea (L.) Mill.
Psendotsuga taxifolia (La Marck) Brit.
Tsuza conedensis (L.) Oarr

Acer rubrum L. .

Pinug strobus L.

Piceg mgrieng (Mill.) Brit.
Picea engelmennii Engelm.

Picea rubra Link.

Picea glauca (Moench) Voss.
Lerix lericina (DuRol) Koch,

Salix spp. .. .
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Aopendis C: Common Hames of Birds snd Mammals and
their Scientific Equivalents.

Birds
Barred Owl

Great Horned Owl

Mammal s

Bobcat
Chipmunk,Least
Coyote

Deer, White-tailed
Hore, varying (snowshoe)
Lynx

Shrew, Masked
Squirrel, Red

Vole, Meadow

Vole, Red-becked
Weasel, Short tailed
Wolf, Timber

Strix varia varia Barton
Bubo virginianus virzinisnug (Gmel.)

Lynx rufus rufus Schreber

Butamius minimus jacksoni Howell

Cenig latrans latrans Say

Odocoileus virginianus borealis Miller.
Leous Americenus ohseonotus Allen

Iynx canadensis cenadengis Kerr,

Sorex cinereus cinereus Kerr
Tamiasciurus hudsonicus loguex Bangs.
Microtus pennsylvanicus pennsylvanicus Ord.
Clethrionomys gepveri geoveri Vigors
Mustela cicognanii cicognanii Boneparte
Canis luous lycaon Schreber
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Appendix D, Method of Deer Browse Analysis

Introduction

The method described herein 1s & rather radical
modification of the Aldous method of deer yard analysis 1/
that wes used in determining browse conditions described in
this dissertation. The funda8mentel concepts involved have
been in use for sometime by the Game Division, Michigén

Depdrtment of Conservation.

Field Procedure

Field procedure is based upon the Geme Division Browse
Study Form No. 1, @& copy of which is included with the
description. Collection of date® wes m&tde in perm2anent plots
one ch2in in length 2nd 10 links (6.6!') in width,

Stem counts were made of the domin&nt browse species -~
northern white ced2r -- in the y2rd under study.

All stems of the dominant browse species over two feet in
height were t2llied according to the bre2kdown of the field
sheet. Previous experience indicated tha&t the inclusion of the
0 to 2 foot cléss would introduce & mfrked error in that the
stems within this height class 2re inavailadle as winter food

for the whitetail due to snow conditions.

O0ffice Procedure

Summfrize the field data., Obtain the total number of stems

in e2&ch browse category. Calculate the percenta2ge of stems in

l/ Aldous, S. E. 1944, A Deer Browse Survey Method. Journal
of Mammalogy 25:130-136
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each browse class.,

Browge (Class No. of Stems Percentage in Claess
Ho dbrowse 50 51.0 (50/98)
0 - 33% 28 28.6 (28/98)
34 - 66% 6 6.2 ( 6/98)
67 - 100% _1h 14.3 (14/98)
TOTAL 98

¥With the percentege in edch class, we 2re prepfred to obtain
2 browse index. In doing so, We must establish 2 single value
of available browse for e2ch of the t2lly cle&sses. The me&n
of efch class was chosen &s most represent&tive of the class,

The velues for the va&rious cl2sses would then be:

Class Browse Factor
No browse 0.0

0 - 33% 16.0
34 - 66% ‘ 50.0
67 - 100% 84.0

By multiplying the percent2ge in e&ch class by the dbrowse
factor we 2rrive a2t a Ybrowse index!. Using the s&me examples

ag previously, we would obtain the following results.

Percentage Brovwse
Cless In Class . Factoxr Browse Index
No browse 51.0 x 0.0 = 0.0
0 - 33% 28.6 x 16.0 - 4.6
34 - 66% 6.1 x 50,0 = 3.0
67 - 100% 14.3 x 84.0 = 12.0
19.6

The “browse index" 19.6 m2y be used 2s a2 fin2l value for
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comparison between yards or between successive ye2rs in the s&me
yard. However, i1t was found more s@tisfactory to use the
"percent2ge of aveilable browse" as 8 comparf8tive value rather
than the “browse index®.

It should be remembered that the "browse index? is based
on & maximum value of 84, the mean percentlge of browse in the
upper browse class on Form 1 (67-100%). By dividing the "browse
index" by this value (84.0), we arrive 2t the "percentage of
availeble browse! for the indicator species. Thus we would
arrive 2t & figure of 23.3 (19.6/84.0) as the "percentage of

availé&ble browse! for the example cited.

Discussion

The an8lysis of field information in accordance with the
method described mé&de possible the highest degree of utilization
of field tellies taken &8t the time of plot establishment. A
numerical estimate of browse conditions was obtained by this
method. A third advantage that this method presented was that
the factors of natural pruning &nd loss of browse due to
snowshoe hare browsing were integrated into the values obtained.

It is acknowledged that there 2re several serious
digsadvantages inherent in the method employed. XNo allowance
is made for the varying percentage composition of the indicator
or domina&nt browse specigs nor is allowance maéde for possible
differences in browse productivity on v2rious sites. It was
felt that uniformity of the site and forest type would confound i

this source of error to a large degree. 4 further disadvantage
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of this method lies in the fact that -- 2¢ present -- satisfactory
fectors are not &vailable that would 21llow conversion of the

final va&lue -<- percentlge of available browse ~-- into pounds

per &cre of available browse, & figure directly related to

the ultimately desired integration, carrying capacity. However,
the latter disadvant2age seems to be inherent in 211 the browse

cruising methods in use today.

x
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Appendix E: Associates of Cedar from Collections and Observations.

Scientific ¥Naome

Abies balsamea (L.) Mill.

Acer rubrum I,

Acer pennsylivenicum I.

Acer saccharum Mzreh,

Alnus incena (L.) Moench.
Amelanchier canadensis (I..) Medic,
Andropogon furcatus M,

Aralis nudicaulis I.

Betula 2lba I.

Betula lutea Michx, f.

Botrychium virginianum (L.) Sw.
Carex flava rectirostra Gaudin,
Carex folliculata L.

Carex stricta Lam,

Carex trisverme Dewey
Chameedaphne calyculata (I.) Moench
Chelone glabra L.

Cornus alternifolia L. T,

Cornus cenadensis 1.

Cornus stolonifers Michx,

Corylus rostrata Ait,

Cyorivedium acaule Ait,
Cyprivedium vubegcens (Willd.) Knight.
Eouigetum spn.

Funatorium verfoliatum L.
Fupatorium purnureun maculatum (L,) Darl.
Fragaria vesce americana Porter
Fraxinus nigra Marsh

Galium agprellum Michx,

Goultheria procunbens L,

Gentiana mrocera Holm,

Habenaria dilstate (Pursh) Gray.
Heracleun lanatum Michx,

Inmatiens biflora Walt.

Iris versicolor L.

Iorix laricine (DuRoi) Koch,

Ledun groenlandicum Oeder,

Lilium vhiladelvhicum andinum (Wutt.) Ker,
Linnaea borealis americane (Forbes) Rehder,

Lobeliz Xalmii I,

Lonicera canadensis Marsh,
Lonicera hirsuta Eat,

Lycoous americanug Muhl,
Malanthemum canadenge Desf,
Microstylis mononhyllos (I.) ILindl,
Monotropna uniflora I,
Parnassia caroliniana Michx,
Picen canadensis (Mill,) BSP,
Picea mariana (Mill,) BSP,
Pinug Strobus L.

Common Name

Balsam fir

Ped maple
Stripved maple
Sugar maple
Sveckled alder
Service berry
Beard grass

Wild sarsaparilla
Vhite birch
Yellow birch
Rattlesneke fern

Leather leaf

Balmony
Alternate-leafed dogwood
Bunch berry

Red~osier dogwood
Beaked hazelnut

Stemless lady's slipper
Larger yellow lady's slipper
Horsetail

Boneset

Joe-Pye weed

Black ash

Roughh bedstraw
Teaberry

Gentian

Fringed orchis

Cow parsnin

Snotted touch-me-not
Larger blue flag
Tamarack

Labrador tea

Vood 1ily

Twin flower
American fly honeysuckle
Hairy honeysuckle
Adder'!s mouth
Indlan pipe

Grass of Parnassus
White spruce

Black spruce

White pine




Polygonatum commutatum (R, & S.) Dietr,

Ponulus balsamifera I..
Populus tremuloides Michx,
Potentilla fructicosa L.
Prunelle vulgoris L.

Prunug serotina Ehrh.
Ranunculug acrisg L.

Rlizmnus alnifoliz I'Her,
Ribes sop.

Rosa spp

Rubus triflorus Richards.
Salix spp.

Sarracenia murpurea L.
Scirous atrovirens Muhl,
Scutellaria galericuiata L.
Senecio aureus L.
Sisyrinchium angustifolium Mill,
Smilacina racemosa (L.) Desf,
Solidapo serotina Ait,
Solidago uliginosa Nutt,
Snhagnum spo.

Stellaria longifolia Muhl,
Thalictrum molygamum Muhl,
Tguge cenadensis (L,) Carr,
Typha latifelia L.

Vaccinium spp.

Valeriana uliginosa (T. & G.) Rydb.
Viburnum cassinoides L.

Yiola spp.

<0

Great Solomon's seal
Balsam popler
American aspen
Shrubby cinguefoil
Heal-all

Wild black cherry
Tall buttercun
Buckthorn

Dwarf raspberry
Pitcher-plant
Bulrush
Slkculleap

Golden ragvort
Blue-eyed grass
False spikenard
Golden rod
Golden rod

Chickweed

Tall meadow Tue
Hemlock

Common cat-tall
Swamp valerian
Wild raisin




