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ABSTRACT

Schaetzl, R.J. and Follmer, L.R., 1990. Longevity of treethrow microtopography: implications for mass wasting. Geomor-
phology, 3: 113-123.

This study examines and compares methods of dating pit/mound microtopography formed by tree uprooting, and pro-
vides '“C evidence for the longevity of these landforms. Microtopography can often by dated by reference to known me-
teorological phenomena, or within certain age constraints, by dendrochronologic means. We used 14C analysis of buried
wood and charcoal in treethrow mounds in Michigan and Wisconsin, U.S.A. to arrive at estimates of the geochronometric
ages of treethrow mounds. Results indicate that mounds in these areas often persist for more than 1000 years, which are
two to five times longer than published estimates by less reliable methods. The longevity of treethrow mounds in these
regions is ascribed to (1) sandy, porous soils which minimize runoff, (2) a continuous mat of forest litter and vegetation
cover, (3) surface concentrations of gravel which may act as an “armor”, (4) large initial size of the features, and (5) soil
freezing. Implications are that rates of mass movement due to uprooting may be substantially less than studies from other

regions suggest.

Introduction

Floralturbation is the mixing of soil by the
action of plants (Johnson et al., 1987; Schaetzl
et al., 1989a, 1990). Uprooting is the most ob-
vious type of floralturbation in forested areas.
The roots of an uprooted tree tear up masses of
soil (Fig. 1) which later often deteriorate into
a microtopography of pits and mounds (Lutz
~and Griswold, 1939; Cline and Spurr, 1942;
' Stephens, 1956; Rozmakhov et al., 1963;
Brewer and Merritt, 1978; Coutts, 1983). Pit/
mound microtopography in most forests ranges
from strikingly visual examples (Fig. 2) to
those far more subtle. The scale and geo-
morphic importance of uprooting is made ev-
ident by the fact that forests cover one third of
the earth’s land surface (Leith, 1975). Pit/
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mound microtopography also has a pro-
nounced impact upon soil development
(Veneman et al., 1984; Beatty and Stone, 1986;
Schaetzl, 1989) and vegetation patterns
(Beatty, 1984; Schaetzl et al., 1989b).
Although the formative processes of pit/
mound microtopography have been examined
(Lutz, 1940; Schaetzl, 1986), the rates of deg-
radation of these landforms are unclear. Ex-
cept for cases of extremely rapid erosion of pit/
mound microtopography in tropical regions
(Putz, 1983), the maximal ages of these fea-
tures have only been crudely estimated. This
research establishes the ages of several pit/
mound landforms in two geographically sepa-
rate areas in the Great Lakes region, U.S.A., by
radiometric means, and examines the impor-
tance of uprooting on rates of mass wasting.
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Fig. 1. The uprooting process, demonstrating the formation of a pit/mound pair by soil slump off the root plate, and the
resulting mixed horizons within the mound.
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Fig. 2. Pit/mound pair in the study area. The shovel is 95 cm long.
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Background

Treethrow pits are usually filled in faster than
mounds are eroded (Goodlett, 1954), due to
washing in of sediment from the root plate
(and later, the mound) and from surrounding
undisturbed pedons (Putz, 1983). Where root
plates are thin, as in the uprooting of shallowly
rooted trees, the end result is a very shallow,
broad pit and a linear-shaped mound (Beatty
and Stone, 1986). These types of pits are easily
obscured by surficial processes and may be
overlooked by researchers, perhaps explaining
why reported densities are routinely higher for
mounds than for pits (Lyford and MacLean,
1966; Beatty and Stone, 1986). In the present
article we will concentrate our efforts on the
longevities of mounds.

To estimate the age of a treethrow mound,
one must determine the date of the uprooting
event. The latter determinations are usually
based upon one or more lines of evidence: (1)
connections between uprooting events and
specific meteorologic events, (2) historical ac-
counts, (3) principles of dendrochronology,
forest ecology and succession, (4) mound
morphology, (5) development of mound and
pit soils, and (6) radiometric dating of organic
materials within or beneath the mound.

Tornado, hurricane, or even volcanic events
have been used to date assemblages of mounds.
Generally, this method is used when pit/
mound pairs of uniform size and orientation
dominate a landscape, with the assumption
that the majority of the mounds were formed
synchronously (Schaetzl et al., 1989b). As an
example, evidence of large hurricanes that up-
rooted millions of hectares of trees in New
England in 1635, 1815, and 1938 is still wide-
spread (Spurr, 1956).

. U.S. Federal Land Survey records, early ge-
ology surveys (Irving, 1880; Van Hise, 1904),
and journals of explorers (Goodlett, 1954)
provide historical records of large-scale up-
rooting sites. Maps provided by early survey-
ors have been used to locate extensive tracts of
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treethrow (Stearns, 1949; Lindsey, 1972).
Reconstruction methods employing princi-
ples of forest ecology and dendrochronology are
often used to date treethrow events. Large-scale
treefalls, especially when followed by fire, often
result in relatively even-aged successional for-
ests (Cline and Spurr, 1942; Jones, 1945;
Oliver and Stephens, 1977; Shubayeva and
Karpachevskiy, 1983). Dendrochronological
ages of the oldest trees in these stands can pro-
vide a minimum age for the uprooting event.
Obviously, this method has limitations: (1) the
time elapsed since uprooting may be longer
than the age of the oldest trees in the region;
(2) standing, remnant trees may be acciden-
tally dated and their ages taken as a surrogate
for time since the major uprooting event.
Uprootings of individual trees can be dated
by several methods. A single treefall creates an
opening in the forest canopy, which may be
quickly filled by pioneer seedlings (Foster and
Reiners, 1986; Schaetzl et al., 1989b). Den-
drochronological dating of these trees can be
used to date the uprooting event (Goodlett,
1954). Increased light on the forest floor may
also stimulate increased growth (“release’; see
Henry and Swan, 1974) in suppressed under-
story saplings and surrounding trees (Thomp-
son, 1980). Because many plants utilize fallen,
rotting tree trunks as seedbeds (Bormann et al.,
1970; McFee and Stone, 1966; Handel, 1978),
dendrochronologic dating of trees that germi-
nate on the fallen, decaying trunk of a tree can
provide yet another minimum age estimate for
an uprooting event. Zeide (1981) determined
the ages of treethrow mounds by dating Betula
lutea trees that had germinated on the mineral
soil of the newly formed mound. Foster and
Reiners (1986, p. 111) discussed other ecol-
ogic means by which uprooting can be dated.
The above methods have timespan limita-
tions; accurate estimation of mound ages be-
yond 200 to 300 years must generally be ac-
complished by other means. Relative age
estimation of these older mounds is often based
on examination of soil horizonation or mound
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TABLE 1

Published estimates of pit/mound ages

Location Age range Line(s) of evidence Reference

Massachusetts 14- 500+ Meteorologic?; dendro® Stephens (1956)

Massachusetts 18- 456+ Meteorologic; dendro Oliver and Stephens (1977)
Massachusetts <500 Meteorologic; dendro Veneman et al. (1984)

Pennsylvania 60- 300 Dendro; mound morphology® Denny and Goodlett (1956)
Pennsylvania 200- 300 Soil and mound morphology; dendro Goodlett (1954)

New Hampshire 80- 300 Dendro Lutz (1940)

Michigan 150-2420 Dendro; radiocarbon? Present study

New York 250- 350 Buried wood®; soil chemistry® Stone (1975), Beatty and Stone (1986)
New York 200- 500 Soil morphology; mound morphology?®  Denny and Goodlett (1968)

Oregon 150 Dendro; buried wood® Swanson et al. (1982)

New Brunswick 250-1000 Soil morphology Lyford and MacLean (1966)

New Zealand 300- 400 Mound morphology Burns (1981)

Panama 5- 10 Process measurement’ Putz (1983)

Siberia 60— 400+ Buried wood¥; forest ecology' Shubayeva and Karpachevskiy (1983)

aBased on historical evidence and dates of major tornadoes and/or hurricanes that passed through the region. Generally,
this evidence is used when numerous mound/pit pairs are present which appear to have similar orientation and age.
"Dendrochronological counts from trees growing either on the treethrow mounds or on the downed and decaying tree
trunk, both of which provide a minimum age for the mound.

°Based on morphology of mounds and pits (e.g., size and slope ), and relating to estimated rates of downwastage.

9Based on radiocarbon dating of charcoal buried within the mound core.

°Based on the absence of decaying wood fragments in mounds, and the presence of only charcoal. This follows the study
of McFee and Stone (1966), who examined the longevity of wood fragments in soils.

fBased on the presence of bits of “calcined soil” in mounds, and the gradational characteristics of other soil properties
with depth, suggestive of several centuries of post-uprooting soil development.

eEvidence not explicitly stated, but presumed to be based on soil and mound morphology.

"Based on the stage of decay of residual organic matter and wood in the mounds (the specific location of the organic
materials is not stated ).

iBased on relation between internal horizonation and known rates of pedogenesis.

iBased on rates of pit infilling, measured on stakes driven into the bottom of newly formed pits. Monitoring spanned 12
months, in 32 pits.

kBased on the decayed condition of resinous wood buried within the mound, after the method of Skvortsova (1979).
Based on the forest ecology of Pinus sibirica. The species exists in coeval populations, where a mature and dying cohort
will uproot nearly en masse. The mounds are dated by knowing the age of the succeeding trees. This method has the
inaccuracy of (1) not providing for multiple generations after the treethrow events, and (2) assuming that most of the
mounds are from one cohort.

morphology. Accurate knowledge of soil devel-
opment rates is required in the former method.
Because of the dramatic effects of microtopog-
raphy on soil genesis (Veneman et al., 1984;
Schaetzl, 1989), and fragmentary knowledge
about rates of mound erosion, stability, and
longevity, neither method is very accurate.
Table 1 lists reported estimates of mound
ages. It is noteworthy that the shortest “lifes-
pan” of pit/mound microtopography actually
measured is 5-10 years (Putz, 1983), and the

oldest age estimate is 1000 years (Lyford and
MacLean, 1966). Most mound ages are esti-
mated to be <500 years. We used radiometric
methods to date wood and charcoal buried
within mounds. Although mounds with buried
organic materials have been previously docu-
mented (Goodlett, 1954; Denny and Good-
lett, 1956, 1968; Stephens, 1956; Troedsson
and Lyford, 1973; Stone, 1975; Shubayeva and
Karpachevskiy, 1983; Beke and McKeague,
1984; Veneman et al., 1984), this study may
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be the first to present '*C dates on such
materials.

Study area and methods

One of two study areas is in Baraga County,
northern Michigan, U.S.A. Here, treethrow
mounds are common, especially on steep slopes
(>35%). The largest (by volume) mounds,
and those with the greatest pit-to-mound ver-
tical relief (up to 75 cm), are on steep slopes.
On nearly level uplands, mounds are uncom-
mon and pit/mound relief is seldom greater
than 25 cm. Most mounds are covered by thin
layers of raw and partially decomposed forest
litter, in places reaching 10 cm in thickness.

Soils in the region are Haplorthods (Pod-
zols), composed typically of 93-99% sand, 1-
4% silt and 0-2% clay, with medium and fine
sands dominating. The parent material is gla-
cial outwash draping tills of Wisconsin age
(approximately 11,000 to 10,100 B.P.; Saar-
nisto, 1974). The study area is located in a
stand of Tilia canadensis, Pinus strobus, and
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Betula allegheniensis that has been minimally
disturbed by selective cutting of some of the
Pinus spp.

A second study area is in Kettle Moraine
State Park, Fon Du Lac County, southeastern
Wisconsin, U.S.A. Soils here are gravelly sands
and loamy sands; on steep slopes they are even
more gravelly. Vegetation consists of second-
growth deciduous forest (Quercus—Acer). This
site was chosen because it had numerous
mounds in gravelly outwash, and because its
inclusion allowed for a more geographically di-
verse data set.

Field investigation revealed layers (1-20 cm
thick) of competent angular fragments of
charcoal and wood, up to 20 mm in size, within
treethrow mounds on steep slopes (>30%) in
both study areas. These layers usually overlie
the former (now buried) soil surface (Fig. 3).
The pedostratigraphic position of this layer
suggests that it was formed as soil slumped off
the root plate (Schaetzl, 1986). The wood and
charcoal from within five treethrow mounds in
Michigan and one in Wisconsin was dated by
the '“C method.
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Fig. 3. Cross-section through a pit/mound pair (mound #2), which exhibits profile overturning, or inversion. The loca-
tion of wood and charcoal fragments, dated by the '“C method, is noted. (Modified from Schaetzl, 1987.)
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TABLE 2

'4C ages of wood and charcoal in treethrow mounds

Mound no.? Age ISGS Slope® Relief¢
(RCYBP) No.® (%) (cm)

1 960+ 80 1525 40 27

2 2010+ 70 1462 35 54

3 (surface, 0 cm) 380+ 70 1761 58 26
3 (atdepth,25cm) 300+ 70 1503 58 26
3 (atdepth,35cm) 360+ 70 1760 58 26

4 530+ 70 1524 34 45
5 2420+ 70 1782 25 26
6 590£100 1781 30 25

“Mound #6 is located in southeastern Wisconsin; all oth-
ers are in northern Michigan.

*Illinois State Geological Survey radiocarbon lab sample
number.

Local slope at the site of the pit/mound pair.

9Vertical distance between mound crest and pit center.

Results

The '“C ages of some dated mounds within
the two study areas (Table 2) exceeded other
reported estimates for mound age or longevity
(Table 1). Indeed, one such landform has re-
tained its integrity for 2420 years, despite being
formed from sandy, noncoherent materials.

Radiocarbon dating of charcoal from the
mound surface (mound #3, 0 cm) and within
the core (mound #3, at depth) indicated little
or no contamination due to proximity to the
atmosphere (Table 2). The similarity in age
among the surficial and buried samples im-
plies that the micro-environment of deposi-
tion does not affect the '“C age of carbona-
ceous material.

Theoretical considerations in mound longevity

Because the '*C dates (Table 2) represent
the number of radiocarbon years since the
wood was living meristematic tissue, outer tree
rings will date younger than inner rings. If the
buried wood used to derive the '*C date came
from the outer rings, the date will closely ap-
proximate the uprooting event. Charcoal or
wood from the core of the tree, however, will
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erroneously date older than the uprooting
event. Given that the oldest trees in the region
are 200+ years old, the dates in Table 2 should
be viewed as maximal dates. The elapsed time
between uprooting and mound formation (the
time necessary for soil to slump off the root
plate) must also be considered in estimates of
mound longevity. Based on observations in
Michigan and Wisconsin, we estimate this ti-
mespan to be 5-10 years. The ages in Table 2
may therefore be older than the mounds by
possibly 5-10 years, because they date the

death of the tree (the uprooting event) and not

mound inception per se. Nonetheless, this last
error type contributes significantly less than do,
for example, error estimates on the radiocar-
bon dates.

Explanation of mean and maximum mound
ages involves processes or origination and ero-
sion. Theoretically, the density (D) of pit/
mound pairs can be viewed as the result of two
opposing processes: uprooting (origination,
U), and downwasting (erosion, E), operating
through time (¢). Then,

D=f(dU/dt,dE/dT)

where dU/dt is the rate of mound formation,
and dE/dt is the rate of downwasting. A dy-
namic steady state is described for the system
when DU/dt=DE/dt (Putz, 1983). When
dU/dt>dE/dt, mound density will increase if
most uprooting takes place on previously un-
disturbed sites, but if most trees are growing
on already existing mounds (as in poorly
drained soils), additional uprooting will not
necessarily lead to increased mound densities.
In the latter situation, uprooting may act only
to form more complex microtopography and
internal mound horizonation when existing
mounds are again pedoturbated by uprooting.
If mound erosion rates exceed those of uproot-
ing (dU/dt<dE/dt), microtopographic irreg-
ularities will become diminished.

The rate of uprooting (dU/d¢) is dependent
upon several factors. In general, physical or
chemical soil impediments that inhibit deep
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rooting (fragipans, shallow bedrock, a high
water table) make trees more susceptible to
uprooting (Lutz, 1940, 1960; Cline and Spurr,
1942; Mueller and Cline, 1959; Rozmakhov et
al., 1963). Trees on wet or organic soils are
shallowly rooted, and thus more likely to be
uprooted than those on better drained soils
(Mueller and Cline, 1959; Karpachevskiy et al.,
1968). Nielsen (1963) listed twelve factors
that influence the density and size of treethrow
mounds in an area; examples are solum depth,
root architecture, slope, vegetational history,
and soil texture (see also Coutts, 1983 and
Schaetzl et al., 1989a).

Mound lowering and erosion (dE) pro-
cesses primarily include erosion by wind and
water, frost heave, soil settling, creep, burrow-
ing of animals, and decomposition of organic
material (Zeide, 1981; Beatty and Stone,
1986). Denny and Goodlett (1968) con-
cluded that erosion rates were a function of ex-
posure, slope, and nature of the material. Zeide
(1981) suggested that rates of mound erosion
were largely a function of mound height; Roz-
makhov et al. (1963) stressed soil wetness. In
the tropics, Putz (1983) found that rapid rates
of mound erosion were due to torrential rains
on bare soil. We suggest that the rate of down-
wasting of root plates and mounds is a func-
tion of:

(1)Soil texture, including coarse fragment
content.

(2)Soil permeability, porosity, and natural
drainage.

(3)Size and strength of soil aggregates.

(4)Macro- and microclimate.

(5)Coverage of litter and growing vegetation
above the mound.

(6)Initial root plate or mound size.

(7)Faunal activity.

(8) Surface wash and runoff processes.

(9)Fire history.

(10) Time since uprooting (age).

We find no reason to suspect that uprooting
rates (dU/d¢) are any greater here than else-
where. At the Michigan study area, dU/d¢ val-
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ues may even be lower than some “regional
mean”; large tree sizes suggest that uprooting
has been infrequent for the last few centuries.
Observations indicate that more trees are bro-
ken off partially up the trunk than are up-
rooted, and protection of mounds from ero-
sion cannot be ascribed to the presence of large
trees growing on mound crests, as has been
suggested elsewhere (Goodlett, 1954).

The relatively great longevities of mounds in
the two study areas may be due, first, to low
dE/dt values. We suggest that low rates of
mound downwasting are, first, related to the
sandy, porous soils and their thick litter and
vegetation cover. Sandy soils allow for rapid
infiltration of rainfall, minimizing runoff. Ero-
sion is also slowed by a protective cover of lit-
ter or vegetation (Putz, 1983). Additionally,
mounds on steep slopes are protected from
overland flow by the upslope pit, which inter-
cepts this type of runoff. Coarse fragments
within and on top of the soil may also aid in
reducing dE/dzt. This type of mound preserva-
tion (“‘armoring” see Beatty and Stone 1986),
was not observed at the Michigan study area.
At the Wisconsin study area, however, it may
have accounted for the increased mound
longevities.

Mound longevity is enhanced by large initial
size. Small mounds appear to be more easily
eroded, such that they are only briefly recog-
nizable as a microtopographic high; large
mounds and deep pits require more time for
levelling. Therefore, factors which interact to
form microtopography of greater initial relief
will indirectly act to increase its longevity.

The process of soil profile inversion or over-
turning by treethrow is not uncommon to steep
slopes in the study areas (Schaetzl, 1986). This
process leads to the formation of larger mounds
and deeper pits than simple erosion of root
plates on more gentle slopes, where much of
the material falls or washes back into the pits.
Soil profile inversion by uprooting is envis-
aged as occurring by: (1) uprooting on steep
(>30%) slopes, wherein the tree falls down-
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Uprooting on Steep
Slope

Root Plate

Ground Fire Burns Trunk 2;
%\

Root Plate Falls onto Soil Surface

Inverted Soil Profile in. Mound

Mound
Charcoal Layer

Fig. 4. Diagrammatic representation of uprooting on a steep slope, leading to profile inversion. Fire, subsequent to the

uprooting event, is necessary for this process to occur.

slope (Cremeans and Kalisz, 1988), (2) sub-
sequent burning of the trunk and bracket roots,
and (3) collapse of the root/soil mass onto the
soil, producing a sequence of inverted soil ho-
rizons in the mound (Schaetzl, 1986). A char-
coal layer often marks the contact between the
undisturbed (buried) soil and the inverted soil

(Fig. 4). Profile inversion on steep slopes leads
to maximal pit/mound relief because the over-
turning process forms mounds that are down-
slope from pits, minimizing the amount of soil
which could wash back into the pit and thus fill
it. Areas that do not ordinarily experience this
type of overturning may have lower mean pit/
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mound relief and shorter “mound crest-to-pit
center” distances, even on steep slopes.

Mound longevity may also be promoted by
soil freezing. The probability and frequency of
soil freezing is greatest in mounds and least in
pits, primarily being controlled by differential
thicknesses of litter and snow cover (Hart et
al., 1962; Schaetzl, 1989). During snowmelt,
frozen soil in mounds may inhibit erosion
(Denny and Goodlett, 1956, p. 65). Repeated
freeze-thaw cycles in mounds may also indi-
rectly aid in their preservation by maintaining
high soil permeabilities and low bulk densities
(Goodlett, 1954, p. 80; Denny and Goodlett,
1956, p. 654), thereby reducing runoff and
lowering dE/dt.

Mass wasting implications

Three studies have estimated the amount of
downslope movement initiated by uprooting
(Denny and Goodlett, 1956; Burns, 1981;
Mills, 1984). These researchers estimated the
mean volume and number of treethrow pits
across a study area, and then assumed that this
volume represents half the net downslope
movement (i.e., 50% of the soil in the mound
will eventually waste back into the pit). Cal-
culation of total pit (or mound) volume per
unit area produces a mean “‘thickness” of a soil
layer, across the study area, displaced by an in-
stantaneous uprooting event. Also calculated
was the amount of soil moved downslope by
uprooting, both due to one event and over a
1000 year period. The latter calculation is made
possible by assuming a recurrence interval (R1)
between uprooting events, and multiplying the
“thickness displaced” data by 1000/r1. Our
findings suggest that the uprooting recurrence
intervals employed by others (Denny and
Goodlett: 200 yr, Burns: 100-280 yr, Mills: 50
yr) may be too short, and therefore the total
amount and distance of soil moved downslope
over a 1000 year period may have been
overestimated.
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Summary

We have demonstrated that high mound
densities do not imply rapid rates of forma-
tion, or that all or most pedons in a forest are
disturbed by treefall several times per mil-
lenia. Rather, we suggest that uprooting pro-
cesses on steep slopes can produce large
mounds that retain their integrity for hundreds
or perhaps thousands of years, leading to rela-
tively low rates of downslope movement. Up-
rooting on gentle slopes may actually lead to
only small amounts of lateral transport of soil
material. The direction of fall on such slopes is
not a function of slope, but rather of predomi-
nant wind direction. In general, only haphaz-
ard redistribution and mixing occurs, with
some net transport in a downwind, not down-
slope direction. Therefore, we conclude that
tree uprooting has been overemphasized as a
mass wasting process vector, at least in north-
ern Michigan and Wisconsin.

Acknowledgements

The research was supported by grants from
the Department of Geography, University of
Illinois; Sigma Xi, the Scientific Research So-
ciety; and the graduate college of the Univer-
sity of Illinois. Use of field and laboratory
equipment from the Ford Forestry Center,
L’Anse, Michigan, and the Departments of
Agronomy and Geography, University of Illi-
nois is gratefully acknowledged. The Illinois
State Geological Survey supplied the radiocar-
bon dates. We thank the following people for
encouragement and assistance: J.M. Brixie,
G.J.D. Hewings, S.A. Isard, D.L. Johnson, S.G.
Shetron, W.M. Wendland. Delbert Mokma,
T.W. Small and H.A. Winters reviewed an ear-
lier draft of the paper. Cartographic work was
supplied by the Center for Cartographic Re-
search and Spatial Analysis, Department of
Geography, Michigan State University.



122

References

Beatty, S.W., 1984. Influence of microtopography and
canopy species on spatial patterns of forest understory
plants. Ecology, 65: 1406-1419.

Beatty, S.W. and Stone, E.L., 1986. The variety of soil mi-
crosites created by tree falls. Can. J. For. Res., 16: 539-
548.

Beke, G.J. and McKeague, J.A., 1984. Influence of tree
windthrow on the properties and classification of se-
lected forested soils from Nova Scotia. Can. J. Soil Sci.,
64: 195-207.

Bormann, F.H., Siccama, T.G., Likens, G.E. and Whit-
taker, R.H., 1970. The Hubbard Brook ecosystem
study: composition and dynamics of the tree stratum.
Ecol. Monogr., 40: 373-388.

Brewer, R. and Merritt, P.G., 1978. Wind throw and tree
replacement in a climax beech-maple forest. Oikos 30:
149-152.

Burns, S.F., 1981. Windthrow in a mountain beech forest,
Craigieburn Range, New Zealand. Preliminary Rep. to
the Forest Res. Inst., Ilam.

Cline, A.C. and Spurr, S.H., 1942. The virgin upland for-
est of central New England. Harvard For. Bull,, 21: 1-
58.

Coutts, M.P., 1983. Root architecture and tree stability.
Plant and Soil, 71: 171-188.

Cremeans, D.W. and Kalisz, P.J., 1988. Distribution and
characteristics of windthrow microtopography on the
Cumberland Plateau of Kentucky. Soil Sci. Soc. Am.
J., 52:816-821.

Denny, C.S. and Goodlett, J.C., 1956. Microrelief result-
ing from fallen trees. Surficial geology and geomor-
phology of Potter County, Pennsylvania. USGS Prof.
Pap., 288: 59-66.

Denny, C.S. and Goodlett, J.C., 1968. Tree-throw origin
of patterned ground on beaches of the ancient Cham-
plain Sea near Plattsburgh, New York, USGS Prof.
Pap., 600B: 157-164.

Foster, J.R. and Reiners, W.A., 1986. Size distribution and
expansion of canopy gaps in a northern Appalachian
spruce—fir forest. Vegetatio, 68: 109-114.

Goodlett, J.C., 1954. Vegetation adjacent to the border of
the Wisconsin drift in Potter County, Pennsylvania.
Harvard For. Bull., 25: 1-93.

Handel, S.N., 1978. The competitive relationship of three
woodland sedges and its bearing on the evolution of
ant-dispersal of Carex pedunculata. Evolution, 32: 151-
163.

Hart, G., Leonard, R.E. and Pierce, R.S., 1962. Leaf fall,
humus depth, and soil frost in a northern hardwood
forest. USDA For. Serv. Res. Note NE-131.

Henry, J.D. and Swan, J.M.A., 1974. Reconstructing for-
est history from live and dead plant material — an ap-
proach to the study of forest succession in southwest
New Hampshire. Ecology, 55: 772-783.

R.J. SCHAETZL AND L.R. FOLLMER

Irving, R.D., 1880. Geology of the eastern Lake Superior
district. In: T.C. Chamberlin (Editor), The Geology
of Wisconsin, Pt. III, pp. 53-59, 257-301.

Johnson, D.L., Watson-Stegner, D., Johnson, D.N. and
Schaetzl, R.J., 1987. Proisotropic and proanisotropic
processes of pedoturbation. Soil Sci., 143: 278-292.

Jones, E.W., 1945. The structure and reproduction of the
virgin forest in the North Temperate Zone. New Phy-
tol., 44: 130-148.

Karpachevskiy, L.O., Kisleva, N.K. and Popova, S.I.,
1968. Mixed character of soils under a broadleaf-
spruce forest. Sov. Soil Sci., 1: 7-22.

Leith, H., 1975. Primary production of the major vegeta-
tion units of the world. In: H. Leith and R.H. Whit-
taker (Editors), Primary Productivity of the Bios-
phere, Springer, New York, pp. 203-215.

Lindsey, A.A., 1972. Tornado tracks in the presettlement
forests of Indiana. Proc. Ind. Acad. Sci., 82: 181.

Lutz, H.J., 1940. Disturbance of forest soil resulting from
the uprooting of trees. Yale Univ. School For. Bull.,
45:1-37.

Lutz, H.J., 1960. Movement of rocks by uprooting of for-
est trees. Am. J. Sci., 258: 752-756.

Lutz, H.J. and Griswold, F.S., 1939. The influence of tree
roots on soil morphology. Am. J. Sci., 237: 389-400.

Lyford, W.H. and MacLean, D.W., 1966. Mound and pit
microrelief in relation to soil disturbance and tree dis-
tribution in New Brunswick, Canada. Harvard For.
Pap., 15: 1-18.

McFee, W.W. and Stone, E.L., 1966. The persistence of
decaying wood in the humus layers of northern forests.
Soil Sci. Soc. Am. Proc., 30: 513-516.

Mills, H.H., 1984. Effect of hillslope angle and substrate
on tree tilt, and denudation of hillslopes by tree fall.
Phys. Geogr., 5: 253-261.

Mueller, O.P. and Cline, M.G., 1959. Effects of mechani-
cal soil barriers and soil wetness on rooting of trees and
soil-mixing by blow-down in central New York. Soil
Sci., 88: 107-111.

Nielsen, G.A., 1963. Incorporation of organic matter into
the A horizon of some Wisconsin soils under native
vegetation. Ph.D. Dissertation, Univ. of Wisconsin,
Madison, Wisc. 206 pp.

Oliver, C.D. and Stephens, E.P., 1977. Reconstruction of
a mixed-species forest in central New England. Ecol-
ogy, 58: 562-572.

Putz, F.E., 1983. Treefall pits and mounds, buried seeds,
and the importance of soil disturbance to pioneer trees
on Barro Colorado Island, Panama. Ecology, 64: 1069-
1074.

Rozmakhov, I.G., Serova, P.P. and Yurkina, S.I., 1963.
Effect of forests on microcomplexity of soils. Sov. Soil
Sci., 12: 1131-1136.

Saarnisto, M., 1974. The deglaciation history of the Lake
Superior region and its climatic implications. Quat.
Res. 4: 316-339.



LONGEVITY OF TREETHROW MICROTOPOGRAPHY

Schaetzl, R.J., 1986. Complete soil profile inversion by
tree uprooting. Phys. Geogr., 7: 181-189.

Schaetzl, R.J., 1987. The effects of tree-tip microtopog-
raphy on soil genesis, northern Michigan. Ph.D. Dis-
sertation, University of Illinois, Urbana, Ill., 232 pp.

Schaetzl, R.J., 1989. Effects of treethrow microtopogra-
phy on the characteristics and genesis of Spodosols,
Michigan, U.S.A. Catena, 16: in press.

Schaetzl, R.J., Johnson, D.L., Burns, S.F. and Small, T.W.,
1989a. Floralturbation of soils by tree uprooting: re-
view of terminology, process, and environmental im-
plications. Can. J. For. Res., 19: 1-11.

Schaetzl, R.J., Burns, S.F., Johnson, D.L. and Small, T.W.,
1989b. Tree uprooting: review of impacts on forest
ecology. Vegetatio, 79: 165-176.

Schaetzl, R.J., Burns, S.F., Small, T.W. and Johnson, D.L.,
1990. Tree uprooting: review of types and patterns of
soil disturbance. Phys. Geogr., 11: in press.

Shubayeva, V.I. and Karpachevskiy, L.O., 1983. Soil-
windfall complexes and pedogenesis in the Siberian
stone pine forests of the maritime territory. Sov. Soil
Sci., 15(5): 50-57.

Skvortsova, Y.B., 1979. Vliyaniye vetrovala na izmene-
niye fizicheskykh i khimicheskykh svoystv lesnykh
pochv. Moscow, Izd-vo. MGU.

Spurr, S.H., 1956. Natural restocking of forests following
the 1938 hurricane in central New England. Ecology,
37:443-451.

123

Stearns, F.W., 1949. Ninety years of change in a northern
hardwood forest in Wisconsin. Ecology, 30: 350-358.

Stephens, E.P., 1956. The uprooting of trees: a forest pro-
cess. Soil Sci. Soc. Am. Proc., 20: 113-116.

Stone, E.L., 1975. Windthrow influences on spatial het-
erogeneity in a forest soil. Eidg. Anst. Forstl. Ver-
suchssw. Mitt., 51: 77-87.

Swanson, F.J., Fredriksen, R.L. and McCorison, F.M.,
1982. Material transfer in a western Oregon forested
watershed. In: R.L. Edmonds (Editor), Analysis of
Coniferous Forest Ecosystems in the Western United
States. US/IBP Synth. Ser. 14. Hutchinson Ross,
Stroudsburg, Penns., pp. 233-266.

Thompson, J.N., 1980. Treefalls and colonization pat-
terns of temperature forest herbs. Am. Midl.Nat., 104:
176-184.

Troedsson, T. and Lyford, W.H., 1973. Biological distur-
bance and small-scale spatial variations in a forested
soil near Garpenburg, Sweden. Stud. For. Suec., 109:
1-23.

Van Hise, C.R., 1904. A treatise on metamorphism. USGS
Mon., 47.

Veneman, P.L.M., Jacke, P.V. and Bodine, S.M., 1984.
Soil formation as affected by pit and mound microre-
lief in Massachusetts, U.S.A. Geoderma, 33: 89-99.

Zeide, B., 1981. Method of mound dating. For. Sci., 27:
39-41.







