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Abstract 

An examination of 189 well-delineated mounds and pits in sandy soils of northern lower Michigan, all presumably formed 
by tree uprooting, was used to determine the effects of slope angle on morphology and volume, and to assess the potential 
importance of uprooting to mass movement. Slopes ranged from zero to 54%. Data indicate that mound and pit volumes increase 
with increasing slope angle, suggesting that on gentle slopes more of the disturbed soil wastes off the mound, back into the new 
pit. Mounds are often elongated in the downslope direction on steep slopes. Based on regression analyses, slopes of = 47 ° are 
generally sufficient for .all mound soil to slump or wash off in a downslope direction, rather than into the upslope pit. Thus, on 
steep slopes pit volumes provide a better representation of root plate volume. Pit depth can also be used as a surrogate for rooting 
depth on steep slopes where infilling from the mound is minimal. 

1. Introduction 

In forested areas, sediment transport by tree uproot- 
ing is a common process, and may, in many areas, be 
a dominant mechanism of mass movement (Denny and 
Goodlett, 1956; Mills, 1984). On steep slopes, trees 
are more likely to fall downslope ( Hess, 1900), thereby 
transporting sediment attached to roots (the root plate) 
in that direction. Soil that slumps off the displaced root 
plate may form an adjacent mound of sediment and 
soil, resulting in a net downslope transport of  surficial 
sediment. A pit, marking the former location of the 
roots, often is left as a marker of the former position of 
the tree, long after its bole has rotted away. Mound/pit  
pairs, widespread in forested regions (Stephens, 1956; 
Kooi, 1974; Ives et al., 1972; Beke and McKeague, 
1984; Cremeans and Kalisz, 1988; Schaetzl, 1990), 
often cover nearly half of the forest floor (Collins and 
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Pickett, 1982), underscoring the ubiquity of  mass 
movement by uprooting. Schaetzl et al. ( 1989, 1990) 
have reviewed the soils and geomorphic literature on 
uprooting; the reader is referred to these compendia for 
a thorough discussion. 

2. Theoretical considerations 

The amount of soil displaced laterally and vertically 
during uprooting is a function of  several variables: ( 1 ) 
slope angle, (2) angle and aspect of  fall with respect 
to slope, (3) amount of backward rotation of  the root 
plate during fall, and (4) volume of  the root plate. This 
study examines the effects of slope steepness (angle; 
# 1 above) on net downslope transport of  soil material. 
We controlled for some of the other variables and 
assumed that the large size of  the data set will render a 
clear trend or signal for interpretation. 

We controlled for the "angle of  fall" variable by 
using only mound/pit  pairs in which the mound was 
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directly downslope of the pit, when the pair was located 
on sloping terrain. Although backward rotation of the 
root plate during or shortly after fall may cause much 
of the soil to be effectively transported backwards into 
the pit (Schaetzl et al., 1989), this process is less likely 
to occur when trees fall downslope. Therefore, the 
potential role of this variable has been minimized, and 
the influence of variables (2) and (3) above, have been 
experimentally controlled for in this study. 

Root plate volume (variable #4  above) is a function 
of several additional variables: ( 1 ) tree size, age and 
species (e.g. Mueller and Cline, 1959; Somerville, 
1979; Coutts, 1983; Mills, 1984), (2) whether the tree 
was living or dead (Swanson et al., 1982; Cremeans 
and Kalisz, 1988), and (3) the tendency for the soil to 
adhere to the roots, which is, in large part, a function 
of (a) rooting pattern, (b) soil water content at the 
time of uprooting, and (c) soil texture. We controlled 
for the last variable by restricting the study to sites with 
sandy soils, which are nearly cohesionless when dry. 
We have no way of knowing or controlling for soil 
water content at uprooting or for variables ( 1 ) and (2) 
because of the time elapsed since the uprooting event 
and the disappearance of the bole. Thus, we have 
assumed that, if the data set is sufficiently large, the 
influence of the uncontrolled variables will become 
statistical residuals, error and/or "noise"  around the 
true signal: effects of slope angle on mass movement 
volumes associated with tree uprooting. 

The final aspect of theoretical concern to this study 
centers on erosion and disintegration of the root plate 
and mound/pit longevity. Ultimately, evidence of the 
uprooting event is lost as the root plate collapses into a 
mound/pit pair and is slowly levelled by surficial ero- 
sion processes. Schaetzl and Follmer (1990) studied 
several mounds developed in similar materials in north- 
ern Michigan and concluded that mounds can persist 
for 2000 years or more. Generally, older mounds are 
smaller than younger mounds (other things being 
equal) and, thus, the volumes of some old mounds 
underestimate the actual amount of material uprooted, 
of which an undeterminable amount has been moved 
downslope, away from the uprooting site (Fig. 2). 
Because all of the mounds we sampled showed no 
evidence of protruding wood or decaying boles, we 
assumed that they are all older than = 150-200 years. 
By choosing only such "o ld"  mounds, we controlled 
for age as best we could. 

Fig. I. Study area and study site locations. 

This study attempted to isolate the effects of slope 
angle on mound/pit volume, assuming that other, 
uncontrollable variables would become statistical error 
and residual outliers, and act to weaken but not refute 
our trends and correlations. We acknowledge that 
mound/pit volumes are, at best, conservative surro- 
gates for the actual amount of sediment disrupted and 
transported downslope by tree uprooting. They do, 
however, represent reasonable indicators of this geo- 
morphically important process. 

3. Study area and methods 

Seven sites in northwestern lower Michigan, were 
selected for study. Five sites were in Kalkaska County 
and two in Antrim County (Fig. 1). In this region, 
slopes are developed in glacial drift, and are rolling to 
steep, with angles ranging to 60%. Each site generally 
spanned 2-5 ha, and was usually confined to a single 
geomorphic surface; kames comprised many of the 
landforms on which we conducted the survey. Wide- 
spread mound/pit topography is common to all these 
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Fig. 2. Illustration of the deterioration of a mound/pit pair through time. The calculated mound or pit volumes will slowly diminish through 
time on gentle slopes, while on steep slopes mound and pit volumes will more accurately estimate the original root plate volume, even long after 
the uprooting event. 

sites. The soils are predominantly Spodosols of sand 
and gravelly sand textures; all are well-drained. Each 
site has comparable, nearly mature, forest vegetation 
of sugar maple, beech, yellow birch and aspen. 

We selected 189 well-defined pit and mound pairs 
for study, choosing only mound/pit pairs in which the 
mound was located downslope of, and immediately 
adjacent to, the pit. Although the sampling process was 
unsystematic, selection of only well-defined pit and 
mound landforms occurred to ensure that they were 
formed by treethrow; rather than the result of another 
surficial process (e .g,  faunalturbation). 

The slope position of each pit and mound pair was 
determined according to the nomenclature of Ruhe 
(1960). We obtained a minimum number of 26 pairs 
from each slope position: summit (26), shoulder (42), 
backslope (58), footslope (35), toeslope (28). 
Dimensions measured for each pit and mound include 
length, width and relief (depth for pits, height for 
mounds). In accordance with previous work on 
mound/pit dimensions (Denny and Goodlett, 1956; 
Kotarba, 1970; Putz, 1983; Mills, 1984), length was 
taken to represent the cross-sectional axis which runs 
parallel to the local slope contour, whereas width rep- 
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Fig. 3. Illustration of mound and pit dimensions used in this study. 

resents the axis perpendicular to the slope contour (Fig. 
~3). To determine relief, a calibrated stake was posi- 
tioned vertically in the bottom of the pit. Next, a rod, 
spanning the pit, was used to take readings of pit depth 
and/or mound height from the calibrated stake. The 
angle of the rod was made parallel with the angle of the 
slope (Fig. 3). Pit depth was considered the distance 
from the pit bottom to the rod; mound height was the 
vertical distance from the undisturbed surface (the sur- 
face of the ground was assumed to continue across the 
pit at the same angle as the slope) to the mound crest. 
Thick organic layers in pit bottoms posed some diffi- 
culties in obtaining accurate depth measurements. We 
removed some of the Oi horizon (composed predom- 
inantly of leaves and forest litter). Because the Oe-A 
horizon boundary is often diffuse, measurements were 
often taken from the top of the Oe, rather than the A, 
horizon. By contrast, organic soil horizons were thin 
or nearly nonexistent on the mound crest, and thus, 

readings were taken from the top of the A horizon at 
those locations. 

We determined the mean angle of the local slope 
(%) near and downslope from each mound/pit pair as 
the mean slope between (a) the mound-pit intersec- 
tion, and (b) a point 5-10 m downslope. This approach 
is especially significant for pit and mound pairs found 
on summit/shoulder and footslope/toeslope regions 
where the slope angle directly at the uprooting site may 
be substantially different from the calculated mean 
slope angle. 

In order to calculate mound and pit volumes, we used 
an equation that assumes they have a shape that approx- 
imates half of an ellipsoid. The formula for half an 
ellipsoid in which the short axes are not equal is: 

V= [27r(a/2) (b/2)c]/3 (1) 

which can be rewritten as: 

V= (7rabc)/6 (2) 

where V is the volume of half of a prolate spheroid 
(used here for mound or pit volume), a is the ellipsoid 
radius or semiaxis perpendicular to the direction of 
treefall (herein mound or pit length), b is the ellipsoid 
radius or semiaxis parallel with the direction of treefall 
(herein mound or pit width), and c is mound height or 
pit depth relative to the surrounding undisturbed 
ground surface, and is necessarily obtained as an ellip- 
soid radius or semiaxis (Fig. 3). 

Although other researchers have used the ellipsoid 
(elliptical planes where the b and c axes may be une- 
qual) or the prolate spheroid (circular planes for b and 
c with equal axes) approach to estimate mound/pit 
volumes, most have used the formula incorrectly or 
have employed inappropriate formulae. Denny and 
Goodlett (1956) used the prolate spheroid approach 
but forgot to halve the axes; thus the mound volumes 
calculated using their equation are much too large, 
ranging from 8.7 to 106.5 times larger than those cal- 
culated using Eq. (2) above. Mills (1984) had a prob- 
lem with the b radius, and his approach yielded volumes 
that ranged from 0.7 to 13.1 times as large as ours. 
Kotarba' s equation ( Kotarba, 1970) for a prolate sphe- 
roid was correct but he neglected to halve the volume 
it calculated. Thus, volumes he calculated are two times 
too large. Putz (1983), in our estimation, used the 
"half  prolate spheroid" formula correctly; hence, his 
equation yields volumes that are the same as ours. 
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4.  R e s u l t s  a n d  d i s c u s s i o n  

Theoretically, the wglumes of the original root plate, 
the subsequent mound, and the pit volume should be 
equal. In reality, the actual (measured) mound volume 
is often less than the original root plate volume because 
of soil loss back into the pit and soil washed downslope. 
Pit volume may also be reduced from that originally 
formed by uprooting because of accumulated litter, plus 
any colluvial or wash materials from the mound and 
areas upslope. Although the last sediment source 
increases as slope angle increases (for trees that fell 
downslope), soil washing into the pit from upslope is, 
by and large, a very small input on the sandy slopes in 
our study area, and es:~entially can be ignored. 

Because slumping and washing of soil into the pit 
from the root plate itself is lessened as slope angle 
increases (for trees that fell downslope), on steep 
slopes mound and pit volumes will closely approximate 
that of the original root plates. On gentle slopes much 
of the soil material in the original root plate may ulti- 
mately be transported back into the pit, from whence it 
came. 

Mound and pit volumes both increase as slope angle 
increases. After attempting to fit linear and polynomial 
functions to the data, we noted that the observed rela- 
tionships were invariably described best by power 
functions (Fig. 4). Pit volumes, which may closely 
approximate original root plate volumes for reasons 
mentioned above, increase more rapidly as a function 
of slope than do mounds. At a slope angle of 47.6 °, 
calculated pit volume equals calculated mound volume 
(the interception point of the regression lines in Figs. 
4A and 4B). Therefore, we suggest that slopes of = 47 ° 
are sufficiently adequate for all the mound soil to slump 
or wash off in a downslope direction, rather than into 
the pit. For slopes steeper than -~ 47 ° pit infilling is 
slow and accomplished primarily by sedimentation 
from sources upslope and by accumulation of organic 
litter. Small pit volumes on gentle slopes (Fig. 4B) 
result from pit infilling by sediment from the mound, 
as well as accumulated O horizon material. In their 
study of mass wasting by uprooting, Denny and Good- 
lett (1956) assumed that about half•f  the soil displaced 
by uprooting moves downslope (i.e., not back into the 
pit). The data presented above may be used in future 
studies of mass movement by treefall to refine this 
assumption for slopes > = 47 °. 
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Fig. 4. Scatterplots illustrating mound volume versus slope angle 
(A) and pit volume versus slope angle (B). 

Mounds tend to be elongated downslope where 
slopes are steep (Fig. 5), a finding that both confirms 
our supposition that on such sites pit volumes are a 
better representation of root plate volume, and also 
illustrates that downslope transport of sediment by 
uprooting is much more rapid on steep slopes. This 
relationship, as well as the data shown in Fig. 5, is also 
influenced by the difficulty we encountered in meas- 
uring mound volume, especially on steep slopes where 
the downslope soil/sediment apron is thin and long, 
making recognition and measurement of mound width,  
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difficult (Figs. 2, 3). Elongated mounds, as well as our 
inability to accurately measure volumes, also accounts 
for pit volumes being larger than mound volumes on 
steep slopes. Normally pit volume cannot be larger than 
mound volume but on the steepest slopes we underes- 
timated mound volume due to mass wasting of some 
mound soil downslope. 

Pit and mound lengths weakly correlate with slope 
angle (Fig. 6). These data reflect root plate dimensions 
more directly than do pit and mound widths because 
infilling of pits from the sides (across the slope) is 
unlikely to be significant. Wastage of newly formed 
root plates, forming mounds, would cause the latter to 
appear to be longer than was the original root plate; this 
conclusion is supported by the data in Fig. 6, in which 
pit lengths are less than mound lengths for all slope 
angles. 

Fig. 7A, which illustrates the relationship between 
pit depth and slope steepness, supports the contention 
that less root plate material is returned to the pit on 
steep slopes. It may also suggest that rooting is gener- 
ally deeper on steep slopes, since the equation shows 
no sign of approaching an asymptote even at high 
( > 47 °) slope angles. Mound height, on the other hand, 
is not significantly affected by slope angle (Fig. 7B), 
although variability in mound height appears to be 
greater on steep slopes. These two relationships, when 
examined from a process viewpoint, suggest that 
mound height may be influenced by variables such as 
width of root plate and (particularly) age of the 
mound/pit pair, because mound height must decrease 
when examined over long periods of time. Bare or 
sparsely vegetated mounds present surfaces that are 
easily eroded by a variety of surficial processes, espe- 
cially when slopes are steep. By comparison, pit depth 
may be strongly correlated with rooting depth, and on 
steep slopes where infilling from the mound is minimal, 
longevities may be great. Hence, the effects of age may 
be less important in explaining pit depth on steep 
slopes. 

5. Conclusions 

This study has shown that on progressively steeper 
slopes, treethrow becomes an important agent of mass 
wasting. We have assumed that the incidence of treeth- 
row is roughly similar on all slopes. On steep slopes 

trees are more likely to fall downhill. Less material 
from the root plate will slump back into the pit, and the 
data suggest that little will end up in the pit on slopes 
> 47 °. Finally, because mounds tend to be elongated 
in the downslope direction as slopes steepen, soil/sed- 
iment on steep slopes, displaced by treethrow, will 
move substantially farther downslope before it 
becomes quasi-stabilized. 

Acknowledgements 

We acknowledge the graphics assistance provided 
by the Center for Cartographic Research and Spatial 
Analysis, Dept. of Geography, Michigan State Univer- 
sity. Doug Burns and John and Lynne Norman kindly 
allowed access to their property. Ms. C. Glaza assisted 
in the field phase of the project. 

References 

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

Collins, B.S. and Pickett, S.T.A., 1982. Vegetation composition and 
relation to environment in an Allegheny hardwoods forest. Am. 
Midl. Nat., 108:117-123. 

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

Cremeans, D.W. and Kalisz, P.J., 1988. Distribution and character- 
istics 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 resulting from 
fallen trees. In: Surficial geology and geomorphology of Potter 
County, Pennsylvania. U.S. Geol. Surv. Prof. Pap., 288: 59-66. 

Hess, R.A., 1900. Influence of site upon storm injury of stands. 
Forstschutz, 383-386. 

Ives, D., Webb, T.H., Jarman, S.M. and Wardle, P., 1972. The nature 
and origin of "wind-throw podzols" under beech forest in the 
lower Craigieburn Range, Canterbury. N.Z. Soil News, 20:161- 
177. 

Kooi, P.B., 1974. De orkaan van 13 November 1972 en het ontstaan 
van "hoefijzervormige" grondsporen. Helinium, 14: 57-65. 

Kotarba, A., 1970. The morphogenetic role of foehn wind in the 
Tatra Mountains. Stud. Geomorphol. Carpatho-Balcanica, 4: 
171-186. 

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

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



S.A. Norman et al. /Geomorphology 14 (1995) 19-27 27 

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. 

Ruhe, R.V., 1960. Element:s of the soil landscape. Trans. 7th Int. 
Congr. Soil Sci. Madison, WI, 4: 165-170. 

Schaetzl, R.J., 1990. Effec~:s of treethrow microtopography on the 
characteristics and geaesis of Spodosols, Michigan, USA. 
Catena, 17:111-126. 

Schaetzl, R.J. and Follmer, L.R., 1990. Longevity of treethrow 
microtopography: Impl:ications for mass wasting. Geomorphol- 
ogy, 3: 113-123. 

Schaetzl, R.J., Johnson, D.L., Bums, S.F. and Small, T.W., 1989. 
Tree uprooting: Review of terminology, process, and environ- 
mental implications. Can. J. For. Res., 19:1-11. 

Schaetzl, R.J., Bums, S.F., Small, T.W. and Johnson, D.L., 1990. 
Tree uprooting: Review of types and patterns of soil disturbance. 
Phys. Geogr., 11: 277-291. 

Somerville, A., 1979. Root anchorage and root morphology of Pinus 

radiata on a range of ripping treatments. N.Z.J. For. Sci., 9: 
294-315. 

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

Swanson, F.J., Frederiksen, R.L. and McCorison, F.M., 1982. Mate- 
rial transfer in a westem Oregon forested watershed. In: R.L. 
Edmonds (Editor), Analysis of Coniferous Forest Ecosystems 
in the Western United States. Hutchinson Ross, Stroudsburg, PA, 
US/IBP Synthesis Serial 14, pp. 233-266. 


