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ABSTRACT
EARLY PLANT SUCCESSION ON CLEARCUT AND

BURNED JACK PINE SITES IN
NORTHERN LOWER MICHIGAN

By

Marc David Abrams

Early plant succession was characterized on
unburned clearcuts and burned sites in northern lower
Michigan. Burning resulted in the establistlment of
numerous species not found on unburned areas. The
longevity of most of these species was short, resulting
in a large drop in species richness between one and
two years after fire. Unburned clearcut sites were
rapidly converted to Carex meadows with very low species
diversity. Burned sites showed multiple successional
patterns which included domination by shrub and early
successional hardwoods, conversion to Carex meadows,
and the establishment of jack pine. The domination

of Carex pensylvanica on these sites indicates that

it is an opportunistic species capable of monopolizing
resources liberated following disturbances and
suppressing or excluding other species.

Permanent plots were established on a 3-year-
old jack pine clearcut prior to burning from which
vegetational changes over three growing seasons were

recorded and fire intensity was evaluated. Burned



Marec David Abrams

blocks, compared to unburned blocks, showed greater
cover of grass and tree and shrub species, lower
cover of Carex, and a greater number of perennial herb
species. Fire intensity on the burned blocks wvaried.
Higher fire intensity resulted in lower species diver-
sity, lower total plant cover, increased survivability
of blueberry compared to Carex, and lower frequency
of establishment of certain grass species.
Fertilizgtion experiments on mature and clearcut
jack pine sites showed that biomass of understory vege-
tation increased after fertilization, and that C.

pensylvanica consistently showed an above average

response.

Experiments conducted with surface soil samples
from different aged jack pine sites indicated that

the dominance of Geranium bicknellii restricted to

l-year-old burns was due to the heat-stimulated germi-
nation of buried seed.

Comparisons made by the index of similarity (8S)
showed that succession on each site is highly unique.
Therefore, the individualistic nature of each site,
rather than age following disturbance, becomes the
dominant aspect in understanding the successional

relationships in these communities.
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CHAPTER I

INTRODUCTION

Jack pine (Pinus banksiana Lamb.) is a dominant

forest type in the Lake States and has been the focus
of many silvicultural and ecological studies. Jack
pine is of interest to foresters because of its rapid
juvenile growth, desirable wood properties for pulp
and paper, its ability to grow on harsh sites, and
because it provides the summer nesting habitat for

the endangered Kirtland's warbler (Dendroica kirt-

landii). Jack pine is a serotinous species that has
been maintained in the Lake States by periodic fire
(Heinselman 1973). 1In fact, the present area of jack
pine in the Lake States is somewhat inflated due to
its proliferation after the wildfires which followed
early pine logging (Benzie 1977).

Jack pine is known as a "fire species', and tra-
ditionally clearcutting and burning have been used
for its regeneration. However, virtually every known
method of cutting, site preparation, and artificial
regeneration has been tried in managing this species
(Eyre and LeBarron 1944). It is now apparent that

no one method will produce satisfactory results on a



consistent basis.

In northern lower Michigan, large areas of jack
pine are cut and burned each year. On these areas,
initial failure of jack pine regeneration following
treatment is more the rule than the exception. There-
fore, there is much interest in the ecology and silvi-
culture of this species. After a review of the litera-
ture, I realized that most studies of prescribed
burning focused on slash reduction, seedbed prepara-
tion, and responses of seedlings to variocus enviromn-
mental factors (Eyre and LeBarron 1944, Beaufait 1962).
Limited detailed work, however, has been conducted
oh plant succession on jack pine sites following logging
and/or burning in the Lake States (Ahlgren 1960, Vogl
1970, Krefting and Ahlgren 1974). 1In Michigan, studies
cf this type are, to my knowledge, nonexistent.

The objective of my research was to characterize
early plant succession following clearcutting and/or
burning on jack pine sites in northern lower Michigan.
Field data were collected in Roscommon, Oscoda, Craw-
ford, and Ogemaw counties during the summers of 1979,
1980, and 1981 from unburned clearcut sites and burned
sites comprising a successional series from 0 to 6
years. Community data were also collected from inter-
mediate-age and mature jack pine stands which were

considered representative of the predisturbance



condition of many of the sites. In addition a three-
year investigation was undertaken, using permanent
plots, of vegetational changes on burned and unburned
blocks in a jack pine clearcut. When certain trends
became apparent during early succession (e.g. large
increases in Carex dominance and the first-year

dominance of Geranium bicknellii Britt. on burned

sites), I became interested in the mechanisms involved.
Therefore, studies of the response of understory vege-
tation to fertilization in a mature jack pine stand
and an adjacent clearcut, and the role of heat in the
germination of buried seed from jack pine stands along

a successional series were initiated.



CHAPTER II

DESCRIPTION OF STUDY AREA AND SITES

General Description of Study Area

Surface Formations, Soil, and Climate

The research sites were located in Roscommon,
Crawford, Oscoda, and Ogemaw counties in the northeast
lower peninsula of Michigan (Fig. 2.1). The elevation
of these counties generally lies between 275 and 365 m
above sea level. The topography of this area is a dir-
ect result of the Wisconsin glaciation; the final glacia-
tion took place from 14800 B.P. to 9500 B.P., leaving
vast areas of till and outwash plains with little varia-
tion in surface relief (Veatch et al. 1924).

Michigan shows high edaphic diversity, with over
350 soil series mapped (Sommers 1977). However, the
four county area used in this study is dominated by
Rubicon, Kalkaska, and Grayling series of the Haplorthod
and Udipsamment great groups. In particular, the Grayling
sand series predominates, and all sites included for
study were located on this soil series. However,
intergrading of associated soil series, such as the
Graycalm, with the Grayling series on the study

sites was possible; the extent of this intergrading

4
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is unknown because no formal soil analyses were con-
ducted.

The Grayling sand series (a mixe§, frigid, Typic
Udipsamment) is characterized by its loose consistence,
incoherent structure, sandy or single-grained texture
throughout, and perviousness and nonretentiveness to
moisture. Average moisture content during the growing
season is very low to a depth of 1 m or more and fer-
tility is correspondingly low. Reaction varies from
medium to strongly acid to a depth of 1 m or more
(Veatch et al. 1924, Appendix D).

The climate of the four county area is charac-
terized by cold winters, short mild summers, a.large
number of cloudy days, low evaporation, and moderately
high humidity (Veatch et al. 1924). The mean annual
temperature is generally 6° to 7°C, with mean monthly
temperatures ranging from -8° to 19°C. Precipitation
is fairly well distributed throughout the year, with
mean annual rainfall and snowfall of 77 and 180 cm,
respectively. The length of the growing season is
100 to 120 days, with the last probable frost in the
spring at the end of May, and the first probable frost
in the fall in mid September (U.S.D.A. 1971).

In 1924, Veatch and associates wrote the following
account of the forest communities in Roscommon county

(nearly identical accounts were written for Oscoda,



Ogemaw, and Crawford counties).

The whole land area at the time of
occupation by white men was a dense forest
except for a small acreage of bog or marsh
and possibly some open land in the drier
sand plains. The lumber industry started
about 1870 and at the present time the
original forest has been cut, except in
a few small scattered areas and wood lots
and in a few places in swamps. Several
types of forest or tree associations were
represented: (1) The hardwood forests in
which hard maple or sugar maple (Acex
sdaccharum) and beech were the dominant
species and elm, ash, basswood, yellow
birch, and hemlock were subordinate
species; (2) the mixed hardwood and
coniferous forest, in which common hard-
woods were intimately associated with
white pine, hemlock, and some Norway pine
(red pine); (3) the pine forests in which
white pine, Norway pine, or Norway and
jack pine predominanted; and (4) the swamp
forests in which the dominant species were
arbor vitae, black spruce, white spruce
(Picea canadensdis), balsam fir (Abies
bafsamea) , and tamarack. Much of the
forest land is at present either desolate
stump land covered with a dense growth of
brush, briers, and grass or grown up to
scrubby aspen, oaks, and red maple, with
very little natural second growth of the
original dominant species. The forest
remains intact in some parts of the
swamps, but this land also has been partly
logged and desolated by fires. Some of
the dry sandy plains land is characterized
by a scattered growth of jack pine, low
blueberries (mainly species of Vaccinium),
the sweet fern (Compfondia asplenifoldia),
and bracken, together with various grasses,
the most common of which are bluegrass
(Poa compressa), wild oat grass or buffalo
grass (Danthonia sp.), and beard grass
(Andrnopogon ascoparius). In the more open
swamps or bogs there is a dense cover of
heath shrubs, such as blueberries, Cassandra,
and Labrador tea (Ledum groenfandicum), with
some scattered black spruce and tamarack.
In places the open marsh is covered with



various sedges and bluejoint (Cafama-

ghostis canadens.is). It is estimated

that about 10 per cent of the cut-over

forest land has been cleared for farming

purposes.
At present, the status of the forest communities of
the four counties area is not that dismal. This in
no way implies, however, a return to the original
dense hardwood and coniferous forests. Today these
counties are a patchwork of small woodlots, somewhat
more extensive second- and third-growth hardwood and
coniferous forests, farmland, bracken-grasslands,
and swamp forests. Jack pine represents an exten-
sive forest type in these counties, covering approxi-
mately 207 of the commercial forest land area. The
present distribution of jack pine, a typical post-
fire pioneer species, mainly reflects its proliferation
following early pine logging and subsequent wildfires
(Benzie 1977). Other important forest types and asso-

ciations in these counties are oak-hickory, northern

white cedar, maple-beech-basswood, and aspen.

Description of Sites Included
for Study

A total of 25 jack pine sites were used for

detailed study: 8 unburned clearcuts, 10 summer-
burned areas, two 35-year-old stands, and 4 mature
(55-years or greater) stands (Table 2.1). The 10

burned areas included 3 prescribed burns through
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standing 35-year-old jack pine, 4 prescribed burns
through clearcut jack pine, 2 wildfires through mature
jack pine, and 1 wildfire through clearcut mature jack
pine. Also included was one site used for a controlled
burn from which early succession on burned and unburned
clearcut blocks was monitored during three consecutive
seasons. All unburned clearcuts were previously mature
jack pine greater than 50 years old.

All sites used for study were located on the
Grayling sand series, with as little variation in
topography and other environmental factors as possible.
The following discussion will outline the silvicultural
management and natural disturbance history of each
site. Unique physical features or aspects of the
adjacent vegetation will also be included.

The study sites are presently being managed by
the Michigan Department of Natural Resources (DNR),
and were acquired in the 1930's or thereafter; no site
history data are available before their acquisition.
Therefore, stand origin information is not available
for sites 50 years or older. However, no widescale
plantings were conducted prior to 1930, and frequent
wildfires were common in this region. Therefore, most
forest managers agree that mature jack pine stands
of this area of Michigan are of postfire origin; this

will be assumed unless otherwise noted.
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Stand age of burned standing timber was deter-
mined by boring at least 10 trees in an adjacent
stand that appeared representative of the treated
area before burning., Overstory basal area in mature
and 35-year-old jack pine stands was measured using
a l0-factor prism at 10 random locations. Zero-year
clearcuts are defined as areas harvested the winter
and spring before summer sampling; l-year-old burns
are defined as areas burned the summer before sam-
pling; no areas were surveyed the same growing season

they were burned.

Unburned clearcuts¥®*

Site lA. This area is north of a trail road
and adjacent (west) to route F-97. It was clearcut
during the spring of 1979, at which time the dominant
jack pine was 55 to 60-years-olc. Widely scattered

red pine (Pinus resinosa) were left standing. This

area was surveyed as a 0-year clearcut on 7/17/79
and later that day the area was prescribe burned.
During the 1980 and 1981 field seasons this area was
resurveyed as a l-year-old and 2-year-old burn (site

7C80-81). No other disturbance information is known

*The number 79, 80, and 8l following the alpha-
numerical site designation refers to the 1979, 1980,
and/or 1981 growing seasons when the sites were sur-
veyed, for sites surveyed in more than one growing
season,
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for this site.

Site 1B80-8l. This area surveyed was part of

a larger clearcut located at the southeast junction

of 4-Mile Road and Staley Lake Road. The 57-year-

old jack pine on this site was clearcut during the
winter and spring of 1980, and the site was surveyed
in 1980 and 198l as a 0-year-old and l-year-old clear-
cut. Scattered intermediate sized oak (northern

red group, Quercus spp.) and black cherry (Prunus
serotina) were present. No other previous distur-
bance to this stand is known.

Site 2. In 1961 and 1974 this area was selec-
tively cut for jack pine logs exceeding 20 cm d.b.h.
In 1978 the 55 to 60-year-old jack pine was clearcut
and the site was surveyed in 1979 as a l-year-old
clearcut. Subsequent to that survey, the site was
planted and not used for further study. Scattered
3- to 5-m-tall jack pine and mature red pine were
left standing after harvesting. This site was gently
undulating, as opposed to near total flatness of most
of the other sites.

Site 3A. The southern border of this area lies
north of 4-Mile Road. The site was clearcut in 1978,
and surveyed in 1980 as a 2-year-old clearcut. The
age of the dominants ranged from 48 to 57 at the time

of clearcutting. Scattered intermediate-sized oaks
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and black cherry, along with suppressed 3- to 5-m
jack pine were present.

Site 3B79-80-8l. This area lies directly west

of Muskrat Lake Road. The 50 to 553-year-old jack pine
on this site were clearcut in 1977, the site was sur-
veyed in 1979, 1980, and 1981 as a 2-, 3-, and 4-year-
old clearcut. 1In 1961 and 1964, the site ﬁas selec-
tively logged for jack.pine logs. An overgrown trail
road ran through the center of the site. A % ha clone

of 7 to 10 m tall aspen (Populus tremuloides) was also

located in the center of the site.

Site 4A79-80-8l. This area is found directly

east 0of Richardson Road. In 1957 there was selective
cutting for jack pine pulp logs, and in 1976 the area
was clearcut. At the time of harvesting, the age of
the dominants ranged from 54 tc 72 years. In 1979,
1980, and 1981 this area was surveyed as a 3-, 4-,

and 5-year-old clearcut. Scattered sapling sized jack
and red pine and a few mature red pine were found.
Topography of the site was gently rolling, characteris-
tic of a till plain.

Site 5A79-80-81l. This area lies directly north

of Airport Road, and is part of a larger research
area directed by the U. S. Forest Service. This area
was clearcut in 1975, with no previous disturbance

to the stand reported. The dominants ranged from 57
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to 66 years at the time of cutting. The area was
surveyed in 1979, 1980, and 1981 as a 4-, 5-, and
6-year-old clearcut. Regularly spaced dense oak and
cherry sprouts were found throughout.

Site 6. This area lies directly south of Emery
Road. No other disturbance to the stand was reported
prior to clearcutting in 1974, Dominant jack pine
ranged from 57 to 63 years at the time of harvest.
Dense ocak and cherry sprouts were found throughout
the area, and thick stands of 20 m tall jack pine
surrounded this site on the east, west, and south

borders.

Burned areas

Site 7A80-8l. This lies directly west of county

road 13, and is part of a large research area directed
by the Michigan DNR. A large wildfire swept through
this entire research area in 1946, Some oak, red
pine, and jack pine survived the fire; those indivi-
duals of financial maturity were logged in 1975 and
1976. What remained was a variable age and density
jack pine stand, representing postfire regeneration
and emergents that survived the 1946 fire and sub-
sequent logging. The emergents ranéed from 40- to
45-years-cld and intermediates from 22- to 35-years-

old. However, there also were present a substantial

number of jack pine in the 0-5 year, 5-10 year, and
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10-20 year age classes.

On 7/12/79 the site was prescribe burned with
residual trees left standing. The fire was severe
enough to kill nearly all the pines and above-ground
parts of the hardwoods. The hardwoods have subse-
quently sprouted from the base or produced root
suckers. Patchy and scattered intermediate-sized snags
are distributed throughout the site. The area was
surveyed in 1980 and 1981 as a l-year and 2-year-old
burn. Burned sites 7B79-80-81 and 9A79-80-81 and
35-year-old jack pine stands 12A and 12B are part of
this same research area.

Site 7B79-80-8l1. This site was prescribe

burned on 8/8/78. See site 7A80-81 for stand history.
A unique aspect of this site is a 2 ha heath bog in
the northeast portion. The site gently slopes towards
the bog, but is level on the upland areas. Only the
level upland areas away from the bog were surveyed.
Patchy and scattered intermediate-sized snags were
found throughout. The site was surveyed in 1979,
1980, and 1981 as a l-year, 2-year, and 3-year-old
prescribed burn.

Site 9A79-80-8l. This area was prescribe burned

on 8/17/76. See site 7A80-8l for stand history. This
site is somewhat unique due to the large number of

oak, black cherry, and red and jack pine that survived
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the fire. The remaining-canopy, although patchy,
created an unusual microhabitat for a recently
burned site. Surveys took place in 1979, 1980, and
1981 as a 3-, 4-, and 5-year-old prescribed burn,
respectively.

Site 7C808)l. This site was surveyed as a 0-

year clearcut in 1979 and a l-year and 2-year-old
prescribed burn in 1980 and 198l. See unburned site
1A for site history.

Site 7D79-80-8lL. This area is located directly

south of Penn Road, and originated as a jack pine
plantation (800 trees/acre), established in 1930.

The area was clearcut from the spring of 1976 to
spring 1978. However, nearly all harvesting was done
in 1977, and this is used as the reference date.

On 9/26/78, the area was prescribed burned as a 1-
year-old clearcut. Surveys were made in 1979, 1980,
and 1981 as a l-year, 2-year, and 3-year-old pre-~
scribed burn. The recorded stump age at the time of
clearcutting ranged from 31 to 49 years, with most
ages falling between 40 and 47 years. This area is
surrounded by dense stands of mixed red and jack pine
and a large clearcut to the north and west. The
mixed red and jack pine stands had a much sparser
understory than usually seen in pure jack pine stands;

blueberry (Vaccinium spp.) was conspicuously reduced.
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Site 8A79-80-8l. This area was burned by wild-

fire on 7/2/77, and is located directly east and west
of Roll Road. The forest at the time of burning was
a well stocked jack pine stand, with dominants rang-
ing from 40 to 52 years-old. Most of the individuals
were left standing as charred snags. Because of their
density, they greatly increased the shading to the
forest floor compared to other burned areas. The
topography is gently rolling slopes with larger flat
areas. Surveys were conducted in 1979, 1980, and
1981 as a 2-year, 3-year, and 4-year-old burn, res-
pectively.

Site 9B79-80-81. This area, burned by wildfire

on 8/23/76, is located directly north of 4-Mile Road.
The age of the dominants at the time of burning was
highly variable, ranging from 48 to 66 years. The
area was apparently well-stocked, as indicated by the
remaining charred snags and stumps, and the high
density of the adjacent jack pine stands., The
topography was gently rolling throughout. This area
was surveyed in 1979, 1980, and 1981 as a 3-year, 4-
year, and 5-year-old burn.

Site 10A79-803-81. This area is located south

of the railroad tracks running adjacent to 5-Mile
Road. The site was clearcut in the winter and spring

of 1973 and prescribe burned as a 2-year clearcut on
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10/7/75. At the time of clearcutting the age of

the dominants ranged from 42 to 63 years. The area

is surrounded on three borders by well-stocked mature
jack pine. Hardwoods were apparently an important
component of the pre-existing vegetation, as indicated
by their current presence as dense sprouts and scattered
surviving adults., The area was surveyed in 1979, 1980,
and 1981 as a 4-year, 5-year, and 6-year-old burn,
respectively.

Site 10B79-80-8lL. This area is located directly

east of Fairview Road. It was clearcut in 1974 and
burned as a l-year-old clearcut on 8/15/75. Previous
to this, the area was selectively logged for mature
jack pine (exceeding 20 cm d.b.h.) in 1941, 1948,
1950, 1956, 1958, and 1965. The age of the dominants
at the time of clearcutting ranged from 44 to 54 years.
This area was surrounded by well-stocked mature jack
pine with a canopy height of 15 to 20 m. Large areas
of dense hardwood sprouts (mainly aspen suckers) up
to 4.5 m tall dominated the site. It was surveyed
in 1979, 1980, and 1981 as a 4-year, 5-year, and 6-
vear-old burn.

Site 11. This area is to the southwest of a
trail road that runs southeast of Emery Road. It was
clearcut in the winter and spring of 1972 and 1973

and on 7/21/73 burned by wildfire. The age of the
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dominants at the time of cutting ranged from 51 to

60 years. O0Oak was an important component of the pre-
existing vegetation, as exhibited by numerous dense
sprouts throughout the area. Mature well-steocked
jack pine border the site. The area was surveyed

in 1979 as a 6-year burn.

Experimental burn site. Roscommon County,

T24N, R2W, sec 8, S% of SEX%. This 7.2 ha area is
located directly west of Airport Road. Clearcutting
of this site started in 1976 and continued through
the fall and winter of 1977. Most of the harvesting
took place in 1976, and this is used as the reference
date. When clearcut, the age of the dominants ranged
from 55 to 65 years. This area, used to study early
plant succession on burned and unburned clearcut
blocks, was monitored during the 1979, 1980, and 1981
growing seasons (see Chapter 5 for details of the
study) .

Intermediate-age
jack pine stands

Both stands in this category resulted from a
1946 wildfire in Ogemaw County. Three study sites
discussed above (7A80-81, 7B79-80-8l, and 9A79-80-
81) also originated from the same fire. Although
the stand history described in detail for site

7A80-81 applies to these stands, they were not
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prescribe burned.

Site 12A. This area of 35-year-old jack pine
was surveyed in 1981. The jack pine distribution
was extremely variable, ranging from impenetrable
patches to intermediate-sized openings devoid of trees.
The mean basal area of 6.0 m2/ha, with a standard devia-
tion (S.D.) of 7.46 m? (ranging from 0 to 27.6 sq. m),
reflects the wvariability. The patchiness of the stand
greatly affected the distribution of light reaching
the forest floor. The open areas appeared hot and
dry and the shaded areas cool and moist. The open
areas were dominated by low-growing grasses, sedges,
and forbs, and the shaded understory was dominated
by small trees and shrubs. Along with the patchy
distribution of jack pine, the canopy height was
extremely variable. This reflected the wide range
of age classes represented here.

Site 12B., This area was also surveyed in 1981.
The stand structure was similar to that of site 12;
however, mean basal area was somewhat higher (9.7 m2/
ha), with somewhat less variability (S.D. = 6.2 m?,

ranging from 0 to 16.1 sq. m).

Mature jack pine stands

The mature jack pine stands chosen for study
were 55 years or older and appeared free from recent

disturbance. These mature stands were well-stocked
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with evenly distributed dominants. The canopy was
fairly regular, but light gaps, created from recent
blowdown, was a common feature. The height of the
dominants on all sites ranged from 15 to 20 m. Inter-
mediate and sapling-sized individuals were generally
present.

Site 13A. This area is directly south of the
experimental burn area off of Airport Road. The
mean basal area was 17.0 m2/ha (S.D. = 4.4). The
stand age was considered 68 years; dominants ranged
from 55 to 68 years.

Site 13B. This area is situated directly north
of Airport Road and is located 1.6 km south of site 13A
The mean basal area was 15.6 m2/ha . (S.D. = 3.9). The
dominants ranged in age from 55 to 68 years; as on
site 13A the stand age was considered 68 years. Most
probably this site and site 13A originated from fire,
based on their close proximity, age of dominants, and
stand structure.

Site 13C. This area is located directly south
of county road 26. The mean basal area was 22.1 m?/ha
(S.D., = 3.9 sq. m). The age of the dominants ranged
from 47 to 55 years, stand age was considered 55 years.
The site was selectively logged (diameter cuts greater
than 20 cm d.b.h, as well as salvage cuts) in 1946,

1949, 1956, and 196l. Twenty years lapsed between
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the last cutting and the present survey of the site.
This apparently vigorous, healthy stand in no way
appeared disturbed or degraded from logging.

Site 13D. This stand, directly east of Staley
Lake Road, was left from a large area that was clear-
cut in 1980 (see site 1B80-8l). The mean basal area
was 19.8 m2/ha (§.D. = 4.3). The age of the dominants
ranged from 47 to 57 years; the stand was considered

to be 57-years-old.



CHAPTER III

EARLY REVEGETATION OF BURNED AND
UNBURNED JACK PINE CLEARCUTS IN
NORTHERN LOWER MICHIGAN

INTRODUCTION

The importance of fire as an ecological factor
and its use as a management tool in the Lake States
is well documented (Eyre and LeBarron 1944, Cayford
1970, Vogl 1970, Heinselman 1973, Ahlgren 1974). A
large portion of this previous work focuses on the

ecoleogy and management of jack pine (Pinus banksiana

Lamb.). Jack pine is a typical postfire pioneer
species whose present distribution is directly rela-
ted to wildfires following early pine logging (Benzie
1977). Throughout most of its range, jack pine produces
serotinous cones and requires a mineral seedbed for
optimum germination. Therefore, most attempts to
manage this species have utilized prescribed burning.
Studies of prescribed burning have mainly focused
on slash reduction, seedbed preparation, and response
of seedlings to various environmental factors (Eyre
and LeBarron 1944, Beaufait 1962). Limited detailed
work, however, has been conducted on plant succession

on jack pine sites following logging and/or burning

23
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in the Lake States (Ahlgren 1960, Vogl 1970, Krefting
and Ahlgren 1974, Ohmann and Grigal 1979). Thus a
study was undertaken to characterize early revegeta-
tion of burned and unburned clearcuts in northern lower
Michigan where jack pine is a predominant component

of the tree vegetation on sandy soils. The main objec-
tive of this chapter is to discuss the differences
between burned versus unburned jack pine clearcuts

and the wvariation that results from these disturbances.
A discussion of successional patterns within and between
burned and unburned sequences will be presented in

Chapter 4.

METHODS

Unburned clearcut sites 1A, 1B80-81, 2, 34,
3B79-80-81, 4A79-80-81, 5A79-80-81 and 6, and burned
clearcut sites 7C79-80-81, 7D79-80-81, 10A79-80-81,
and 10B79-80-81 were used for comparison in this chapter
(see Chapter 2 for site descriptions). On each site
all vascular plants, including grasses, sedges, ferms,
hexrbs, shrubs, and trees were characterized by frequency
and cover measurements. Frequency was determined using
a 1 m? circular plot randomized along transects. Tran-
sects were oriented to best include the entire area
to be surveyed. Cover determinations were made by

summing the distance intersected by each species along
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randomly placed 20 m transects. Thirty frequency plots:
and 3 cover transects (60 m total) were used to charac-
terize each site. Deviation from this method occurred
on site 1A where, due to time constraints, only 20 fre-
quency plots and 40 m cover were included. On all
sites a 10Z or less increase in the number of species
resulted from the final 107 increase in sample area
(Cain 1938). Nomenclature follows Voss (1972) for
gymnosperms and monocots and Fernald (1950) for all

other taxa.

RESULTS

The data presented are from sites sampled annually
once, twice, or three times during the 1979, 1980, and
1981 growing seasons (Table 3.1 and 3.2). The age
of these sites make up a sequence ranging from 0-year
(clearcut the winter and spring previous to summer
sampling) to 6-year clearcuts (Table 3.1) and l-year
(burned the summer previous to sampling) to b6-year
burns (Table 3.2). Caution is advised in inferring
that these sites are typical or sufficient to represent
average conditions for those ages. Although sites
were rigorously selected, the severity and timing of
the disturbance on each site varied. Therefore each
site is unique in many aspects, making direct compari-

sons difficult. Nonetheless, I do feel that certain



TABLE 3.1

RELATIVE COVER (C), RELATIVE FREQUENCY (F), AND SPECIES RICHNESS (R)
FOR VEGETATIONAL GROUPS ON UNBURNED CLEARCUTS

Years
site?  Since Total  'Total
Number Treatment Area Amwuals & Biemnials Grasses & Sedges Perermial Herbs Trees & Shrubs R Cover
ha [ F R C F R C F R C F R per 60 m
1A 0 16 - 7 1 32,5 26.1 6 15,0 31.2 ¢ 52.5 42.0 10 26 36.0
1880 0 le .49 - 2 12.9 20.4 7 299 33.3 9 56.7 46.3 13 k) 61.5
1B81 1 16 - .5 1 27.2 22,5 5 34,3 26.7 8 38.5 50.4 9 23 61.5
2 1 24 - - - 24,7 27.6 5 7.1 23.2 12 68.2 49.2 7 24 27.6
3A 2 16 - - - 49.6 43.8 9 21.6 21.6 9 29.1 3.6 9 27 50.7
3879 2 16 - 1.9 1 3.5 24,8 5 13.6 32.2 10 49.6 41.1 9 25 7.1
388D 3 16 - - - 53.1 R0 7 4.3 260 7 42.5 42.0 8 22 46.9
4A79 3 3z 1 - 1 B3.4 52.7 7 5.1 16.4 & 11.4 30.9 6 20 37.7
3B81 4 16 - 1.5 1 45,7 30.4 6 1.6 23.9 b 52,7 4.2 8 22 64.4
4480 4 2 - - - 68.8 50.0 6 3 10.3 5 3.9 39,5 8 19 64.5
3479 4 4 - - - 77.2 35.7 2 2.2 14.3 1 20.7 50.0 7 10 41.7
4581 5 32 - - - 81.8 51.6 6 .1 9.5 35 18,0 39.0 7 18 58.9
SA80 5 4 - - - 67.3 37.1 5 2.9 19.3 4 29.8 43.5 3 14 44,7
6 5 16 - - - 77.3 45.6 3 20029 3 22.5 51.5 10 16 30.1
5481 6 4 - - - 65.6 35.0 4 5.7 18.0 4 28.7 47.0 7 15 46.8

8gite numbers starting with the same conbination of mmber and letter represent the same site surveyed twice; the

nubers 79, 80, and 81 indicate the year swrveyed (1979, 1980, and 1981), for sites surveyed in more than one growing season.

0¢



TABLE 3.2

RELATIVE COVER (C), RELATIVE FREQUENCY (F), AND SPECIES RICHNESS (R}
FOR VEGETATIONAL GROUFS ON BURNED CLEARCUTS

Years
site®  Since Total  Total
Murber Treatment Area Ammuals & Biemmials Grasses & Sedpes Perennial Herbs Trees & Stwubs R Cover
G F R T F K C F R C_F R per 60 o
7C80 1 16 18.3 7.1 4 3.8 320 9 2.8 26.1 15 43.1 34.8 7 35 26.9
D79 1 24 .1 2.8 3 73.5 44.6 9 B.5 243 12 17.8 28.1 10 34 30.6
7CBL 2 6 - - 45.7 38.4 B 1.1 13.2 10 53.2 48.3 7 25 52.6
D80 2 24 - 71.6 56.3 9 12.4 21.1 B8 15.8 22.5 8 25 48.5
7D81 3 24 - - - 66.7 52.5 8 14,3 25.1 8 19.1 22.7 8 24 48.7
10479 4 26 - l.6 1 71.8 35.7 13 15,2 39.3 13 13.0 23.3 9 36 58.2
10B79 4 23 .2 3.9 1 53.5 40.0 14 22.9 23.3 10 23.4 32.8 14 39 45.4
10480 5 26 1 1.7 2 57.3 38.2 11 18.5 32.9 16 241 27,2 7 36 75.7
10880 5 23 .8 5.4 3 57.3 37.3 10 8.0 23.5 8 33.8 33.9 14 35 6l.6
10481 6 26 .2 .6 2 66.4 39.3 8 8.9 34.9 14 26.5 25.2 8 32 74.4
10B81 6 23 .8 2.3 1 50.3 38.3 9 12.2 21.4 10 36.7 38.0 14 34 74.8

33ee Table 3.1,

Le
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consistent differences in burned versus unburned
clearcuts can be discerned from this study.

A comparison of three different measures of di-
versity, total 'species richness (combined total
number of species recorded in frequency and cover
measurements), average richness per plot, and Shannon
Indexz, of sites averaged within years for a 6-year
progression is shown in Figure 3.l. Species were
Agrouped into annuals and biennials, grasses and sedges,
perennial herbs, and trees and shrubs. Relative cover,
relative frequency, and richness data for each surveyed
area by vegetational group is shown in Tables 3.1 and
3.2 for unburned and burned clearcuts, respectively.
Relative cover and relative frequency data for each
species surveyed on unburned clearcut and burned clear-
cut sites during 1979, 1980, and 1981 are shown in
Appendices A and B.

Species richness, a diversity index in which
rare and dominant species contribute equally, was higher
on burned clearcuts compared to unburmned clearcuts
for each year except year 2. Average frequency per
plot and Shannon Index, which reflect number of species
and equitability, initially were higher for the unburned

clearcuts. Later in the sequence (years 4, 5, and 6),

2Shannon Index of Diversity (H) = £ Pi log Pi,
where Pi = relative cover (Odum 1971).
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however, values of this indice were much higher omn

the burned areas, compared to unburned areas. Although
the average frequency per plot and the Shannon Index
were lower on certain burned sites, compared to unburned
sites, these sites had a greater number of species,
mostly rare, contributing to these indices, whereas
fewer, but more common, species were contributing on

the unburned clearcuts.

As shown in Table 3.3, 73 different species were
recorded on burned clearcuts compared to 49 on unburned
clearcuts. Twenty-eight species were exclusive to
burned areas, whereas only 4 species were exclusive
to unburned areas. Three of the 7 annuals and bienni-
als, 12 of the 20 grasses and sedges, 18 of the 30
perennial herbs, and 16 of the 23 trees and shrubs
recorded on all sites were present on unburned clear-
cuts. In contrast, burned sites contained all 7 annuals
and biennials, all 19 grasses and sedges, 24 of the
28 perennial herbs, and all 23 trees and shrubs.

Figure 3.2 shows that cover was much lower on
burned sites, compared to unburned sites, during year 1.
By year 2, however, cover on burned clearcuts was
higher than on unburned clearcuts. Over the temporal
sequence, burned areas showed a general increase in
cover through year 6, whereas cover values on unburned

sites varied little. However, nearly all sites surveyed
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TABLE 3.3

PLANT SPECIES ENCOUNTERED ON BURNED AND
UNBURNED CLEARCUT SITES IN
NORTHERN LOWER MICHIGAN

Species Exclusive to Burned Areas

(28 species total)

Annuals and Biennials
(4 species)

Cirnsium Ap.

Conydalis sempervinens L.
Gerandum bichnellii Britt.
Erigenon canadensdis L.

Grasses and Sedges
(7 species)

Agropyron trachycaulum Link
Carex nugospeama Mack.
Festuca ap.

Muhfenbergia mex.icana L.
Pandicum xanthophysum Gray
Poa pratensds L.
Sorghastrum nutans L.

Perennial Herbs
(13 species)

Asten saggitifolius
Wedemeyer

Convolvulus spithamaecus L.

Hieracium canadense Michx.

Helianthemum canadensdis
Michx.
Lechea minor L.
Polygala polygama Walt,
Polygonum cilincde Michx.
Potentilla arguta Pursh.
Potentifla simplex Michx.
Potentilla thidentata Ait.
Rumex acefosellfa L.
Senecio tomentosus Michx.
Viofa adunca Sm.

Trees and Shrubs

(4 species)

Acen rubrum L.
Ceanothus ovatus Desf.
Gaylussacia baccata
(Wang.) C. Koch
Symphoricarpos albus L.

Species Exclusive to Unburned Areas

(4 species)

Perennial Herbs

Antennarnia neglecta Greene
Asclepias syriaca L.

Spinanthes ghacdlis
(Bigel.) Beck
Viola pedatigida G. Don,
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TABLE 3.3 (Continued)

Species Common to Both Burned and

Unburned Clearcuts

(45 species total)

Annuals and Biennials
(3 species)

Arabis glfabra L.
Lactuca canadensis L.
Melampyrum Lineare Lam.

Grasses and Sedges
(12 species)

Agrostis hyemalis Walt.

Andropogon genrarndid Vitman

Bromus halmid Gray

Carex pensylvandica Lam.

Danthonia spicata (L.)
Beauv.

Deschampsia §Lexuosa L.

Dichanthelium depau-
peratum Muhl.

Koelenia macrantha Pers.

Pandicum columbilanum
Scribn.,

Oayzopsis aspernifolia
Michx.

Oryzopsis pungens Torr.

Schdzachne purpurascens
Torr.

Perennial Herbs
(L4 species)

Apocynum andirosaemd-
jollum L.

Anemone quinquegolia L,

Asten Laevis L.

Campanufa rofundd-
folia L.

Fragaria virgindiana
Duchesne

Gaultheria procumbens L.
Hienacium aurantiacum L.
Hienacium venosum L.
Helianthus occcdden-
talis Ridd.
Liatnis novae-angliae
Lunell
Malanthemum canadendds
Desf.
Physalis virginiana Mill.
Ptenidium agquilinum Desf.
Solidago sp.

Trees and Shrubs
(L6 species)

Amefanchier ap.
Arnctostaphylos uva-
urs L L.
Comptonia peregrina L.
Crataegus 4p.
Dienvilla Londicera Mill.
Epigea nepens L.
Pinus banksiana Lamb.
Populus tremuloides Michx.
Prunus pumifa L.
Prunus senotina Ehrh.
Prunus virginiana L.
Quencus spp. (red cak
group)
Rosa blLanda Ait.
Rubus pensilfvanicus Poir.
Salix glaucophylloides
Fern.
Vaceinium spp.
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during two or more growing seasons showed increased
cover from that of the previous year.

Trends in relative cover and frequency of annuals
and biennials over the temporal sequence are shown
in Tables 3.1 and 3.2. On unburned sites, species
in this group are virtually absent, except for Melampy-

rum lineare Lam. (cow wheat) which is common in the

understory of mature jack pine stands. On burned sites
the relative cover of this species group varied greatly
between the two sites surveyed as first year burns.
Very high levels of cover (18.37Z) of annuals and bi-
ennials were seen on site 7C80, whereas on site 7D79
only 0.1%7 cover for this species group was recorded

(Table 3.2). On site 7C80, Geranium bicknellii Britt.

(geranium) and Corydalis sempervirens L. (rock-harle-

quin) dominated this species group. Heat stimulated
germination of these species is indicated by their
drastic reduction from years 1 to 2 following fire
on site 7C80-8l (see Chapter 7).

Perennial grasses and sedges were dominant on
both burned and unburned clearcuts (Tables 3.1 and
3.2). The richness of this group, however, was due
to the many species of grasses. Burned sites from
years 1 to 6 showed greater species richness of grasses
than analogous unburned sites (Fig.-3.3A). The burned

clearcuts retained high levels of richness of grass



35

" e JA
BURNED CLERRCUTS
H UNBURNED CLERARCUTS
S x
E
R
0 10 ]
: ]:
o
8
R . r
R L =
S
s 6 | —|
7
: 7
P 2
E 4 | v /
% / ?
: 7 7 4
oAl 4
nn 4
0 7 A 7
{ | | | I
0 1 2 3 4 5 6
B -
50 J BURNED CLEARCUTS
71 UNBURNED CLERRCUTS
g 40
A
S —
S 1
c 30
a
Y
E
" 20 |
%
10
11015 L é .
0 1 T T | I
0 1 2 3 4 5 6

YERRS AFTER TREATHENT

Fig. 3.3. A) Number of grass species and B) per-
cent cover of grasses versus years after treatment on
burned and unburned sites. Vertical bars equal one SD.
Only one observation at year 3 burned and year 6 un-
burned.



36

species throughout the temporal sequence, whereas
unburned clearcuts showed a decline in richness in
the latter part of the sequence. From years 2 to 6
grass cover on the burned sites greatly exceeded that
of the unburned sites of the same age (Fig. 3.3B).
Dominant grass species occupying the burned sites

include Oryzopsis asperifolia Michx., O. pungens Torr.,

and Schizachne purpurascens Torr. In contrast, the

cover of grasses on unburned sites was negligible.
The relative cover of sedges on unburned clear-
cuts is shown in Fig. 3.4. Only two species of sedge,

Carex pensylvanica Lam. and C. rugosperma Mack., were

observed on the study sites, which were characterized
as Carex spp. and given a richness value of 1. Sedges
comprised the majority of the cover of the grass and
sedge species group, and only on burned site 10A79-
80-81 (years 4, 5, and 6) and unburned site 1BS81l

(year 1) did the relative cover of grasses exceed that
of sedges. On unburned clearcuts Carex cover initially
(yéars 0 and 1) was low. By year 2, however, Carex
cover dramatically increased and by year 5 Carex
covered an average 707 of the unburned sites. Ini-
tially, Carex relative cover increased to a greater
extent on burned clearcuts compared to unburned clear-
cuts. In contrast to the unburned sites, Carex rela-

tive cover did not increase in the latter part of the
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burned sequence. In fact, on the burned sites, Carex
showed a general decrease in relative cover between
years 3 and 6.

Bracken fern (Pteridium agquilinum Desf.) and

wintergreen (Gaultheria procumbens L.), included as

perennial herbs in this study, were the dominant con-
tributors to the relative cover of this species group.
All other perennial herbs contributed little to rela-
tive cover of this species group but added greatly

to species richness on all sites, especially those
which had been burned (Tables 3.1 and 3.2). A steady
decrease in the number of herbs was seen on the unburned
sequence, whereas burned sites showed an initial decline
(years 1 through 3) but later exhibited high richness
(vears 4 through 6)., Some frequently occurring per-
ennial herbs exclusive tc burned clearcuts include

Hieracium canadense Michx. (Canadian hawkweed), Rumex

acetosella L. (sheep sorrel), and Senecio tomentosus

Michx. (groundsel).

The number of species of trees and shrubs differed
little between burned and unburned clearcuts of the
same age (Tables 3.1 and 3.2). Of the four major
species groups, trees and shrubs showed the least in-
crease in species richness after fire. Relative cover
of these species was on the average higher on unburned

clearcuts during years 1 through 4, but slightly lower
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during years 5 and 6. Unburned clearcuts showed a
general decrease in relative cover over time, whereas
burned sites showed a decline from year 2 to years

3 and 4, but increased during years 5 and 6. The
species dominating this group on both burned and
unburned sites included Vaccinium spp. (blueberry),

Populus tremuloides Michx. (aspen), Quercus spp.

(cak), Prunus serotina Ehrh. (black cherry), and Rubus

spp. (dewberry).

DISCUSSICON

A major effect of fire on vegetation is the
addition and loss of species through mechanisms involv-
ing both site factors and characteristics of the pre-
burn vegetation (including propagules). These
mechanisms include creation of large openings in the
forest canopy and forest floor, increased nutrient
availability (Ahlgren 1960, St. John and Rundel 1976,
Wells 1979), increased soil temperatures and soil
moisture (Ahlgren and Ahlgren 1960, Wells 1979), stimu-
lation of sprouting of preexisting vegetation and
germination of buried seed (Sweeney 1956, Muller et
al. 1968, Christensen and Muller 1975, Tredici 1977),
volatilization of allelopathic chemicals (Muller et
al. 1968, Christensen and Muller 1975) and increased

soil microbial activity (Ahlgren and Ahlgren 1960,
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Wells 1979).

The increase in species richness and dominance
of certain plant groups occurring after fire seen in
this study is a phenomencn which has been described
in a variety of ecosystems (Little and Moore 1949,
Ahlgren and Ahlgren 1960, Dyrness 1973, Shafi and
Yarranton 1973, Christensen and Muller 1975, Purdie
and Slatyer 1976). This increased diversity is usually
temporary, lasting only a few years. A shift is typi-
cally seen in plant composition and dominance away
from invading species, which establish themselves by
seed initially after fire, to those species present
before the fire which reestablish themselves largely
by vegetative means.

The postfire successional trends previously
reported from the Lake States, however, do not always
follow this pattern. TFor example, Ohmann and Grigal
(1979) studied early revegetation of the Little Sioux
wildfire in northeastern Minnesota but did not find
an abundance of disturbance species. Except for the
presence of a few "fire followers'", such as geranium
and rock-harlequin, species composition before and
after fire were nearly identical. Vogl (1970), working
in the northern Wisconsin pine barrens, found that
the frequency of occurrence of barren species did

not show a significant response to burning. Changes
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in understory balsam fir and paper birch vegetation
following timber harvest in northern Minnesota were
reported by Outcalt and White (1981l). They showed
decreased diversity of nearly all species groups on
logged and burned sites compared to unburned logged
sites; however, high densities of geranium and rock-
harlequin after fire were found. Ahlgren (1959) grouped
vegetational data from 11 series of plots in the
northern coniferous forests of Minnesota and found 60
species exclusive to burned areas, 4 species exclusive
to unburned areas, and 35 species common to both areas.
These data indicate that large increases in species
richness follow fire. Krefting and Ahlgren (1974),
however, reported changes in species composition from
this same study area, spec%fically by site, and showed
that burning resulted in either no significant change
or decreased species richness compared to unburned
controls,

The above studies report data from prescribed
burns and wildfires that took place during the spring
(Ahlgren 1960, 1974, Vogl 1970, Ohmann and Grigal 1979)
and summer (Ahlgren 1960, 1974, Outcalt and White 1981),
but none reported a large site-specific increase in
species diversity after fire as seen in this study.

I found, as did Ahlgren, that burning clearly promoctes

the establishment of a large variety of species not
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typical to unburned areas. A total of 73 different
species were recoxrded on burned sites compared to 49
on unburned sites. However, nearly all burngd sites
in this study showed greater species richness compared
to analogous unburned sites (Fig. 3.1). Increases in.
the number of annuals and biennials, grasses, and
perennial herbs following fire were found. The estab-
lishment of new species following fire results from
viable seed stored in the forest floor or transported
by wind and animal vectors. Studies have shown that
viable seed from species of all successional ages are
ubiquitous in the floor under forest stands (Living-
ston and Allessio 1968, Tredici 1977, Ahlgren 1979a).
The longevity of many fire-followers is short;
two years after fire many are gone (note decreased
species richness in burned sites between years 1 and 2,
Table 3.2 and Fig. 3.1). 1In the latter years after fire,
species that were probably members of the pre-existing
vegetation and which establish and perpetuate themselves
mainly by vegetative means dominate. Four, 5, and 6-
year-old burned sites (sites 10A79-80-81 and 10B79-80-81)
retained a high level of diversity comprising a mixture
of fire-stimulated grasses and herbs, whose presence
appears to be waning, and trees and shrubs, whose
dominance appears to be increasing (Table 3.2).

These findings represent important contrasts in
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the early successional development on the burned and
unburned clearcuts in this study. Major differences in
dominance and diversity of all species groups during

the early revegetation process is seen on the burned

and unburned clearcuts. The most important contrast,

and certainly the most observable in the field, is the
different pathways of vegetational development character-
ized on these sites. On all burned and unburned clearcut
areas jack pine regeneration is failing to become estab-
lished, and these sites are dominated by other vegeta-
tion. The unburned clearcuts are being converted to
essentially Carex '"meadows'" (Plate 3.1l). The only other
vegetation of any consequence are oak and cherry stump
sprouts and blueberry growing in and around the shade

of slash piles (logging debris). In contrast, burned
clearcuts are being converted to early successional
hardwoods such as aspen, oak, and black cherry. Shrub
species, such as blueberry, willow, Ceanothus, and

Amelanchier are also important on these sites

(Plate 3.2). Carex is also a dominant member of the
older burned sites, but there is little indication that
these sites will be converted to a Carex '"meadow.' 1In
fact, the dominance of Carex is being checked by tree
and shrub species mentioned above and graminoids such

as Qryzopsis asperifolia and Schizachne purpurascens.

An increase in sedges following fire has been



Plate 3.1. Carex meadow established on a
5-year-old unburned clearcut site.

Plate 3.2. Shrubs and early successional
hardwoods dominating a 5-year-old prescribed
burn site.
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previously documented (Ahlgren 1960, ngl 1970, Out-
calt and White 1981). However, the overwhelming
dominance of Carex observed in this study seems to
be unique to jack pine sites in northern lower Michi-
gan. A Carex ''meadow", once established, appears
capable of excluding tree and shrub seedling repro-
duction for many years (Niering and Goodwin 1974,
Noble 1980). The dominance of Carex on unburned
clearcuts prevented the establishment of a multi-
layered canopy, as observed on the burned eclearcuts.
The monolayered Carex canopy on unburned clearcuts
was responsible for the lack of increase in total cover
over the temporal sequence. By years 5 and 6 after
treatment, burned clearcuts had 477 and 637 more vege-
tation cover, respectively, than unburned clearcuts.
There are several possible mechanisms that explain

the dominance of Carex pensylvanica. One possibility

may be Carex's ability to exploit nutrients and space
made available following a perturbation such as clear-
cutting and/or burning. Recent studies involving
disturbances have shown that certain exploitative
species, due to their life-history characteristics,
can monopolize resources liberated by disturbance

and suppress or exclude other species. Marks's work
(1974) on New Hampshire clearcuts has shown pin

cherry (Prunus pensylvanica L.) to be such an
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exploitative species. Bakelaar and Odum (1978)
concluded that a few opportunistic species already
established on abandoned fields in Georgia were able
to expand their niches after fertilization by pre-
empting certain subordinates, thus reducing overall
diversity. Ahlgren (1960) showed that nutrients
released following fire have fertilizing effects that
stimulate the growth of certain species. The results
of a study initiated in May to test this hypothesis
are discussed in Chapter 6. A second explanation
for the dominance of Carex, although untested, is its
possible release of a chemical inhibitor (allelochem).
At this time I cannot fully explain the contras-
ting successional pathways followed on burned and un-
burned jack pine clearcuts. However, from the formal
characterization of early revegetation of these sites
and my own personal observations, the following
points are probably important in answering this ques-
tion. Canopy removal without subsequent burning results
in the rapid formation of a near monoculture of Carex

pensylvanica. Canopy removal followed by fire also

promoted the spread of sedges, but in addition promoted
the establishment of a large variety of new species

and the rapid spread of many species that were probably
members of the preexisting vegetation. These dramatic

effects of fire on species composition and species
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relative dominance altered the competitive abilities
of Carex. Following fire there was the establishment
and continued development of a multilayered canopy
consisting of graminoids, herbs, shrubs, and small
trees. The shade provided by the canopy appeared to
check the further spread of Carex. Further proof that
the competitiveness of Carex is lowered in shaded
situations is its high frequency but very low relative
cover under a mature jack pine canopy. Also, a con-
sistent pattern observed on unburned clearcuts was

the vigorous growth of blueberry in and around the
shade of the slash piles, while Carex dominated the

larger open areas.



CHAPTER IV

MULTIPLE PATHWAYS IN EARLY SUCCESSIONAL
DEVELOPMENT FOLLOWING DISTURBANCE
TO JACK PINE STANDS IN NORTHERN
LOWER MICHIGAN

Introduction

0f all the anthropogenic and natural distur-
bances, fire has been the most widely studied.
Secondary plant succession has been a major theme
in the fire ecology literature, and numerous terms
and models have been proposed to describe it. Godwin
(1929) used "deflected succession" to describe
successional development following burning, grazing,
and cutting, which differed from the '"normal succes-
sion" in the absence of disturbance. Egler (1954)
hypothesized an "initial floristic composition'" (IFC)
model for. old-field vegetation development which has
been similarly used to describe community development
following fire (Purdie and Slatyer 1976). According
to Egler, a field receives many different propagules
up to the time of abandormment; after abandonment
development unfolds from this initial flora, without
additional increments by further invasions. Egler
recognized that several equilibria may exist on a

given site, and succession could be arrested if the

48
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woody plant speciéé that would dominate the mature
community were killed at some intermediate stage.
Richards (1955) termed different secondary successions
"progressive' if, following clearing, a young secondary
forest rapidly establishes which eventually leads to
a forest like the original, or ''regressive'" if a sa-
vanna develops with few or no trees. Loucks (1970)
concluded there is a natural tendency in forest systems
toward periodic perturbation that recycles the system
and maintains a periodic wave of peak diversity.
Connell and Slatyer (1977) outlined the "inhibition
model', which describes a postdisturbance successional
process where earlier colonists secure space and/or
other resources and inhibit the invasion of subsequent
colonists, or suppress or exclude the growth of those
already present. Their model outlines the apparent
mechanism involved in arrested or regressive succession.
In the Lake States, limited detailed work has
been conducted on the characterization of plant succes-
sion following fire (Ahlgren 1960, Vogl 1970, Krefting
and Ahlgren 1974, Ohmann and Grigal 1979, Outcalt and
White 1981, Scheiner and Teeri 1981) and logging
(Outcalt and White 1981). However, similar studies
onn jack pine sites in Michigan have not been published.
In this chapter, detailed comparisons of species

composition and species dominance are made between
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disturbed sites (clearcut and/or burned) and undisturbed
jack pine stands. Conclusions are drawn concerning the
direct effects of clearcutting aﬁd/or burning on these
jack pine communities and subsequent early successional
trends. Comparisons among sites show that multiple

successional pathways are evident soon after disturbance,

Methods
On each site, all vascular plants were character-
ized by frequency and cover measurements as described
in Chapter 3. 1In the mature and 35-year-old jack pine
stands, only the understory vegetation (plants < 1.5 m

tall) were characterized.

Results

Unburned Clearcut Sites
Versus Mature Jack Pine
Stands

All unburned clearcut sites included for study were
formerly mature jack pine. The four mature jack pine
stands surveyed were used, therefore, as representative
of the predisturbance condition. Each site, although
rigorously selected, was unique, in that they varied to
some extent in predisturbance species composition and
dominance, seed pool composition, nearby sources of
invading propagules, and severity and timing of the dis-

turbance. However, certain overall successional trends
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can be discerned.

Relative cover and relative frequency data for
each species on unburned and burned clearcut sites, as
well as burned 35-year-old jack pine sites, intermedi-
ate-age and mature jack pine stands are shown in
Appendices A, B, and C, respectively.

Clearcut sites initially had increased total
species richness compared to the undisturbed forested
stands. However, species richness generally decreased
on clearcut sites over the six year sequence, resulting
in most older clearcut sites having lower species rich-
ness than mature jack pine understories (Fig. 4.1 and
Table 4.1). Similar trends in average richness per plot
and the Shannon index were found.

As shown in Table 4.2, 51 different species were
recorded on clearcut sites compared to 41 species on
mature jack pine sites. Increases in grass and perennial
herb species on clearcut sites are evident; in fact, in-
creases in these species groups were responsible for. the
initial rise in species richness on recent clearcut
sites (Fig. 4.1 and Table 4.1).

It appears that total vegetational cover on clear-
cut sites varied little from that of the understory of
forested stands (Fig. 4.2). However, when sites are
examined individually, clearcutting did, in fact, cause

changes in the total plant cover and cover of individual
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TABLE 4.1

RELATIVE COVER (C), RELATIVE FREQUENCY (F), AND SPECIES RICHNESS (R)
FOR VEGETATIONAL GROUPS ON MATURE JACK PINE STANDS
AND UNBURNED CLEARCUTS

Years Total
Site @ Since Total  Cover
Number Treatment Area Armuals & Biennials Crasses & Sedges Perermial Herbs Trees & Shrubs R per 60 m
ha C F R [ F R C 13 R C F R
134 >55 12 2.1 11.6 1 3.5 25.6 3 .3 11.6 5 94,1 51.3 9 18 30.7
138 >55 4 1.2 14.9 1 15.7 28.4 & 8.5 14.9 7 75.0 41.9 7 21 32.1
13 >55 3 .8 9.8 i 13.7 17.5 & 28.8 25.8 7 56.7 46.9 11 23 42.7
13D >55 3 .B 7.4 1 9.7 18.4 4 41.2 30.5 8 4B.4 43.7 14 27 71.6
1a 0 16 - .7 1 32.5 2.1 6 15.0 31.2 9 52.5 42.0 10 26 30.0
1880 0 16 .49 - 2 12.9 204 7 29.9 33,3 ¢ 56.7 46.3 13 K €1.5
1881 1 16 - .5 1 27.2 22,5 5 34.3 26.7 8 38.5 50.4 9 23 61.5
2 1 24 - - 24,7 27.6 5 7.1 23.2 12 68.2 49.2 7 24 27.6
n 2 16 - - - 49.6 43.8 9 21,6 21.6 9 29.1 34.6 9 27 50.7
B79 2 16 - 1.9 1 36.5 24.8 5 13.6 32.2 10 49.6 411 ¢ 25 37.1
3880 3 16 - - - 53.1 32.0 7 4.3 26.0 7 42.5 42,0 8 22 46.9
4479 3 32 .1 - 1 83.4 52.7 7 51 1l6.4 & 11.4 30.9 6 20 37.7
181 4 16 - 1.5 45.7 0.4 6 1.6 23.9 & 52.7 44.2 9 22 64.4
an 4 32 - - 68.8 50.0 6 .3 10.3 5 30.9 39.5 8 19 60.5
5479 4 4 - - 77.2 35.7 2 2.2 14.3 1 20.7 50.¢ 7 10 41.7
4aB1 5 32 - - B1.8 51.6 6 .1 95 5 18.0 39.¢ 7 18 58.9
5AB0 5 4 - - 67.3 37.1 5 2.9 1.3 & 29.8 43.5 5 14 44,7
6 5 16 - - 77.3 45,6 3 2 2.9 3 22.5 51.5 10 16 3.1
SaBl 6 4 - - - 65.6 35.0 4 5.7 18.0 & 28.7 47.0 7 15 46.8

85ite nurbers starting with the same carbination of mumber and letrer represent the same site surveyed twice; the
muber 79, 80, and 8l indicate the year surveyed (1979, 1980, and 198l), for sites surveyed in more than one growing seasor.

€S
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TABLE 4.2

PLANT SPECIES ENCOUNTERED ON UNBURNED CLEARCUT
SITES AND MATURE JACK PINE (>55 YEARS)
STANDS IN NORTHERN LOWER MICHIGAN

Species Exclusive to Unburned Clearcut Sites

(18 species total)

Annuals and Biennials
(2 species)

Anabdis glabra L.
lactuca canadensis L.

Grasses and Sedges
(5 species)

Aghostis hyemalis Walt.

Neschampsia 4Lexucsa L.

Dichanthelium depaupera-
Zum Muhl.

Onyzopsis asperifolia
Michx.

Pandicum columbianum
Schribn.

Perennial Herbs
(7 species)

Antennardia neglecta
Greene
Asclepias syadiaca L.

Hieracium aurantiacum L.

Liatnis novae-angliae
Lunell

Physalis virgindana Mill

Spirnanthes gracilis
(Bigel.) Beck

Viola pedatifida G. Don.

Trees and Shrubs

(4 species)

Diervilla Lonicena Mill,

Prunus virngindana L.

Rosa blLanda Ait.

Salix glaucophulloides
Fern.

Species Exclusive to Mature Jack Pine Stands

(8 species total)

Grasses and Sedpes
(1 species)

Muhlenbengia mexicana L.

Perennial Herbs
(3 species)

Chimaphila umbellata
(L.) Nutt

Potentilla trnidentata Ait.

Viola adunca Sm.

Trees and Shrubs

(4 species)

Acen rubrum L.
Ceanothus ovatus Desf.
Pinus strhobus L.

Rubus hispidus L.
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TABLE 4.2 (Continued)

Species Common to Both Unburned Clearcuts

and Mature Jack Pine Stands

(33 species total)

Annuals and Biennials
(1 species)

Melampyrum Lineare Lam.

Grasses and Sedges
{7/ species)

Andropogon gerardid Vitman
Bromus halmii Gray
Carnex pensyfvanica Lam.
Danthonia spicata
(L.) Beauv,
Koelenia macrantha Pers.
Onyzopsis pungens Torr.
Schizachne purpurascens
Torr.

Perennial Herbs
(11l species)

Apocynum androsaemdLfolium L.

Anemone qudinquefolia L.

Asten Laevis L.

Campanula rofundifolia L.

Fragania virgindiana
Duchesne

Gaulitheria procumbens L.

Helianthus ocedidentalis
Ridd.

Hieracium vencsum L.

Maianthemum canadense Desf.

Pteadldium aquilinum Desf.
Soflidago spp.

Trees and Shrubs

(l4 species)

Amelanchiern sp.

Anctostaphylos uva-ursd L.

Comptonia pernegrina L,

Crafaegus sp.

Epigea nepens L.

Pinus banksiana Lamb.

Populus tremuloides Michx.

Prunus pumila L.

Prunus senotina Ehrh.

Quercus spp. (red oak)

Rubus pensifvandicus Poir.

Vacedindium angustifolium
Ait.

Vacedndium myrtillodides
Michx.

Vaceindium vacillans Torr.
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species (Table 4.1), For example, on site 1B80 (0-year
clearcut) a large drop in cover is seen when compared

to site 13D (an adjacent mature jack pine stand) due to
decreased bracken fern cover. A large drop in blueberry
was also seen on site 1B80, but this was offset by an

increase in Amelanchier sp. (serviceberry). Mature jack

pine site 13B lies adjacent to site 5A79 (4-year-old
clearcut). Increased cover on site 5A79 was due to the
extraordinary increases in Carex cover, which more than
compensated for the drastic decrease in blueberry. In
general, cover increased from one year to the next,
based on data from sites surveyed over more than one
growing season.

Cover of annuals and biennials was neglipgible in
the mature forests and all clearcut sites (Fig. 4.3).

However, cow wheat (Melampyrum lineare Lam.) was quite

frequent on mature jack pine sites (Table 4.1). The
grass and sedge species group showed extraordinary in-
creases in dominance after clearcutting. This group

dominated by Carex pensylvanica Lam., represented 107%

of the cover in the mature jack pine understory and 757
of the cover by the fifth year after clearcutting. Per-
ennial herb cover increased sharply initially following
clearcutting, but was drastically reduced as the domi-
nance of Carex increased. Tree and shrub species (e.g.

blueberry) dominated mature jack pine stands, but showed
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a rapid decrease -following clearcutting.

Burned Clearcuts
Versus Mature
Jack Pine Stands

All burned clearcut sites were of mature jack
pine origin. The four mature jack pine stands sur-
veyed in this study were considered representative
of the predisturbed condition.

During the first year following burning, clear-
cuts showed greatly increased levels of species rich-
ness compared to mature jack pine stands (Fig. 4.4),
but species richness on these sites (7C80-8l and
7D79-80-81l) dropped drastically 2 and 3 years after
burning. High levels of species richness, similar
to that at year one, were also seen on sites 10A79-
80-81 and 10B79-80-81, 4, 5, and 6 years after burning
(Table 4.3). Different trends developed in the average
richness per plot and Shannon index. One-year-old
burned sites and mature jack pine sites were similar
in average richness, but showed considerable variation
in this index. A gradual drop in average richness
per plot occurred during years 2 and 3. On sites 10A
and 10B the highest levels of this index were seen
during years 4, 5 and 6. All burned clearcuts,
averaged within age classes, had higher levels of the
Shannon index compared to mature jack pine sites.

Trends in this index did not show any pattern, but
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TABLE 4.3

RELATIVE COVER (C), RELATIVE FREQUENCY (F), AND SPECIES RICHNESS (R)
FOR VEGETATICNAL GROUPS ON MATURE JACK PINE STANDS
AND BURNED CLEARCUTS

19

Years Total
Site? Since Total Cover
Humbe:r Treatment Area Amuals & Biemndals Grasses & Sedges Peremnial Herbs Trees & Shrubs R per 60 m

ha C ¥ R C 3 R C ¥ R C F R

134 >55 12 2.1 1.8 1 3.5 25.6 3 .3 1.6 5 94.1 51.3 9 18 3.7
13 355 &4 1,2 14.9 1 15.7 28.4 & 8.5 14,9 7 75.0 41.9 7 21 K
13 >55 8 .8 9.8 1 13.7 17.5 4 28.8 25.8 7 5.7 46.9 11 23 §2.7
13D 255 3 6 7.4 1 9.7 18.4 4§ 41,2 30.5 8 48.4 43.7 14 27 7L.6
7C80 1 ls 18.3 7.1 4 35.8 32.0 9 2.8 26.1 15 43,1 34.8B 7 35 26.9
D79 1 24 .1 2.8 3 73.5 446 9 8.5 24,3 12 17.8 28.1 10 34 0.6
7081 2 16 - - - 45.7 38.4 8 1.1 13.2 10 53.2 48.3 7 25 52.6
7D80 2 24 - - - 71.6 56.3 9 12.4 21.1 8 15.8 22.5 8§ 25 48.5
7D81 3 24 - - - 66.7 52.5 8 14.3 25.1 8 19.1 22.7 8 24 48.7
10479 4 26 - 1.6 1 71.8 35.7 13 15.2 39.3 13 13.0 23.3 9 36 58.2
10879 4 23 2 39 1 53.5 4.0 14 22,9 23.3 10 23.4 32.8 14 39 £5.4
10480 5 26 10 1.7 2 57.3 38.2 11 18.5 32.9 16 24.1 27.2 7 36 75.7
10880 5 23 B 5.4 3 57.3 37.3 10 8.0 23.5 8 33.8 33.9 14 35 61.6
10A81 6 26 .2 .6 2 66.4 39.3 8 8.9 .9 14 24,5 25.2 8 32 4.4
10881 6 23 .8 2.3 1 50.3 38.3 9 12.2 21.4 10 36.7 38.0 14 34 74.8

43ee Table 4.1.
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highest levels were attained 6 years after burning.

Burning stimulated the establishment of a large
variety of species not present in mature jack pine
stands (Table 4.4). Seventy-six different species
were recorded on burned clearcut sites compared to
41 species on mature jack pine sites. Thirty-nine
species were exclusive to burned clearcut sites, where-
as only 4 species were exclusive to mature jack pine
sites.

One year after fire, burned clearcut sites had
greatly decreased vegetational cover compared to mature
jack pine sites (Fig. 4.5). However, large increases
in cover occurred by year 2, with further increases
during years 5 and 6. Generally, cover increased from
one year to the next on sites surveyed over more than
one growing season. Different species contributed
to these increases in cover. For example, on site

7C80-81, Carex, Vaccinium, Prunus pumila L. (sand

cherry), and Oryzopsis pungens Torr. were important;

whereas on site 7D79-80-81, Pteridium aquilinum L.

(bracken fern) and Dichanthelium depauperatum Muhl.

contributed most to the cover. On site 10A79-80-81

large increases were noted in Carex, Vaccinium,

Pteridium aquilinum, Schizachne purpurascens Torr.,

and Prunus serotina Ehrh, (black cherry), while on

site 10B79-80-8l increased cover was due to Carex,
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TABLE 4.4

PLANT SPECTES ENCOUNTERED ON BURNED
CLEARCUT SITES AND MATURE JACK PINE
(> 55 YEARS) STANDS IN NORTHERN
LOWER MICHIGAN

Species Exclusive to Burned Clearcut Sites
(39 species total)

Annuals and Biennials Perennial Herbs

(7 species) (12 species)
Arabis glabra L. Asten sagitiigoliud
Cinsdwn sp. Hedemeyer
Corydalia sempeavinens L. Convolvulus spithamacus L.
Erigenon canadensds L, Het {anthemum canadense
Geaandum bichnetlid Michx,

Britt. Hienaeium auranfiacum L.
Lactuca ecanadenads L, Hieracium canadense Michx,
Lithospeamum anvense L. Lechea minoa L.

Liatnis novae-angfiac
Grasses and Sedges Lunell
(12 specles) Polygata pofygama Walt.

Polygonum cifinede Michx.
Physafis viagindiana Mill,
Rumex acetovsetlfa L.
Senecdio Tomentosus Michx.

Agreopynon thachycaulum
Link

Agrnoatds hyemalis Walce.

Bromus halmii Gray

Deschampsia ffexucsa L.

Diclhanthelium depaupena- Trees and Shrubs

tum Muhl. (B species)
Fesfuca sp. Dienvilfa Lonicena Mill,
Koelenia macrantha Pers. Gaylussacia baccata
Onryzopsds asperlfolia (Wang.) C. Koch
Michx. Potentiflfa arguta Pursh.
Panicum columbianum Prunus viagindiana L.
Scribn. Rosa bfanda Ait,
Panicum xanthophysum Symphericarpos albus L.
Cray

Poa pratensis L.
Songhastaum nutans L.

Species Exclusive to Mature Jack Pine Stands
{4 species)

Grasses and Sedges Trees and Shrubs
{l species) (2 species)

Atdaopogon scopanius Michx. Pinus strcbus L,
Rubua hispidus L.
Perennial Herbs
{1l species)

Chimaphdifa umbelfata
(L.} Nutt.)
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TABLE 4.4 (Concinued)

Species Common to Both Burned Clearcuts

and Mature Jack Pine Stands

(37 species

Annuals and Biennials
(1 species)

Melampyrum €ineare Lam.

Grasses and Sedgpes
{/ species)

Andnopogon gerandid
Vitman
Bromus halmii Gray
Carex pensyfvanica Lam.
Panthondia spicata
(L.) Beauv.
Muhfenbengia mexicana L.
Oniyzopsis pungens Torr.
Schizachne purpurascens
Torr.

total)

Perennial Herbs
(13 species)

Anemone quingquefotia L,

Apocyrnum androsacmdi-
fofium L,

Asten Laevis L.

Campanufa rotundifolia L.

Fragania virgindana
Duchesne

Gaulthendia pavcumbens L.

Helianthus cceidentalis
Ridd.

Hienacium vencsum L.

Maianthemum canadenae
Desf.

Potentillfa thidentata
Alt.

Ptendidium aquifinum Desf.

Solidago sp.

Viota adunca Sm.

Trees and Shrubs

(l6 species)

Acer aubrum L.

Amefanchiea sp.

Arctostaphylos uva-unsi L,
Ceanothus cvatus Desf.
Cuomptonia peregaina L.

Crataegus sp.

Epigea nepena L.

Pinus banhsiana Lamb.
Populus tremubfodides Michx.
Prunua pumifa L.

Prunus seneiina Ehrh.

Quehcus spp.

{red oak)

Rubus pensifvanicus Polr.
Vaceinium angustifofium Ait.
Vaceinium myntiffoides Michx.
Vaccinium vaci{flans Torr.
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Vaccinium, and Populus tremuloides Michx. (trembling

aspen).

Whereas cover of annuals and biennials was
negligible under mature jack pine, a sharp increase
in cover of this group occurred one year after fire
(Fig. 4.6). The presence of annuals and biennials,
however, was different on the two sites (7C80 and
7D79) in this age class. The cover of these species,

mainly Geranium bicknellii Britt. and Corydalis semper-

virens L. (rock-harlequin), was exceptionally high
(18.37%7) on site 7C80, whereas it was mnegligible (.17%)
on site 7D79. Species in this group were either absent
or reduced to scattered individuals on the 2- to 6-
year old burned clearcuts. Dramatic increases in
grasses and sedges were seen on the burned clearcuts.
For example, on 3-year-old sites, this species group
represented an average 66Z of the total vegetational
cover. The grass and sedge species group was not en-
tirely dominated by Carex, as seen on the unburned
clearcut sites. This was especially true on the older
burned sites (10A79-80-81 and 10B79-80-8l), where

grasses (e.g. Oryzopsis asperifolia Michx. and

Schizachne purpurascens) represented 387 to 517 of

the species group cover. In contrast, grasses repre-
sented only 17 to 57 cover of the grass and sedge

species group on unburned clearcuts.



Burned clearcuts

100
& ANNUALS AND BIENNIALS
B---BGRASSES AND SEODGES
9---¢PERENNIAL HERBS
R 80 | *~-® TREES AND SHRUBS
[
?
T ke S
t 60 - \ B-e...
Vv \‘ -_'_-E -‘G ------- 131
E [
\‘ ’-
C \f
0 ’
v 40 A
E ; \‘* s .\
3 - N A=
A f \\\ ,/’
20 4 Y \**‘trﬁ(f
‘N o N
g N\ - T
o>c-—¥
0
| T * * —%
>55 1 2 3 4 5 6

YEARS AFTER TREATHENT

Fig. 4.6. Relative cover for each species group, of sites
averaged within years, for mature jack pine stands and burned
clearcut jack pire sites comprising a 6-year sequence following
burning,.

L9



68

A sharp decline in cover of perennial herbs,
mainly due to decreased cover of bracken fern, was
seen when comparing mature jack pine sites to l-year-
old burmned clearcuts (Fig. 4.6). The subsequent in-
crease (years 1 to 4) and decrease (yvears 4 to 6) in
perennial herb cover was also due to variation in
bracken fern cover. Other perennial herb species,
although contributing substantially to site richness,
contributed little to total cover. A very large drop
in tree and shrub cover, due to the loss of blue-
berry, was also noted in l-year-old burned clearcuts.
Cover of this species group generally declined through
year 4, but sharply increased at year 5 due to increases
in aspen, black cherry, blueberry, and dewberry (Rubus

pensilvanicus Poir.).

Burned Versus
Unburned 35-Year-
0ld Jack Pine

All burned and unburned areas were part of a
larger area consumed by'wildfire in 1946. The forest
that subsequently developed was logged in 1975 and
1976 of financially mature jack pine, red pine, and
cak. This area, dominated by intermediate-~aged jack
pine (representing postfire regeneration), was divided
into blocks; some of these blocks were prescribe
burned and others have remained unburned (see Chapter 2,

site 7A80-81l for complete details). Five blocks,
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3 burned and 2 unburned, have been surveyed and are
used to contrast differences in unburned and burned
stands, making up a postfire sequence of 1 to 5 years
(Table 4.5).

Burned jack pine stands were considerably richer
in species one year after fire than the unburned stands
(Fig. 4.7), but a large drop in species richness
occurred between years 1 and 2 (sites 7A80-81 and
7B79-80). Site 7B dropped from 45 to 30 species between
years 1 and 2, although site 7A remained essentially
unchanged (Table 4.5). A steady increase in species
richness occurred from years 2 to 5, mainly due to
site 9A79-80-8l (3-, 4-, and 5-year old burn). A drop
in average richness per plot occurred during years
1 and 2, followed by increased levels of this index
during years 3, 4, and 5. The Shannon index was higher
the first year after fire, but lower during years 2,

3, and 4, followed by a sharp increase at year 5. Sixty-
seven species were recorded on the burned sites com-
pared to 43 species on the unburned stands (Table 4.6).

A large drop in cover occurred as a result of
burning (Fig. 4.8), but the openings created by fire
were very rapidly reoccupied, resulting in large in-
creases in cover during years 2 and 3. Cover increased
vearly on each site surveyed over more than one grow-

ing season.



RELATIVE COVER (C), RELATIVE FREQUENCY (F), AND SPECIES RICHNESS (R)

TABLE 4.5

FOR VEGETATIONAL GROUPS ON UNBURNED 35-YEAR-OLD JACK PINE STANDS

AND BURNED 35-YEAR-OLD JACK PINE STANDS

Years Total
Sited Since Total Cover
Wumber Treagment Area Amnuals & Biermnials Grasses & Sedges Peremnial Herbs Trees & Shrubs R per 60 m

ha [ F R [ F R c F R C F R

124 35 16 -1 .9 L 20.5 33.1 10 1.8 24,1 14 77.6 42.0 11 36 52.7
128 5 24 - 2.6 1 26.1 36.5 9 3.5 21.9 1l 0.4 391 8 29 51.4
7A80 1 19 14.2 13.3 5 30.5 3.4 10 2.5 13.3 12 52.8 39.0 10 36 33.8
7879 1 26 25.6 12.0 S 27.0 3.8 13 8.1 18.0 13 38.7 3.8 14 45 28.7
7A81 2 19 1023 3 47.6 37.4 10 9 12,4 11 51.4 47.8 10 34 49.8
7B80 2 26 - 11 2 60.8 44.0 10 12.9 14.7 10 26.3 40.1 8 30 43.7
7881 3 26 A 0022 3 58.8 48.9 11 4.8 12.4 10 36,2 36.5 9 13 60.9
9479 3 31 .6 - 2 63.7 41,0 12 1.2 14,9 12 36.4 44,2 12 38 54.9
9480 4 il - .5 i 62.7 4.7 11 1.2 18.0 13 36.0 40.7 11 36 56.7
Bl 5 3l A5 L5l 3 49.2 37.2 10 3.6 20.4 13 47.1 41.8 13 39 65.6

éSee Table 4.1

0L
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Fig. 4.7. A) Species richness, B) average richness
per plet, and C) Shannon index of diversity, of sites
averaged within years, for unburned 35-year-old jack
pine stands and burned 35-year-old jack pine stands
comprising a 5-year sequence following buraning.
Vertical bars equal one SD.
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TABLE 4.6

PLANT SPECIES ENCOUNTERED ON BURNED AND
UNBURNED 35-YEAR-OLD JACK PINE STANDS
IN NORTHERN LOWER MICHIGAN

Species Exclusive to Burned Areas

(28 species total)

Annuals and Biennials
(7 species)

Cirnsfum sp.

Conydalis sempernvirnens L.

Erigenon canadenais L.

Geranium bichnellil
Britt.

Krigia virgindca L.

Lactuca canadensis L.

Silene antirnhina L.

Grasses and Sedges
(5 species)

Agropyran trnachycaulum
Link

Carex rugosperma Mack.

Festuca sp.

Koelerndia macrantha Pers.

Sornghastrum autans L.

Perennial Herbs
(11 species)

Anemone qudinquegofia L.
Anemone rdiparia Fern.

Antennaria neglecta
Greene

Campanula notundifolia L.

Convolvulus spithamaeus
L.

Equ.isetum hymale L.

Hieracium aurantiacum L,

Lechea minor L.

Malanthemum canadense
Desf.

Polygonum cifinode
Michx.

Vicla pedatifida G. Don.

Trees and Shrubs

(5 species)

Crhataegus sp.

Rosa blanda L.

Salix glaucophylloides
Fern.

Symphoricarpes albus L.

Species Exclusive to Unburned Areas

(4 species)

Perennial Herbs
(4 species)

Cypripedium acaule Ait.

Gaulthendia phrocumbens L.

Polygala polygama Walt.

Spinanthes ghacdldis
(Bigel.) Beck
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TABLE 4.6

(Continued)

Species Common to Both Burned and

Unburned 35-Year-0ld Jack Pine

(39 species total)

Annuals and Biennials
(1 species)

Melampyrum Lineare Lam.

Grasses and Sedges
(12 species)

Andropogon geratrdid
Vitman
Andropogon scopardius
Michx.
Bromus kalmii Gray
Canex pensylvanica Lam.
Panthonia spilcata
(L.) Beauv.
Deschampsia §Lexuosa L.
Dichanthelium depaupera~
Zum Muhl.

Muhfenbergia mexicana L.

Ornyzopsdis asperifolia
Michx.

Onyzopsis pungens Torr.

Pandicum columbianum
Scribn.

Schdlzachne purpurascens
Torr.

Perennial Herbs
(13 species)

Apocynum androsdaemdi-
golium L,

Astern juncigormis Rydb.

Asten Laevis L.

Fragania virgindana
Duchesne

Helianthemum canadense
Michx.

Helianthus cccidentalis
Ridd.

Hienacium venocsum L.

Liatrnis novae-anglfiae
Lunell

Potentilla tridentata Ait.

Ptenidium aquil.inum DesE.

Senecio tomentosus Michx.

Sofidago sp.

Viola adunca Sm.

Trees and Shrubs
(13 species)

Arctostaphylos uva-unsd L.
Amefanchien sp.
Ceancthus ovatus Dest,
Comptonia peregrina L.
Pinus banksiana Lamb.
Prunus pumila L.
Prunus senrotina Ehrh.
Prunus virgindana L.
Quercus spp. (red oak)
Rubus pensifvanicus Poir.
Vaccinium angustigolium
Ait.
Vacedinium myrtillodides
Michx.
Vaceinium vaciflans Torr.
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A large increase in cover of annuals and bi-
ennials occurred during the first year on burned
sites (Fig. 4.9). This species group, dominated by
geranium and rock harlequin, averaged 207 cover on
the l-year-old burns, with a maximum of 257 on site
7B79. A drastic reduction in these species was seen
by year 2. Large increases in grasses and sedges
occurred in the early postfire sequence (e.g. sites
7A80-81 and 7B79-80, surveyed as l- and 2-year-old
burns). Grasses and sedges represented approximately
607 of the vegetational cover 3 and 4 years after fire,
but their cover dropped between years 4 to 5 (site
9A80-81). Perennial herbs contributed little to the
total vegetational cover on the sites. The cover of
tree and shrub species, such as blueberry, sand cherry,

and sweet fern (Comptonia peregrina L.) was drastically

reduced through year 4 on the burn sites. By the
fifth year increases in this group, attributed to black

cherry, sand cherry, oak, willow (Salix glaucophyl-

loides Fern.) and dewberry, had occurred.

Geranium was a dominant contributor to the cover
on first year burns, but was absent or reduced to
scattered individuals on these sites thereafter. To
characterize the specific vegetational changes between
years 1 and 2 on patches dominated by geranium, 3 perma-

nent 20 m cover transects were established on site
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7A80. Table 4.7 shows the total and relative cover,
totalled for 60 m, during 1980 (l-year-old burn) and
1981 (2-year-old burn). In 1980, a total of l4 species
comprised the 50.6 m cover on the 3 transects (Plate
4.1). Geranium represented 747 of the cover, followed
by blueberry (10%Z), sand cherry (67), and Carex (37).
In 1981, a large decrease in vegetation cover (33.8 m)
occurred on these transects; this was accompanied by

a large increase in species richness (24 species)
(Plate 4.2). Geranium was reduced to under 17 cover,
whereas sedge and blueberry increaséd to 417 and 347

cover, respectively. Three species, Symphoricarpos

albus L. (snowberry), Prunus virginiana L. (choke

cherry), and rock harlequin were present in 1980 but
were missing from the 198l survey. New species present
in 1981 on these transects included 1 annual, 5 grasses,
5 perennial herbs, and 2 shrubs, but none of these
species represented more than 27 of the total cover.

Areas Burned By
Wildtfires

The sites included for this study were 2 areas
of standing mature jack pine and 1 clearcut area
(l-year-old of mixed jack pine and oak) burned by wild-
fire. These 3 sites displayed a wide range in species
composition and dominance (Table 4.8). For example,

site 8A79-80-81 showed the highest species richness



78

TABLE 4.7

COMPOSITE DATA FROM 1980 AND 1981 SURVEY
OF 3 PERMANENT COVER TRANSECTS (&0m)
ESTABLISHED IN GERANIUM (GERANIUM

BICKNELLII) PATCHES ON SITE /A

Species

Species present in
1980 and 1981

Gerandum bichknefldid
Prunua pumila 2
Vacedinium ypp.
Canex app.
Ceanothus ovatus
Aster Laevis
AmeLanclhier ap.
Dichanthelium
depaupeaatum
Lithospenmum arvense
Cinadfum 4ap,
Campanula rotundijofia

Species present in 1980
but absent in 1981

Symphoricanrpos albus
Paunud virginiana
Corydalis sdempervirens

Spenies present in
1981 only

Senecdio fomentosus
Oryzopads pungens
Koelendia macnantha
Complondia penegrina
Fragania virgindiana
Solidago ap.
Anctostaphyfos uva-ussd
Andropogon genardid
Hieracium venoasum
Lechea minon
Paufcum cofumbianum
Pantheouia spicata
Mebampyrum Lineane

Totals

1

Cover Cover
1980 1981
Total (m} Relatcive(Z) Total(m) Relative(Z)

37.6 74.2 .2 .6

3.0 6.0 2.7 8.2

5.3 10.4 11.2 33.9

1.7 3.3 .13.5 41,0

.2 b .2 .7

.1 .2 .1 .2

.2 LA .5 1.6

.3 .7 1.2 3.7

.2 ' .1 .4

1.0 1.9 .5 1.6

- .2 - -

.B 1.2
.3 .6
.1 .2

.5 1.4

b 1.1

.1 .4

.2 .6

.1 .3

.6 1.9

- L2

.3 .8

- .2

.3 .8

- .2

50.6 33.8

1 _ indicates a cover value (total or relative) less than .05.

2Includes V.

C.

3Includes

pensylvanica and C. rugosperma.

angustifolium, ¥. myrtilloides, and V. wvacillans.



Plate 4.1. Cover transect (20 m) through a
geranium patch on l-year-old prescribed burn sitec.

Plate 4.2. Above cover transect at year 2
after fire; note disappearance of geranium,



TABLE 4.8

FOR VEGETATIONAL GROUPS ON AREAS BURNED BY WILDFIRE

RELATIVE COVER (C), RELATIVE FREQUENCY (F), AND SPECIES RICHNESS (R)

Years Total
Site? Since Total  Cover
Munber Fire  Area Ammuals & Biennials Crasses & Sedpes Perennial Herbs Trees k Shrubs R per 60 m

ha [ F R c F R [¥] R R C F R

8a79 2 32 d 1.8 4 4.0 139.9 14 2,8 17.6 1o 53.0 40.5 13 &7 47.4
8480 3 32 10 2.2 2 39.4 33.2 12 6.6 23.1 15 54.2 41.5 11 40 52.8
®B79 3 K| - - - 60.2 49.6 7 1.1 3.5 S 8.5 47.6 6 18 42,9
8481 4 32 .2 1.8 43.7 38.6 l4 7.6 19.8 15 48.5 39.9 12 44 6L.7
9880 4 30 - - - 71.8 50.0 7 .7 9.9 8 27.1 406.1 6 21 54.7
9861 5 30 - - - 62.7 42.9 6 - .5 2 37.3 54.6 6 14 56.2
11 6 [ - - - 91.8 59.2 &6 .5 10.3 1 7.7 30.8 &6 13 3l.2

45ee Table 4.1,

08
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of any burned site, including prescribe burned clear-

cuts and 35-year-old stands, during years 2, 3, and

4. In contrast, site 9B79-80-81 and site 1l were the

least species rich of any burned site during years

3, 4, and 5, and year 6, respectively. It seems,

therefore, that comparing these sites along a temporal

sequence, with data averaged within years, would be

less informative than looking at each site individually.
Site 8A79-80-81 was unique because of the high

density of standing snags that increased shading to

the forest floor. Also, this site came closer to

approaching adequate stocking of jack pine regeneration

than any other burned or clearcut site surveyed in

this study. In 1980, jack pine regeneration was found

in 13 of 30 frequency plots. The total vegetational

cover on the site increased from 47.4 m to 61.7 m from

years 1 to 3; species contributing to this increase

included Carex, blueberry, Oryzopsis pungens, and

bracken fern. As seen on other burned sites of similar
ages, annuals and biennials and perennial herbs con-
tributed little to the vegetation cover. However,

this site was especially rich in perennial herbs. Fre-
quently occurring species in this group were bracken

fern, Aster laevis L. (smooth aster), Senecio tomen-

tosus (wooly ragwort), and Apocynum androsaemifolium L.

(spreading dogbane). Grasses and sedges comprised
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between 397 and 447 of the cover on this site during
the 3 growing seasons. Dominant grass species on this

site were Andropogon scoparius Michx., A. gerardii Vit-

man, Sorghastrum nutans L., and QOrvzopsis pungens. In-

terestingly, Carex cover on this site was among the
lowest of any burned site of analogous age. Trees and
shrubs represented 487 to 537 cover on this site during
the 1979, 1980, and 198l growing seasons; the dominant
species included blueberry, sand cherry, and sweet fern,

On site 9B79-80-8l and site 11, Carex pensylvanica

represented from 607 to 867 cover, respectively. For
all practical purposes these sites became Carex ''mead-
ows', on which other vegetation was suppressed or
excluded.

Succesgsional Trends on

Unburned Clearcut Sites,

Burned Clearcut Sites,

and Burned 35-Year-0ld
Sites

The index of similarity is used here to test dif-
ferences in species composition between site pairs,
including the same site surveyed more than once as well
as different sites within the same age class and between
different age classes. The index of similarity (S) is
computed as follows:

g = —2C_
=T A+B

where A is the number of species in sample A, B is
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the number of species in sample B, and C is the number
of species common to both samples (Odum 1971). The
index of similarity ranges from 0 to 1; 1 indicates
identical species composition on the sites.

Table 4.9 shows that the degree of similarity
among unburned clearcut sites within an age-class was
often less than that of sites within different age
classes. For example, the average S value among the
2-year-old sites is 0.65, whereas the average S value
for 2-year-old sites compared to 3~year-old sites is
0.70. Even more striking is that the average S value
among 4-year-old sites is 0.56, whereas it is 0.64
for 4- and 5-year-old site comparisons and 0.69 for
4- and 6-year old comparisons. This pattern also occurs
in the 3- and 5-year sequence.

When comparisons were made between consecutive
years, intrasite (same site) similarities among unburned
clearcut sites were much greater than intersite
(different sites) similarities (Table 4.9). For example,
site 1B80-8l was surveyed as a l- and 2-year-old un-
burned clearcut and had an S value of 0.74 when the
data from two years were compared. In contrast,
different sites compared within 1- and 2-year age
classes had an average S value of 0.59. This rela-
tionship was found for almost all intrasite and inter-

site comparisons between consecutive years. Overall,
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TABLE 4.9

YEAR-BY-YEAR COMPARISONS OF THE MEAN INDEX
OF SIMILARITY (S) FOR UNBURNED CLEARCUT
SITES COMPRISING A 6-YEAR SEQUENCE, AND

THE MEAN INTERSITE (DIFFERENT SITES) AND
MEAN INTRASITE (SAME SITE) INDEX OF
SIMILARITY OF SITES COMPARED AT
CONSECUTIVE YEARS

Year 0 1 2 3 4 5 6
0 .74
1 .62 .64
2 .67 .63 .65
3 .60 .61 .70 .62
4 .56 .59 .63 .62 .56
5 .53 .57 .60 .61 .64 .59
6 .53 .60 .58 .61 .69 .63 -

Intersite versus intrasite differences in the index of
similarity at consecutive years.

Year 0 - 1 Year 3 - 4
mean intersite = .59 mean intersite = .56
mean intrasite = .74 mean intrasite = .75
Year 1 - 2 Year 4 - 5
mean intersite = .63 mean intersite = .61
mean intrasite = -~ mean intrasite = .77
Year 2 - 3 Year 5 - 6
mean intersite = .71 mean intersite = .53
mean intrasite = .68 mean intrasite = .83
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the mean S value for all intrasite and intersite compari-
sons between consecutive years was 0.75 and 0.60,
respectively. Therefore, successional data collected
from different sites over a temporal sequence will show
a greater disparity in species composition by virtue

of site differences than would similar data collected
over time on the same site.

These data show that each site, regardless of
its disturbance age, has a unique species composition.
The S value of the same site compared at different ages
was greater than that of different sites of the same
disturbance age. To illustrate, the mean intrasite S
value for years 3-4 is 0.75, whereas the within-year
S value for year 3 and year 4 was 0.62 and 0.56, respec-
tively. This relationship existed on unburned clearcut
sites for every year of the sequence. In fact, the
mean within year S value for these sites was 0.63,
compared to a mean intrasite value of 0.75.

Burned clearcut sites of the same age were gen-
erally not as similar to each other as burned clearcut
sites of different ages (Table 4.10). This relationship
can be seen in years 1, 2, 4, and 5. Also, intrasite
similarity was consistently higher than intersite
similarity when site comparisons were made between
consecutive years. The mean intrasite S value (0.73)

for burned clearcut sites was much higher than the
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YEAR-BY-YEAR COMPARISONS OF THE MEAN INDEX
OF SIMILARITY (S) FOR BURNED CLEARCUT SITES
COMPRISING A 6-YEAR SEQUENCE, AND THE MEAN
INTERSITE (DIFFERENT SITES) AND MEAN
INTRASITE (SAME SITE) INDEX OF
SIMILARITY.:OF SITES COMPARED
AT CONSECUTIVE YEARS

Year

Gy U o~ W M

1
.58
.58
.60
.54
.51
.52

.60

67

.53

-

47

.55

.49
47
49

4 3
.68

.69 .54
.67 .65

.65

Intersite versus intrasite differences in the
similarity at consecutive years.

Year

1 - 2

mearn
mearn

Year

intersite
intrasite

2 - 3

mearn
mean

Year

intersite
intrasite

3 -4

mean
mearn

intersite
intrasite

o

o

.52
. 64

.57
.78

.49

Year 4 - 5

mean intersite
mean intrasite

Year 5 - 6

mean intersite
mean intrasite

o

index of

.62
.76

.33
.74
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mean within year S value (0.60).
Although not shown, index of similarity rela-
tionships among burned 35-year-old sites were similar

to that of burned and unburned clearcuts.

Discussion

Fire has long been a recurring factor in shaping
forest communities in the Lake States (Heinselman 1973,
Swain 1973). Even before the appearance of the abun-
dant disturbance literature generated since the early
1970's, periodic fire was recognized as a normal event
influencing the structure and maintenance of Lake
States forest communities (Cooper 1913, Graham 1941,
Maissurow 1941, Stearns 1949). Whereas fire history
has been well documented in areas such as the Boundary
Waters Canoe Area in Minnesota, it is scarce in Michigan.
Simard and Blank (1981l), in one of the few such studies,
counted fire scars on red pine trees killed by the
Mack Lake fire, which occurred on May 5, 1980, in Oscoda
county Michigan, and found that fire occurred on a
specific gite with an average interval of 23 years
since 1830.

Trends in species diversity during early postfire
succession have been reported from widely varying
communities. Certain authors have reported that fire

did not greatly alter the species composition or
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richness of the site (Dix 1960, Vogl 1970, Krefting
and Ahlgren 1974, Purdie 1977, Ohmann and Grigal 1979).
In contrast, there is a documentation that fire

greatly increases species richness (i.e., alters

species composition) of the site (Gashwiler 1970,
Dyrness 1973, Parsons 1976, Bell and Koch 1980, Trabaud
and Lepart 1980, Abrams and Dickmann 1982). The data
from this study show that species richness and total
number of unique species, with a few exceptions, was
greater on the burned sites than either unburned clear-
cuts or unburned jack pine stands.

Denslow (1980) suggests that plant communities
which evolved with recurring large-scale clearing
disturbances such as fire, should be most diverse ini-
tially following the disturbance, but species diversity
should decrease during succession. Documentation
supporting this hypothesis does exist (Christensen
and Kimber 1975, Parsons 1976, Purdie and Slatyer
1976, Trabaud and Lepart 1980). Much of the literature
supporting Denslow's ideas also support Egler's IFC
model, in that nearly all members of the predisturbance
community were present directly following fire.

It is difficult to generalize about the pattern
of succession following burning on jack pine sites
used in this study. The rapid conversion and domina-

tion of all but possibly one burned site by vegetation
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other than jack pine is the main difficulty. However,
the formation of Carex meadows on many of the disturbed
sites can be labelled a ''regressive succession', in

the terminology of Richards (1955); because of the
apparent stability of these meadows, they may be
involved in arresting or inhibiting succession (Egler
1954, Comnell and Slatyer 1977). Early successional
trends in species richness and composition on many

of the sites are consistent with Denslow's hypothesis
and Egler's IFC model. That burned sites had nearly
every species found on the undisturbed sites (Tables
4.2, 4.4, and 4.6), supports the IFC model. Evidence
supporting Denslow's hypothesis includes the decreasing
richness that generally occurs in a sequence going
from recently burned areas to 35-year-old stands to
mature stands (Tables 4.3 and 4.9). However, two areas
burned by wildfires, which were dominated by Carex,

had species richness levels lower than that of inter-
mediate-aged or mature jack pine stands. Also, the
fact that 35-year-old and mature jack pine stands each
had a substantial number of species not surveyed in

the other age class is inconsistent with the IFC model.
To support this model, mature stands should have
essentially no species not present in an earlier
successional stage. However, this discrepency may

be due to the small number of sites surveyed and/or
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using a sampling technique that was not designed to
uncover every species on the site.

The domination of disturbed sites by vegetatiom,
usually early successional species, other than the
previous dominants has been reported for a variety
of plant communities. Williams et al. (1969) reported
that Lantana thickets which effectively suppress normal
succession can form following clearcutting of rain
forests in Queensland. Ahlgren (1976) showed that
without adequate seed sources, logged red and white
pine sites in northeastern Minnesota were converted
to brushland. Recently, Cattelino et al. (1979) recog-
nized that many disturbed communities do not follow
a single regeneration pathway. The conversion of a
plant community to a certain dominant vegetation
represents one pathway in a multiple pathway succesional
scheme that apparently exists in frequently disturbed
communities. Mocdels have been developed based on inter-
fire period (Cattelino et al. 1979, Kessell and Fischer
1981), scorch height (Kessell and Potter 1980), and
vital attributes of individual species and the community
(Noble and Slatyer 1980) to predict successional changes
in plant communities subject to recurrent disturbances.

The data presented in this study support the
hypothesis that various developmental pathways are

possible during early post-disturbance succession. A
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partial explanation for this successional divergence
is that jack pine failed to reproduce on these sites
with any consistency following disturbance. Unburned
clearcut sites very quickly converted to Carex
meadows (see Plate 3.1). This same pathway was
followed by two areas burmned by wildfires and two pre-
scribe~-burned areas. Other burned areas, apparently
following a different developmental pathway, were
being converted to shrubs and early successional hard-
woods such as aspen, oak, cherry, and willow (see
Plate 3.2). Another pathway was the reestablishment
of a jack pine dominated site (Plate 4.3). Carex
cover on this site was among the lowest of any of the
disturbed sites. Partial shade, provided by the high
density of standing snags, apparently provided suitable
conditions for the survival and growth of jack pine
reproduction and controlled the spread of Carex, a
proven competitor in open situations.

The specific factors determining successional
pathways followed on burned sites are unknown. Cer-
tainly species composition and dominance of the pre-
disturbed flora, buried seed pools, adjacent seed
sources, soils differences, burn intensity, and dis-
turbance history are important. Unfortunately, very
little information about the sites prior to burning

is available. But, even a little information may
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Plate 4.3. Vigorous jack pine reproduction on a 4-year-
old site burned by wildfire.
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provide some wvaluable clues about the response of

a community to disturbance. For example, clearcut

and burned site 10B had scattered areas of aspen with-
in the site before logging and burning. It now
appears that this site is being converted to aspen-
dominated early successional hardwoods. Also, older
standing individuals or stumps of hardwood species
with sprouting or suckering capabilities are often
present on newly disturbed sites. These relict species
often have a profound localized or widespread effect
in shaping the post-disturbance community.

In many instances sites of the same disturbance
age were less similar to each other than to different
sites of another age. This, too, can be explained
by multiple successional pathways, because sites follow-
ing the same pathway (e.g. Carex meadows or domination
by early successional hardwoods) were more similar
to themselves than to sites following different path-
ways. However, even sites following the same succes-
sional pathway were highly unique; a site was consis-
tently more similar to itself, even over a three year
period, than to other sites of the same disturbance
age. It was also noted that a unique set of species
were responsible for the increased cover on each site.
Therefore, the individualistie (Gleason 1926) nature

of each site, rather than age following disturbance,
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becomes the dominant aspect in discerning successional
relationships in the communities. This conclusion

is consistent with Bell and Koch (1980), whe found
that geographic area was more important than time-
since-last-burn in determining similarity of sites

in the jarrah forests of Western Australia.

The unique community on each site makes it very
difficult, or even inappropriate to compare these
sites along temporal sequences. For example, site
7B81 (burned clearcut) showed strong indications of
being converted to a Carex meadow; this site had a
species richness of 24 at year 3. Sites 10A and 10B
{(4-, 5-, and b6-year-old prescribed burns) were being
converted to shrub and early successional hardwoods
and were richer in species (36 and 39 species, respec-.
tively at year 4). There is no way site 7B at age 4
will resemble sites 10A79 and 10B79. The developmental
processes on these sites are too varied. Also, data
was collected from two sites comprising years 1, 2,
and 3 and two different sites comprising years 4, 5,
and 6 following fire to establish the burned clearcut
sequence. This explains the anomalous increase in
species richness and average richness per plot that
occurred between years 3 and 4 (Fig. 4.4).

It is generally thought that disturbance sets

back community succession to an earlier developmental
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stage (Clements 1916, Margalef 1963, Odum 1971). .
Jack pine is among the most shade intolerant Lake
States species, and historically needed periodic fire
to perpetuate itself, 1In the absence of fire, jack
pine stands will eventually be replaced by more
tolerant hardwoods and conifers, which are in turn
followed by later successional associations (Eyre and
LeBarron 1944, Heinselman 1973). In this study, how-
ever, burning on certain sites accelerated the replace-
ment of jack pine to early successional hardwoods.
This resulted because the jack pine overstory was
destroyed, jack pine reproduction failed, and species
such as aspen, cherry, oak, and willow survived the
fire and spread vegetatively or became established
after the fire by seed.

I have not identified older burned or clearcut
areas on which jack pine did not become adequately
established immediately following the disturbance.

I, therefore, cannot say what the ultimate fate of

the clearcut and/or burned areas used in this study
will be. Jack pine, although rare, was present on
every site used in this study. If these individuals
and adjacent sources provide enough seed, and the seed
find adequate ''safe sites" (Harper 1977) for germina-
tion, jack pine, over a long time period, may again

dominate the site. There is deocumentation that jack
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pine can become reestablished in areas it once domina-
ted but failed to reinvade initially following dis-
turbance (Thomson 1943, Vogl 1964, Marshall 1980).

This situation, if in fact possible on these sites,
appears more likely to occur on the sites coverted

to Carex meadows. These sites are not developing

a stratified plant canopy and, therefore, the forest
floor, even 6 years after logging or burning, is still
highly exposed to full sunlight. In contrast, it is
unlikely that jack pine, because of its extremely low
shade tolerance, will become established under a canopy
of early successional hardwoods. Succession on these
sites may be arrested at a shrub-early hardwood stage,
or may progress to later successional associations.
However, later associations developing on these sites
will be limited by the extreme edaphic conditions
imposed by the Grayling sand series, which represents
the most depauperate of the sandy soil types in northern
lower Michigan, in terms of nutrient and moisture holding
capabilities. A sugar maple- basswood or spruce-fir
association, said to eventually replace jack pine in
the absence of fire (Eyre and LeBarron 1944), seems
unlikely on these sites; northern red oak, red maple,
and black cherry, or white pine represent stronger
possibilities. Also, any intermediate or long-range

successional development on these sites will depend
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on future disturbance events, which occur frequently
in northern lower Michigan, and are the factors that

ultimately shape the vegetation in the area.



CHAPTER V

FLORISTIC COMPOSITION BEFORE AND AFTER
FIRE ON A JACK PINE CLEARCUT SITE
IN NORTHERN LOWER MICHIGAN

Introduction

There exist three broad strategies in data
collection used to characterize postfire succession
and/or compare disturbed sites to other sites that have
not been recently disturbed. One strategy is to survey
many sites (usually once) that together represent a
temporal sequence ranging from newly disturbed to
long-since disturbed (Vogl 1970, Hanes 1971, Shafi and
Yarranton 1973, Parsons 1976, Bell and Koch 1980). A
second strategy, generally limited to early succes-
sional studies, involves establishing permanent plots
soon after a fire and then surveying these sites,
usually annually, for varying lengths of time (Ahlgren
1960, Lyon and Stickney 1976, Ohmann and Grigal 1979,
Trabaud and Lepart 1980). These types of studies
may include data from adjacent stands that are repre-
sentative of the pre-disturbed condition (Ahlgren 1960,
Ohmann and Grigal 1979, Uhl et al. 198l). A third
strategy, also used in early successional studies, is

to establish permanent plots in an area prior to

98
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burning. Data is then collected from the pre-disturbed
community and from the disturbed community for wvarying
lengths of time following disturbance. This strategy
eliminates the confounding effects of many different
aged sites in establishing successional trends. Fewer
authors have utilized the latter approach (Gashwiler
1970, Dyrness 1973, Purdie and Slatyer 1976). To my
knowledge this third strategy has not been previously
used in fire succession studies in the Lake States.

In 1979, a clearcut area on Michigan Department
of Natural Resources (DNR) land was designated to
characterize fire-induced vegetational changes using
the third strategy. On this area it was possible
to 1) monitor blocks before and after burning, 2) evalu-
ate fire intensity to determine its effects on vege-
tational changes, 3) characterize vegetational develop-
ment on unburned clearcut blocks, and 4) compare burned
and unburned clearcut blocks with an adjacent mature

jack pine stand.

Methods
The experimental burn area was clearcut in 1976
from mature jack pine (65-years-old), and was untreated
thereafter. See Chapter 2 for a more detailed descrip-
tion of the experimental burn area and mature jack pine

site 13A used in this study.
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In 1979 the experimental burn site was divided
into 6 blocks ranging from 1.0 to 1.5 ha. Three blocks
(1, 3, 6) were randomly designated to be burned and
the three remaining blocks (2, 4, 5) were to be left
unburned. During July 1979, 15 permanent 1 m? fre-
quency plots and 2 permanent 20 m cover transects were
:andomly located in each block; at that time the vege-
tation was recorded. On September 19, 1979, the three
designated blocks were burned by personnel of the Michi-
gan DNR. However, block 6 was not completely burned;
this resulted in only 6 frequency plots and 1 cover
transect being included in the burned area. Therefore,
only these burned plots from block 6 were included in
the data analyses. The burned and unburned blocks were
resurveyed during the 1980 and 1981 growing seasons.

Burn intensity was evaluated using a method modi-
fied from that described by Ahlgren (1960). During
July 1979, a steel duff pin was placed at a randomly
chosen cardinal direction adjacent to 10 randomly chosen
frequency plots in blocks 1 and 3. The pins were located
such that their collar was exactly level with the top
of the litter layer (unaltered or only slightly decom-
posed plant material). The day after the area was
burned, the duff pins were located and the amount of
consumed organic matter was measured., Also noted at

each duff pin was whether 1) the litter layer was still
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present (i.e. low intensity burm), 2) the litter
layer was consumed but part of the duff layer (moder-
ate-to well decomposed orgaﬁic matter) was still
intact (i.e. moderate intensity burn), or 3) all or-
ganic matter was consumed, exposing mineral soil
(i.e. high intensity burn).

The understory (vascular vegetation < 1.5 m) of
the adjacent, mature, uncut jack pine site was surveyed
during the summer of 1981 using 30 frequency plots and

three 20 m cover transects as described in Chapter 3.

Results

Table 5.1 shows the relative cover and relative
frequency of each species, by species group (annuals
and biennials, grasses and sedges, perennial herbs,
and trees and shrubs), surveyed in 1979, 1980, and
1981 (3-, 4-, and 5-year-old clearcut) as a composite
of the 3 unburned blocks. Trends in diversity on the
unburned blocks show the mean total richness increased
from 1979 to 1980 and decreased in 1981 (Table 5.2).
The increased richness seen in 1980 was mainly due
to the increase in the number of grass species, includ-

ing Danthonia spicata (L.) Beauv., Dichanthelium

depauperatum Muhl., Andropogon gerardii Vitman, and

Oryzopsis pungens Torr. (Table 5.1). The mean average

richness per plot on the blocks did not change, and
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TABLE 5.1

RELATIVE GCOVER AND RELATIVE FREQUENCY OF
EACH SPECIES, BY SPECIES GROUP, SURVEYED
IN 1979, 1980, AND 1981 (3-, 4-, AND 5-
YEAR-CLD CLEARCUT, RESPECTIVELY), AS A
COMPOSITE OF THE 3 UNBURNED BLOCKS

Year of Survey

1979 1980 1981
Species Cover (Z) Freq(Z) Cover(%) Freq(X) Cover(¥Y Freq(?)

Annuals and Biennials

Melampyrum Lineane - - - 1.4 - .7

Grasses and Sedges

Carex pensylfvandica 65.3 30.0
Andropogon geaardid W1 +3
Danthondia spicata - .5 .1
5
0

Onyzopsis pungens .1 .
Onyzopsis asperifeldia - 1.
Dichanthefium

depauperatun - - .3

+ & .

e e e
R e DRy
X
N WO

Perennial Herbs

Pteaidium aquifinum 3.
Gaulthearia procumbena .
Potentilla tridentata -
Apocynum androsaemd -

folium .1
Campanufa rotundifolia -
Asten Laeuvds .1 - .1

- -0
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Lo . .
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1
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Trees and Shrubs

Vaceinium App.l 22.
Prunus pumifa 1.
5

]
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s
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Comptonia peregrina
Anctostaphylos uva-ursd
Pinus banksiana .
Epigea nepens -
Rubus hispidus -
Quencus spp. (red ocak) 1.0
Prunud senrotina -
Amefanchien ap. -

l -
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lIncludes V. anguscifolium, ¥. myrtilloides, and ¥. vacillans.
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TABLE 5.2

DIVERSITY TRENDS OVER THE 1979, 1980, AND 1981
GROWING SEASONS, EXPRESSED AS TOTAL SPECIES
RICHNESS, RICHNESS OF EACH SPECIES GROUP,
AVERAGE RICHNESS PER 1 m?2 PLOT, AND
SHANNON INDEX, AVERAGED AMONG THE
UNBURNED CLEARCUT BLOCKS

Year of Survey

Diversity 1979 1980 1981
Total Species Richness 12.4 14,7 12.4
Richness - Annuals and
Biennials - .3 .7
- Grasses and
Sedges 2.7 4.7 4.0
- Perennial
Herbs 3.7 3.0 1.7
- Trees and
Shrubs 6.0 6.7 6.0
Average Richness per
1Plot 3.4 3.4 3.4

Shannon Index .95 .81 .70
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a slight decline in the Shannon Index was seen over
the 1979, 1980, and 1981 surveys. However, all changes
in these diversity indices over the three growing
seasons were nonsignificant.

Significant increases (P <.0l) in total cover
occurred over the three growing seasons (Fig. 1) due

to the spread of Carex pensylvanica Lam. on all unburned

blocks (Plate 5.1). Annuals and biennials produced

no cover while the relative cover of perennial herbs
was negligible on all unburned blocks. Relative cover
of grasses and sedges increased significantly (P <.0l)
whereas trees and shrubs declined significantly (P <.01)
cver the three years.

Table 5.3 summarizes additions and losses of
species, as a composite of the three unburned blocks,
during 1979, 1980, and 1981. Seven species disappeared
from plots between the 1979-1980 growing seasons.
Bracken fern was most frequently lost from the umburned
plots. A total of 9 species were added to unburned

plots between 1979 and 1980, Prunus pumila L. (sand

cherry) and Dichanthelium depauperatum being the most

common additions. From 1980 tc 1981, 10 species were
lost from the plots, whereas 9 species were added.

Oryzopsis pungens and Melampyrum lineare Lam. (cow-

wheat) were the most common additions toc the plots in

1981.
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Plate 5.1. Carex pensylvanica dominating unburned

blocks at year 4 after clearcutting.



ADDITIONS AND LOSSES OF SPECIES, AS A COMPOSITE
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TABLE 5.3.

OF THE 3 UNBURNED BLOCKS, SURVEYED IN 1979,

1980, AND 1981.

VALUES FOR LOSSES OF SPECIES

ARE EXPRESSED AS A RATIO OF NUMBER OF PLOTS
IN WHICH A SPECIES WAS LOST IN A SURVEY,
OVER THE NUMBER OF PLOTS IT WAS PRESENT
IN THE PREVIOUS YEAR SURVEY

Number of Plots

Species Lost Between Lost Species Added Between
1979-1980 Survéy Total Present 1979-.1980 Survey Number of Plocs
Ptenidium aquifinum 8/17 Quencus spp. (red oak) 1
Prunus pumila 1/13 Prunus pumila 3
Campanufa hotundifof.ia 1/1 Dichanthelium
Vaccinium spp. 1742 depauperatum 3
Onyzopsdis aspenifolda 1/2 Vacednium spp. 2
Prunus senotina 1/3 Ptenddium aquilinum 1
Gaufthernia procumbens 1/7 Danthonia spicata 2
Andropogon geraaddid 1
Melampyaum Eineanre 2
Apocynum androsaemi-
fofium 1
Number of Plots
Species Lost Between Lost Species Added Between
1980-1981 Survey Total Present 1980-1981 Survey Number of Plots
Quencus spp. (red oak) 1/1 Andropogon geraadid 1
Danthonia apicata 1/3 Oryzopsis pungens 4
Potentilla tadidentata 172 Comptonia penegrina 1
Gaulthenia procumbens 1/6 Melampyrum Lincane 3
Anctostaphyfos uva-unsd 1/6 Rubus hispidus 1
Prunus aenotina 1/2 Pteanidium aqudilinum 2
Andnopogoun gerardidi 1/2 Gaultheadia procumbens 1
Melampyrum Lineane 2/2 Prunus pumifa 1
Ptendidium aguilinum 2/8 Carex pensylvandica 1
Apocynum androsacmdi-
fofium 1/2
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Table 5.4 shows the relative cover and relative
frequency of each species, by species group, surveyed
in 1979 (3-year-old clearcut), and 1980 and 1981 (1-
and 2- year-old prescribed burn, respectively), as a
composite of the 3 burned blocks. Substantial changes
in the relative frequency of all species groups were
induced by burning. Over the three growing seasons
both perennial herbs and trees and shrubs decreased
significantly (P < .05) in relative frequency, with

bracken fern, wintergreen {(Gaultheria procumbens L.),

and kinnick kinick (Arctostaphylos uva-ursi L.) show-

ing the largest decreases during this interval. 1In
spite of the lowered frequency of Carex following
burning, the .grass and sedge species group signifi-
cantly increased (P < .01l) in relative frequency due

to increases in Dichanthelium depauperatum, Panicum

columbianum Scribn., and Orvzopsis pungens.

There was a nonsignificant decrease in mean
total richness on the burned blocks the first year
after burning, but a significant increase (P < .05)
during year 2 (Table 5.5). Decreased richness between
1979 and 1980 was mostly due to the loss of many
tree and shrub species on blocks 3 and 5, and the
loss of 3 perenennial herb species on block 3. The
mean richness per plot decreased slightly at year 1

following burning, but increased at year 2. The
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TABLE 5.4

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES,
BY SPECIES GROUP, SURVEYED IN 1979 (3-YEAR-OQLD
CLEARCUT), AND 1980 AND 1981 (l- AND 2-YEAR-OLD
FRESCRIBED BURN, RESPECTIVELY), AS A COMPOSITE
OF THE 3 BURNED BLOCKS

Year of Survey

1979 1980 1981
Species Cover(%) Freq(%) Cover{%) Freq(Z) Cover(%) Freq(Z)

GCrasses and Sedges

Cancx pensylvanica 57. 23.7 1
Andropogon gerardid .
Onyzopsis adperdfolia .
Onyzopsis pungend .
Dichanthelium depau-

peratum -
Panicum cofumbianum -
Panthonia apicata
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Perennial Herbs

]
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Pterdidium aquilinum 2

Asten faevds

Sofidago ap.

Gaufthenia procumbens .1

Liatris novae-angliae

Apccynum androsaemdi-
folium

Astaon sagittifolius

Potygafa polygama

Hieracium venosum

Coryspermum hyssopi-
foium - - - .1 -

Viota adunca - - - - - 1.5

1 [
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1
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Trees and Shrubs

Vaccindum App.l 30 44,2 2
Prunus pumifa 2 .

Prunus sernotina 1

Anrctostaphylos uva-ursd

Quetcus spp. (red oak) 1

Salix glaucophyfloides -
Comptonia peregrina -
Rubus pensifvanicus .2
Rubus hispidus 2.6
Epigea nepena -
Popufus tremufoides -

LD LWL~

1.3 -

1

1
L) -

9.6

Rosa blawnda
Conylus amenicana
Crataegus Ap. W2 -
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TABLE 5.5

DIVERSITY TRENDS OVER THE 1979, 1980, AND 1981
GROWING SEASONS, EXPRESSED AS TOTAL SPECIES
RICHNESS, RICHNESS OF EACH SPECIES GROUP,
AVERAGE RICHNESS PER 1 m2 PLOT, AND
SHANNON INDEX, AVERAGED AMONG THE
BURNED CLEARCUT BLOCKS

Year of Survey

Diversity 1979 1980 1981
Total Species Richness 12.0 9.7 13.3
Richness - Annuals and

Biennials - - -
- Grasses and
Sedges 3.3 3.7 4.3
- Perennial
Herbs 2.7 2.7 5.0
- Trees and
Shrubs 6.0 3.3 4.0
Average Richness per
Plot 3.4 3.1 3.6

Shannon Index 1.1 1.2 1.4
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Shannon Indei showed slight inereases during the
three growing seasons. These changes, however, were
not significant.

A significant drop (P < .05) in total cover
occurred following burning on the blocks; however by
year 2, cover increased significantly (P < .053) to
nearly the preburn level (Fig. 5.2) (Plates 5.2 and
5.3). No cover of annuals and biennials was recorded,
and relative cover of perennial herbs was negligible
for all three growing seasons. The dominance of
grasses and sedges, and trees and shrubs was drama-
tically altered by burning (Table 5.4). Tree and shrub
species (mainly blueberry and bristly dewberry, Rubus
hispidus L.) showed a significant increase (P < .05)
in relative cover following burning, whereas grasses

and sedges (mainly Andropogon gerardii, Oryzopsis

asperifolia Michx., and Carex pensvylvanica) decreased

significantly (P <.0l) during that interval. During
the second year after burning, a decrease in relative
cover of trees and shrubs occurred, corresponding
to an increase in the relative cover of grasses and
sedges; these changes, however, were nonsignificant.
Additions and losses of species, as a composite
of the three burned blocks, over the three growing
seasons is shown in Table 5.6. A total of 17 species

were lost from plots during the first year after fire.
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Fig. 5.2. Total cover (m) and relative cover (%) for
each species group, as a composite of the 3 burned blocks,
surveyed in 1979, 1980, and 1981.
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Table 5.2, Large area bared of vegetation
one year after fire.

Table 5.3, Overview of burned blocks at
year 2 after fire showing rapid revegetation.
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TABLE 5.6

ADDITIONS AND LOSSES OF SPECIES, AS A COMPOSITE
OF THE 3 BURNED BLOCKS, SURVEYED IN 1979,
1980, aND 1981, VALUES FOR LQSSES OF SPECIES
ARE EXPRESSED AS A RATIO OF NUMBER OF PLOTS
IN WHICH A SPECIES WAS LOST IN A SURVEY,
OVER THE WUMBER OF PLOTS IT WAS PRESENT
IN THE PREVIOUS YEAR SURVEY

Number of Plocs

Species Loat Between Lost Species Added Betrween
1979~-1980 Survey Total Present 1979-1980 Survey Number of Plots
Prunus pumila 1/3 Dichanthefium depau-
Ptenidium agquifinum 8/11 peratum 23
Carex penaylvandica 13/36 Panicum cofumblanum 14
Andropogon geraadidi 6/6 Satix glaucophylloides 1
Oryzopsds aspendgolia 3/4 Liatnis novae-anglfiae 1
Vacedinium spp. 5/36 Comptonia peregaina 2
Anctostaphylos uva-unsd 4/6 Sofidago sp, 1
Rubus pensifvanicus 1/1 Canex pensylvanica 1
Epigea acpens 474 Aster sagdittifolius 1
Gaulthenia procumbens 274 Prenidium aqudlinum 1
Onyzopsis pungens 1/2 Apocynum androsaemd-
Hieracium venosum 1/1 folium 1
Asten faevvds 1/2
Popufus tremuloides 1/1
Prunus serotina 1/1
Quehcud spp. 1/1
(red cak group)
Conylus amenicana 1/1
Number of Plots
Species Lost Between Lost Species Added Between
1980-1981 Survey Total Present 1979-1980 Survey Number of Plots
Panicum cofumbianum 6/14 Apocynum androsaemdi-
Oryzopsis pungensd 1/1 fofium 1
Asten sagittifolius 1/1 Oryzopsis pungens 8
Vacedinium app. 1/36 Carex pensylvandica 6
Apocynum androsaend - Ptenidium aquilinum 3
fofium 1/1 Vacci{nium app, 4
Gaulthenia procumbens 272 Panthonia spicata 1
Asten sagititifolius 1
Pandicum columbianum 1
Rubus hispidus 1
Onyzopais aspendifjolia 1
VioZa adunca 1
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The species most frequently lost were bracken fern,

Carex, Andropogon gerardii, Oryzopsis asperifolia,

blueberry, and kinnick kinick. On a percentage basis,
however, blueberry showed the lowest losses among the
group. Ten species were added to burned plots during

this interval. Dichanthelium depauperatum and Panicum

columbianum comprised 37 of the 46 instances of species

additions to the plots after burning. Two years after
fire (1981l), 6 species were lost from the plots; P.

columbianum comprised half of these losses. During

this period 1l species were added to the plots, with

Carex, bracken fern, blueberry, and Oryzopsis asperi-

folia most often added.

In 1981, many differences between unburned
blocks (5-year-old clearcut) and burned blocks (2-
year-old prescribed burn) were observed (Tables 5.1
and 5.4). Carex cover on the unburned blocks (77%)
was significantly greater (P < .05) than that on the
burned blocks (247%), whereas grass cover on the burned
blocks (237) was significantly greater (P < .05) than
that on the unburned blocks (17). A total of 10
perennial herb species were present on the burned
blocks, but only 2 were recorded on the unburned
blocks. Tree and shrub species comprised significantly
more cover (P < .05) on the burned blocks (517%) in 1981

than on unburned blocks (23%).
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Fire intensity on block 3, with a mean organic
reduction of 30 * 12.5 mm was higher than block 1 where
organic matter was reduced 20 * 9.0 mm. Block 3 had
5 plots of high fire intensity, compared to only 3
plots of high fire intensity on block 1. Postfire
species diversity was apparently affected by fire inten-
sity. The 10 plots in block 1 prior to burning had
9 different species present, with an average richness
of 3.2 species per 1 m? plot. One year after fire,
total richness on the plots was 1l species, with an
average richness per plot of 3.9. Although block 3
prior to burning had similar diversity to block 1
(10 species with an average richness of 3.2 species
per plot), one year after fire only 6 species occurred
on these plots with an average richness of 2.2. Two
years after burning, block 1 remained more diverse
(species richness of 12 and average richness per plot
of 4.4) than block 3 (species richness of 8 and average
richness per plot of 2.9). Plant cover on block 3 was
reduced by 777% one year after fire, whereas plant cover
on block 1 was reduced by 507, providing indirect evi-
dence that fire intensity on block 3 was higher than
block 1.

Individual species responded differently to fire
intensity. For example, Carex and blueberry were

present on all 10 plots on which fire intensity was
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evaluated in blocks 1 and 3 prior to burning. One year
after fire Carex was missing from 6 of 10 plots on
block 3 (more severely burned), whereas blueberry was
missing from only 2 plots. In block 3 Carex was lost
from all five plots of high fire intemsity. 1In block 1
(less severely burned), Carex was lost from 3 of 10
plots (all high intensity), whereas blueberry was lost
from only 1 plot (high intensity). Fire intensity also
appeared to affect the ability of certain species to

become established on a block. D. depauperatum became

established on all 10 plots in block 1 one year after

fire, but only 6 plots in block 3. Also, P. columbianum

became established on 6 plots in block 1, one year
after fire, but only 2 plots in block 3. Year 2 after
fire, 0. pungens was present in 4 plots on block 1 and
only 1 plot in block 3.

Table 5.7 shows the relative cover and relative
frequency of each species in the understory of the
mature jack pine forest (site 13A), adjacent to the
experimental burn site. The survey recorded 18 species,
with an average richness per plot of 4.0. The Shannon
Index of diversity was extremely low (.49) because
blueberry represented over 907 of the vegetative cover.

Carex pensylvanica occurred in 25 of 30 frequency plots,

but represented only 37 of the total plant cover.

Also, every species surveyed in the mature jack pine
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TABLE 5.7

RELATIVE (REL) COVER AND RELATIVE FREQUENCY
OF EACH SPECIES IN THE UNDERSTORY OF A
MATURE JACK PINE STAND (SITE 13A),
ADJACENT TO THE EXPERIMENTAL BURN AREA

Cover Frequency

Species (Rel) (Rel)
Annuals and Biennials
MeLampyrum Lineane 2.1 11.6
Grasses and Sedges
Andropogon gerardid .2 3.3
Canrex pensylvanica 3.2 20.7
Oryzopsls pungensd 2 1.7

Perennial Herbs

Apocynum androsaemdifolium -
Campanula rotundifolia -
Gaulihenia procumbens .3 8.
Hieracium venosum

Ptenddium aquilinum

oo oo

Trees and Shrubs

Amelanchien sp.
Arctostaphylos uva~unsi
Comptondia penreghrina
Epigea repens

Pinus banksdiana

Prunus pumila .
Prunus senotina -
Quehcus App. ({ed oak) .7
Vaccindium spp. 90.7 24,

s
L = +
cow

£~
8 U oy
00000~ 0oL\ o

lIncludes V. angustifolium, V. myrtilloides,
and V. vacillans.
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understory was present on either the adjacent unburned
or burned clearcut blocks. But the unburned blocks had
5 species and the burned blocks 14 species not found

in the mature jack pine stand.

Discussion

Previous postfire successional studies in the
Lake States have not characterized the plant community
on a specific site before and after burning. However,
studies of this type have been conducted in other eco-
systems (Gashwiler 1970, Dyrness 1973, Purdie and Slat-
yer 1976). Dyrness, working in old-growth Douglas-
fir forests in the Cascade Mountains of Oregon, repor-
ted that clearcutting reduced species richness,
compared to old-growth forests, but burning resulted
in increased richness through year 5 after fire. Woody
tree vegetation was reduced but still present after
fire, and species common in the old-growth forests,
which showed lowered dominance initially after fire,
regained dominance by year 5 after fire. Gashwiler,
also working in old-growth Douglas-fir stands in the
Cascade Mountains in Oregon, showed that a large number
of species not found in the old-growth forests were
present after fire. Also, herbaceous plants dominated
the site through year 3 after fire; thereafter, woody

plant species dominated. From studies in woodland
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communities in southeastern Australia, Purdie and
Slatyer (1976) reported that all species present ini-
tially after fire were present as living plants or
buried seed prior to fire, and that no new species
invaded after burning. They concluded that regenera-
tion of the community closely resembled the initial |
floristic composition model proposed by Egler (1954).
The present study showed that: 1) clearcutting
a mature jack pine stand, with an understory dominated
by blueberry, resulted in the formation of a Carex
meadow by year 3 after logging, 2) between years 3 and
5 after clearcutting, Carex dominance increased from
657 to 77% relative cover on the unburned blocks, 3)
at the conclusion of the experiment, burned blocks were
dramatically different, in terms of species composition
and dominance, from unburned blocks, 4) Egler's initial
floristic composition model is supported by the fact
that every species in the mature jack pine understory,
plus many unique species, were present on the unburned
and burned clearcut blocks, 5) the same fire moving
through two adjacent blocks of the same soil type and
topography, with similar postfire floristic composition,
resulted in variable fire intensities within and
between the blocks, 6) fire intensity affects the
addition and loss of species and species dominance on

the blocks, and 7) higher fire intensity resulted in
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lower diversity and lower plant cover.

Vegetational development on the study area the
first two years after fire differed from the general
pattern described on other recently burned jack pine
sites (Abrams and Dickmann 1982; Chapters 3 and 4).

For example, no annual or biennial species were
present at year one after fire. Also, compared to pre-
burn levels, total species richness and relative cover

of Carex pensylvanica were reduced on the burned blocks.

These findings may be related to the extreme severity
of the burn, which reduced the fuel loading on the site
from 23 to 3 mt/ha and consumed all fuels 6.4 cm or
less in diameter (personal communication, Roy Milnes,
DNR Area Fire Supervisor). No measurable precipitation
occurred for 28 days prior to the burn, resulting in
an extremely hot fire,

Research evaluating the effects of fire intensity
on postfire plant succession is scarce (Ahlgren 1960,
Dyrness 1973, Christensen and Kimber 1975). Ahlgren
concluded that fire intensity affected seed germination,
vegetative reproduction, plant competition, seedbed
quality, and nutrient concentrations on the soil surface.
All these factors may act in determining the establish-
ment, perpetuation, and subsequent dominance of species
during early postfire succession. Dyrness showed that

species richness was greatly reduced on severely burned
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plots compared to lightly burned plots. Dyrness also
found that cover on severely burned plots consistently
lagged behind the lightly burned plots for 5 years after
fire. Christensen and Kimber reported that hot fires,
in addition to promoting seed germination of certain
species, destroyed considerable amounts of soil-stored
seed. Also, soil temperature during a fire was found
to vary greatly within the site; soil temperature
recorded at 56 points at the 1 cm and 2 cm depth varied
from < 66°C to > 399°C. Floyd (1966, 1976), working

in New South Wales, concluded that fire intensity sig-
nificantly affected the germination (i.e. establishment)
of typical postfire species.

The depth of the underground perennating system
of understory species is directly related to their
survivability during fire (Mclean 1968, Flinn and
Wein 1977). The greater fire resistance shown by blue-
berry compared to sedge and other shallow rooted species
is consistent with their individual rooting habits.
However, bracken fern, known as a deep-rooted species,
was particularly susceptible to burning in this study
(lost from 8 of 11 plots).

In the present study fire intensity was highly
variable, with two adjacent blocks having markedly
different organic matter reduction and mineral soil

exposure. 1 feel the severity of burning was
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responsible for variability in diversity, total

plant cover, survivability of vegetatively reproducing
species, and the number of newly established individuals
on the burned blocks. Other studies have shown that
very different successions can result on similar plant
communities following disturbance. On other jack pine
sites in northern lower Michigan, early revegetation
following burning can be highly variable in terms of
species richness, presence of annuals and biennials,
and the dominance of grasses and sedges and trees and
shrubs (Abrams and Dickmann 1982; Chapters 3 and 4).
Multiple successional pathways are apparent on these
sites in as little as 5 years after fire.

The concluding points to be made from the data
presented here is that each site and each disturbance
event is unique. Even when sites are rigorously
selected for homogeniety, differences will most cer-
tainly exist in pre-disturbance species composition
and dominance, edaphic features, buried seed-pools,
and adjacent seed sources. Not only is it difficult
to compare the effects of different disturbance events,
but each event (in this case fire) is highly wvariable

within an area.



CHAPTER VI

RESPONSE OF UNDERSTORY VEGETATION
TO FERTILIZATION ON MATURE AND
CLEARCUT JACK PINE SITES IN
NORTHERN LOWER MICHIGAN

Introduction

In many forested ecosystems, dramatic increases
in the dominance of sedges (Carex spp.) follow distur-
bances such as fire (Little and Moore 1949, Buell and
Cantlon 1953, Ahlgren 1960, Vogl 1970, Wein and
Bliss 1973), atomic radiation exposure (Woodwell 1967),
fertilizer application (Noble et al. 1979) and trans-
planting forest soil to a greenhouse (Zavitkovski
1976) have been reported. In our own studies (Abrams

and Dickmann 1982), Carex pensylvanica Lam. obtained

relative cover values of 867 and 717 on recent burned
and unburned clearcuts, respectively. We hypothesized
that Carex, acting as an opportunistic species, ex-
ploits resources made available following clearcutting
and/or burning, thereby increasing its dominance while
reducing the dominance of neighboring vegetation.
Large nutrient reserves stored in the vegetation
are made available following clearcutting and burning
(Ahlgren 1960, Bormann et al. 1968, Debano and Conrad

1978, Likens et al. 1978) and result in profound

124
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changes in the dominance and diversity of post-dis-
turbance vegetation. Nutrient enrichment studies
have been reported from widely varying ecosystems
(Willis 1963, Jeffery and Pigott 1973, Stephenson
1973, Harcombe 1977, Bakelaar and Odum 1978). A general
finding of these authors is that "A few opportunistic
species, already established in the community, expand
their niches by preempting some niche space of subordi-
nates, thus reducing overall diversity' (Bakelaar and
Odum 1978).

This study was established on jack pine sites
in northern lower Michigan to investigate the effects
of fertilization on the relative growth of understory

vegetation on clearcut and undisturbed sites.

Methods and Materials

A 55-year-old jack pine stand near Grayling,
Michigan (Crawford County) was clearcut during the
winter and spring of 1979-80. The soil type is a Gray-
ling sand; a nutrient poor, strongly acid, mixed,
frigid, typic, udipsamment. A 70 meter-wide border
of jack pine of similar age, quality and stocking was
left along an adjacent road.

Four blocks (10 m x 11 m) were established in
both the standing jack pine and the adjacent clearcut.

Each block contained an unfertilized half (control)
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and a fertilized half, separated by a l-meter isola-
tion strip. The blocks were established before green-
up during the spring of 1980, and were located in
areas of seemingly homogeneous vegetation. The
blocks were laid out nonrandomly to reduce variability
within the blocks, but the fertilization treatment
within each block was randomly assigned.

The fertilization rate was 100-60-60 kg/ha
N-P-K plus 200 kg/ha Ca as dolomitic limestone. Osmo-
cote, a slow release formulation, was used for 60-60-
60 kg/ha N-P-K. The remaining 40 kg/ha of N was ammoni-
un nitrate (quick release). Fertilizer was distributed
evenly by hand on May 3, 1980. Response to fertiliza-
tion was determined at three times during the summer
of 1980 (weeks ending June 14, July 21, and August 28)
and one time in 1981 (week ending July 24), by sampling
biomass from each block in the standing jack pine and
clearcut areas. All vegetation under 1.5 m tall was
clipped at ground level in 5 randomly located .25 m?
quadrats within each treatment. The vegetation was
sorted by species, cleaned and separated into current-
year shoot biomass and residual biomass (the previous
years biomass). The samples were dried at 80°C for
48 hours and weighed. Determination of annual and
residual biomass was not possible for certain ever-

green forbs. Their biomass was included in the
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residual portion of the total standing biomass. These
species usually represented less than 10Z of the total
biomass.

Biomass data were also collected from a jack pine
area that had been prescribe burned in 1978 as part
of this study. This area, also on Grayling sand, is
located in Ogemaw County, 31 kilometers from the above
study area. In 1975 and 1976 the mature jack and red
pine was logged, but scattered immature jack pine
(about 35-years-old) were left standing. Twenty .25 m?
biomass samples, randomized along transects, were taken
during the same fouf time intervals, in 1980 and 1981,
as indicated above. During the three sampling periods
in 1980 all twenty biomass samples were grouped together.
In 1981, however, the samples were grouped, in order
of collection, into 4 groups of 5 so that a standard
deviation could be calculated from the data. Other-
wise, the sampling and handling of the vegetation were
conducted as described above.

All tests for statistical differences were con-
ducted using Bartlett's test for homogeneity of variance

and analysis of variance.

Results
Total live shoot biomass for the prescribed burn

area and the fertilized and control plots in the mature
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and clearcut jack pine are shown in Fig. 6.1. No
significant fertilizer effect was detected during
sample periods 1 and 2, but total live shoot biomass
in the fertilized plots was significantly greater
(P < .05) than the controls, in both the clearcut and
mature jack pine, during sample periods 3 and 4.
Total live shoot biomass on the burned site was
greater than fertilized and control plots in mature
and clearcut jack pine during all four sample periods;
however, this difference could not be tested statis-
tically.

In Figures 6.2, 6.3, and 6.4, the total live
shoot biomass of three dominant species, sedge

(Carex pensylvanica), blueberry (Vaccinium spp.), and

bracken fern (Pteridium aquilinum Desf.) is shown

for the fertilized and control plots in mature and
clearcut jack pine. Fig. 6.2A and 6.2B show that sedge
biomass is greatly stimulated by fertilization, but
this difference was only significant (P «.0l) at sample
period 4, in both mature and clearcut jack pine. Live
shoot biomass of blueberry (Fig. 6.3A and 6.3B) was
increased by fertilization in mature and clearcut jack
pine; this difference was significant (P < .05) during
sample period 4 in mature jack pine and period 3 in
clearcut jack pine. Significantly increased (P < .1)

biomass of bracken fern was measured on fertilized
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plots in mature jack pine during sample periods 3
and 4, whereas no significant fertilizer effect was
found in the clearcut area (Fig. 6.4A and 6.4B).

Fertilizer response, calculated as a ratio of
live biomass on fertilized plots to that on control
plots, was computed for sedge, blueberry, and bracken
fern, as well as for total live shoot biomass (Fig.
6.5A and 6.5B). The biomass ratios of the three
dominants indicate their treatment response and can
be compared to the total live shoot biomass ratio,
which is indicative of the average community response
to fertilizer treatment. Only sedges consistently
showed an above-average response to fertilization in
mature jack pine (Fig. 6.5A), Biomass ratios for
total annual production, sedge, blueberry, and bracken
fern increased with time. This was most evident with
sedges, which at sample period 1 had a fertilized to
control ratioc of 1.7; at sample period 4 this ratio
had increased markedly to 4.9.

Biomass ratios for clearcut jack pine plots
are shown in Fig. 6.5B. Sedges showed an above-average
response to fertilization during all four sample
periods, but this response was most impressive during
perieds 3 and 4. Trends in the biomass ratios with
time as seen in the mature jack pine plots are not

as apparent in the clearcut plots.
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Biomass data from the prescribed burn area
are presented in Table 6.1. Monocots, particularly

the sedges C. pensylvanica and C. rugosperma Mack.,

contributed greatly to the total live shoot biomass
of the site. Grasses were alsoc very productive,

the dominant species including Danthonia spicata

(L.) Beauv., Oryzopsis asperifolia Michx. and Q.

pungens Torr., Dichanthelium depauperatum Muhl.,

and Schizachne purpurascens Torr. Trees and shrubs

were also an important group in terms of productivity

on this burn, with Vaccinium spp., Prunus pumila L.,

and Comptonia peregrina L. dominating. Forbs, other

than bracken fern, contributed little to the total
biomass of the site, but greatly enriched species
composition. Forb species commonly found throughout

the burn were Aster laevis L., Hieracium aurantiacum

L., Senecio tomentosus Michx., and Campanula rotundi-

folia L.

Discussion

Both clearcutting and burning induce the
release of nutrients stored in vegetation, and stimulate
other nutrient cycling processes which "fertilize
the site. In the first growing season following
clearcutting, Likens et al. (1978) described forest

soils as both "irrigated' (increased soil moisture)
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TABLE 6.1

FOR THE 1978 PRESCRIBED BURN

Sample Date

6/14/80 7/21/80

2.3 9.4
23.1 41.6
77.6 92.5

45.6 101.8
9.5 28.5

148.6 245.3

8/28/80

13.3

42.6
134.1

123.7
24.7

313.7

7/24/81
8.2 £ 2.

88.3 £ 5.
165.9 + 28.

86.4 + 7,
50.3 £ 5.

348.8 + 10.
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and "fertilized" (elevated concentrations of dissolved
substances in soil solution). Ahlgren (1960) attri-
butes the rapid regrowth of vegetation and marked
lushness during the first few post-fire growing seasons
to the fertilizing action of nutrients from the ash.
Bormann et al. (1968) have shown stimulated nitrifi-
cation following clearcutting, which they attribute

to warming of the soil and removal of vegetation
which possibly inhibited the nitrification process.
Increased nutrient availability and elevated levels

of nitrogen fixation and nitrification have also been
reported following fire (Jorgensen and Wells 1971,
Christensen 1973, Debano and Conrad 1978).

Nutrient enrichment will increase primary
productivity of biological communities. Morrison and
Foster (1977), working in jack pine stands in northern
Ontario, found a three-fold increase in dry matter
increment following fertilization. In this study,

a nearly two-fold increase in total live shoot biomass
occurred by the middle of the second growing season
due to fertilization in both mature and clearcut jack
pine stands. The dominant species in these communi-
ties (sedge, blueberry, and bracken fern) consistently
showed increased productivity in response to fertili-

zation. Sedge (C. pensylvanica), however, was the

only species that consistently showed a response above
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the community average.

Preferential uptake of fertilizers by certain
species has profoundly altered the diversity and
species dominance in widely varying communities.
Working in an 8-year-old field in Georgia, Bakelaar
and Odum (1978) found that fertilization increased
the dominance of goldenrod (Sclidago sp.), but reduced
or eliminated other codominant species. In tropical
forests in Costa Rica, Harcombe (1977) showed that
fertilization retarded succession by enhancing the
competitive ability of a single forb species (Phyto-

lacca rivinoides). Stephenson (1973), working in

old-field communities, observed a trend toward over-
all reduction in diversity and evemmess following
fertilization. On clearcut northern hardwood forests
in New Hampshire, Stafford and Filip (1974) reported
that fertilization greatly stimulated pin cherry to
the detriment of commercial species such as yellow
birch and paper birch. Specht et al. (1977), working
on sand-heath vegetation in Australia, showed that
eight years after fertilization heath species declined

and the native grass, Themeda australis, expanded

into vacated gaps.
Sedges are well-adapted to disturbances such
as fire, radiation exposure and fertilizer applica-

tion. Abrams and Dickmann (1982) reported
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extraordinary increases in sedge 3 to 6 years after
clearcutting and/or burning in jack pine communities.
The low diversity on many sites was a direct result

of the domination of Carex pensylvanica. Disturbance,

through a variety of avenues, apparently stimulates
the active growth of the large "bank' of dormant
buds accumulated by Carex (Noble et al. 1979).

Within the interval of this study, I did not
see the expansion of Carex, or any other community
member, to the point where it greatly suppressed or
excluded neighboring species. In fact, no significant
or even noticable differences existed in species
richness between fertilized and control plots. What
was shown was that the biomass of vegetation in clear-
cuts and under mature jack pine increased after fer-

tilization, and that C. pensylvanica consistently

showed an above average response. It is apparent,
however, that the expansion of Carex following clear-
cutting and burning involves many more factors than
simply its response to nutrient enrichment of the site.
For example, in this study Carex biomass increased
significantly in the clearcut control plots with later
sampling date, but did not increase with time in the
control plots under mature jack pine. Carex biomass
was also greatly stimulated on the burned site

compared to the mature jack pine site (Fig. 6.2A and
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Table 6.1), although comparisons between these two
sites must be made with caution. Other overt changes
resulting from clearcutting and burning, besides
nutrient enrichment, include the increased space
made available from the destruction of vegetation,
and increased light, soil temperatures, and moisture
at the rooting zone. Most likely all these factors
contribute to the response of Carex following dis-

turbance.



CHAPTER VII

APPARENT HEAT STIMULATION OF BURILED SEEDS
OF GERANIUM BICKNELLII BRITT. ON
JACK PINE SITES IN
NORTHERN LOWER MICHIGAN

Introduction

The germination of buried seeds is an important
mechanism of species establishment during secondary
plant succession in many ecosystems (Sweeney 1956,
Major and Pyott 1966, Ahlgren 1979a, Hall and Swaine
1980, McGraw 1980). The appearance of a large variety
of species, not seen on unburned areas, following
fire has been attributed to stimulation of germination
of buried seed (Went et al. 1952, Sweeney 1956,

Floyd 1966, 1976, Christensen and Muller 1975,

Shea et al. 1979). Various factors resulting from
fire have been implicated in this phenomenon. Went
et al. (1952) reported that removal of competition
was a major factor in the Abundant germination of
chaparral species the first season after fire.
McPherson and Muller (1969) concluded that heat from
fire degrades some substance in the soil which other-
wise suppresses germination of chaparral species.

The abundance of the annual Senecio sylvaticus on

one-year-old burned Douglas-fir (Pseudotsuga

141
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menziesii) clearcuts and its disappearance thereafter
has been attributed to soil nutrient changes associa-
ted with burning (West and Chilcote 1968). Rupture
or alteration of the water-impermeable seed coat of
hard-seeded species allowing germination has been
attributed to fire (Floyd 1966, Cushwa et al. 1968,
Martin et al. 1975, Purdie and Slatyer 1976, McDonough
1977).

Germination of many species is restricted to
the first year after fire (Horton and Kraebel 1955,
Sweeney 1956, West and Chilcote 1968, Purdie and
Slatyer 1976). On jack pine sites in northern lower
Michigan, Abrams and Dickmann (1982) reported that many
species on one-year-old burns were not present on the
site the following year. The most striking example

was Geranium bicknellii Britt., classified as an annual

or biennial by Fermald (1950). This species represents
as much as 227 of the vegetational cover on first-year
burns, but by year two it.was not present or was reduced
to scattered individuals. 1t was hypothesized, there-
fore, that heat from fire was responsible for the
appearance of this species on one-year-old burned sites.
To test this hypothesis, two series of experiments
were initiated using freshly-matured geranium seeds
and seeds buried in the soil of different-age jack pine

sites. The primary objective of these experiments
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was to determine if heat was involved in the germina-
tion of geranium seed. However, it was also possible
to discern how well the germinants from buried seed

matched the existing flora of the site.

Experiments With Freshly-Matured
Geranium Seed

Freshly-matured seeds collected from parent
plants in mid to late August 1980 from sites 7A80 and
7B80 were used in this series of experiments. Geranium
represented 137 of the plant cover on these one-year-
old prescribed burns. The seeds from all plants were
mixed together, air dried, then refrigerated at 1-2°C.

A series of small-scale germination tests were
undertaken between March and May, 1981 to determine
the factors important in geranium seed germination.

All tests were conducted in petri dishes on Whatman

#1 filter paper. Three or four replications, consisting
of 10 to 20 seeds each, were used in each treatment.
Petri dishes were placed under "cool white" florescent
lights with a 14 hour photoperiod and a light intensity
of approximately 20 microEinsteins m-2 sec‘l; tempera-
tures fluctuated between 18 and 22°C. Moist heat was
used in all treatments by placing seed on top of 3 or

4 layers of filter paper saturated with distilled water
directly before heating in a laboratory drying oven.

Seeds were scarified by nicking the radicle end of
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the seed with a razor blade. Stratification (strat)
treatment consisted of refrigerating (l-2°C) seeds on
moist filter paper for an 8 week period in darkness.
The alternate wet-dry treatment, lasting 3 weeks,
involved keeping seeds moist for 5 days, then with-
holding water for 5 days. During the tests seeds in
all treatments, except the wet-dry regime, were kept
continually moist with distilled water. Seeds were
considered germinated when the radicle emerged from
the seed coat.

The following treatments were applied to fresh
scarified and unscarified geranium seed: no heat
(control); 40°C-5 min; 70°C-5 min; 80°C-10 min; 60°C-
60 min; 80°C-60 min; 70°C-10 min + strat; 70°C-20 min
+ strat; 70°C-60 min + strat; 70°C-10 min + freeze
(1 week) + alternate wet-dry; 70°C-30 min + freeze

(1 week) + alternate wet-dry.

Results
None of the unscarified seeds germinated. In
contrast, 80-1007 of the scarified seeds germinated

in all treatments.

Experiments with Buried Seed

From the above results, it was apparent that if
heat was involved in geranium seed germination, seeds

require a period of dormancy in the soil before heat
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exposure. Therefore, surface soil samples were
collected from three different-aged jack pine sites
along a post-fire successional sequence. The areas
used were site 7B81 (3-year-old prescribed burn),
site 12A (35-year-old jack pine stand), and site 13C
(55-year-old jack pine stand).

On May 19, 1981, 12 randomly located soil samples
were collected from each site. The samples were
25 cm x 25 cm to a depth of 2.5 cm into mineral soil.
Therefore, the volume of each sample varied with the
depth of the overlying organic material. Samples were
bagged separately and air-dried in the laboratory until
May 30, 1981, After removing all green vegetation,
each sample was sifted through 60 mm mesh screening
to remove larger twigs, roots and rocks. From each
sample a 1352 cm3® subsample was taken. Four treatments
(unheated control, heated 70°C-30 min., heated 90°C-
30 min., and heated 70°C-30 min + strat), replicated
3 times, were randomly assigned to samples taken from
each site. Heated samples were placed in metal trays,
moistened slightly, and placed in a forced-air drying
oven. To raise the samples to and maintain them at
70°C for 30 min, they were first exposed to 150°C
for 20 min (preheating), followed by heating at 100°C
for 30 min. During the preheating, samples were peri-

odically stirred and moistened to allow even heating
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and moistening throughout. No additional stirring
or moistening was done during the final heating period.
A thermometer was inserted into the center of each
sample to monitor temperature during heating. The
heating regime used to raise and maintain samples to
90°C for 30 min. involved preheating samples at 180°C
for 30 min. followed by heating at 120°C for 30 min.
The samples were stirred and moistened during preheat-
ing, but not during the final heating. In both the
70°C and 90°C heating regimes the samples remained moist
through the final heating period.

All samples were placed over a 3.5 cm layer
of sterilized sand (autoclaved - 121°C for 60 min.)
in 26 cm x 52 ecm X 6.5 em plastic flats. The samples
were spread evenly over the sand to form a layer 1 cm
deep. The flats designated for stratification were
placed in refrigeration (l1-2°C) for 8 weeks. All other
flats were placed under '"cool white" florescent lights
in a completely randomized design. The flats were
exposed to a 14 hour photoperiod with an approximate
light intensity of 36 microEinsteins m~ 2 sec™! and to
temperatures that fluctuated between 20 and 25°C. Two
flats containing only sterilized sand were used to de-
tect possible contaminants to the experiment. The
flats were systematically rotated once a week to reduce

any possible position effects. Germination counts
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were made every two days for the first month of the
experiment and once or twice a week thereafter.

After stratification was completed, those flats

were placed under the light trays with the other
flats. Samples were kept moist throughout the experi-
ment by adding tap water every 1 to 2 days. During
stratification, samples were watered every 7 to 10
days. Germinants were recorded as they appeared.
Individuals not readily identifiable were removed,
potted, and grown until they could be identified. The
experiment was concluded after 18 weeks.

At the conclusion of the buried seed experiment,
the control flats from the 3-year and 35-year-old
sites were heated to 70°C-30 min. (using the above
procedure) to determine if geranium seeds in those

flats would germinate when exposed to heat.

Results

No seeds germinated in the flats containing only
sterilized sand. However, three seedlings of Oxalis
sp. came up in other flats and were considered con-
taminants; this species has not been found on any
of the jack pine sites studied in northern lower Michi-
gan.

Most of the germinants appeared during the first
2 weeks of the experiment (Fig. 7.1). A moderate

amount of germination occurred from weeks 3 to 8 and
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Fig. 7.1, Cumulative and weekly number
of germinants from the control, 70°C-30 min,
and 90°C-30 min treatments in the 3-year-old,
35-year-old, and 55-year-old sites (combined)
during the buried seed experiment.
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very little thereafter, but there were differences
among species (Fig. 7.2.). Geranium germination
peaked the first week, and by the fourth week no new
geranium appeared. A substantial number of grass
seeds germinated during the first week, but peak
germination occurred during the second week. Peak

germination of hawkweed (Hieracium spp.) occurred

between weeks five and eight.

When heated treatments (70°C, 90°C, and 70°C
+ strat) are compared to the unheated controls at each
site, some striking differences in species composition
and number of germinants are evident (Table 7.1).
Most importantly, geranium seedlings appeared only
in the heated treatments from the 3- and 35-year-sites.
The difference in the number of geranium germinants
in the 90°C and 70°C + strat treatments compared to
the unheated controls were significant (P < .05) using
Wilcoxon's nonparametric two sample test (Steel and
Torrie 1960). No seeds of geranium germinated in
samples from the 55-year site. Only a few seeds of
grasses and sedges germinated in the heated treatments
from any site. In contrast, 58 and 22 grass and sedge
germinants were recorded in the control flats from
the 35-year and 55-year sites, respectively. The
difference in the number of grass and sedge germinants

between the heated and control treatments from all
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of geranium, grasses (all species combined), and
hawkweed (Hieracium spp.) from the control, 70°C-
30 min, and 90°C-30 min treatments in the 3-year-
old, 35-year-old, and 55-year-old sites (combined)
during the buried seed experiment,



TABLE 7.1

TOTAL NUMBER OF GERMINANTS FOR SPECIES APPEARING IN SOIL SAMPLES
FROM THE 3-YEAR, 35-YEAR-, AND 55-YEAR-OLD POST-FIRE SITES
DURING THE BURIED SEED EXPERIMENT. TREATMENTS WERE AN
UNHEATED CONTROL, 70°C-30 MIN, 90°C-30 MIN, AND
70°C-30 MIN + STRATIFICATION

3-year 35-year 55-year
70°C + 70°C + 70°C +
Species cont 70°C 90°C strat cont 70°C %80°C strat cont 70°C _9G6°C strat
Annual herbs
Gerandium bicknelfid g 32 23 1 10 4
Perennial herbs
Antennania neglecta 2 2
Fragandia vinginiana 1
Hiernacium spp. 1 9 1 3 1 21 15 1
Viofa adunca 2 3
Woody perennials
Chimaphifa umbeliata 1 1
Gaultherdia procumbens 2 1 10 3
Grasses and sedges
Carex spp. 1 2 1 2
Danthonia spicata 23 2
Dichanthefium depauperatum 4 1 1
Oayzopsis pungens 7 17 1
Panicum capiffaxe 3 1
Poa pratensdis 17
Unidentified grasses 1 2 1 1
Treatment totals 2 21 37 24 65 3 11 5 56 22 0 1

lHieracium aurantiacum and H. venosum
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sites wés significant (P < .0l) using Wilcoxon's two
sample test. The total number of germinants in treat-
ments from each site ranged from 0 to 65, but the
differences were not significant. However, the most
frequently occurring species in each treatment from

the sites differed. For example, 687 of the germinants
on the 3-year site were geranium, and 717 of those on
the 35-year site were grasses. Hawkweed, with 36 germi-
nants, was the dominant species on the 55-year site.

Grass species and wintergreen (Gaultheria procumbens

L.) also were important members of the buried seed
pool on this site.

Many important members of the plant community
on the sites did not appear as emergents from buried
seed (Appendix B.2.). Noteworthy is the scarcity of
seedlings of Carex and absence of blueberry, both
ubiquitous components of jack pine sites in northern
lower Michigan. Also, many species that germinated
from buried seed were not surveyed on the respective

sites. Examples of this are wintergreen and Chimaphila

umbellata (L.) Bart. (common pipsissewa) from the 3-

year site, geranium, Antennaria nepglecta Greene (field

pussytoes), wintergreen, Panicum capillare L., and

common pipsissewa from the 35-year site, and hawk-

weed, Viola adunca Sm., (hooked-spur violet), Danthonia

spicata (L.) Beauv., Dichanthelium depauperatum Muhl.,
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and P. capillare from the 55-year site.

When the control flats from the 3-year and 35-
year-old sites were heated, one flat from the 3-year
site produced 7 geranium germinants and two flats from

the 35-year site produced 2 and 3 geranium germinants.

Discussion

Many chaparral ;pecies common to recently burned
areas produce seeds which remain dormant in the soil
between fires (Sweeney 1956, Christensen and Muller
1975b). Heat treatment has been shown to release seeds
of several chaparral species from endogenously enforced
dormancy (Stone and Juhren 1951, Sweeney 1956, Christen-
sen and Muller 1975a, 1975b). Consistent with geranium
germination in this study, germination of buried seed
of certain chaparral species occur after heating soil
samples, whereas freshly matured seed did not germinate
after heat treatment (McPherson and Muller 1969,
Christensen and Muller 1975a). Christensen and Muller
(1975a) speculate that germination of these species
may be dependent on the gradual deterioration of seed
tissue imposing mechanical restriction on the embryo;
dormancy of seeds stored in the soil for long periods
may result from chemical inhibition by neighboring
vegetation. Researchers suggest fire removes the

source of toxins (e.g. shrub foliage) and denatures



154

residual chemicals in the soil, thereby allowing in-
creased germination of many species (Muller et al.
1968, McPherson and Muller 1969, Christensen and
Mullexr 1975a, 1975b). However, abundant germination
of many hard-seeded species following fire has been
attributed directly to alteration of the seed coat by
heat (Cushwa et al. 1968, Purdie and Slatyer 1976, Gill
1977).

The appearance of Geranium bicknellii following

fire (Ahlgren 1960, Ohmann and Grigal 1979, Outcalt
and White 1981, Abrams and Dickmann 1982) and other
disturbances such as cultivation, building removal,
and road construction (Ahlgren, personal communication)
has been documented in the Lake States. On jack pine
sites in northern Lower Michigan, peak occurrence of
geranium is restricted to the first year after fire;
either no or very rare individuals of this species
are present on older burned sites. This pattern of
geranium behavior, however, does not occur on all
Lake States sites where this species grows. For

example, Ahlgren (1979c) reported that G. bicknellij

cccurred in 907 of his sample plots three years (equiva-
lent to 2 years using my criteria of disturbance age)
after an cld-growth red pine stand in northeastern
Minnesota was burned. XKrefting and Ahlgren (1974),

alsoc working in northeastern Minnescota, found geranium
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in 277 of the plots surveyed on a 5-year-old burn
(4-years using my criteria).

Ahlgren (1979a, 1979b, 1979c) extracted buried
seeds in soil samples from many sites of different
forest types and burning histories, and consistently
found geranium to be an important component. Interest-
ingly, when Ahlgren (1979%c) monitored seedling emergence
from intact soil blocks collected from a 270 year-old
red pine stand burned 3 years previously and from an
adjacent unburned area, geranium appeared only from
the burned soil. Ahlgren (1979a) planted soil-extracted
geranium seed in sterile greenhouse soil and obtained
307 germination.

These data are in contrast to the findings in
my experiments. In Ahlgren's experiments, no heat
treatment was given to the soil samples or soil extrac-
ted seed, yet the geranium seed germinated. 1In my
experiments with buried seed, geranium seeds germinated
only in flats exposed to heat treatment. This was fur-
ther substantiated when in 3 of 6 control flats from
the 3-year and 35-year sites, which showed no geranium
germination for 18 weeks, geranium germinated after
the soil was heated. Also, seeds extracted from bulk
soil samples from the 3-year site when heated to
90°C~-30 min. showed 207 germination (37 seeds total),

whereas unheated seeds showed 07 germination (30 seeds
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total) (Abrams and Dickmann, unpubl.).

Geranium in Minnesota, in the field at least,
does not require heat from fire for germination (Ahl-
gren, personal communication). The apparent heat
requirement for geranium germination in northerm lower

Michigan suggests that ecotypic differences exist for

this species.



CRAPTER VIIL

SUMMARY AND CONCLUSION

Burning promoted the establishment of a large
variety of species not found on unburned clearcuts.
The longevity of most of these species was short
(temporary fire-followers), resulting in large
drops in species richness between one and two
years after fire.

Through year six after fire, most burned sites
remained more diverse than unburned clearcut

sites of analogous ages. Site diversity, however,
on both burned and unburned sites was directly
affected by the domination of the sedge, Carex

pensylvanica.

The proliferation of C. pensylvanica (up to 867

relative cover) following disturbance indicates
that it is an opportunistic species capable of
monopolizing resources liberated following dis-
turbance and suppressing or excluding other species.
Unburned clearcut sites consistently converted

rapidly toc Carex meadows. Burned sites, however,
showed multiple successional patterns, including

domination by shrub and early successional hardwood
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species, conversion to Carex meadows, and the
establishment of jack pine reproduction.
Comparisons made by the index of similarity (8)
showed that succession on each site is highly
unique. Therefore, the individualistic nature of
each site, rather than age following disturbance,
becomes the dominant aspect in discerning
successional relationships in these communities.
Through the use of permanent plots established
prior to burning in a jack pine clearcut area,

it was shown that the intensity of the same fire
going through two adjacent blocks with similar
floristic composition and edaphic features was
markedly different. Fire intensity, measured by
organic matter reduction, proved to affect the
addition and loss of species, species dominance,
diversity, and plant cover on the blocks.
Fertilization experiments on mature and clearcut
jack pine sites showed that biomass of understory
vegetation increased after fertilization. Carex

pensylvanica consistently showed an above average

response to fertilizer, supporting its reputation
as an opportunistic species.

Experiments conducted with surface soil samples
from different-aged jack pine sites indicated that

the overwhelming dominance of Geranium biknellii
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on many one-year-old burned sites was due to the

heat-stimulated germination of buried seed.



APPENDIX A

RELATIVE COVER AND RELATIVE FREQUENCY DATA
FOR SPECIES SURVEYED ON UNBURNED
CLEARCUT SITES



TABLE A 1

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES
ON SITE 1B80-81 SURVEYED AS A O-YEAR AND 1-YEAR-OLD

CLEARCUT. L
1980 1981

Species Cover Freg Cover Freg
Annuals and biennials
Lactuca canadensds .3 .5
Mevampgrium Eineate 1
Crasses and sedpes
Bromus kalmid .8 .6
Catern pensyfvanica 9.8 9,7 9.2 13.9
Danthendia spicata .1 .5
Diclhanthefd{um depaupenatum .5 .5
Uryzopads aspetdgelia 1.9 6.4 1.5 3.0
Onyzepsds pungens 1.6 5
Schizachue pusrpurascens .2 1.1 16.6 4.9
Perennial herbs
Apccynum andrvsaem{fofium .9 7.5 A 4.5
faclepeasd syrdaca .1
Asten faeuvdis .1 .5 1.0
Fragaria vitgdiniana 1
Gaut thendia phrecumbens 1.4 5.4 1 2.5
Hivaaclum auaantiacum .5
Madanthemum canadense 1.1 4.3 1 4,9
Physafis virgindana .5
Ptevidium agudf{num 26.0 14.5 33.7 12.4
Setedage spp, L2 .5 .95
Vielta aduvca 3
Trees and shrubs
Amelanchien sp. 13.5 5.9 1.6 6.9
Anctostaphyles uva-utst L 1.1 1.5
Comptonia peregrina .3 2.7 .6 3.0
Crataegus sp. 2.9 .5 .1 3.4
Epigea aepens 2.2 1.8 ] .5
Prunus pumida 1.8 5.9 3.5 7.9
Puunusd scrotina 2.7 2.7 2.8 5.0
Prunus vingineana .6 ]
Guenrcus spp. (red oak) 2.1
Rulus pendsefvanicus 1.3 4.3 2.8 7.4
Resa blanda .5
Sat(x glaucephyticides .5
Vaccontum spp, 31.0 15.6 24,8 14.8

1

«Indicates a value less than .05,
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TABLE A 2

RELATIVE COVER AND RELATIVE FREQUENCY OF
EACH SPEGIES ON SITE 2 SURVEYED AS A

1-YEAR-OLD CLEARCUT

Species

Grasses and sedges
Andropogon geranrdid
Carex pensylvandica
Deschampsia §Lexuosa
Onyzopsds aspernifolfia
Oryzopsdis pungens

Perennial herbs
Anemone quinquefolfia
Antennarnia neglecta
Asten Laevdis

Epigea hepens
Gaultheria procumbens
Helianthus occedidentalia
Hieracdium venosum
Liatrnis novae-angliae
Maianthemum canadense
Ptendidium aquilinum
Solidago spp.
Spinanthes gracilis

Trees and shrubs
Arnctostaphylos wva-ursd
Comptonia penegrina
Pinus banksiana

Parunus pumila

Prunus serotdina

Quencus aspp. (red oak)
Vaccindium aspp.
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TABLE A 3

RELATIVE COVER AND RELATIVE FREQUENCY OF
EACH SPECIES ON SITE 3A SURVEYED AS A
2-YEAR-OLD CLEARCUT

1980
Species Cover

Grasses and sedges

Agrostis nyemalis

Bromus halmdidi

Canex pensylvanica 4
Danthonia spicatla

Dichanthelium depauperatum

Koelendia machantha

Cryzopsdis asperifolia

Qryzopasis pungens

Panicum colfumbdlanum
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Perennial herbs

Apocynum androsaemifolium
Asten Laevds

Campanula notundifolia
Hiernacium aurantiacum .6
Hienacium venosum

Liatnis novae-angliae

Pteridium aquilinum 19.6
Solidago spp.
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Trees and shrubs
Amefanchiern sp.
Anctostaphylas uva-ursi
Comptonia peregrina
Crataegus sp.

Pinus banksilana

Prunus pumifa

Prunus serotina 1.
Quencus spp. 2.
Rubus pensilvandicus
Vaceinium spp. 20.
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TABLE A 4

RELATLVE COVER AND RELATIVE FREQUENCY OF EACH SPECILS
ON SITE 3B79-80-81 SURVEYED AS A 2-YEAR-,
3-YEAR-, AND 4-YEAR-OLD CLEARCUT

1979 1980 1981

Species Cover Freg Cover Freq Cover Freq
Annuals and biennials
Melampyrum §ueane 1.9 1.4
Grasses and sedges
Andrepegon gevandi 5.7 3.8 2 2.9
Baomus katme 3.3
Carex peusgylvanica 28.8 15.3 51.4 17.3 448 21.7
Panthoenia spicata .6 2.0
Deschampsia dfexursa 1.9
Dichantheiium depauperatum 1.3 .7
Oryzupses aspeadgeiaa 1.5 1.3 1.5 1.3 6 2.9
Oryzopsdiy pungens .5 1.9 3 6.0 1.4
Schizachue purpurasiens .7 .7
Perennial herbs
Apecynium andacsaemd {od Lum .9 .6
Asten Laevyes 3.2 2 2.2
Fragatdia vitgindana .1
Gauftheria procumbers 2.7 13.4 2.4 9.3 1.0 13.0
Hienaed{um auaantiacum .1
Hieracdum uvenesum .6 1.3
Liatris nevae-augl(ae .7
Ptendddium agudil {num 9.7 12.7 2.3 10.0 4 3.6
Selidago ypp. .3 .6 2.7 .7
Vicda adunca 1.5
Vivia pedatigida .7
Trees and shrubs
Ametanchdier ap. b 1 1.3 Lh .7
Avctoestaphovles uva-utsi 1.2 1 3.3 R
Compleonda peiegrina 6.7 11.5 3 6.0 7 7.2
Drooervittd teaiceta .7
Lpigead repons .1 1.3 2.9
Pivus bavksooaga 1.4 1.3 1.6
Prooacus purard 4.3 5.7 1.3 9.3 4.2 8.0
Prunuy vedgowoana .6
Quescus e, {red ocak) 1.9 3 .7 1.5
Resa Drusda .7
Rubus peusctvaricus .1 .6 1.3 .1 2.2
Vacc{ntum spp. 36,9 19,1 40.4 19.3 45.8 21.7
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TABLE A 5

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES

ON SITE 4A79-80-81 SURVEYED AS A 3-YEAR-,
4-YEAR-, AND 5-YEAR-OLD CLEARCUT

1979 1980 1981

Species Cover Freqg Cover Freq Cover Freg
Annuals and biennials
Avabes gtabaa .1
Grasses and sedpes
Bromus katmdc .8 6.4
Canex pensyleandica 77.5 27.3 64.1 30.9 78.1 31.6
Pauthenia spreata b 1.8 2.1 .8 201
Deschampsca gteaucsa 3.4 15.5 .7 6.4 .5 8.4
Dichanthet ium depaupcsatum 1.1 1.1 1.1
Ouyzopsis asperdfela .9 .6 2.1 1.1 1.1
Usygoopsds pugens .3 .9 .7 7.4 .7 7.4
Perennial herbs
Aster faeves .3 .1 1.1 3.2
Campanufa yoetundifeocea . 9 2.1
Hieracium aurantiacum .9
Hieracdum venosam .3 * 1.1 .1 1.0
tycopodium cbscutum 1.1
Ptendddum agult {num 4,5 14.5 7.4 1.1
Selddage spp. .2
Victa adunca . 9 2.1
Trees and shrubs
AmeLanciteet sp. 2.1 1.1
Arctostaphylos uva-urse 1.1 1.8 .2 1.1 .1 2.1
Comptonda peregiing 3.6 1.1 2.1
Pinus banksiana 2.7 1.0 4,3 1.9 3.2
Pepulus toemutecdes 2.1 .7 1.1
Prunus senetina .9 LA 1.1
Quetcus spp. (red ocak) .9 1.1
Vace indum ypp. 10.3 20.0 31.6 27.6 15.4 8.4
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RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES

TABLE A 6

ON SITE 5A79-80-81 SURVEYED AS A 4-YEAR-,

5-YEAR-, AND 6-YEAR-OLD CLEARCUT

Species

Grasses and sedpes
Boomus Fatmdd

Cater pansyleandda
Pavthonda spocata

Pechantied {um depauperatum

Crgzeps (s pungens

Perennial herbs

Asten Laceves
Gautthetria procuntend
Ptereddum aguol doum
Secadage app.

Veota adunca

Trees and shrubs
Avctostaphntoy uva-utsd
Amgdanchicenr sp.

Epcgia sepens

Povus bankscana

Puurus pumifa

Prunus serctona

Quercus spp, (red oak)
Vace Gireum spp.,
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TABLE A 7

RELATIVE COVER AND RELATIVE FREQUENCY OF
EACH SPECIES ON SITE 6 SURVEYED AS A
5-YEAR-OLD CLEARCUT

Species

Grasses and sedges
Carex pensylvanica
Deschampsia gLexuosa
Oryzopadis aspendifolia

Perennial herbs
Gauftheria procumbens
Ptendidium aquilinum
Sotlidago spp.

Trees and shrubs
Anctostapnylos uva-ursd
Comptonia pereghina
Dienvilia Londicera
Pinus banksiana
Populus ithemulodides
Prunus pumila

Prunus serolina

Rubus pensilvanicus
Salix glaucophyllodides
Vaceindium spp.
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1979

Cover Freq
66.0 26.2
6.0 9.7
5.3 9.7
1.9

.1
1.0
1.0
1.0
1.0
1.5 4.8
1.9
.3 2.9
6.6 5.8
1.5 8.7
1.0
12.6 23.3



APPENDIX B

RELATIVE COVER AND RELATIVE FREQUENCY DATA
FOR SPECIES SURVEYED ON SITES BURNED BY
PRESCRIPTION OR WILDFIRE



TABLE B 1

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES
ON SITE 7A80-81 SURVEYED AS A l1-YEAR- AND 2-YEAR-OLD

Species

Annuals and biennials
Cinsium &p.

Conydalis sempenvinens
Exigenon canadens{a
Gerandium bichnelfdid
Knigia vingdindica
Lactuca canadensis
Melampyrum Lineanre

Grasses and sedges
Agropyron trachycaufum
Andropogon gerardLL
Andropogon dcopardus
Canex pensaylvanica
Panthonia spicata
Deachampsia {Lexuonsa
Dichanthelium depauperatum
Koeferia machantha
Muhfenbergia mexdicana
Oryzopada pungens
Panicum capiffane
Songhrétrum nuland

Perennial herbs
Anemone rdiparia
Antennanrdia neglecta
Asten juncifoamdis
Asten faevds

Campanufa rotundifolia
Fragarnia viagindiana
Hetlanthemum canadense
Heeaacium venosum
Liatndis novae-angliae
Malanthemum canadense
Ptenidium aquilinum
Senecio Lomenitosus
Sofidago app.

Vicla adunca

Viola pedatifdida

Trees and shrubs
Amefancnien sp.
Arctostaphylos uva-urndd
Ceanothus evatus
Comptondia pearegring
Crataegus sp.

Prunus pumila

Prunus vinginiana
Rosa blanda

Rubus pensifvandicus
Symphoadlcarpes albus
Vacecdinium app.

PRESCRIBED BURN
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TABLE B 2

SPECIES COVER AND FREQUENCY DATA FROM SITE 7B(l-, 2-, AND 3-YEAR-OLD BURN),
SITE 12A(35-YEAR-OLD JACK PINE STAND), AND SITE 13C(55-YEAR-OLD JACK PINE STAND)
USED IN THE BURIED SEED EXPERIMENI

site 7B site 12A site 13C

l-year 2-year 3-year 35-year 55-year
Species Cover Freqg Cover Freq Cover Freq Cover Freq Cover Freg

Annuals and biennials

Cinscum sp. 1.4 .6
Conydalis sempervinens 2.8 1.4

Enigeron canadenadis .9
Geranium bicknellii 22.4 8.8 .B .
Knigia vingindica : .5

Melampyrum Lineare * .9 .8 9.8
Sifene antirnhina L4

Grasses and sedges

Agropynon trachyeaulum
Andnopogon genandid

Andaopogon scoparniud .
Bromus halmidi
Carex app. 17.
Danthonia spicata
Deachampsia f€exuosa
Dichanthelium depauperatum
Koeleria macrantha
Onyzopsis aspenifotia
Onyzopsis pungend

Panicum columbianum
Muhfenbengia mexicana
Schizachne purpunascens
Soaghastrum nutans
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Perennial herbs

Anemone quinguefolia

Apocynum androsaemifofium
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TABLE B 3

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES, BY SPECIES GROUP,
SURVEYED IN 1979 (SITE la, 0-YEAR CLEARCUT),
AND 1980 AND 1981 (SITE 7C30-8B1,
1-AND 2-YEAR PRESCRIBED BURN)

Year of Survey

1979 1980 1981
Species Cover(%Z) Freq(l) Cover(Z) Freg(Z) Cover(Z) Freq(%)
Annuals and Blennials
Welampynum Eineare 7 - - .7
13.5 3
4.8 2

Gearandium carolindianum
Corydalis sempervinens
Cinsium sp.

Lactuca canadens.is

-

| I R T I |

| I O B |
L b o

| I R R I |

Grasses and sedges

Carex penayfvanica 21.7 14.5 28.7

Danthondia apicata -

Uryzopadis pungens - 1.8

Koelerdia macrantha - .7 2.2
2
B
1

2
o
.
o
-

L

1.
Uy~
[ +]
[ I
-
RO
I 2 s e e

Lo oo

Pandicum columbianum
Bromus halmidi 5.0 2.2

Featuca ap. - -

Poa phalensds - - 2
Schizachne purpunascens 4.6
Oryzopsdis aspenifolia .8
Dedchampsia flexucsa 4

= NEWVIN e

[ I

Perennial herbs
Antemone qudinquedofia A
Asten Laevds 1.2
Sofidago sp. .2
1
3
4

[a=R ]

P
~ N
o [P L = RN |

P

Viola adunca -
Ptenidium agquilinum

.

7
Liatris novae-angliae
Maianthemun canadense 1.
Helianthus ccedldentafia -
Apocynum androsaemdi fjofium
Convolvulus asapithamacua -
Hieracdium aurantiacum -
Hicracium venodum -

Mo
I B B

- s s

L L " I L ™ B
P .
VL G WL e

N
1

[ I D I N N I R R A

. s a

Hieaacium canadense
Campanula rotundifolia
Pofygata pofygama
Fragania viaginiana 1
Gaultheria procumbens 3.

1 -
1
-

Trees and Shrubs

Vacecinium spp. 29

Amelanchien ap. 13

Prunus pumila i.
3

-

Anctoataphyfos uva-ursd
Comptonia peregring
Prunus virginiana -
Prunus derotina -
Rosa bianda -
Rubus pensifvanicus -
Pinus bankasiana .2
Symphoricarpos afbus -
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TABLE B 4

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES
ON SITE 7D79-80-81 SURVEYED AS A
L-YEAR-, 2~-YEAR-, AND 3-YEAR-OLD

FRESCRIBED BURN

Species

Annuals and biennials
Gerandium carolincanum
lactuca canadensds
Megampyrum Lineane

Grasses and sedpes
Agropyron Caachycaulum
Agrostdis hyemalis
Andrcpogon gerandidi
Canex pensylvanica
Danthonia apicata
Deschampsia fLexuvsa

Dichanthelium depauperatum

Koelendia macrantha
Onyzopsias pungens
Panicum cofumbianum
Poa pratensdls

Perennial herbs

Apocynum androsaemifolium

Asten Laevdis

Campanufa rotunddifofdia
Fragardia virginiana
Hieracium auaantiacum
Hienacdium canadensde
Hieracium venosum
Hefianthemum canadense
Heblianthus occidentalis
Lechea minon

[iatrnis novag-angliae
Physalis vingindiana
Ptendidium agullinum
Rumex acetoselia
Svlidago ap.

Viola adunca

Trees and shrubs
Ancfoslaphylos uva-undi
Comptonia peregring
Gayfussacia baccata
Pinus bankaiana

Prunus pumifa

Prunus serotina

Prunus virgindana
Quercus spp. {red oak)
Ruaa blanda

Rubus pensifvanicus
Vacedinium &pp,

1979 1980 1981
Cover Freg Cover Freq Cover Freq
.6 .6
.6
23 1.7
.6
.3 1.1 1.4
4.6 7.9 2.7 4.2 .3 1.3
66.5 19.8 50.0 20.4 50.7 23.8
.8 7.9 3.4 5.6 4.0 3.3
.3 .6 b .7
2 11.2 12,7 B.6 9.8
1.5 1.4 2.5
.3 1.4 .1 3.3
.3 6.2 2.1 8.4 2.5 6.6
.3 .6 LA
1.1
1.0 3.4 .7 3.5 1 4.9
1.7
.6 7
1.0 .6
.6
.6 4.5 3.3
2.5
1.1 .3
4.2 1.6
.6
2.1
1.6 8.5 11.3 7.8 12.3 9.8
3.6 .6 v 3 2.1 1.6
.6 1.7 .1 .2 1.6
.7
.B b
17.0 13.0 14,7 14.1 13.2 14.7
. b
.7 .3
1.7 .7 .5
. B .1 .8
.6
3.4 .6 1.4 2.9 1.6
.6 .7
1.3 2.8 2.8 2.5
5.1 2,1 2.5
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TABLE B §

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES
ON SITE 8A79-80-81 SURVEYED AS A

2-YEAR-, 3-YEAR-, AND 4-YEAR-OLD WILDFIRE

Species

Antiuals and biennials
Congdalis sempeavirensd
Erdigenon canadensis
Lithospenmum aavenae
Melampyaum Cingaxre

Graesses and sedgpes
Xgtupyaon Lrachycaulum
Andropogon gerarded
Andropogon Scopandus
Broeud kRalmidi

Cuacx pendylvanica
Danthonia spdicata
Deschampsia f€exuvia
Dichanthelium depaupernatum
Festuca sp.

Kveleaia macrantha
Muhlenbergia mexicana
Jagzopadis pungens
Panicum cotumbianum
Poda pratens is
Songhastrumt nutans

Perennial herbs

ANEmMOnNe Adlparia
Antennaria neglecta
Apocynum andacsaemifolium
Astfen laevia

Brassica sp.

Campanula rotundifolia
Conmvolvulus spilhamaeus
Equisetum figemale
Fragania virginiana
GaufLhenia procumbena
Heldlanthus cecidentalis
Hiearnedum auranliacum
Hieracium venesum
Houstonia Longifofia
Liatads novag-angldiae
Maianthemum canadense
Pitysaltdia vinginiana
Pofygala pviygama
Pterdidium aquifinum
Senecdo Lomenfosus
Svlidago spp.
Uuidentified monocot
Vevta adunca

Viota pedatifida

Trees and shrubs
Ametanchten ap.
Avctostaphygles ava-uns(
Ceanvthus ovatus
Cumptondia peregadina
Cantaegus sp.

Pinus bankasiana

Prunud pumdifa

Prunus virgindiana
Queacus spp. {(ved cak)
Rysa béanda

Rubus persilvanicus
Salix gtaucophylfoides
Symphoadicanpus albus
Vacedinium spp.

1979 1980 1981
Caver Freg Cover Freq Cover Freq
L .5
N * 1.7 2 b
.1 b
.9
.4 ]
4.3 4.0 1.3 1.3 1.5 31
4.0 3.1 A .9
.7 1.8
29.3 12,3 27.4 11.8 34.4 13.5
.3 1.7 1.3 1.8
.4 b 1.8
1.1 .1 2.6 .5 2.2
1.5 A .9 s .92
1.7 4.9 1.6 1.5 A 2.2
.9 2.2 1.4
1.1 7.0 6.5 7.0 5.0 6.7
.2 .2 .1 .9
4 WA 2.5 1.7 A .9
A
A .3
.8 3.5 .3 1.3
.6 4.8 .1 4,8 N 5.4
*
* N .1
1.3 1.3 A .9
* *
A .9 .2 .3
.5
.3 4 1.4
.9
.2 .4 1.3 .1 1.8
b A
.9 .1 A
4
G
.9
3.5 6.0 2.6 5.4 2.7
1.4 .9 .1 2.6 .3 1.4
.2 -4 1.3
o
.1 2.2 2,6
h
.2 5.7 1.6 5.7 .7 2.2
+3 W .2 1.8 1.0 2.7
.9 1.1 .8 -4
13.6 4.8 3.9 10.4 4,5
.9
.2 3.5 2.4 5.7 1.4 4.5
9.8 10.6 4.4 9.6 4.8 9.0
.4 2.6 1.2
N .B .9 2.0 b
.9
.2 .9 1.8
.5
.9 .3 A .9
28.2 1.5 40.6 11.3 27.2 13.0
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TABLE B 6

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES

ON SITE 9A79-80-81 SURVEYED AS A 3-YEAR-,

4-YEAR-,

Species

Annuals and biennials
Cinseum ap.

Exigeavn canadensis
Knigia virgindiea
Lactueca canadensis
MeEampyaum Eineanrn

Grasses and sedpes
Agropyron Lfrachycaulum
Andropogon gerardid
Andropogon scopahrdius
Bromus hailmidi

Carex pensylvanica
Danthonia spicata
Deschampaia flexuoasa
Pichanthelium depauperatum
Fesfuca ap.

Koelendia macrhantha
Onyzopsis pungens
Panfcum columbianum
Scehizachne purpurasdcensd

Perennial herbs

Anemone gquinquegolia
Antennaria neglecta
Apoeynum andrcdaemd jolium
Astern juncdifoamdis

Aster Laevdia

Campanula aoctundifolia
Convolvulus spithamacus
Fragania vinginiana
Helianthus occddentalis
Hieracium aurantiacum
Hienacium venosum
Lechea minon

Liatris novae-angfiae
Madianthemum canadende
Potentifla tridentata
Ptendidium aqudfinum
Senecio tomentodus
Sofidago spp.

Victa adunca

Trees and shrubs
Amelanchien &p.
Anctoastaphyfes uva-urdd
Ceancthus ovatus
Comptondia peregaina
Pinus banhsiana

Prunus pumifa

Prunus serodina

Prunus virgindana

Quercus spp. {(red oak)
Rusa blanda
Rubus pensilvanicus

Salix glaucophytfoides
Symphoaicaapus afbus
Vaceindium spp.

AND 5-YEAR-OLD PRESCRIBED BURN
1679
Cover Freq Cover Freq Cover Freq
A
+3J
.1
.5 .2
.5
* .9
2.7 5.1 2.1 4.1 3.2 3.6
.6 3.3 1.8
.5 .7 2.3 1.0 2.0
57.6 13.5 54,1 13.9 39.3 5.3
.9 1.8 1.8 1.4 3.1
1.8 5.1 1.4 5.1 .2 4.6
.2 1.9 .9 1.8 .g 1.0
.4 2.3 2.3 1.6
* 4.6 1.7 6.0 2.5 6.6
.1 .9 .5
.2 1.9 .9 .5
1.5
.5
* .9 1.5
*
.6 5.6 .7 6.5 1.4 8.2
* .5
.9 .53 1.5
.1 1.4 1.5
.2 .5 .5 .5
.3 1.4 .1 1.8
.2 2.3 .1 1.5
+5 1.0
.1 .9 1.0
.5
.5
.5 1.5 .5
.9 .9
.9 .5 1.0
* 1.9 1.8 .2 1.5
.9 3.3 .6 5.1 .2 4.1
.2 L.9 .4 2.3 ] 1.5
2.5 2.8 .5 1.8 1.9 1.5
2.6 6.5 .8 6.0 1.3 5.1
.3 1.7
4.2 1¢.7 9.1 9.3 11.7 6.6
.5 .5
1.9 W5 3.1 .5
5 1.6 .5 A
.2 .5
3.5 3.3 1.4 2.3 7.2 4.6
3.6 .5 1.8 1.0
1.5
16.7 12.6 21.7 12.0 18.2 4.3
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TABLE B 7

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES

ON SITE 9B79-80-8]1 SURVEYED AS A 3-YEAR-,

4-YEAR-, AND 5-YEAR-~OLD WILDFIRE

Species

Grasses and sedges
Andropogon gerandii
Carex pensylvanica
Danthonia spicata

Déchanthelium depauperatum

Koelendia macrantha
Onyzopsaid pungens
Panicum coflumbianum

Perennial herbs
Antennanca neglecta

Apocynum androsaemd foLium

Asten Zaevdas

Campanufa rotundifoldia
Hieracium venosum
Maianthemum canadense
Potentilla tridentata
Sefidaga spp.
Unidentified dicot
Vivéa adunca

Vioka pedatifida

Treas and shrubs
Amelancheen ap.
Anctostaphylos uva-ursi
Cuomptonia peregrina
Pinus banhsiana

Prunus pumifa

Quencus spp.(red oak)
Vacedinium spp.

174

1970 1580 1981
Cover Freq Cover Freq Cover Freg
3.3 2.6 .3 2.8 .7 3.3
51.3 25,2 67.3 21.1 60.6 24,8
A 2.6 .3 .7 .8
4.4 11.3 2,1 12.0 .8 9.9
.1 .8 2.1
.7 3.5 1.8 B.4 .7 2.5
3.5 2.8 1.7
.9
1.4
.1 .9 2 2.1
.8
.7
.9 .2 3.5 1.6
.3
1.1
.9 7
1.4
2.6 1.3 2.8 1.4 4,1
1.3 6.1 .6 4,9 Y 4.1
.7 1.4 .1 1.7
2.6 .2 1.4 .3 2.5
3.5 10.4 2.7 10.6 7.5 18.2
.2 .9
33.5 24. 4 22,2 19.0 27.6 24.0



TABLE B 8

RELATIVE COVER AND RELATIVE' FREQUENCY OF EACH SPECIES
ON SITE 10A79-80-8l SURVEYED AS A 4-YEAR-,
5-YEAR-, AND 6-YEAR-OLD PRESCRIBED BURN

1979 1980 1581
Species Cover Freq Cover Fraq Cover Freq
Annualg and biennialsg
Anabis glabna A
Cirsium 4p. .2
Lactuca canadensdis 1.6 .1 1.3 .6

Grasses and sedges
Agropyron taachycaulum .5
Agrosiis hyemalis

Bromud halmidi

Carex pensylvandca 17
Danthonia apicata 9
Deschampsda fLexuosa
Dichanthelium depaupenatum .
Fesaluca &p.

Muhfenbergia mexdicana .
Oryzopsds aspenifolda 32,
Onygzopads pungens

Pandicum columbidnum

Panicum xanthophyaum .3
Pea pratensds 2
Sehizachne puapunascens 10.8
Sorghastrum nutans

N b

&~ oo ROy @

6.0

o~

Perennial herbs

Anemone quinquefolia
Apocynum andrcsaemd fofLum
Asten Laevds 1.8
Asten sagittifolius-

Campanula rotunddifolia .1
Convalvufus spithamaeus

Epigea nepens

Fragarnia viaginiana 1.0
Gaudtheaia procumbéns .1
Helianthus oceddentalis
Hieracdium venodum

Liatris novae-angliag
Madianthemum canadanse .2
Polygonum cifincde

Potentilia simplex

Prenidium aqudilinum 11.5
Rumex acelosella
Senecdo Lomeniosus
Sofidago app.
Vicla adunca

o e o
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Trees and shrubs

Acea aubrum 4

Amelanchien ap. .5 .B

Crataegus ap. .2 1
4

. .
-

1.3

-
-

Dienvitla Eondiecena
Pinua banksiana .
Popufus themufoides 1.9
Prunus pumitfa .

10.3

Prunus sernotina
Quencus spp.

Rubus pensifvanicud
Vaccindum 3spp.

-

O
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o
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LandLand
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TABLE B 9

RELATIVE COVER AND RELATIVE FREQUENCY OF EACH SPECIES

ON SLTE 10B79-80-81 SURVEYED AS A 4-YEAR-,
5-YEAR-, AND 6-YEAR-OLD PRESCRIBED BURN

Species

Annuals and biennials
Erigenon canadendis
Lactuca canadensdds
Lithospeamum arvense

Grasses and sedges
Aagropyron Laachycaulum
Agroatis hyemaldls
Bromua halmid

Carex pensylvanica
Danthonia spicata
Deschampsia fLexuosa
Pichanthelium depauperatum
Koeleada macrantha
Muhfenbengla mexicana
Onyzopais pungens
Onyzopsdis aspenifolia
Pandleum columbianum

Paa pratendds
Schizachne purpunascens
Pandicum xanthophysum

Perennial herbs
Apocynum androdaemifofium
Asten Laevdis
Convelvulus spithamaeus
Fragandia virginiana
Gaulthenia procumbens
Hiearac {um aurantiacum
Maianthemum canadense
Potentifla anguita
Potentitla taidentata
Ptenddium aquifinum
Senecdo tomentosua
Sofidage spp.

Vicfa adunca

Treeg and shrubs
AmeLanchien ap.
Anctostaphylos uva-unsi
Ceanothus ovatus
Comptonia peregaina
Crataegus 4p.
Diervifla fondicena
Pinus bankasiana
Populuas tnemuloides
Prunus pumila

Prunus serolina
Quercus app.

Rvsa btanda

Rubus pensifvanicus
Safix glaucophylfo.ides
Symphordicanpus albus
Vaceinium spp.

1979 1980 1981
Cover Freg Cover Freg Cover Freq
.2 3.8 .3 3.6 .B 2.3
1.2
W5 .6
.7
1.3
.3 B 1.2
43.5 19.4 44,9 18.1 3g.8 17.4
.1 1.3
.6 .8
1.3 5.8 2.5 4.2 .9 2.9
.2 3 .6 .3 1.2
.9 3.2 4.8 8.4 3.0 8.1
4.1 1.8 4.8 4.1
1.3 A 1.2 1,2
1.3 1,2
7.7 3.2 .6 2.5 1.7
. B .6
1.3
.6 1.6 .6 .1 2,3
.7 .9 1.7
.3 1.2
.6 .1 1.2 .1 2.3
.7 .b
.6 * 1.8 .2 .6
.6 .1 .6
.0 .6
22.4 14.8 8.3 13.2 g.8 7.0
2.4 .9 1.7
1.3
Lb 1.9 .1 3.0 .3 3.5
1.2
L2 .6 .6 .6
1.3 .7
.4 3.2 1.5 2.4 4.7
.2 .7 .2 1.2 1.7
.6 1.2 2.5 1.7
A .6 .6
14,9 3.9 10.1 3.6 14.2 1.7
.7 2.6 2.3 3.6 1.2 4h.6
.1 .8 2.8 .6 2.2 L.7
LA 1.3 1.8 2.4 2.0
.2 .7
.6 3.9 .B 4.8 1,7
.6 .2 2.4 1.7
1.3 .5 .6 LA 1.7
5.2 11.6 12.1 12,1 12.1 14,5

176



TABLE B 10

RELATIVE COVER AND RELATIVE FREQUENCY FOR
EACH SPECIES ON SITE 11 SURVEYED AS A

6-YEAR-OLD WILDFIRE

Species Cover

Grasses and sedges

Carex pensylvanica 86.0
Danthenia spicata 3.5
Deschampsia gLexuocsa

Dichanthelium depauperatum 2.0
Onyzopsis pungens .3
Panicum cofumbianum

Perennial herbs

Ptenddium aquiLlinum .5

Trees and shrubs

Anctostaphylos uva-ursd

Comptondia pereghdina

Pinus bankaliana 2.8
Quercus alba

Quencus spp. (red oak)

Vacednium spp. 5.0

177
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APPENDIX C

RELATIVE COVER AND RELATIVE FREQUENCY DATA
FOR UNDERSTORY SPECIES SURVEYED ON
INTERMEDIATE-AGE AND MATURE JACK PINE STANDS



TABLE C 1

RELATIVE COVER AND RELATIVE FREQUENCY FOR

EACH SPECIES ON SITE 12 B SURVEYED
AS AN INTERMEDIATE-AGE (35-YEAR-OLD)
JACK PINE STAND

Species

Annuals and biennials
Melampyrum Lineanre

Grasses and sedges
Andropogon gerardid

Bromus halmii

Carex pensylvandica
Danthonia spicata
Deschampsia gLexuosa
Dichanthelium depauperatum
Muhlenbengia mexicana
Onyzopsdis pungens
Schizachne purpurascensd

Perennial herbs
Apocynum androsaemifolium
Astern Laevis

Fragaria virgindiana
Gaulthenia procumbens
Helianthemum canadense
Hel.lianthus oceddentalis
Hieracium venosum
Liatrnis novae-angliae
Potentilla tridentata
Solidago ap.

Viola adunca

Trees and shrubs
AmelLanchien ap.
Anctostaphylos uva-ursi
Comptonda peregrina
Pinus banksiana

Prunus pumila

Prunus serciina

Quercus spp. (red oak)
Vacednium Aspp.
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TABLE C 2

RELATIVE COVER AND RELATIVE FREQUENCY FOR

EACH SPECIES ON SITE 13B SURVEYED

AS A MATURE JACK PINE STAND

Species

Annuals and biennials
MeLampyrum Eineare

Grasses and sedges
Andropogon gerardid
Andropogon scoparius
Carex pensylvanica
Muhlenberngia mexdicana
Ornyzopsis pungens

Perennial herbs

Asten Laevda

Gaulthenia procumbens
Hefianthus ocecidentalls
Hiehacfum venocsum
Potentilla trnidentata
Ptenidium agquilinum
Solidago sp.

Viola adunca

Trees and shrubs
AmeLancnien Ap.
Anctostaphyloes uva-unsdi
Comptonia pereghina
Pinus banksdlana

Prunus pumila

Quencus spp. (red oak)
Vaccindium spp.
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TABLE C 3

RELATIVE COVER AND RELATIVE FREQUENCY FOR
EACH SPECIES ON SITE 13D SURVEYED AS A
MATURE JACK PINE STAND

Species

Annuals and biennials
Melampyrum Lineanre

Grasses and sedges
Carex pensylvanica
Danthonia spdcata
Onyzopsis pungens
Schizachne puipurascens

Perennial herbs

Apocynum androsaemigolium
Asten Laevds

Chimaphila umbellaita
Fragaria vinginiana
Gaulthenria procumbens
Helianthus cceddentaldis
Malanthemum canadense
Pteridium aquilinum
Solidage app.

Trees and shrubs
Amelanchiern 5p.
Anctostaphylos uva-unsd
Comptonda pereghina
Cratacgus ap.

Epigea repens

Pinus banhs.iana

Pinus stncbus

Populus tremulodides
Prunus pumifa

Prunus serotina
Quencus App. (red oak)
Rubus pensilvandicus
Vacedindium spp.
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National Cooperative Soil Survey for the Grayling Series.

GRAYLING SERIES

The Grayling series is a nixed, frigid Typic Udipsacments. These soils are sand throughout.
Typically, they have black and grayish browm A horizonos, dark brown and scrong brown B horizons,
and light brown C horiions.

Tvpical Pedon: Grayling sand - forasced. (Colora are for molst soil unless cthervise
stated, )

Al & A2—0 to 3 inches; black (N 2/) (Al), and grayish hrown (1QYR 5/2) sand, (A2); coated
and uncoated sand grains eixed throughout the horizon, giving & salt and pepper appearance;
poderate organic watter content in upper part; veak medium granular structure; very friable;
very strongly acid; abrupt sacotb beundary, (2 to & foches thick)

B2lir—3 to 9 inches; dark browm (7.5YR 4/4) sapd; weak cosrse granular structura; very
friable; strongly acid; clear smooth boundary, (4 to B inches thick)

822ir—9 to 15 inches; strong brown (7.5YR 5/6) sand; very weak cosirse granular structure;
very friable; medium acid; claar irtegular boundary. (& to 1& inchas chick)

BE3—-15 ro 23 inches; brown (?7.5YR 5/4) sand; single grained; lcose: medium acid; gradual
smooth baundary. {3 to 11 inchas thiek)

€—23 to 60 fnches; lighe brown (7.5TR 6/4) sand; siople grained; loome; medium acid.

Type Location: Delts County, Michigan; SwWk, SwWy, S5Ek, SWy, Sec. 34, T. 41 N., R. 2] W.;
0.2 oile soucth of U. 5. 2 on I-21 then essc 100 feet.

Range in Characteriscica: Thicknewas of the solum ranges [rom about 15 te 30 inches. The
upper eight inchea of tha sclum is sand or loamy sand and the rest of the solua is sand;
pedium sand is dominant. The upper part of the soill {s very strongly acld or atrongly actd
and the lower part {s medium acid or alightly acid. MHeap annual s0il teoperature is estimated
ta range from about 38 to 43° F. Some pedons have an Ol horizon, & to 1y inches thick. It ia
dark grayish brown (10YR 4/2) to black (lOYR 2/1) and fs cowposed of pak leaves or jack pine
peedles, and some twiga and roots in various stages of decomposition. The Al and A2 horizons
are nornally incarmixed in a e2ingle layer, bur some pedons have a separate A2 horizon., In the
latter pedons tha Al horizon ranges from 1 to 3 inches in thickness and the A2 horizon from 1
to 3 inches in chickness, but the A2 horizon is intermicttent vithin the pedon, The Al horizen
has hue of 7.5TR or 10TR, value of Z through 4 and chroma of 1 or 2. The A2 horizon has hue of
7.5YR or 10YR, valua of 5 or 6, and chroma of 2. The B2lir horizon has huse of 5YR, 7.5YR or
16YR, value of &4 or 5, &nd chromsa of &4; the B124ir horizon has eimilar hue but value tTanges
from 4 chrough 6, and chroma from & through B. The B3 harizon has hue of 5YR, 7.5TR or 10YR,
value of 5 or 6, and chroma of 6 through B. The £ hortzon has hue of 2,5YR, 5YR, 7.5YR or
10YR, value of 6 or 7, and chroma of 2 through 4. Some pedons have coarse aand in the €
horizon. Dark minerals are more common in the porthwestern part of the solls range.

Ccopeting Series and Their Differesttfae: These are the Claire, Friendahip, HMenahga, Nymore,
Plaiobo, Sartell, Serden and Shawano series ip the same fam{ly and the Croswell, Deer Park,
Hivood, Oakville, Cmega, Plainfield, Rubiconm, Vilas and Windsor sofls. Claire and Serden solls
are less acid. Friendship solls have oattles in the cuntrol section, Menahga soils {cee
Rezarks). Nymore solls have coarser sands. Flainbo sofls have hedrock at depths of 20 to 40
inches. Sartell and Shawaze sclls have finsr sands., Croswell, Rubicon, Vilas and Windsor
s0lly have spodic horizons. Deer Park soils have albic harizons overlying darker eolored B
horizons and have less acid sola. Hiwood soils have dominantly fine sand throughour the
control section. Oakville, Plainfield and Windsor scils have pean annual soll teoperature
greater than 47° F. Dzmega soils have loany sand B horizons.

Serring: Grayling soils are on outwash plaios and lake plains of Wisconsin age. Slope
gradients are dominantly less than B percent but range froa 0 to about 15 percent. These solls
formed In sandy glaciofluvial sediments. The c¢limate is continental. Average annual precipl-
tation tranges from 26 to 31 ipches; mean annual temperature from about 41 o 45% F.; and mean
siomer tenperature from 60 ta 689 F.
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