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Landscape Ecosystems of the Fleming Creek Valley,
University of Michigan’s Matthaei Botanical Gardens
ABSTRACT: A landscape ecosystem approach was applied to a 50-ha portion of the Fleming
Creek valley at the University of Michigan’s Matthaei Botanical Gardens, Washtenaw County,
Michigan. Using an ecological, multifactor approach integrating physiography, hydrology, soil,
and vegetation, ecosystems were classified, described, and mapped at three hierarchical levels
(Physiographic System, Landform-Level Ecosystem, and Landscape Ecosystem Type). One
Physiographic System (Outwash Plain), 2 Landform-Level Ecosystems (Terrace and River
Floodplain), and 16 Landscape Ecosystem types were identified, classified, and mapped.
Although Fleming Creek is a relatively small stream, the physiographic shape of its valley and
the associated pattern of ecosystems are similar to that of many major river valleys. Despite its
small area, the Botanical Gardens exhibits a remarkable diversity of ecosystems. The terrace is
composed of two ecosystem types, a dry-mesic ecosystem, and a wet depression. The floodplain
contains 14 ecosystems, which were ordered into 4 groups; first bottom, second bottom,
groundwater seepage, and miscellaneous floodplain features. The ecosystem types of the first
bottom include levee, first bottom flat, backswamp, depression, meander-scar marsh, and a wetmesic ecosystem adjacent to the stream and below upland features. The second bottom contains
a moderately well drained ecosystem type on loamy soil, a somewhat poorly drained ecosystem
on clay loam to clay soil, and a groundwater seepage on muck. Most of the west side of the
floodplain consists of a groundwater seepage that gently slopes from the levee to the terrace.
Miscellaneous floodplain features include a deposit of marl overlaid by a thin layer of mineral
soil, a crevasse filling, a ridge that remains after a late 19th century or early 20th century
excavation, and risers, or steep slopes that separate bottoms or terraces. Within two ecosystem
types, the first bottom flat and the groundwater seepage, inclusions, or areas of relatively
homogeneous soil and hydrologic conditions, were identified to aid in the interpretation of fine
scale variability. Because the Botanical Gardens contains many ecosystem types within a small
area, and the pattern of ecosystems represents that of many river valleys, it has high potential for
education about the landscape ecosystems of river valleys and their function within the broader
landscape.
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Introduction
The University of Michigan’s Matthaei Botanical Gardens, located since 1958 in the
northeast part of Washtenaw County, contains more than 140 contiguous ha (350 acres) in the
Fleming Creek valley. Nearly all of the grounds of the Botanical Gardens are undeveloped.
Such a large tract of undeveloped land is unusual in the river valleys of southeast Michigan
where most major rivers flow through urban landscapes. Although the topography and soil of
parts of the original tract have been altered by gravel excavations and grading for the
construction of roads, a 50-ha (125-acre) portion of the original tract encompasses several highly
used, interpretive, educational trails that go through a particularly diverse part of the Fleming
Creek valley. A more detailed ecological understanding of these 50 ha could increase the
research and educational opportunities at the Botanical Gardens.
River valleys represent an unusually diverse mosaic of landforms, environments, and
communities within the broader landscape (Naiman et al. 1993). River valleys around the world
are characterized by sharp environmental gradients, complex ecological processes, and high
levels of diversity (Brinson 1990, Gregory et al. 1991). With increasing rates of development
and landscape fragmentation, emphasis on the importance of river valleys in the maintenance of
regional biodiversity and other ecological processes has been increasing (Naiman et al. 1993,
Lapin and Barnes 1995, Baker and Barnes 1998). However, a detailed understanding of the
internal physical characteristics and ecological processes of river valleys is necessary to fully
appreciate their functioning within the broader landscape.
Due to the process of flooding, and the related patterns of erosion and deposition, large
rivers throughout the world exhibit a typical pattern of physiographic features, each of which is
associated with a particular kind of vegetation (Hupp and Osterkamp 1985). However,
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differences in the size, shape, and pattern of river valley features and their associated vegetation
arise due to geographic location, size and velocity of the stream, kinds of materials transported,
and the physiography and parent material of the adjacent terrain (Barnes et al. 1998). Fleming
Creek is a tributary of the Huron River that originates about 14.5 km (9 mi) northeast of the
Botanical Gardens and enters the Huron River about 3.2 km (2 mi) to the south. Even though
Fleming Creek is a relatively small stream, the portion of the Fleming Creek valley in the
grounds of the Botanical Gardens is ideal for teaching the characteristics and function of river
valleys. It contains physiographic features in a pattern representative of that seen in many river
valleys. It also contains physiographic features of less widespread occurrence, which represent
the wide range of variability that is characteristic of river valleys.
Although the physiographic conditions of the Fleming Creek valley are useful for
research and educational purposes, numerous disturbances, both within the Fleming Creek valley
and in the surrounding landscape, have markedly altered the vegetation and hydrologic regimes
of portions of the property. Early European settlement of the Fleming Creek valley was
accompanied by severe logging and grazing, and parts of the Fleming Creek valley were mined
for sand and gravel. The construction of dams in the 19th and early 20th centuries has probably
reduced the frequency and duration of flooding of Fleming Creek. With European settlement,
the fragmentation of the surrounding landscape has led to the elimination of fire from the
Fleming Creek valley. In presettlement time, occasional fires undoubtedly had an important
influence on forest structure and the regeneration of certain species.
More recently, the direct and indirect effects of the introduction of diseases, insects, and
invasive plants have altered community composition and structure, successional pathways, and
hydrologic regimes throughout much of the Fleming Creek valley. American elm (Ulmus
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americana L.) was previously a dominant tree in Fleming Creek’s floodplain. However, in the
1950s and 1960s, Dutch elm disease killed virtually all of the elm trees. The Botanical Gardens’
policy of cutting out the diseased elm trees in an effort to prevent the disease from spreading to
the healthy trees may have hastened the elimination of large elm trees from the floodplain at the
Botanical Gardens. In 1987, an outbreak of the European larch case bearer devastated the
majority of the tamarack (Larix laricina (Du Roi) K. Koch.) trees, which had formed nearly pure
stands in part of Fleming Creek’s floodplain. Many tamarack trees may have also been killed by
the larch sawfly in the 1920s and 1930s. The death of American elm and tamarack was probably
accompanied by a rise in the water table, resulting in the formation of marshes and shrub
meadows on sites that were once forested. Also, a reduced abundance of many species can be
observed in the areas where non-native species, including purple loosestrife (Lythrum salicaria
L.), have become abundant.
In spite of recent disturbances in much of the Fleming Creek valley, portions of the
Botanical Gardens, like Radrick Forest and Radrick Fen, may provide the closest representation
of natural, presettlement vegetation in the Ann Arbor area. Radrick Forest contains an oakhickory forest overstory similar to that of the original old-growth forest. Much of the forest has
not been logged since the 1830s and the development of the present overstory has been similar to
that of the presettlement stand (Barnes 1991). Likewise, Radrick Fen contains an enormous
diversity of natural vegetation. The ecological and educational significance of Radrick Forest
and Radrick Fen is illustrated by its Floristic Quality Index, which is in the upper 70s and it may
be the highest value for any site recorded in the state thus far.1
Although the Radrick Forest/Radrick Fen complex closely represents the natural,
presettlement conditions in a portion of the Fleming Creek valley, recent disturbances have had
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more sever impacts in the study area. However, the disturbed conditions do not reduce the
potential educational opportunities at the Botanical Gardens. Awareness of the effects of
human-induced disturbances on the distribution of plants and other ecological processes has
been growing recently. Many botanical gardens and arboreta are beginning to respond to the
increased awareness by shifting their objectives to incorporate projects that promote an
understanding of the interrelationships of all parts of the landscape. In addition to displaying
systematic collections of plants, several botanical gardens and arboreta throughout the country
are beginning to display plants growing under the ecological conditions where they are likely to
occur naturally. The shift in objectives is exemplified by the development of the Sam Graham’s
Trees project at the Matthaei Botanical Gardens. To honor a former professor at the University
of Michigan, Sam Graham’s Trees will feature many native trees of Michigan, collected from
local seed sources, and grown in the field under ecologically appropriate conditions.
With interest in increasing the use of the grounds of the Botanical Gardens for education
about plants as important components of the landscape, a detailed understanding of the
ecosystems of the Botanical Gardens, including their geology, landforms, soils, and vegetation is
needed. Such an ecological framework would provide a basis for coordinating the groves to be
planted for the Sam Graham’s Trees project, provide a basis for relating the present vegetation to
previous conditions and recent disturbances, and provide baseline data for studying future
vegetation change or other ecological research. Thus, I have employed a landscape ecosystem
approach to characterize the ecosystems of a 50-ha portion of the Fleming Creek valley at the
Botanical Gardens. The landscape ecosystem approach has been applied to many landscapes in
Michigan including old-growth forests (Pregitzer and Barnes 1984, Spies and Barnes 1985,
Simpson et al. 1990) and highly disturbed forests (Archambault et al. 1990, Pearsall et al. 1995).
1

Brian Klatt, personal communication. March 5, 2001.
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With increasing use of the grounds of the Botanical Gardens for educational purposes, this
demonstrative application of the landscape ecosystem approach is especially important.

Objectives
The overall objective of this research is to provide a detailed understanding of the
ecosystems of the Fleming Creek valley and their interrelationships. Specific objectives are to
classify, map, and describe the landscape ecosystems of a 50-ha portion of the grounds of the
Botanical Gardens. Such objectives are based on the concept of an ecosystem as a volume of
land and air plus organic contents, extended aerially over a particular part of Earth’s surface for a
certain time (Rowe 1961). Thus, landscape ecosystems are structured, volumetric segments of
the Earth that can be identified and mapped based on the integration of physiology, soil, and
vegetation. Each ecosystem is comprised of two major interacting components; (i) the
geographic site, or the sum total of the physical environmental factors at a specific place as they
have been modified by the biota, and (ii) the above- and belowground biota (Barnes et al. 1998).
Through time, entire ecosystems undergo successional changes under the influences of macroand microclimate, plant and animal influences such as organic matter decomposition and
herbivory, and natural forces such as fire and flooding (Simpson et al. 1990, Barnes et al. 1998).
Due to the effects of intensive human-induced disturbances in portions of the Fleming
Creek valley and the surrounding landscape, much of the characteristic presettlement vegetation
is often lacking. Instead, there are a variety of communities whose composition and vertical
layering is strongly influenced by the effects of recent disturbances. However, successional
changes at a site, including the effects of recent disturbances and the future changes in
vegetation and other ecosystem components, are strongly regulated by the physical conditions of
that particular site. Because the landform and associated pattern of parent material, soil, and
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climate change more slowly than the species able to colonize the disturbed site, the ecosystem
types, or land areas supporting potentially equivalent ecosystems, can be distinguished and
mapped regardless of the current community (Barnes et al. 1998).
The major products of this research will be a classification, description, and map of the
landscape ecosystem types of 50 ha of the Fleming Creek valley landscape. Thus, the landscape
is subdivided into relatively homogeneous units of physiography, soil, and vegetation that are
repeated over the landscape. The natural ecological units, or landscape ecosystem types, are
grouped logically in an order that emphasizes their similarities and interrelationships. The
detailed understanding of this small portion of the Fleming Creek valley provides a basis for the
development of hypotheses that can be applied in the study of other portions of the valley.

Hierarchical Organization of Ecosystems
The local landscape ecosystem types of the Botanical Gardens are one level of a
hierarchy of landscape ecosystems. The largest ecosystem that we can directly know is the
Earth, or the Ecosphere (Rowe 1961). Its surface can be segmented according to purpose into
three-dimensional chunks. Therefore, the landscape can be perceived as ecosystems large and
small, nested within one another in a hierarchy of spatial scales (Rowe and Sheard 1981). Large
ecosystems can be progressively subdivided into more and more homogeneous ecosystems.
Land managers and researchers can work with ecosystems at an appropriate scale for their
particular problem or objectives. An example of the subdivision of a large regional area is that
of the state of Michigan (Figure 1a).
Regional landscape ecosystems of the state of Michigan were determined, described, and
mapped at three hierarchical levels, termed Region, District, and Subdistrict (Albert et al. 1986)
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a

Region

b
Regional
Ecosystems

Region I, Southern Lower Michigan

District
District 1, Washtenaw

Subdistrict
Subdistrict 1.3, Ann Arbor

Physiographic System

Local
Ecosystems

Outwash Plain

Landform-Level Ecosystem
Upland Terrace, River Floodplain

Landscape Ecosystem
Type

Figure 1. Map of the regional landscape ecosystems of Lower Michigan (a) (Albert et al. 1986). Roman numerals
indicate Regions, divided by a thick dark line. Within each region, Districts and Subdistricts are indicated by
thinner lines, as well as integers and decimals respectively. The location of the University of Michigan’s Matthaei
Botanical Gardens is indicated by a star. Hierarchical organization of regional and local landscape ecosystems (b),
with a generalized classification of the ecosystems of the Botanical Gardens superimposed on the progression from
regional to local ecosystems.
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(Figure 1a). Gross climatic and physiographic features and associated soil and natural vegetation
were used to determine Regions and Districts. Subdistricts were delineated as the relatively
homogeneous areas of physiography, soil, and vegetation that occur within each District. As
shown in Figure 1, the Botanical Gardens is located within Region I (Southern Lower Michigan),
District 1 (Washtenaw), and Subdistrict 1.3 (Ann Arbor). This regionalization provides the
framework for the classification of finer-scale, local ecosystems, like those at the Botanical
Gardens.
Within the relatively uniform macroclimate of each subdistrict, local ecosystems occur in
distinctive patterns reflecting the pattern of physiographic features of the landscape (Barnes et al.
1998). At local levels, physiography, through the influence of surface shape and parent material
on the reception and processing of solar energy and precipitation, strongly influences the
climatic
regime and soil development (Bailey 1985, Rowe 1984). Soil properties and processes, which
are often correlated with certain landforms, strongly influence plant community composition and
productivity. The vegetation at a particular site acts as a phytometer that integrates
physiographic and soil factors and their interactions, thereby reflecting the ecological meaning of
physiography and soil characteristics (Barnes et al. 1982). Thus, local ecosystems are most
clearly distinguished by the three major factors of physiography, soil, and vegetation and their
interrelationships.
The delineation of local ecosystems proceeds by recognizing the kinds of Physiographic
Systems that occur within each Subdistrict (Figure 1b). Physiographic Systems of widespread
occurrence in Michigan include moraine, outwash plain, ice-contact terrain, and lake plain. The
Ann Arbor Subdistrict is characterized by large end moraine ridges, separated by broad rolling
stretches of ground moraine or narrow outwash plains (Albert et al. 1986). Smaller areas of iceEcosystems of the Fleming Creek Valley Page-8

contact terrain with steep, abrupt hills and valleys are also common. Within Physiographic
Systems, Landform-Level Ecosystems (also termed Landforms for convenience) are defined and
grouped based on the influence of the specific landform on topoclimate, soil development, the
biotic community, and successional trends (Figure 1b). With even more specific site factors,
Landforms can be further subdivided into Landscape Ecosystem Types, the finest level of
classification (Figure 1b). Although there are different names for each level of classification, the
units classified at each level are landscape ecosystems.

Methods
The process of classifying and mapping landscape ecosystems is an iterative process in
which office studies are integrated with field reconnaissance and sampling to develop successive
approximations of the classification and map. Each approximation is revised by further office
studies, field reconnaissance, more intensive field sampling, and test mapping. With each
approximation, the increased understanding of the physiographic-soil-vegetation
interrelationships provides a working hypothesis that can be applied and tested. Through the
successive revision of each approximation, an understanding of the entire study area is attained,
and a final classification and map are developed. Throughout the process, the simultaneous
study of physiography, soil, and vegetation in the field and in the office result in the breaking
down of complex and interrelated gradients of physiography, soil, and vegetation into ecosystem
units that recur in the landscape (Barnes et al. 1982).
Before going out into the field, I spent much time studying maps of the Ann Arbor area
and other publications relating to the glacial history of Michigan. Knowledge of the
physiographic features of the area and their broad pattern aided in the identification and
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interpretation of the finer scale features of the Botanical Gardens that were observed during field
reconnaissance. Field reconnaissance involved interpreting the patterns of glacial landforms and
correlating trends in soil, hydrology, and existing vegetation with the topographic shape and
position in the landscape.
As part of field reconnaissance, I spent much time using a soil auger to study soil texture,
pH2, depth to water table, and the percentage of gravel and cobbles. Transects were run both
parallel and perpendicular to gradients in physical site conditions. Auguring was conducted at a
regular distance along each transect or at any apparent change in physical characteristics. At
each auger hole, soil characteristics were correlated with vegetation, topographic features, and
the geographic location in relation to other features. The sampling of groundcover vegetation
was extremely important in determining the ecological significance of trends in soil, hydrologic
conditions, and the position in the landscape. Throughout field reconnaissance, detailed notes
were taken on the presence, absence, and relative abundance of groundcover species at each
location and the trends in relation to site characteristics.
Through office studies and field reconnaissance, several approximations of an ecosystem
classification and map were developed. The approximations were revised and improved through
further office studies and field reconnaissance. After several revisions, more detailed sampling
of the physiography, soils, and vegetation were required to better characterize and distinguish the
ecosystems. Consequently, a series of permanent sample plots was established. In addition to
further characterizing the ecosystems, sample plots provide baseline data that can be used to
study vegetational changes over time and to establish research hypotheses. Sample plots of
10x20 m were located within many of the ecosystem types. All plots were oriented with the 20m sides running north-to-south and the 10-m side running east-to-west. Directions from a fixed
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point to the northeast corner of each plot were recorded to allow for resampling in the future.
Also, the azimuth and distance to the northeast plot corner from a witness tree (a nearby tree that
is easily identified in the field) were recorded. The species and diameter at breast height (DBH)
of the witness tree were recorded to aid in the relocation of plots.
Physiographic data collected at each plot included percent slope, aspect, surface shape,
microtopography, and type of parent material. A soil pit was located within 5 m of the boundary
of each sample plot. Soil pits were dug to a depth of 150 cm or to the water table. The
excavated soil was piled on a tarp and the hole was refilled after data were recorded. At each
soil pit, the depth, texture, structure, color, consistence, and pH of all horizons or depositional
layers were recorded. The digging of soil pits provided detailed information on the types of
deposits and their origin. It provided a degree of understanding of the soil properties and their
influence on ecosystem functioning beyond that which could be interpreted from auguring alone.
Because soil analyses were conducted in the field, the organic matter content was not measured.
Therefore, throughout the paper the term “muck” refers to soil that is primarily organic matter,
but it may also contain small amounts of silt.
For the purpose of characterizing forest structure, the vegetation in each plot was divided
into 6 vertical strata (dominant, sub-dominant, small tree, shrub-sapling, herbaceous, and mosscreeper). The percent coverage of each layer was estimated and classified into one of 6 coverage
classes (1, 0-5%; 2, 6-15%; 3, 16-30%; 4, 31-50%; 5, 51-75%; 6, 76-100%). For more detailed
vegetation sampling, all vegetation was divided into three size classes; overstory (>9.1 cm
DBH), understory (1.5-9.0 cm DBH), and ground cover (all species less than 1.5 cm DBH or
shorter than 4.5 ft.). The plot was subdivided into four 5x10-m subplots, and the species and
DBH of all overstory and understory stems were recorded by subplot.
2

A Hellige-Truogg Soil Reaction/pH Test Kit was used to measure pH in the field.
Ecosystems of the Fleming Creek Valley Page-11

Groundcover sampling was conducted on either the east or west half (5x20 m) of the
plot, chosen randomly. Areal coverage of all woody and herbaceous species in the groundcover
layer was classified into one of 12 coverage classes (1, 0.0025-0.005%; 2, 0.005-0.01%; 3, 0.010.1%; 4, 0.1-0.5%; 5, 0.5-1%; 6, 1-2%; 7, 2-4%; 8, 4-8%; 9, 8-16%; 10, 16-32%; 11, 32-64%;
12, 64-100%). A sampling frame representing 0.1% (1000 cm2) of the sample area was used to
standardize coverage estimates. In addition, a 5-m strip surrounding the plot was examined, and
a list was compiled of all species that were present in the strip but absent in the plot.
Throughout the paper, nomenclature follows Voss (1972, 1984, and 1997) for vascular plants.

Study Area
Glacial History
In Michigan, the glacial history and resulting physiographic diversity have a major
influence on the diversity and distribution of ecosystems over the landscape. Interpreting the
glacial history is key to understanding the types of ecosystems that occur at local levels, their
spatial pattern, and the interrelationships among ecosystems. At the time of the maximum extent
of the Wisconsinan Glaciation, roughly 18,000 years ago, the ice front extended nearly to the
Ohio River in western Ohio and eastern Indiana (Farrand and Eschman 1974). As the retreating
ice thinned, its retreat was increasing influenced by the underlying bedrock topography, resulting
in its separation into three major lobes. The three lobes, known as the Michigan, Saginaw, and
Huron-Erie lobes, can now be recognized by the recessional moraines they built as the retreated
following the axes of the Michigan, Saginaw Bay, and Erie basins, respectively
The Huron-Erie lobe retreated across the Ann Arbor area roughly 14,000 years ago
(Russell and Leverett). Its retreat towards the Erie Basin resulted in the successive development
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of landforms from west to east in the Ann Arbor area. During its retreat, shifts in the rates of ice
advance and ice melting resulted in an irregular movement of the glacier across the landscape.
When the rate of melting was balanced with the rate of ice advance, the glacier’s terminus
temporarily paused. Although the ice front remained in the same place, the glacier’s unsorted
bedload materials continued to be pushed to the margin of the ice sheet where they were built up
in a large ridge called an end moraine.
The Fort Wayne moraine, the high-elevation terrain on the west side of Ann Arbor, was
formed during the first of the glacier’s pauses in the Ann Arbor area. Shortly after the formation
of the Fort Wayne moraine, the glacier retreated across what is now the central part of Ann
Arbor before pausing again to form the Defiance moraine, a large ridge that extends south to
Defiance, Ohio. In southeast Michigan, the Defiance moraine splits into two ridges, called the
Outer and Inner Defiance moraines. Although the separation between the two ridges is not
always distinct, the two ridges are clearly separated by the Fleming Creek valley in the northeast
part of Washtenaw County (Figure 2c).
The high ridge west of the Fleming Creek valley is called the Outer Defiance moraine.
During its formation (Figure 2a), meltwater flowed eastward towards what is now Ann Arbor
where it turned south and followed a course between the Fort Wayne moraine and the ice sheet
until eventually entering the valley of the present Raisin River. Shortly after the formation of the
Outer Defiance moraine, the glacier retreated briefly before pausing again to form the Inner
Defiance moraine, the high ridge east of the Fleming Creek valley. During the formation of the
Inner Defiance moraine (Figure 2b), meltwater was contained in a channel (the present Fleming
Creek valley) between the Outer Defiance moraine to the west and the glacier to the east.
Meltwater followed this channel to the present location of the Huron River where its flow was
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(a) Formation of Outer Defiance Moraine

(b) Formation of Inner Defiance Moraine

(c) Present conditions
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Figure 2. Surficial geology of Washtenaw County, Michigan (Farrand and Bell 1982) illustrating the development of
landforms and the drainage patterns during the formation of the Outer Defiance Moraine (a), theInner Defiance
Moraine (b), and present conditions (c). Direction of meltwater flow is indicated by arrows and the location of the
University of Michigan’s Matthaei Botanical Gardens is indicated by a star.
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blocked by the ice. From what is now the mouth of Fleming Creek, meltwater flowed westward
up the Huron River valley to what is now the center of Ann Arbor. Here, it turned south and
followed the channel between the Fort Wayne moraine and the Outer Defiance moraine until it
entered Glacial Lake Maumee through a channel that is now occupied by the Saline River
(Figure 2c) (Russell and Leverett 1915).
A glacial meltwater terrace at an elevation just above 256 m (840 ft), 24 m (80 ft) higher
than the present Huron River, can be found in the Huron River valley near the center of Ann
Arbor (Russell and Leverett 1915). Although much of the meltwater terrace has been incised as
drainage patterns changed following the retreat of the glacier, discontinuous pieces of the
meltwater terrace can be traced eastward through the Huron River valley and up the Fleming
Creek valley (Hiatt and Farrand 1979). A small piece of this meltwater terrace can be found at
an elevation between 256 and 259 m (840 and 850 ft) in the relatively flat terrain of the western
portion of Radrick Forest, located in the southern portion of the Botanical Gardens, south of the
Botanical Gardens main building.
After the formation of the Inner Defiance moraine, roughly 13,500 years ago, the rate of
the glacier’s retreat increased (Hiatt and Farrand 1979). As the ice withdrew, a proglacial lake
was ponded between the ice front and the moraine (Figure 2b). Further retreat and advance,
along with the exposure of ice-buried outlets and the rebound of ice-depressed land produced a
series of major lakes. The levels of these lakes can now be recognized by the beaches they
formed, which remain in the broad, flat lake plain that comprises all of southeast Michigan east
of the Inner Defiance moraine (Figure 2c). A beach at an elevation of 244 m (800 ft) marks the
highest level of Lake Maumee (Russell and Leverett 1915). A beach ridge parallel to, and 6 m
(20 ft) lower than the highest beach ridge marks the middle level of Lake Maumee at 238 m (780
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ft). The lowest level of Lake Maumee is indicated by a beach ridge at an elevation of 232 m
(760 ft).
The beach ridges of Lake Maumee extend both north and south of the channel where the
Huron River cuts through the Inner Defiance moraine. Thus, if the channel through the moraine
existed at the time of Lake Maumee, an estuary-like channel may have extended into the present
valleys of the Huron River and Fleming Creek. In the Huron River valley, the presence of delta
deposits near the west side and center of Ann Arbor with elevations that closely correspond to
the highest and middle levels of Lake Maumee suggest the occurrence of an estuary-like channel
in the valley (Russell and Leverett 1915). Based on the present topography, water in the Huron
River valley, at an elevation that corresponds with the highest level of Lake Maumee, would
have also extended into the Fleming Creek valley and inundated much of the present Botanical
Gardens. Reid (1958) attributes the occurrence of a large marl deposit on the west side of
Fleming Creek and the possible occurrence of clay layers beneath the organic matter in
groundwater seepages in the upper part of the floodplain to deposition by the water of Lake
Maumee. Samples from the marl deposit were carbon dated to reveal that its formation may
have coincided with the timing of the highest level of Lake Maumee (Reid 1958).
However, due to the lack of continuous lake deposits extending from the lake plain into
the Huron River and Fleming Creek valleys, it is difficult to conclude that there is a relationship
between these deposits and the lake water. Also, the occurrence of ice-contact landforms in both
the Huron River valley and the Fleming Creek valley below the elevation of the meltwater
terrace that developed during the formation of the Inner Defiance moraine indicates that stagnant
ice remained in both valleys after the retreat of the glacier. The stagnant ice may have remained
long enough to prevent the waters of Lake Maumee from extending up the Huron River and
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Fleming Creek valleys. Because all of the terrain in the Botanical Gardens that is at an elevation
below the highest level of Lake Maumee is also low enough to have been influenced by more
recent flooding of Fleming Creek, the influence of Lake Maumee on the Fleming Creek valley
will not be discussed in further detail here. More inclusive studies of the sediments throughout
the Huron River valley and the Fleming Creek valley are required to be conclusive about the
influence of Lake Maumee on the physiography of the river valleys.

Postglacial Influences on Fleming Creek Valley Geomorphology
River valleys are defined as linear depressions in the landscape that contain a stream
channel and its floodplain, which are embedded in the incised former floodplain surfaces or
terraces. Today, in glaciated landscapes, major rivers often occupy former glacial meltwater
channels, where the terraces are composed of materials deposited by glacial meltwaters. As the
hydrologic regime changed after the retreat of the glacier, water incised deeper into the valley
floor where a floodplain composed of more recently deposited alluvial materials was eventually
formed. Although the entire river valley is composed of materials deposited by flowing water,
the materials deposited by glacial meltwater are predominantly sands and gravel, and the more
recently deposited alluvial materials tend to have a higher silt and clay content.
The broad valley that encompasses Fleming Creek is a former meltwater channel.
Radrick Forest, located about 1 km (0.6 mi) south of the Botanical Gardens main building,
encompasses part of the Inner Defiance moraine and part of the terrace where meltwater
deposited its sediment during the formation of the Inner Defiance moraine. The outwash plain
landform, in the western portion of Radrick Forest, is characterized by relatively flat topography
with sandy soil that is overlaid by a silty deposit on the western edge of the outwash plain. In
contrast, the moraine landform in the eastern portion of Radrick Forest is characterized by more
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rolling topography with clayey soil (Barnes et al. 1998). The outwash plain landform at Radrick
Forest occupies elevations between 256 and 259 m (840 and 850 ft), and essentially marks the
highest terrace in the Fleming Creek valley.
Shortly after the formation of the Inner Defiance moraine and the associated formation of
the terrace at Radrick Forest, the rate of the glacier’s retreat increased, and meltwater incised
markedly deeper into the Fleming Creek valley. The period of incision was undoubtedly
interrupted by brief periods of deposition. Such periods of deposition are evidenced by the
occurrence of a terrace in the Fleming Creek valley at a lower elevation than the terrace at
Radrick Forest, but above the present floodplain. The Botanical Gardens main building and the
terrace of the study area are located on this lower terrace. Depositional clay bands are common
in the lower terrace. The occurrence of such clay bands suggests that parts of the terrace were
temporarily covered by ponded water. The clay probably settled out of the ponded water before
coarser materials were deposited on top of it.
Unlike the nearly flat topography of the terrace at Radrick Forest, the topography of the
lower terrace is gently undulating with an occasional wet depression. The undulating
topography in the lower terrace suggests that stagnant ice blocks remained in the Fleming Creek
valley after the retreat of the glacier. The ice blocks became buried in the outwash sediments
(i.e. sands and gravel carried by meltwater) as they were deposited, and shallow depressions now
occur where the ice blocks melted in place. Additional incision and subsequent deposition of
alluvial materials resulted in the formation of the present Fleming Creek floodplain. The
presence of a crevasse filling in the lowest part of the floodplain suggests that the majority of the
incision occurred shortly after the retreat of the glacier, before the melting of the stagnant ice
blocks was completed.
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Results and Discussion
Overview of the Classification
Local ecosystems were classified and mapped at three hierarchical levels, termed
Physiographic System, Landform-Level Ecosystem, and Landscape Ecosystem Type. The
classification and map are based upon physiography, soil, and vegetation observations made at
over 300 points throughout the study area. In addition, 12 plots with their associated soil pit,
were sampled in 11 different landscape ecosystem types.
The study area occurs within the outwash plain physiographic system. At finer levels of
classification, 2 landform-level ecosystems and 16 landscape ecosystem types were identified,
classified, described, and mapped (Table 1, Figure 3, Appendix A, and Appendix B). The
landscape ecosystems of the river floodplain landform were grouped according to their major
physiographic characteristics. The grouping of landscape ecosystem types within each landform
is a means of ordering the ecosystems to aid in their interpretation, but such ecosystem groups
are not a hierarchical level of classification. A brief description of the landforms, Terrace and
River Floodplain (in bold type) is followed by a brief presentation and description of the four
ecosystem groups (in all caps and indented under the landform in which it occurs) of the
floodplain.

Terrace (Figure 3, Ecosystem Types 1 and 2). The terrace encompasses 19 ha (47 acres)
at the highest elevation in the study area and extends from 252 m (826 ft) down to 244 m (802
ft). It occurs at lower elevations and is of slightly more recent origin than the meltwater terrace
at Radrick Forest. The topography is gently undulating with an occasional wet depression. The
soil consists of layers of loamy sand to sandy loam over loose gravel. A layer of sapric muck
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Table 1. Classification of the landscape ecosystems and their corresponding presettlement cover
types of the University of Michigan's Matthaei Botanical Gardens. Washtenaw Co., Michigan.1
I. Outwash Plain
A. Terrace
Terrace
1. Dry-mesic upland; black oak - white oak - pignut hickory
2. Wet depression in terrace; American elm - black ash
B. River valley floodplain
First Bottom
3.
4.
5.
6.
7.
8.

Natural levee; bur oak - swamp white oak - shagbark hickory - basswood - musclewood
Wet areas adjacent to stream and below upland features; American elm - musclewood
First bottom flat; American elm - red ash - silver maple
Depression in first bottom; American elm - red ash - silver maple
Backswamp; American elm - red ash - silver maple
Meander-scar marsh; Typha - Scirpus

Second Bottom
9. Moderately well drained second bottom; white ash - bur oak - bitternut hickory shagbark hickory - black walnut
10. Somewhat poorly drained second bottom; bur oak
11. Poorly drained second bottom; American elm - black ash - black maple - black
walnut
Groundwater Seepages
12. Gently sloping groundwater seepage; American elm - tamarack - red ash - black ash
Miscellaneous floodplain features
13. Mineral soil over marl; bur oak - hawthorn
14. Ridge remaing after a late 19th century of early 20th century excavation (former second
bottom levee); white ash - bur oak - bitternut hickory - shagbark hickory - black walnut
15. Crevasse filling; black oak - white oak - shagbark hickory
16. Terrace riser; white oak - white ash - shagbark hickory - sassafras
1

The species listed for each ecosystem are estimates of the presettlement dominant species.
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Figure 3. Map of the landscape ecosystem types. University of Michigan's Matthaei Botanical Gardens. Washtenaw Co.,
Michigan. Thick lines separate ecosystem groups, and thinner lines separate ecosystem types (Numbers refer to names
of ecosystem types listed in Table 1). Dotted lines separate inclusions, or areas of similar soil and hydrologic conditions
within ecosystem types.
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over fine sand and clay occurs in the wet depression. Loose gravel almost always occurs within
2 m of the surface, but it rarely occurs at the surface. Localized areas of clay banding are
common in the upper soil layers. Depositional clay bands ranging from less than 5 cm to more
than 80 cm in thickness are common, but not present everywhere. The undulating topography
and the wide range of variability in the sediments suggest the presence of ice blocks in the
meltwaters that deposited sediments that compose this terrace. Although the sandy soil near the
surface drains readily, the clay bands slow drainage.
A large, former gravel pit occurs on the east side of the Botanical Gardens property, east
of the area that was mapped (Figure 3). Additional gravel mining may have occurred on the
southeast portion of the study area where gravel is present at the surface. In presettlement time,
the terrace probably supported relatively open-canopied forests of black oak (Quercus velutina
Lamarck), white oak (Quercus alba L.), and pignut hickory (Carya glabra (Miller) Sweet), with
bur oak (Quercus macrocarpa Mich.) occurring along the edges adjacent to the floodplain and
extending out into the uplands in areas of heavy clay banding. Very little natural vegetation
currently exists on the terrace. The present vegetation of most of the terrace consists of grassy
meadows and plantations. However, small patches of forest, dominated by white oak, black oak,
and bur oak occur near the boundary of the upper edge of the floodplain (e.g. near the prairie).
Within the terrace, two ecosystem types were distinguished; the dry-mesic upland and the
wet, ice-block depression. The dry-mesic upland is characterized by sandy soil with an
occasional clay band over gravel, and the depression is characterized by a concave topographic
shape and poorly drained muck soil. Despite the influence of localized depositional clay bands
on the drainage and the resulting influence on vegetation, ecosystems were not distinguished on
the basis of clay banding due to the uniform microclimatic conditions of the terrace, the irregular
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pattern of banding, and the lack of natural vegetation to confirm the ecological significance of
clay banding.

River Floodplain (Figure 3, Ecosystem Types 3-16) The river floodplain encompasses
the low-lying land adjacent to the stream channel that is subject to periodic flooding, channel
migration, and cycles of erosion and deposition. The floodplain encompasses 29.5 ha (73 acres)
and occupies elevations between 248 m (814 ft) and 240 m (788 ft). It is separated from the
terrace by a 4-6-m (14-20-ft) riser throughout much of the east side, and a 0.5-2.5-m (2-8-ft)
slope on parts of the west side. Occasionally there is a gradual transition from the floodplain to
the terrace. The microtopography of the floodplain is highly heterogeneous; slight variations in
elevation are associated with considerable differences in soil, drainage conditions, and plant
communities. Because of the highly variable conditions, 14 ecosystem types were distinguished.
Due to the large number of ecosystem types, four groups of ecosystems are recognized. They are
distinguished by topographic shape and position, parent material, and hydrologic conditions.
Although the floodplain occurs on both sides of Fleming Creek, it is not symmetrical. On
the east side of Fleming Creek the floodplain is characterized by a broad, relatively flat first
bottom and an adjacent and slightly higher second bottom. A broad, flat first bottom also occurs
on the southern part of the study area on the west side of Fleming Creek. The upper soil layers
of the first bottom and the second bottom consist primarily of silt loam. Organic matter has
accumulated in depressions, wet-mesic areas adjacent to the stream channel, and a groundwater
seepage of the second bottom. Most of the floodplain on the west side of Fleming Creek consists
of a gentle slope from the river’s edge to the terrace. Deep layers of organic matter have built up
and the water table remains near the surface throughout the year.
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FIRST BOTTOM (Figure 3, Ecosystem Types 3-8) The first bottom occurs on relatively
flat terrain immediately adjacent to Fleming Creek. It extends down to the edge of
Fleming Creek from an elevation of 244 m (802 ft) in the north to 240 m (788 ft) in the
south. At Kirk Brook, a small tributary of Fleming Creek that marks the northwest
boundary of the study area, the first bottom extends up to 248 m (814 ft). The first
bottom occupies about 14 ha (35 acres). Six ecosystem types were distinguished; levee,
wet-mesic areas adjacent to the stream and below upland features, first bottom flat,
depression in the first bottom, backswamp, and meander-scar marsh.
The levee, adjacent to the stream channel is the driest part of the first bottom. A
wetter first bottom flat occurs behind the levee, and adjacent to it, a wet backswamp.
The levee, flat, and backswamp are composed of alluvial materials. Coarser materials
were deposited on the levee and finer materials settled out behind the levee. Organic
matter has accumulated in the shallow depressions, meander scars, and wet-mesic areas
adjacent to the stream channel and below upland landforms. Major dominant species of
first bottom forest in presettlement time include American elm, red ash (Fraxinus
pennsylvanica Marsh.), and silver maple (Acer saccharinum L.). On drier sites that were
subject to shorter and less frequent periods of inundation, bur oak, swamp white oak
(Quercus bicolor Will.), shagbark hickory (Carya ovata (Miller) K. Koch.), and
basswood (Tilia americana L.) were probably common. Sites where the water table
remains at or near the surface throughout the year are now dominated by shrubs or
herbaceous vegetation.
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SECOND BOTTOM (Figure 3, Ecosystem Types 9-11) The second bottom consists of 8
ha (20 acres) of relatively flat terrain at higher elevations and farther from Fleming Creek
than the first bottom. It was probably exposed to periodic flooding and inundation before
the flooding of Fleming Creek was controlled. The second bottom occurs almost
exclusively on the east side of Fleming Creek. The small occurrence on the west side, is
characterized by clay loam to clay soil on terrain that gently slopes up to the higher, drier
soil of the terrace. On the east side of Fleming Creek, the second bottom is separated
from the terrace by a steep 4-6-m (14-20-ft) riser, except for the northern part where there
is a gradual transition to the terrace.
On the east side of Fleming Creek loamy alluvial soil prevails on the relatively
flat ground and deep layers of organic material have accumulated on a gently sloping
area influenced by groundwater seepage. The wetter part of the second bottom is often
separated from the drier part by a 0.3-1-m (1-3-ft) rise. Presettlement overstory
vegetation of the second bottom includes bur oak, white ash (Fraxinus americana L.),
shagbark hickory, bitternut hickory (Carya cordifromis (Wangenheim) K. Koch.), and
black walnut (Juglans nigra L.). American elm, black ash (Fraxinus nigra Marsh.),
black maple (Acer nigrum Michaux f.), and sugar maple (Acer saccharum Marsh.) were
probably common on the wetter sites.

GROUNDWATER SEEPAGE (Figure 3, Ecosystem Type 12) The west side of Fleming
Creek, excluding the southern portion of the study area and the area around Kirk Brook,
consists of a gently sloping groundwater seepage. The groundwater seepage occupies
about 3.6 ha, and it consists of a gradual (1-4%) slope from the levee to the terrace. It
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extends up to an elevation of 241 m (792 ft) in the southern part of the study area and 245
m (804 ft) in the northern part. Deep layers of organic matter have accumulated and the
water table remains close to the surface throughout the year. The groundwater seepage is
often separated from the terrace by a steep, 0.6-2.4-m (2-8-ft) slope, but occasionally
there is a gradual transition to the terrace.
The construction of dams on Fleming Creek probably reduced the frequency of
flooding. However, prior to the construction of dams, the frequency and duration of
flooding decreased progressively going up the gentle slope from the levee. American elm
and tamarack were probably abundant species of the groundwater seepage in
presettlement time. Tamarack was probably restricted to the high elevation areas that
were rarely exposed to the floodwater of Fleming Creek, but the soil remained saturated
throughout the year. The majority of the groundwater seepage now consists of marshes
and shrub meadow communities that may have developed following the recent deaths of
the American elm and tamarack trees and the subsequent rise of the water table.

MISCELLANEOUS FLOODPLAIN FEATURES (Figure 3, Ecosystem Types 13-16)
Several distinct ecosystem types that are not typically part of the pattern of physiographic
features of a river valley, or that do not fit in with the other ecosystem groups, are
recognized here due to the unusual interactions of physiogrphy, soil, and vegetation.
These ecosystems include a shallow deposit of mineral soil over marl, a ridge that
remains after a late 19th century or early 20th century gravel excavation, a crevasse filling,
and the terrace risers, or steep slopes that separate bottoms or terraces of the river valley.
The combined area of the miscellaneous features is about 4 ha (10 acres).
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Inclusions within Landscape Ecosystem Types
The spatial pattern of variation in the present soil and hydrologic characteristics of the
first bottom flat (ecosystem type 5) and the groundwater seepage (ecosystem type 12) allowed
for the identification of “inclusions,” or areas of relatively homogeneous soil and hydrological
conditions within these ecosystem types. Although inclusions are relatively homogeneous areas
within ecosystem types, they are not considered as a type of ecosystem. The first bottom flat is
the largest ecosystem type of the first bottom. The standard condition of the first bottom flat
(ecosystem type 5) occurs in the southern part of the study area (Figure 3). This includes silt
loam soil on relatively flat terrain and a water table that is 30-100 cm below the surface in late
summer (Appendix A). In the northern part of the first bottom flat, the water table is generally
closer to the surface and floodwaters may remain standing for longer periods than in the southern
part. The different hydrologic regimes of the north and south part of the floodplain may be
influenced, in part, by water entering Fleming Creek from Kirk Brook and the redirection of
floodwaters by the crevasse filling in the northern part of the floodplain.
Two inclusions (5a and 5b) were noted in the first bottom flat in the northern part of the
floodplain. In inclusion 5a, the water table is 30-60 cm below the surface in late summer, and
the soil may remain saturated or inundated for longer periods than it does under the standard
condition of the first bottom flat (Appendix A). The coverage of the groundcover layer is much
lower than that of the standard condition. Also, the species composition is different. Wild
ginger (Asarum canadense L.), which is one of the most abundant species in the standard
condition is absent. Black ash is abundant in the understory and small overstory of 5a, but it is
rare under the standard condition. The different species composition and the low coverage of
the groundcover layer in 5a may result from longer periods of saturation and inundation. Several

Ecosystems of the Fleming Creek Valley Page-27

relatively high mounds occur within 5a. The mounds permit the occurrence of bur oak in this
otherwise wet part of the floodplain.
Inclusion 5b is located around the edge of the depression in the first bottom (Figure 3). It
is the wettest part of the first bottom flat and the water table remains above 30 cm throughout the
year (Appendix A). The coverage of the groundcover layer is generally lower than that of both
the standard condition and 5a. Most trees are located on small mounds in 5b. The rise of the
water table that may have occurred after the death of the American elm trees may have had a
more significant influence in 5b than other parts of the first bottom flat. The rising water table
may have killed most trees that were not located on mounds. Now, the density of overstory trees
is much lower than that of other parts of the first bottom flat. A dense layer of buckthorn
(Rhamnus cathartica L. and Rhamnus frangula L.) covers much of 5b. Wild ginger is also
absent, and black ash is more common than it is in the standard condition.
The groundwater seepage (ecosystem type 12) also contains considerable variation in its
soil and hydrologic conditions due to differences in topographic position. Thus, the standard
condition (ecosystem 12) plus three inclusions, 12a, 12b, and 12c were identified (Figure 3 and
Appendix A). The standard condition of the seepage occupies the midslope position. The soil
consists of a layer of sapric muck over hemic organic matter, and the water table is within 50 cm
of the surface. Marl is often mixed in with the muck. The midslope position was probably
rarely influenced by floodwaters before flooding was controlled. Dead, standing tamarack trees
occupy much of the standard condition. Within the standard condition, marked changes in the
groundcover layer coincide with slight changes in the level of the water table relative to the
ground surface. A dense sedge meadow composed primarily of Carex lacustris (Willd.) occurs
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in the wettest places. In slightly drier areas shrubs are abundant, but several small marsh
communities that are not dominated by shrubs also occur in the slightly drier areas.
Inclusion 12a is located just west of the levee, at the base of the groundwater seepage
(Figure 3). Like the standard condition, its soil is primarily sapric muck, but it may contain a
higher proportion of silt than that of the standard condition. Few live trees occur in the lower
slope position, and much of it is now a sedge meadow. Sedges (primarily Carex lacustris Willd.
and Carex stricta Lam.), and cattail (Typha latifolia L.) are abundant. Several dense clumps of
shrubs also occur. Relative to other slope positions, the lower slope was more frequently
exposed to flooding. Occasional flooding in recent times, especially after the death of American
elm, may account for the absence of tamarack from 12a despite its wet open conditions.
Inclusion 12b is located in the upper slope position, just below the terrace (Figure 3). It
is characterized by muck soil, a slightly lower water table than other parts of the seepage, and a
greater abundance of tree regeneration. Several understory-sized stems of bur oak, American
elm, and basswood can be found, and nannyberry is common in the understory.
Inclusion 12c occupies the mid-to-upper slope position in the northern part of the seepage
(Figure 3). Like the other parts of the groundwater seepage, the soil is muck. However, the
muck is overlaid by 10-20 cm of mineral soil. The presence of mineral soil on top of the muck
indicates that floodwaters covered this relatively high part of the seepage at one time. The thin
layer of mineral soil at the surface provides slightly drier conditions than the surrounding areas
where muck occurs at the surface, and shrubs are extremely dense here. Also, species, such as
cattail, that are characteristic of wet sites, are common in other parts of the seepage but absent
here.
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Physiographic Pattern and the Correspondence of Species

Three transects illustrate the pattern, interrelationships, and diversity of landforms and
ecosystem types of the river valley (Figure 4). These transects are illustrated by physiographic
diagrams in Figures 5 (A-A’), 6 (C-C’), and 7 (B-B’). The transect illustrating the physiographic
pattern in a transect across the valley, from the west terrace to the east terrace (A-A’), is
described first because it encompasses both sides of the river valley. Then, the two finer-scale
transects across the east side of the floodplain are discussed. Transect C-C’ (Figure 6) is
described before transect B-B’ (Figure 7) because it represents the typical fine scale
characteristics of the floodplain.
Although soil properties were only examined in the upper 2 m, the deeper outwash
deposits illustrated in Figures 5, 6, and 7 represent hypotheses of the stratified layers that are
likely to occur at greater depths. Particle sizes are exaggerated to emphasize vertical layering of
particles where the particle size is related to the velocity of water that deposited it. Such
hypotheses are based on observations of water-laid materials in gravel pits. Also, Leverett and
Taylor (1915, p.280) have recorded that the Outer and Inner lobes of the Defiance moraine are
separated by a “gravel plain” (the Fleming Creek valley) in the vicinity of Ann Arbor. Russell
and Leverett (1915, p.8) referred to the path that glacial meltwater followed between the Outer
and Inner lobes of the Defiance moraine near the mouth of Fleming Creek at the Huron River as
a “gravel-filled valley.” The depths of the muck and alluvial deposits in Figures 5, 6, and 7 are
hypotheses based on observations of the upper deposits. The actual depths of these deposits was
not recorded in this study.
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Figure 4. Location of transects across the Fleming Creek Valley. University of Michigan's Matthaei Botanical Gardens.
Washtenaw Co., Michigan.
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The topographic shape and associated pattern of parent materials in transect A-A’ (Figure
5) across the Fleming Creek valley are representative of the general pattern likely to occur in the
valleys of many rivers that occupy glacial meltwater channels. The entire valley is composed of
materials deposited by flowing water. The older materials deposited by glacial meltwater occur
at the surface of the terraces on either side of the valley. Further incision has carved a floodplain
landform deeper into the valley where finer-textured materials were deposited on top of the older
materials. Within the floodplain, organic matter has accumulated where water remains at the
surface all year.
A dry-mesic terrace (ecosystem type 1) occurs on both sides of the floodplain (Figure 5).
Most of the terrace is not currently forested, but the presettlement forest was probably dominated
by black oak, white oak, and pignut hickory. Bur oak may have been common near the edge of
floodplain and in areas where depositional clay bands are present. The structure and
composition of the understory and ground cover layers of the forest presettlement forest were
probably strongly dependent on the fire regime. Relatively closed canopy forests occurred on
sites that were protected from fire, and open or barren conditions prevailed on sites that burned
frequently.
Below the terrace, the asymmetrical floodplain landform contains a gently sloping
groundwater seepage (ecosystem 12) on the west side of Fleming Creek, and a low, relatively flat
first bottom (ecosystem 3, 5, and 7) situated adjacent to a higher second bottom (ecosystem 11
and 14) on the east side (Figure 5). The hydrologic regime of each site is influenced by the
physical conditions of that particular site and its position in relation to other sites.
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Groundwater flows from the terrace towards Fleming Creek. On the west side of
Fleming Creek, seepage from the upland remains near the surface and the muck soil of the
seepage (ecosystem 12) remains saturated throughout the year. Reid (1958) attributes the
occurrence of groundwater seepage to the presence of clay layers below the organic material.
However, in one soil pit and several auger holes (1-1.5 m deep), impervious layers were not
encountered in this study. Relatively open forests composed of American elm and tamarack,
with openings dominated by herbaceous plants and shrubs, probably occurred on the
groundwater seepage in presettlement time. Other tree species of the floodplain, including red
ash, silver maple, and black ash were probably also common on the seepage. Tamarack and
black ash were probably restricted to the higher elevation sites where the soil remains saturated
throughout the year, but were rarely exposed to the floodwater of Fleming Creek.
On the east side of Fleming Creek, in the relatively flat terrain of the first bottom
(ecosystem types 3, 5, and 7), the water table is slightly below the surface much of the year.
However, due to its low topographic position, the first bottom is regularly inundated by
floodwaters. Unlike the muck of the groundwater seepage, the predominantly mineral soil of the
first bottom dries out after floodwaters recede. Although the first bottom contains several
ecosystem types, characterized by different physiography, soil, and hydrological conditions,
American elm, red ash, and silver maple were probably the dominant overstory species
throughout most of the first bottom under presettlement conditions.
A higher second bottom (ecosystem types 11 and 14) is situated adjacent to the first
bottom (Figure 5). It is flooded less frequently and for a shorter time than the first bottom. A
greater diversity of overstory species than that of the first bottom probably occurred here in
presettlement time. The terrain of the second bottom previously formed a continuous surface
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east of the first bottom, as indicated by the dotted line in Figure 5, but now a flat-topped ridge
(ecosystem 14) occurs along the eastern edge of the first bottom in the southeast part of the
floodplain. The ridge, which stands 1-2 m (3-6 ft) above the general level of the first bottom,
was originally formed as the levee of the second bottom, but a late 19th century or early 20th
century excavation removed the material east of the levee, resulting in a ridge that is isolated
from the rest of the second bottom.

River Floodplain
Due to the highly heterogeneous microtopography of the floodplain, where slight
variations in elevation are associated with considerable differences in soil, drainage, and species
occurrence, a close examination of the floodplain is necessary. As shown in transect C-C’
(Figure 6), almost the entire stream margin on both sides of Fleming Creek is lined with a natural
levee (ecosystem 3). Because it is the highest and driest part of the first bottom, most trails
(which follow old roads) in the floodplain occur along the levee. However, in presettlement
time, Fleming Creek’s levees probably supported forests where trees developed large crowns and
leaned over the stream to capture light. Forests dominated by bur oak, swamp white oak,
shagbark hickory, and basswood probably occurred on the levee. Because levees are the highest
part of the first bottom they are subject to shorter periods of inundation and lower flood levels
than any other part of the first bottom. Thus, under a natural flood regime, small trees and
shrubs are much more abundant on the levee than any other part of the first bottom. These
characteristic plants are musclewood (Carpinus caroliniana Walter), prickly-ash (Zanthoxylum
americana Miller), redbud (Cercis canadensis L.), and nannyberry (Viburnum lentago L.).
When floodwaters flow over the levee, silts and clays are deposited in a low, flat, poorly
drained first bottom flat (ecosystem 5) (Figure 6). A relatively open forest dominated by
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American elm, red ash, and silver maple probably occurred on the first bottom flat before
flooding was controlled. An illustration of the importance of microsites in a river floodplain
occurs in the northern portion of the first bottom flat (ecosystem 5 – inclusion 5a) (Figure 6).
Several mounds stand 0.3-0.7 m (1-2 ft) above the general ground level. Relative to the general
level, the frequency and duration of flooding is less on the mounds. Thus, the occurrence of
mounds has an important influence on the distribution of species in the first bottom flat. Several
large bur oak trees (ca. 75 cm DBH) occur on the mounds today and were apparently established
before flooding was controlled. Bur oak is less tolerant of flooding during the growing season
than the major dominants of the first bottom, but it probably occurred with American elm, red
ash, and silver maple due to the availability of such slightly drier microsites in the northern part
of the first bottom flat.
A narrow backswamp (ecosystem 7) is located at the edge of the first bottom, adjacent to
the second bottom (Figure 6). The backswamp is at a lower elevation, the water table is closer to
the surface, and its soil is finer textured than that of the first bottom flat. When floodwaters
recede, standing water remains in the backswamp for a longer time than it does in the first
bottom flat. Thus, under presettlement conditions, the forest of the backswamp probably
contained few understory stems, and the coverage of the groundcover layer was lower than any
other part of the floodplain.
Adjacent to the backswamp is a higher, drier second bottom (Figure 6). On the east side
of Fleming Creek, two ecosystem types occur on the second bottom (ecosystem types 9 and 11).
Ecosystem 9 contains loamy soil and the water table is usually more than 1 m below the surface.
Its presettlement forest was probably dominated by white ash, bur oak, shagbark hickory,
bitternut hickory, and black walnut. Even though the second bottom flooded less frequently than
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the first bottom, flooding undoubtedly played an important role in maintaining the presence of
midtolerant and intolerant tree species.
The gently sloping groundwater seepage of the second bottom (ecosystem 11) is situated
east of the drier part of the second bottom, and the two ecosystem types are often separated by a
slight 0.3-1 m (1-3 ft) rise. The groundwater seepage of the second bottom was classified as part
of the second bottom rather than grouped with the seepage of the west side of Fleming Creek due
to its position above the relatively flat terrain of the first bottom and at a similar elevation to the
other ecosystems of the second bottom. The water table of the groundwater seepage of the
second bottom is lower than that of the groundwater seepage of the west side of Fleming Creek.
Although the water table is typically more than 50 cm below the surface, the muck soil remains
wet or nearly saturated throughout the year. Thus, species that are characteristic of mesic sites
occur adjacent to species that are characteristic of wet-mesic and wet sites in this ecosystem type
due to slight differences in water availability. Forests dominated by American elm, black ash,
black maple, sugar maple, and black walnut probably occurred in the groundwater seepage of the
second bottom in presettlement time.
As illustrated in transect B-B’ (Figure 7), Fleming Creek’s floodplain also contains
several ecosystem types that are not typical of river valley landscapes. A small crevasse filling
(ecosystem type 15) occurs in the north part of the floodplain. Stagnant ice remained in the
Fleming Creek valley after the retreat of the glacier. As meltwater incised into the valley floor,
sand and gravel were probably dumped through a crack in the ice to form the crevasse filling.
Thus, the parent material of the crevasse filling is of an earlier origin than that of the first
bottom. The moderately sloping terrain of the crevasse filling stands 2-3 m (6-9 ft) above the
first bottom and its dry soil is perched above the level of floodwaters. A forest dominated by
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black oak, white oak, and shagbark hickory probably occurred on the crevasse filling under
presettlement conditions. Although black oak and white oak do not normally occur adjacent to
rivers, the unique combination of topography and soil of the crevasse filling provide conditions
that perpetuated black oak and white oak here.
Several new land deposits immediately adjacent to the stream channel, or “fronts,” occur
along Fleming Creek. A typical front occurs at the base of the crevasse filling (Figure 7). The
front is closer to the stream channel, and it often contains finer-textured soil than the levee.
Thus, it does not dry out as readily as the top of the levee. Black willow (Salix nigra Marsh.)
and eastern cottonwood (Populus deltoides Marsh.) typically occur on the front. Eastern
cottonwood occurs on sites with slightly drier conditions than those occupied by black willow.
Although the site conditions and corresponding vegetation of the front are different than that of
the levee, the front was classified and mapped as part of the levee. The front was too small to be
mapped as a separate ecosystem type.
A first bottom flat (ecosystem 5) occurs to the east of the crevasse filling in transect B-B’
(Figure 7). The first bottom flat gradually slopes down into a shallow depression (ecosystem 6).
The depression in the first bottom illustrates the importance of slight changes in elevation when
the water table is near the surface. The depression is less than 1 m lower than the first bottom
flat, but it contains muck soil that remains saturated throughout the year. The presettlement
forest of the depression probably consisted of few trees, separated by large spaces, and it
contained little understory vegetation. Due to the permanently saturated soil, trees probably only
occurred on mounds or other relatively dry microsites.
Although the depression and the groundwater seepage of the west side of Fleming Creek
(ecosystem 12) both contain saturated muck, they probably supported different communities in
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presettlement time. An open-canopied forest dominated by American elm, red ash, and silver
maple probably occupied the depression. On the groundwater seepage, the same three species
were probably common, but black ash and tamarack were probably also common. The
presettlement communities of these two wet ecosystem types were probably strongly influenced
by the role of Fleming Creek’s floodwaters, which frequently covered the depression but rarely
influenced the groundwater seepage above the lower slope position.
The term “flooded” is commonly used to refer to any site where the water table is at or
near the surface, but the timing, duration, temperature, and sediment characteristics of over-thebank flood events are much different than that of groundwater that occurs at or near the surface.
Such characteristics of floodwaters have elicited genetic differentiation of river valley species
(Barnes et al. 1998). While American elm, red ash, and silver maple are relatively tolerant of the
processes of over-the-bank flooding, species like black ash and tamarack are tolerant of low
oxygen availability and are often found on very wet “saturated” sites, but they are less abundant
on sites where over-the-bank flooding occurs. In the floodplain of the Manistee River, in
northwestern Lower Michigan, the relative density and relative dominance of red ash were much
greater than that of black ash on the first bottom flat. However, the relative density and
dominance of black ash were greater than that of red ash in the backswamp, where the influence
of saturation may be more important than the role of over-the-bank flooding (Baker and Barnes
1998).
A higher, second bottom occurs to the east of the depression (Figure 7). The gently
sloping groundwater seepage of the second bottom (ecosystem 11) extends from the depression
to the steeply sloping riser (ecosystem 16). At the boundary between the groundwater seepage
and the riser, there is an abrupt change in physiography, soil, and vegetation. The steep slope of
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the rise is composed of sand and gravel. A forest of white oak, white ash, and shagbark hickory
probably occurred on the riser in presettlement time. Due to the steep slope of the riser, high
light levels occurred on the ground and shrubs were probably abundant.

General Discussion
Levels of Classification
The Fleming Creek valley was subdivided into relatively homogeneous ecosystem types
at three hierarchical levels (Physiographic System, Landform-Level Ecosystem, and Landscape
Ecosystem Type). Although the ecosystems classified at each level are homogeneous relative to
the other ecosystems at that level, there is variation in the physiography, soil, and vegetation of
each ecosystem type. To account for the variability, Physiographic Systems were subdivided into
Landform-Level Ecosystems, and Landform-Level Ecosystems were subdivided into Landscape
Ecosystem Types. Even though Landscape Ecosystem Types are the finest level of classification,
there is variation in their physiography, soil, and vegetation. However, further subdivision would
result in very small units that are not necessarily distinct, functional units that are repeatable
over the landscape.
Because ecosystems were classified and mapped within a small area, variation in the
present soil and hydrologic conditions of two landscape ecosystem types (5 and 12) was
described and located on the map. Within the first bottom flat (ecosystem 5) and the
groundwater seepage (ecosystem 12), inclusions, or areas of relatively homogeneous soil and
hydrologic conditions, were identified. Although the inclusions illustrate the diversity of the
floodplain landform, and an understanding of their characteristics may be important for finescale management, the inclusions are not distinct, functional units of the landscape. Therefore,
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they are considered part of the ecosystem type in which they are embedded, not classified as
ecosystem types.

Presettlement Vegetation
An understanding of the presettlement vegetation is an important part of ecosystem
classification and mapping. However, site-specific descriptions of the vegetation prior to
European settlement are rarely available. Thus, approximations of the presettlement vegetation
can be made by an examination of the present vegetation and historical records, and their
integration with the pattern of landforms and soils. Land surveys from the early 1800s contain
the earliest data on the vegetation of the Fleming Creek valley. Surveyors walked along section
lines and at each section corner, the bearing and distance to two witness trees and their diameters
were recorded. They occasionally wrote down a few words about the vegetation along the
section line. An early study of the landforms and soils of the original tract of land at the
Botanical Gardens contains more recent historical information about the vegetation of the
Fleming Creek valley (Reid 1958).
Land surveys of the Fleming Creek valley and the surrounding landscape were conducted
in 1819.3 The land surveyors recorded phrases like “good oak land,” “rolling good land,” and
“fine farming land, mostly oak,” as they traveled across the moraines on both sides of the
Fleming Creek valley. The following names of species were often recorded as witness trees on
the moraines; white oak, black oak, red oak, hickory, and sugar maple. However, the only
species listed as witness trees on the terraces of the Fleming Creek valley were white oak and
black oak. A distinct change in vegetation structure was not recorded at the boundary of the

3

Dennis Albert, personal communication and map of the land surveyors notes as interpreted by personnel at the
Michigan Natural Features Inventory.
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moraines and the river valley terraces. However, part of the terrace, centered on the present
town of Dixboro, was termed “poor barren land” by the surveyors. This area of more than 100
ha (250 acres) may have extended south to Kirk Bog, just within the northern boundary of the
Botanical Gardens. The surveyors noted several paths surrounding the large open area. Such
paths indicate that Native American settlement of the Fleming Creek valley preceded European
exploration of the area.
A map of the vegetation of Michigan circa 1800 was developed based on interpretations
of the General Land Office Surveys (Comer and Albert 1998). The uplands surrounding Fleming
Creek, including the moraines and the river valley terraces, were classified as “oak-hickory
forest,” and a small area just north of the Botanical Gardens (the “poor barren land” centered on
the present town of Dixboro) was classified as “mixed oak savanna.” Fleming Creek’s
floodplain was classified as “wet prairie.” Although the forests of the moraine and the river
valley terraces were classified the same, the terraces are characterized by coarser soil and
generally flatter topography than that of the moraines. Therefore, the forests of the terraces were
probably characterized by more open canopies and a different species composition, especially in
the understory and ground cover, than the forests of the moraines. Open, or barren areas, like the
one centered at the town of Dixboro, probably burned more frequently than the forested areas,
and the high fire frequency was probably related to Native American settlement in the area.
The floodplain was undoubtedly characterized by open conditions relative to the adjacent
uplands. Although the floodplain was interpreted as a “wet prairie” based on the little bit of
information included in the land surveys, Fleming Creek’s floodplain was probably not
dominated by herbaceous plants. Based on the land surveyors’ terminology, there was probably
interest in the areas of high economic potential. Thus, the terms “good” and “poor” probably
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referred to the productivity of the land as inferred from the size and density of trees. Due to the
wet, relatively open conditions of the floodplain, it was not perceived as having a high economic
potential, and the land surveyors probably recorded little information in the floodplain relative to
the uplands. In the development of the map of the presettlement vegetation of Michigan, the
floodplain was probably interpreted as a “wet prairie” by the personnel at the Michigan Natural
Features Inventory because the little bit of information provided by the surveyors referred to the
open conditions relative to the uplands.
However, Fleming Creek’s floodplain was mostly forested by the middle of the 20th
century. Shortly after the original tract of land at the Botanical Gardens was donated to the
University of Michigan, the northern, southern, and central parts of the floodplain were referred
to as “Clements Woods,” “Marsh Hawk Woods,” and “Osgood Woods” respectively (Reid 1958).
A small area southeast of the crevasse filling was referred to as “Cathedral elms.” Many trees of
Fleming Creek’s floodplain forest today, such as American elm, red ash, and silver maple, are
characteristic floodplain species that would have been absent from the adjacent uplands prior to
European settlement. It is unlikely that these floodplain species would have become so abundant
in such a short time if they were not present in the presettlement forest.
In addition to the characteristic tree species, many shrubs such as red-osier dogwood
(Cornus stolonifera Michaux) and silky dogwood (Cornus amomum Miller), and herbaceous
plants including blue-joint grass (Calamagrostis canadensis (Michaux) Beauv.) sedges (Carex
lacustris Willd. and Carex stricta Lam.), Joe-pye-weed (Eupatorium maculatum L.) and common
boneset (Eupatorium perfoliatum L.) are abundant in the floodplain, especially in the seepages
and depressions. The abundance of these species, which thrive under wet, open conditions,
suggests that relatively open areas must have occurred in Fleming Creek’s floodplain in
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presettlement time. Thus, Fleming Creek’s floodplain was probably mostly forested, especially
the levee, first bottom flat, and second bottom. However, openings dominated by herbaceous
plants and shrubs probably occurred in the wettest sites, like the groundwater seepage, or sites
that burned most frequently.

Michigan Natural Features Inventory Community Types
In the classification and mapping of ecosystems, the characteristic presettlement
vegetation of each ecosystem type was estimated based on an integration of studies of
physiography, soils, present vegetation, and historical records. However, it is also useful to
categorize the presettlement vegetation into a standard system that allows for the interpretation
of general trends over a broad area. Seventy natural community types of Michigan were defined
by personnel of the Michigan Natural Features Inventory (Chapman 1986). The identification of
such community types was applied to the Botanical Gardens (Appendix D).
The terraces are most appropriately classified as “Dry-mesic southern forest.” The “Oak
barrens” community type, as described by the Michigan Natural Features Inventory, is a
community type that occupies drier sites than the banded loamy sand to sandy loam soil of the
terrace at the Botanical Gardens. However, barren conditions may have occurred on this type of
site if the fire frequency was very high. Such a high fire frequency may account for the area just
north of the Botanical Gardens that the land surveyors termed “poor barren land.” Small “Oak
openings” may have occurred around the edges of the wet depressions in the terrace, but these
communities would have occupied a small area and their composition was probably much
different than more characteristic “Oak openings,” such as those that probably occurred on the
lake plain. Thus, the terrace is classified as “Dry-mesic southern forest.”
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The small depression is classified as a “Southern swamp” to emphasize the differences in
species composition from that of the floodplain. A different suite of species were likely to occur
under the saturated conditions of the depression than the species of the floodplain, which was
frequently exposed to over-the-bank flooding and its associated processes, such as siltation (the
deposition of fine soil particles) (Barnes et al. 1998).
The first bottom and the second bottom of the floodplain are most appropriately
classified as “Southern floodplain forest.” Most of the characteristic trees, shrubs, and
herbaceous plants of a floodplain forest are abundant at the Botanical Gardens today and they
were undoubtedly also present in presettlement time. Although many of the characteristic
floodplain tree species must have also been present in the groundwater seepage, it was probably
characterized by much more open conditions than the first and second bottoms. Therefore, the
groundwater seepage is classified as “Southern wet meadow,” “Wet prairie,” and “Southern
shrub-carr” to emphasize the open conditions relative to the first and second bottoms. Although
trees were present on the seepage, these three community types most closely approximate the
conditions of the seepage while emphasizing the difference in forest structure from that of the
first and second bottoms.
The wettest parts of the groundwater seepage were probably a “Southern wet meadow”
dominated by blue-joint grass, Joe-pye-weed, and common boneset. Slightly drier areas
probably contained “Wet prairie” vegetation, including sedges and a greater diversity of
herbaceous vegetation than the wet meadows. On drier sites, and at times when the fire
frequency was lower, a “Southern shrub-carr” community dominated by shrubs, including
dogwoods and willows occurred. Although the three communities of the groundwater seepage
are composed primarily of herbaceous plants and shrubs, tree species were probably scattered
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throughout the seepage. Due to the similarities of the community types of the groundwater
seepage and the depressions of the first bottom, and the successional relationships of these
communities, it is most appropriate to note that all three communities occurred.

Similarities to other River Valleys
Terrace
Although Fleming Creek is a relatively small stream, the pattern of ecosystem types in
the 50-ha portion of its valley that was studied represents that found in many river valleys. Like
the Fleming Creek floodplain, most floodplains are embedded within a series of higher terraces
(Brinson 1990). Although the terms “bottom” and “terrace” refer to similar topographic
features, they are not interchangeable. Bottoms are subject to periodic flooding under the
current drainage conditions, but terraces were formed under a previous drainage regime and are
no longer subject to flooding and inundation.
In the river valleys of glaciated landscapes, the soil of the terraces is almost always
relatively coarse compared to that of the floodplain. In a study of the prairies of southwest
Michigan, 39 prairies were found in 10 different counties (Veatch 1927). All of the prairies
occurred on glacial meltwater terraces, and their parent material consisted of a layer of sandy
loam to silt loam over loose sand and gravel. Much of the terrace at the Botanical Gardens is
composed of a similar parent material. However, clay banding is common as are patches of
heavier-textured, somewhat unsorted soil. Fleming Creek’s higher terrace, at Radrick Forest,
contains sandy parent material that is overlaid by a layer of siltier soil on the western part
(Barnes et al. 1998).
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Levee
The river floodplain, with its series of bottoms, occurs at a lower elevation than the
terrace. The typical floodplain of most major rivers begins adjacent to the river channel, where
floodwaters deposit their coarsest sediments, resulting in the formation of relatively high natural
levees (Brinson 1990). Relative to other parts of the first bottom, soil of the levee is coarser in
texture, more friable, and the depth to gleyed soil, soil drainage, and soil aeration are greater
(Buchholz 1981). Fine-textured, new land deposits along stream margins, termed “fronts” or
“slicks,” are also common to most major rivers (Hosner and Minckler 1960). The occurrence of
these new land deposits is related to the pattern of erosion and deposition. Because the flooding
of most major rivers has been controlled, and the stream channel has been stabilized, fronts are
often less common along major rivers than they were under natural conditions.
Communities of black willow and eastern cottonwood have been observed on the new
land deposits along several major rivers (Hosner and Minckler 1963, Bell 1974). Both black
willow and eastern cottonwood are fast-growing species that are intolerant of shade (Barnes and
Wagner 1981). The abundance of willow and cottonwood along stream margins is related to
their ability to colonize newly exposed and frequently disturbed sites (Hosner and Minckler
1963) and their tolerance to longer periods of inundation than the species more typical of the
levee (Hall and Smith 1955, Hosner 1960).

First Bottom

After flooding over the levee, stream deposits thin rapidly and become finer in texture the
farther they are from the stream channel (Hosner and Minckler 1963). Behind the levee, a low,
flat, poorly drained bottomland, or “first bottom flat,” often occurs. As distance from the stream
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increases, surface elevation gradually decreases and progressively finer materials are deposited,
resulting in the formation of a low, poorly drained zone, or “backswamp” of the first bottom
(Barnes et al. 1998). In presettlement time, American elm, red ash, and silver maple were the
dominant species of southern Michigan’s floodplain forests (Chapman 1986). They are also
important components of floodplain forests over a broad geographic range including northern
Michigan (Baker and Barnes 1998), southern Illinois (Bell 1974, Hosner and Minckler 1963),
and Virginia (Hupp and Osterkamp 1985).
Due to the lateral migration of the meandering stream channel, former channels, point
bars, levees, and backswamps are cut off and abandoned, resulting in the local relief of ridges,
swales, and oxbows that is characteristic of many floodplains (Brinson 1990). Within the
general progression from levee, to first bottom flat, to backswamp, an enormous amount of
variability occurs in Fleming Creek’s floodplain. This diversity of microlandforms is typical of
small and large floodplains in Michigan and elsewhere. A meander-scar marsh (ecosystem type
8), a shallow depression (ecosystem type 6), the wet-mesic areas adjacent to the stream channel
and below upland features (ecosystem type 4), and a shallow layer of mineral soil over a marl
deposit (ecosystem type 3) are examples of the range of variation in physical site characteristics
in Fleming Creek’s floodplain.
The meander-scar marsh (ecosystem 8) is the wettest ecosystem type of the floodplain.
Standing water remains at or above the surface all year. Because it is so wet, woody plants are
absent. Only one meander-scar marsh was large enough to be included in the ecosystem map
(Figure 3). This particular meander scar is located just downstream from a small dam, and it
might not represent a natural meander of Fleming Creek. However, several smaller meander
scars occur in the floodplain. The smaller meander scars were included as part of the levee
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because of their small size. An understanding of the larger meander scar may help to interpret
the community composition and ecological processes of the smaller meander scars.
Two depressions (ecosystem 6), which contain muck soil, occur in the first bottom, one
on each side of Fleming Creek. In general, periodic over-the-bank flooding and regular soil
aeration prevent the accumulation of organic matter close to the river (Brinson 1990). However,
a deep accumulation of organic matter can result from relatively low over-the-bank flood
frequency, low flow velocity, and prolonged soil saturation from a high water table during the
growing season (Baker and Barnes 1998). Both depressions are located at a relatively far
distance from the stream channel. Thus, they may experience a low velocity of floodwaters due,
in part, to the friction of the floodplain vegetation. Also, groundwater may become less
associated with river level as distance from the river increases (Bell and Johnson 1974). The
combined influences of the groundwater and a low flow velocity of floodwaters may have
promoted the accumulation of organic matter in the depressions.
The depression on the east side of Fleming Creek (Figure 7) is a wet marsh with many
dense clumps of shrubs. It has a high diversity of species in the ground cover. Nearly 60 species
were present in the ground cover of one 200-m2 plot. The depression on the west side of
Fleming Creek is located closer to a seed source for purple loosestrife, and purple loosestrife is
now the most abundant species of the depression. Tree regeneration is virtually absent from both
depressions, except around the edges. Although the two depressions are characterized by similar
physical site conditions, their present communities are different due to recent historical
conditions. Because changes in physical site conditions take place more slowly than the species
that occupy that site, the two depressions were classified and mapped as the same ecosystem
type.
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Although most of the stream margin on both sides of Fleming Creek is lined with a
natural levee, there are three areas where the stream occurs close to upland features, and there is
no distinct levee (Figure 3). At these three locations, a wet-mesic ecosystem type with muck soil
(ecosystem 4) is located between the stream channel and the upland feature. Like the levee,
small trees and shrubs are abundant, but the composition of the understory groundcover layers is
much different. Although musclewood is common on the levee, it is much more abundant in
ecosystem 4. Fifty-six stems of musclewood were recorded in the understory of one 200-m2 plot
in ecosystem 4. Also, the coverage of skunk cabbage (Symplocarpus foetidus (L.) Nutt.) is
greater than 75% in most of ecosystem 4, but it is much lower on the levee.
A small rise containing mineral soil over marl (ecosystem 3) is situated on the west side
of Fleming Creek (Figure 3). The mineral soil is 15-30 cm (6-12 in) deep, and the marl deposit
below it continues down for more than 1 m. Most of the rooting is restricted to the mineral soil.
In presettlement time, the small rise probably supported a relatively open forest composed of bur
oak. Open conditions were probably maintained by fire. Hawthorn (Crataegus spp.) was
probably common in the understory, and a high diversity of groundcover species existed on this
moist, rich site. Now a few overstory bur oak trees grow here and there are several large
hawthorns in the small overstroy and understory. However, buckthorn (Rhamnus frangula L. and
Rhamnus cathartica L.) has become abundant in the understory, and the coverage of the
groundcover layer is sparse where buckthorn is dense in the understory. However, a layer of
small buckthorn seedlings often occurs where buckthorn is dense in the understory. Many
species (60 species in one 200 m2 plot) occupy the ground cover where the coverage of
buckthorn is low.
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In addition to the influence of the pattern of ecosystem types and its influence on the
occurrence of species in the floodplain, finer-scale microsites play an important role in the
distribution of species. For example, due to the high water table of the first bottom, tree rooting
is shallow, and trees are prone to windthrow. The resulting tip-up mounds provide drier
microsites, where the frequency and duration of flooding are lower than that of the general
ground level. The small mounds in the northern part of the first bottom flat (Figure 6) illustrate
the importance of microsites in the floodplain.

Second Bottom
Although attention is often focused on the first bottom in the study of floodplains, a
series of typically drier bottoms is situated adjacent to the first bottom, and each bottom is
flooded progressively less frequently and for a shorter time (Barnes et al. 1998). The favorable
moisture and nutrient relations of the second bottom result in a highly productive site, and the
occasional disturbance of flooding results in open conditions that are favorable for the
regeneration of intolerant species. However, in most rivers where flooding has been controlled
the second bottom is no longer subject to flooding.
The second bottom on the west side of the Fleming Creek’s floodplain (ecosystem 10)
has heavier-textured soil than that of the second bottom on the east side (ecosystem 9). The
heavier soil may have been deposited in ponded floodwaters. Due to the heavier-textured soil,
water remains near the surface for a relatively long time in the spring. Bur oak is abundant here.
In the past, the regeneration of bur oak here was most likely influenced by fires, which spread
into the second bottom from the dry terrace. There is no fire break between the dry terrace to the
west and the second bottom. Thus, the second bottom on the west side of the floodplain may
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have burned more frequently than the second bottom on the east side, resulting in a more open
forest than that of the east side, and fewer shrubs in the understory.

Alterations of the Landscape
Although the types of physiographic features and their pattern in the Fleming Creek
valley are typical of many river valleys, recent human-induced disturbances have altered the
physiography of parts of the Fleming Creek valley. A large excavation on the east side of the
Botanical Gardens (not included in the ecosystem map, Figure 3) has resulted in the formation of
two shallow ponds (Dix and Rash Ponds), and has completely altered the topography of the
adjacent area. The two ponds are at a higher elevation than Fleming Creek, but standing water
remains in the ponds throughout the year. The occurrence of standing water is probably due to
impervious layers deep in the sediments of the terrace or to the compaction and silting in of the
ponds that occurred during the excavation.
A small, late 19th century or early 20th century excavation removed much of the material
on the east side of the levee of the second bottom. Now, a flat-topped ridge (ecosystem 14) runs
along the eastern edge of the first bottom in the southeast part of the floodplain (Figure 3). A
soil pit on the ridge revealed alternating layers of fine- and coarse-textured deposits. Several
layers of black soil containing large amounts of organic matter were observed in the soil pit.
These dark layers indicate the former position of the ground surface. Vegetation was established
long enough for organic matter to be incorporated into the soil before a major flooding event
deposited new material on top of it. A small stream that flows along the east side of the ridge is
also a result of the excavation. Another small stream that cuts across the first bottom in the
southern part of the floodplain resulted from an excavation (Reid 1958).
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Ecosystem Diversity
The ecosystem map (Figure 3) illustrates the remarkable diversity and geographic pattern
of ecosystems in the Fleming Creek valley. Ecosystem diversity is defined as the size, shape, and
distributional pattern of landscape ecosystems at regional and local scales at a given temporal
scale (Lapin and Barnes 1995). Thus, the ecosystem map is a two-dimensional representation of
such ecosystem diversity. According to Naiman and others (1993), “river valleys are the most
diverse, dynamic, and complex biophysical habitats on the terrestrial portion of the Earth.” They
often exhibit marked ecosystem diversity relative to that of the surrounding uplands (Lapin and
Barnes 1995). For example, in the Huron Mountains Club, in Michigan’s upper peninsula, six
ecosystem types are tightly clustered around the Pine River, but a single ecosystem type occurs
in the adjacent uplands (Simpson et al. 1990). Although Fleming Creek is a relatively small
stream, its valley contains a high ecosystem diversity relative to the adjacent uplands. Sixteen
ecosystem types were identified in the 50-ha (125-acre) study area, but only three were identified
in the 16 ha (40 acres) of Radrick Forest. The study area is slightly more than three times the
size of Radrick Forest but it contains nearly six times as many ecosystem types.
The ecosystem classification and map are essential tools for understanding the highly
complex and diverse landscape of the Fleming Creek valley. The classification and map provide
a framework for interpreting patterns of ecosystem parts (landforms, soils, species, and
communities), and ecosystem processes. Biological diversity, the kinds and patterns of
distribution of organisms depend on ecosystem diversity (Lapin and Barnes 1995). Even in the
Fleming Creek valley, where the present distribution of species is strongly under the influence of
recent disturbances, the spatial variation in the response to disturbances and the future
successional trends depend upon the pattern of ecosystems and their characteristics.
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Flood Control and the Lack of Fire
Traditionally, successional change has been characterized as either autogenic (changes
brought about by the action of the plants themselves on the site) or allogenic (by external
factors) (Barnes et al. 1998). However, the dichotomy between autogenic and allogenic factors
is artificial. Allogenic and autogenic processes interact during succession and are inseparable.
Successional change is elicited by a combination of factors both within the ecosystem and
external to it. Even in the floodplain, where floodwaters from outside the ecosystem have a
major influence on its community composition and structure, and successional changes, the
depth and duration of flooding is influenced by the local topographic features of the ecosystem.
However, when it is understood as a balance between interrelated processes, the concept of
autogenic and allogenic influences in succession is useful in interpreting successional trends.
The role of allogenic processes is generally stronger than that of autogenic processes in
floodplain succession. On the contrary, the opposite is often true in upland landscapes. The
allogenic process of flooding has such a strong influence that the role of successional changes
brought about by the plants on the site is minimal. For example, flooding plays a strong role in
promoting the regeneration of silver maple, which is abundant in floodplain forests over a broad
geographic range (Bell 1974, Baker and Barnes 1998, Hupp and Osterkamp 1985). Not only
does silver maple have a relatively high tolerance to long periods of inundation during the
growing season (Hosner 1960), its seedling establishment may be dependent on the presence of
bare mineral soil, a condition brought about by severe flooding (Bell 1974). Without the regular
influence of flooding, silver maple would not be able to compete with other species under the
moist, rich conditions of most floodplain forests.
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Since the construction of dams on Fleming Creek, which has probably reduced the
frequency and duration of flooding, the influence of allogenic processes (i.e. flooding, silting,
inundation) on successional changes has decreased and the role of autogenic factors has
increased. Relative to more favorable sites, a low number of dominant species occur on sites
where one or more environmental factor is restrictive (Barnes 1976). In the first bottom flat
(ecosystem 5), where flooding probably restricted the occurrence of many species, three major
dominant species (American elm, red ash, and silver maple) probably occurred before flooding
was controlled. Now, many species characteristic of upland sites, such as basswood, and species
characteristic of saturated sites that are not exposed to over-the-bank flooding, such as black ash,
are common in the overstory and understory of the first bottom flat (Table 2). The construction
of dams on Fleming Creek has probably reduced the flood frequency and enabled such species to
colonize the first bottom flat. These species are more shade tolerant than red ash and silver
maple (Barnes and Wagner 1981). In general, shade-tolerant species have denser crowns than
species that are intolerant of shade (Barnes et al. 1998). Therefore, the increased abundance of
more shade-tolerant species in the floodplain has reduced the amount of light reaching the
ground, which has limited the regeneration of the intolerant red ash and silver maple.
In addition to the changes in species composition, the density of stems in both the
overstory and understory has probably increased markedly now that flooding has been
controlled. Flooding would have periodically killed tree seedlings and saplings and created
conditions that were not favorable for shrub regeneration. Now, many understory stems of both
trees and shrubs occur in the first bottom flat (Table 2). Because the construction of dams has
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Table 2. Community composition of the first bottom flat. University of Michigan's Matthaei
Botanical Gardens. Washtenaw Co., Michigan.
Ecosystem Type 5 (First Bottom Flat)
5
OVERSTORY1
Species
Fraxinus pennsylvanica
Ulmus americana
Fraxinus nigra
Quercus macrocarpa
Tilia americana
Juglans nigra
TOTAL

5a

#
Stems2

Rel.
Den.3
(%)

Rel.
Dom.4
(%)

#
Stems

Rel.
Den.
(%)

Rel.
Dom.
(%)

7
2

64
18

83
11

2
3
2
1

22
34
22
11

9
17
3
70

2

18

6
1

11

1

9

100

100

11

Overstory Basal Area (m2)

100

100

1.01

1.22

UNDERSTORY5
Trees
Fraxinus pennsylvanica
Fraxinus nigra
Tilia americana

2

20

23

1

10

45

1

10

2

3
22

5
39

4
33

1

2

1

29
1

52
2

61
1

56

100

100

Shrubs
Cornus amomum
Ilex verticillata
Sambucus canadensis
Viburnum lentago
Cornus alternifolia
Prunus virginiana
Rhamnus cathartica
Cornus foemina
TOTAL

1

10

1

3
1
1

30
10
10

24
3
2

10

100

100

Understory Basal Area (m2)
1

0.01

0.07

Overstory includes trees > 9 cm (3.5 in) DBH
# of stems per plot (200 m2, 0.05 acre, or 0.02 ha)
3
Relative Density is the percent of all stems accounted for by each species:
Rel. Den. (%) = (# stems for each species/total # stems) x 100
4
Relative Dominance is the proportion of the total basal area accounted for by each
species: Rel. Dom. (%) = (basal area for each speices/total basal area) x 100
5
Understory includes stems < 9.0 cm (3.5 in) but > 1.5 cm (0.5 in) DBH
2
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probably reduced the frequency of flooding, the understory layer, which is now dense, has
reduced the amount of light reaching the forest floor. Therefore, silver maple is absent from the
understory of the first bottom flat, and only a few stems of red ash are present in the understory
(Table 2).
The second bottom flooded less frequently than the first bottom in presettlement time.
However, because the frequency of flooding has probably been reduced, its community
composition and structure is also more strongly under the influence of autogenic processes than
it was under presettlement conditions. In addition to flooding, fire was probably an important
factor in reducing the density of overstory and understory stems in parts of the second bottom.
Ecosystem type 10 is located on the west side of Fleming Creek and there is no fire break
between it and the adjacent dry terrace. Occasional fires undoubtedly played a role in the
regeneration of the bur oak trees, which are now the dominant trees in ecosystem 10 (Table 3).
Occasionally, fires would have killed most woody species, and bur oak was one of the few tree
species that was able to regenerate. Fire maintained an open forest on this moist and rich site,
but since fire has been eliminated, the understory has become very dense. Now there are 100
understory stems in one 200-m2 plot (Table 3).
Fires may have occurred less often on the second bottom on the east side of Fleming
Creek. However, due to the lack of fire and the control of flooding, the composition and
structure of ecosystems 9 and 11, on the second bottom on the east side of Fleming Creek, are
different than they were under presettlement conditions. Shrubs are abundant in the understory
of both ecosystems and relatively few tree species occur in the understory (Table 3).
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Table 3. Correspondence of overstory and understory vegetation to ecosystem type along a moisture gradient in the
ecosystems of the second bottom. University of Michigan's Matthaei Botanical Gardens. Washtenaw Co., Michigan.
Mesic

Wet-Mesic

Ecosystem Type 9
1

OVERSTORY
Species

Prunus serotina
Rhamnus cathartica
Fraxinus americana
Quercus macrocarpa
Juglans nigra
Acer nigrum
Viburnum lentago
Acer negundo
Ulmus americana
Fraxinus pensylvanica
Larix laricina
TOTAL

Ecosystem Type 10

#
Stems2

Rel.
Den.3
(%)

Rel.
Dom.4
(%)

#
Stems

Rel.
Den.
(%)

Rel.
Dom.
(%)

2

18

6

3
1

23
8

3
<1

6

55

88
7

53

95

1

8

1

1

8

13

100

3

11

Overstory Basal Area (m2)

27

100

Ecosystem Type 11
#
Stems

Rel.
Den.
(%)

Rel.
Dom.
(%)

2
1
1

22
11
11

10
25
10

1

3
1
1

34
11
11

22
27
6

100

9

100

100

6

100

1.15

2.37

0.74

5

UNDERSTORY

Prunus serotina
Rhamnus cathartica
Lonicera mackii
Cornus foemina
Carya cordiformis
Vitis riparia
Corylus americana
Prunus virginiana
Crataegus spp.
Cornus alternifolia
Viburnum lentago
Acer negundo
Fraxinus pensylvanica
Fraxinus nigra
Toxicodendron vernix
TOTAL
Understory Basal Area (m2)

2
11
2

7
39
7

13
49
1

1
6

4
21

1
22

5

1

28

18

4

100

11

2
2

2
2

8
3

2

4

8

17

17

13

14

28

24

22
5
3
1
45

22
5
3
1
45

9
4
9
<1
50

4
3
20

8
6
40

12
4
26

1

2

4

3

3

4

1
1
4

2
2
8

1
15
6

100

100

100

50

100

100

3

100

0.03

1

0.08

Overstory includes trees > 9 cm (3.5 in) DBH
# of stems per plot (200 m2, 0.05 acre, or 0.02 ha)
3
Relative Density is the percent of all stems accounted for by each species:
Rel. Den. (%) = (# stems for each species/total # stems) x 100
4
Relative Dominance is the proportion of the total basal area accounted for by each species:
Rel. Dom. (%) = (basal area for each speices/total basal area) x 100
5
Understory includes trees and shrubs < 9.0 cm (3.5 in) but > 1.5 cm (0.5 in) DBH
2
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0.03

Death of American elm and Tamarack
American elm was recently a major overstory dominant of several ecosystem types in the
Fleming Creek floodplain, despite differences in their physiography, soil, hydrologic regimes,
and the community composition. In the 1950s and 1960s, Dutch elm disease killed almost all of
the overstory elms in the Fleming Creek floodplain. Together with the phloem necrosis disease,
Dutch elm disease has virtually eliminated the old elm trees from lowland and mesic forests
throughout eastern North America. Extensive reconnaissance of deciduous swamp communities
and river floodplains in southeast Michigan revealed that almost all mature elms had been killed
by the mid-1970s, especially in areas where they were concentrated (Barnes 1976). The
elimination of a dominant species from a natural community is a rare and significant ecological
event. Understanding the ecosystems of the Fleming Creek valley and their spatial relationships
is useful to determine the response to such sudden and dramatic site changes that have occurred
as a result of the death of a major dominant species.
In previously undisturbed floodplains, the death of American elm trees has accentuated
the open tree canopy typical of most floodplain forests (Simpson et al. 1990). However, due to
the diverse site conditions of the Fleming Creek floodplain, in combination with the previous
disturbances, several different successional patterns have occurred following the death of the
elm. The different successional pathways are determined by the specific characteristics of
ecosystem types. The general successional trends in three ecosystem types following the death
of the elm are illustrated in Figure 8.
In the Fleming Creek floodplain, the construction of dams, which probably reduced the
frequency of flooding, occurred before the death of the American elm. Thus, in the first bottom
flat (ecosystem 5) a community with a greater tree density and a higher diversity of tree species
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Flooding
High water table –
not easily colonized
by other species

High water table –
not easily colonized
by other species
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not tolerant of growing
season flooding

Death of
American
elm

Death of
American
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Water table rose
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- no tree regeneration

Death of
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species not tolerant of
growing season flooding

Water table rose
- wet open conditions
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abundant
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American elm

Water table rose
- no tree regeneration
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and
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shrubs than
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and it is composed of
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Figure 8. Successional Trends in three ecosystems formerly occupied by American elm and eastern larch.
University of Michigan’s Matthaei Botanical Gardens. Washtenaw Co., Michigan.
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Control of
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Control of
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Depression in 1st Bottom
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American elm –
red ash – silver
maple forest

First Bottom Flat

Ecosystem 5

(including species not tolerant of flooded conditions) than that of the presettlement forest,
probably began to develop prior to the death of the elm. By the time the overstory elms of
Fleming Creek were killed, there were many small overstory and understory stems of other
species in position to replace elm. Therefore, the death of the elm facilitated the movement of
the advanced regeneration into the overstory, and it probably did not result in a major reduction
of canopy closure in most of the first bottom flat.
A different successional pattern from that of the first bottom flat occurred in the wet
depression of the first bottom (ecosystem 6). Even after the construction of dams on Fleming
Creek, the muck soil of the depression remained saturated throughout the year, and it was not
easily colonized by other species. When the elms died, there were probably few other species
were in a position to take their place. Thus, the water table probably rose due to lessened
transpiration. The few stems that were present in the understory and overstory would have been
killed due to the rise of the water table, as evidenced by the absence of live overstory trees in the
depression except around the edges (Table 4). Herbaceous plants occupy the general ground
level, and dense clumps of shrubs that tolerate and thrive in high light intensity and under low
oxygen availability, occupy the slightly drier microsites where trees probably occurred.
Like the depression, the seepage on the west side of Fleming Creek (ecosystem 12)
contains saturated muck soil, but a different successional pattern occurred after the death of the
elm. Tamarack trees were probably common in the presettlement forest of the groundwater
seepage, especially in the higher areas that flooded infrequently. When the elm trees died there
was probably a reduction in canopy area and the water table probably rose due to lessened
transpiration. Tamarack can grow on poorly drained soils and it is intolerant of shade (Barnes
and Wagner 1981). Thus, following the death of the elm, tamarack apparently colonized the wet,
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Table 4. Present community structure in ecosystems formerly occupied by American
elm and eastern larch. University of Michigan's Matthaei Botanical Gardens.
Washtenaw Co., Michigan.
Depression in 1st Bot.
Ecosystem Type 6
OVERSTORY1
Species
Larix laricina
Ulmus americana
Total Live Overstory

#
Stems2

Rel.
Den.3
(%)

Rel.
Dom.4
(%)

(2) 5

(100)

(100)

0

0(100)

0(100)

Groundwater Seepage
Ecosystem Type 12
#
Stems

Rel.
Den.
(%)

Rel.
Dom.
(%)

(28)

(100)

(100)

0

0(100)

0(100)

(24)
2

(65)
5

(86)
2

UNDERSTORY6
Trees
Larix laricina
Ulmus americana
Quercus macrocarpa

2

5

5

1
8
6
3
1
3
4
1
9

3
21
16
8
3
8
10
3
23

2
16
12
5
3
9
5
3
40

5

14

8

4
1
1

11
3
3

2
2
<1

38

100

100

13(24)

36(65)

14(86)

Shrubs
Toxicodendron vernix
Cornus amomum
Cornus stolonifera
Physocarpus opulifolius
Viburnum lentago
Cornus alternifolia
Cornus foemina
Rhamnus frangula
Rhamnus cathartica
TOTAL
Understory Basal Area (m2)
1

0.02

0.01 (0.08)

Overstory includes trees > 9 cm (3.5 in) DBH
# of stems per plot (200 m2, 0.05 acre, or 0.02 ha)
3
Relative Density is the percent of all stems accounted for by each species:
Rel. Den. (%) = (# stems for each species/total # stems) x 100
4
Relative Dominance is the proportion of the total basal area accounted for by each
species: Rel. Dom. (%) = (basal area for each speices/total basal area) x 100
5
Dead standing stems are included in parentheses
6
Understory includes trees and shrubs < 9.0 cm (3.5 in) but > 1.5 cm (0.5 in ) DBH
2
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open sites and probably became much more abundant than it had been previously.
In 1987, an outbreak of the European larch case bearer killed almost all of the tamarack
trees in the Fleming Creek floodplain. Standing dead tamarack trees now occur throughout
much of the seepage (Table 4). Following the death of the tamarack trees, there was probably
another rise in the water table. Although the change in the water table following the death of the
tamaracks may have been less than that following the death of the elms due to thinner canopy of
tamarack trees than elm trees, the change in the water table probably promoted conditions that
were not favorable for tree regeneration. Now, like the depression in the first bottom, most of
the seepage is a marsh in the wettest parts, a dense shrub meadow in the slightly drier areas, and
little or no tree regeneration occurs in either (Table 4).

Summary and Conclusions
River valleys throughout the world are characterized by multiple and relatively abrupt
environmental gradients, complex ecological processes, and high levels of diversity (Brinson
1990, Gregory et al. 1991, Naiman et al. 1993, Baker and Barnes 1998). Awareness of the
importance of river valleys in the maintenance and conservation of regional biodiversity is
increasing (Naiman et al. 1993, Baker and Barnes 1998). However, the proportion of the world’s
river valley landscapes that exist under natural conditions has been rapidly decreasing over the
last 200 years (Naiman et al. 1993).
The University of Michigan’s Matthaei Botanical Gardens is fortunate to be situated on a
large tract of contiguous, undeveloped land in a diverse part of the Fleming Creek valley.
Fleming Creek is a relatively small stream in an urban landscape, but the pattern of
physiographic features in its valley represents that of many river valleys. The long, linear shape
and diverse pattern of ecosystems in the Fleming Creek valley provide a corridor for the
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movement of plants and animals, thereby contributing to the maintenance and conservation of
local and regional biodiversity. Therefore, as the rate of development in the surrounding
landscape increases, the importance of the undeveloped land of the Botanical Gardens also
increases. Furthermore, the opportunities to use the land of the Botanical Gardens for education
about the characteristics of river valleys and their function within the broader landscape are
becoming increasingly important. The potential educational opportunities at the Botanical
Gardens are exemplified by the development of the Sam Graham’s Trees trail, an interpretive
educational trail that will feature native trees grown under ecologically appropriate conditions.
Due to the complexity and diversity of the Fleming Creek valley and the impacts of
recent disturbances, a detailed ecological understanding of the valley is essential to fully develop
the educational opportunities at the Botanical Gardens. Thus, a landscape ecosystem approach
was applied to a 50-ha portion of the Fleming Creek valley. The classification and mapping of
ecosystems was based upon office studies and field reconnaissance and sampling. During field
reconnaissance, from June to August, 2000, transects were run both parallel and perpendicular to
gradients in physical characteristics. Soil auguring was conducted at a regular distance along
transects and at changes in physical conditions. At each augur hole, the soil properties were
described and correlated with the vegetation, topographic shape, and geographic location of that
site. Reconnaissance of the entire study area was conducted to develop approximate boundaries
of the ecosystems and determine the range of variability within each ecosystem. Then, a series
of 12 permanent sample plots was established in 11 ecosystem types to collect detailed data on
the physiography, soil, and vegetation of a representative portion of those ecosystems. The plot
data was integrated with reconnaissance notes to develop a final classification and map.
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The landscape ecosystems of the Botanical Gardens were classified, described, and
mapped at three hierarchical levels (Physiographic System, Landform-Level Ecosystem, and
Landscape Ecosystem Type). The Botanical Gardens is located in the Outwash Plain
physiographic system, and it contains two landform-level ecosystems; Terrace and River
Floodplain. Sixteen landscape ecosystem types were identified, classified, and mapped.
The relatively small segment of the Fleming Creek valley at the Botanical Gardens
exhibits a remarkable diversity of ecosystem types in an intricate geographic pattern. The valley
consists of a floodplain embedded within a series of terraces, and it is situated between two large
end moraines. The terrace at the Botanical Gardens contains sandy soil with occasional clay
bands over gravel. Several small, wet depressions also occur.
The floodplain exhibits features common to most river floodplains. In the first bottom a
high, natural levee is situated along the edge of the stream channel. Adjacent to the levee a low,
first bottom flat gradually slopes toward a low, wet backswamp. Like most major rivers, there is
considerable variability in the site conditions of the first bottom. Examples of the variation of
Fleming Creek’s first bottom include a meander-scar marsh, wet depressions, and wet-mesic
areas adjacent to the stream channel and below upland features. A higher, drier second bottom is
situated adjacent to the first bottom. The second bottom consists primarily of loamy soil on
gently sloping terrain. However, a small area of clay loam to clay soil, and a gently sloping
groundwater seepage also occur in the second bottom. The Fleming Creek floodplain is
asymmetrical. Most of the west side of the floodplain is occupied by a groundwater seepage that
gently slopes from the levee to the terrace. The floodplain also contains several unique features,
such as a small crevasse filling, a marl deposit overlaid by a thin layer of mineral soil, a ridge
that remains after a 20th century excavation, and steep slopes that separate bottoms or terraces.
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Recent disturbances have had a major impact on the soil, hydrology, and biota of the
ecosystems at the Botanical Gardens. The most notable of these disturbances are; (i) the
construction of dams which has probably reduced the frequency of flooding, and (ii) the death of
the American elm and tamarack trees. A reduced frequency of flooding has probably enabled
many species that are not tolerant of flooding during the growing season to colonize the
floodplain, thereby reducing the regeneration of many characteristic floodplain species. The
virtual elimination of large American elm and tamarack trees from the floodplain has probably
led to a rise in the water table and the occurrence of shrub meadows on sites that were recently
forested. Also, human introduced exotic plants are becoming increasingly abundant at the
Botanical Gardens. However, the impacts of these and other disturbances and current
successional trends are strongly regulated by the physical characteristics of ecosystems and their
position in relation to each other. Therefore, the ecosystem classification and map provide
insights necessary for interpreting the changes that have occurred since European settlement, and
the successional changes likely to take place in the near future.
By subdividing the landscape into relatively homogeneous units of physiography,
hydrology, soil, and vegetation, the landscape ecosystem approach provides a detailed
understanding of the highly complex, highly disturbed landscape of the Fleming Creek valley.
The classification and map of the landscape ecosystem types also provide a basis for research
and educational projects at the Botanical Gardens. For example, an understanding of the
ecosystems and their spatial arrangement provides a basis to coordinate the groves of the Sam
Graham’s Trees project. Thus, Sam Graham’s Trees will illustrate the strong correspondence
between the distribution of tree species and the pattern of physical site conditions. The
application of the landscape ecosystem approach at the Botanical Gardens demonstrates the high
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ecosystem diversity that is characteristic of the Fleming Creek valley and most other river
valleys throughout the world, and it demonstrates the dependence of biological diversity on
ecosystem diversity.
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Appendix A: Classification of the Landscape Ecosystems of the University of Michigan’s
Matthaei Botanical Gardens.1
I. Outwash Plain
A. Upland Terrace
1. Well drained to somewhat excessively drained banded loamy sand to sandy loam
over gravel on gently sloping terrain; white oak – black oak – pignut
hickory/Viburnum rafinesquianum.
2. Poorly drained (saturated)2 sapric muck over fine sand and clay, shallow iceblock depression, water table within 50 cm3; American elm – black ash/Rubus
strigosus.
B. River Floodplain
First Bottom
3. Moderately well drained sandy loam to silt loam, natural levee; bur oak –
swamp white oak – shagbark hickory – basswood – musclewood/Cercis
canadensis, Zanthoxylum americanum.
4. Somewhat poorly drained (saturated) sapric muck over hemic organic matter,
flat to gently sloping terrain adjacent to stream and immediately below upland
landforms, water table between 40 and 120 cm; American elm –
musclewood/Symplocarpus foetidus.
5. Somewhat poorly drained (seasonally flooded) silt loam over clay loam, first
bottom flat, water table between 30 and 100 cm; American elm – red ash – silver
maple/Asarum canadense.
Locally occurring soil-hydrologic inclusions (single occurrences):4
a. Loam to clay loam, water table between 30 and 60 cm, standing water
remains longer into the growing season than the standard condition;
American elm – red ash – silver maple – bur oak (black ash)/Senecio
aureus.
b. Silt loam, water table within 30cm, standing water remains longer into
1

Ecosystem types are named for their drainage class (hydroperiod), major soil type, topography, characteristic
presettlement cover type, and the one or two most characteristic understory or groundcover species.
2
For wetland ecosystems, the hydroperiod class is included in parenthesis. Hydroperiod classes are based on
Cowardin et al. 1979.
3
Water table levels refer to late summer conditions.
4
Due to the wide range of variability of the present soil properties, hydrologic regime, and vegetation inclusions
were described within ecosystem types 5 and 12. The variation corresponded with topographic position in
ecosystem 12. The inclusions are described to aid in understanding the range of conditions that occur within these
ecosystem types and the geographic pattern of that variation. However, due to their small size and the likelihood of
short-term changes in soil, hydrologic conditions, and vegetation the inclusions are described as relatively
homogeneous areas within the ecosystem types, but they are not considered as ecosystems types.
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the growing season than the standard condition; American elm – red
ash – silver maple (black ash)/Ribes americanum.
6. Poorly drained (seasonally flooded, saturated) sapric muck, shallow
depression, water table within 30cm; American elm – red ash – silver
maple/Calamagrostis canadensis.
7. Poorly drained (seasonally flooded) clay loam to clay, backswamp, water table
within 50 cm; American elm – red ash – silver maple/Ribes americanum.
8. Very poorly drained (semipermanently flooded) sapric muck, meander-scar
marsh, water table at or above the surface; Typha latifolia – Scirpus spp.
Second bottom
9. Moderately well drained sandy loam, flat to gently sloping second bottom, water
table between 120 and 180 cm; white ash – bitternut hickory – shagbark hickory
– bur oak – black walnut/Zanthoxylum americanum, Viburnum lentago.
10. Somewhat poorly drained silt loam over clay loam, flat to gently sloping second
bottom, water table between 40 and 120 cm; bur oak/Euonymus obovata.
11. Poorly drained (saturated) sapric muck over hemic organic matter, flat to gently
sloping second bottom, water table between 50 and 120 cm; American elm –
black maple – black walnut – black ash/Impatiens capensis, Senecio aureus.
Gently sloping groundwater seepages
12. Poorly drained (saturated) sapric muck over hemic organic matter, gently
sloping groundwater seepage, water table within 50 cm; American elm –
tamarack/Thelypteris palustris.
Locally occurring soil-topographic-hydrologic inclusions:
a. Sapric muck with alluvial material, lower slopes, water table within 30
cm; American elm – red ash – silver maple/Calamagrostis canadensis.
b. Sapric muck, upper slopes, water table between 40 and 80 cm;
American elm – bur oak – basswood/Viburnum lentago.
d. Silt loam over hemic organic matter, water table between 40 and 60
cm; American elm/Viburnum lentago, Symplocarpus foetidus.
Miscellaneous floodplain features
13. Somewhat poorly drained silt loam over marl, gently sloping rise, water
table between 30 and 70 cm; bur oak/Crataegus spp.
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14. Moderately well drained stratified deposits of sandy loam to clay, former second
bottom levee that is now a ridge separated from the second bottom due to a late
19th century or early 20th century excavation; white ash – bitternut hickory –
shagbark hickory – bur oak – black walnut/Zanthoxylum americanum, Viburnum
lentago.
15. Well drained sandy loam over sand and gravel, moderately sloping crevasse
filling; white oak – black oak – shagbark hickory/Viburnum rafinesquianum.
16. Well drained sandy loam over sand and gravel, steeply sloping terrace riser;
white oak – white ash – shagbark hickory/Cornus foemina, Viburnum
rafinesquianum.
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Appendix B:
Descriptions of the Landscape Ecosystem Types
of part of the Fleming Creek Valley;
University of Michigan’s Matthaei Botanical Gardens,
Washtenaw County, Michigan.
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Ecosystem 1: Well drained to somewhat excessively drained banded loamy sand to sandy loam
over gravel on gently sloping terrain; white oak – black oak – pignut hickory (but oak)/Viburnum
rafinesquianum.
SYNOPSIS: Level to gently sloping pitted outwash plain between the Outer and Inner lobes of
the Defiance moraine. Well drained to somewhat excessively drained loamy sand to sandy loam;
occasional clay bands; water table below 150 cm. Only a small portion is under natural
vegetation. Overstory dominants are white oak and bur oak. White oak – black oak – pignut
hickory presettlement cover type. Bur oak was probably common near the edge of the river
floodplain and extended into the upland in areas of heavy clay banding. One plot.
Physiography
LANDFORM: Flat to gently sloping pitted outwash plain situated between the Outer and Inner
lobes of the Defiance moraine.
ELEVATION: 244-252 m (802-826 ft).
Soil
DRAINAGE: Somewhat excessively drained; well drained where clay bands are present. Water
table is below 150 cm throughout the growing season.
TEXTURE: Loamy sand to sandy loam in the A and E horizons; sandy clay loam in the Bt
horizon; bands of silty clay loam to clay common in the upper part of the profile; loose, very
coarse sand and gravel within 2 m of the surface, in the BC and C horizons.
pH: Neutral 7.0 at the surface; slightly acid 6.2 (5.8-6.5) in the A horizon; moderately acid 5.3
(4.8-5.5) in the E horizon; neutral to mildly alkaline 7.3 (6.8-7.5) in the Bt horizon; moderately
alkaline 8.0 (7.8-8.3) in the BC and C horizons.
DEVELOPMENT: Organic horizons poorly developed, Oi 3-8 cm thick, Oe and Oa less than
0.5 cm thick or absent; A horizon 16 (12-20) cm thick; E and Bt horizons well developed,
thickness varies with depth to the gravel layer and presence of clay bands; occasional clay bands
5 to 80 cm thick; BC horizon 10-50 cm thick.
PEBBLES AND COBBLES: Pebbles, less than 20% in the A and E horizon, 20-50% in the Bt
horizon, and greater than 40% in the BC and C horizon. Cobbles usually absent, less than 10%
in the BC and C horizons.
Vegetation
OVERSTORY: Dominants of the forested part are white oak and bur oak; black oak and
shagbark hickory present in the large overstory; black cherry, sassafras, and white ash common
in the small overstory.
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UNDERSTORY: Black cherry is the most abundant understory species; common tree species
include white ash, sassafras, and American elm; abundant small trees and shrubs include downy
arrowwood, gray dogwood, hazelnut, common buckthorn, and maack’s honeysuckle.
GROUND COVER: The groundcover species diversity is low relative to ecosystems of the
floodplain; Carex pensylvanica is the most abundant species; characteristic species include
Viburnum rafinesquianum, Smilacina racemosa, Sanguinaria canadensis, Anemone
quinquefolia, Trillium grandiflorum, Fragaria virginiana, Rubus occidentalis, and Potentilla
simplex.
PRESETTLEMENT COVER TYPE: white oak – black oak – pignut hickory (bur oak).
Comments
Natural vegetation is lacking from most of this ecosystem type. A large area on the east side of
Fleming Creek has been mined for gravel, and several smaller parts have been mined. A small
forested area is located in the northern part of the Botanical Gardens, between the prairie and
Kirk Brook. The soil of this area is heavier-textured, and not as well sorted than that of much of
the terrace. The soil of the prairie is sandier. The relatively heavy-textured soil and the position
adjacent to the floodplain may account for the abundance of bur oak here.
Similar Ecosystems
Distinguished from ecosystem 15 by the broad, gently sloping terrain, the greater distance from
Fleming Creek, and the higher elevation. Distinguished from the ecosystem 9 by the higher
elevation, greater depth to the water table, and coarser soil.
Location
Situated adjacent to and at a higher elevation than the river floodplain. Occupies the eastern and
western portion of the Botanical Gardens’ property.
NUMBER OF OCCURRENCES: 4.
AREA: 18.64 ha (46.06 acres).
PLOTS: 1 plot (# 2000-06).
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Ecosystem 2: Poorly drained (saturated) sapric muck over fine sand and clay, shallow ice-block
depression, water table within 50 cm; American elm – black ash/Rubus strigosus.
SYNOPSIS: Shallow depression in the pitted outwash plain, located between the Outer and
Inner lobes of the Defiance moraine. Poorly drained, saturated, sapric muck; water table within
50 cm. No overstory; sandbar willow understory. American elm – black ash presettlement cover
type. No plots.
Physiography
LANDFORM: Pitted outwash plain situated between the Outer and Inner lobes of the Defiance
moraine; shallow depression, concave topographic shape.
ELEVATION: 245-247 m (804-810 ft).
Hydrology
Water that flows into depression from surrounding upland remains near the surface due to
impervious underlying deposits; soil remains saturated throughout the growing season.
Soil
Poorly drained sapric muck over fine sand and clay; sapric muck is saturated throughout the
growing season; water table within 50 cm; neutral to mildly alkaline (pH 7.0-7.8). Fine sand or
clay within 1 m of the surface.
Vegetation
OVERSTORY: None.
UNDERSTORY: Sandbar willow; few other species present.
GROUND COVER: Abundant species include Impatiens capensis, Solidago spp., and
Symplocarpus foetidus.
PRESETTLEMENT COVER TYPE: American elm – black ash.
Comments
American elm was probably a recent overstory dominant. When the elm trees died, there were
probably few trees in a position to replace the elms, and the water table rose due to lessened
transpiration. Sandbar willow colonized the wet, open site from edge of the stream and other
wet, open sites, such as nearby roadside ditches.
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Similar Ecosystems
Distinguished from ecosystem 12 by the concave topographic shape, the lack of hemic and fibric
organic matter, and the presence of mineral within 1 m of the surface.
Location
Located adjacent to the floodplain in the northwest portion of the Botanical Gardens, south of
the prairie.
NUMBER OF OCCURRENCES: 1.
AREA: 0.25 ha (0.61 acres).
PLOTS: None.
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Ecosystem 3: Moderately well drained sandy loam to silt loam, natural levee; bur oak – swamp
white oak – shagbark hickory – basswood – musclewood/Cercis, Zanthoxylum.
SYNOPSIS: Natural levee adjacent to the stream channel; built up through successive flooding
events. Moderately well drained sandy loam to silt loam; thin layers of sand and gravel
common. Overstory dominants include bur oak, red ash, white ash, basswood, sycamore,
cottonwood, and black walnut. The small tree and shrub density is greater than that of most of
the first bottom. Bur oak – swamp white oak – shagbark hickory – basswood – musclewood
presettlement cover type. No plots.
Physiography
LANDFORM: River floodplain; natural levee of the first bottom; convex topographic shape.
ELEVATION: 240-240 m (788-802 ft).
Hydrology
Seasonally flooded but the duration of flooding and the elevation of floodwaters is lower than
that of other parts of the first bottom. Water table typically greater than 1 m below the surface.
Soil
Moderately well drained sandy loam to silt loam in distinct layers; thin layers of gravel are
common; neutral to mildly alkaline (pH 7.0-7.8). Recently deposited soil with little or no profile
development; dark soil layers beneath the surface are rich in organic matter and indicate the
former ground level before new material was deposited on top of it; occasional buried pieces of
wood.
Vegetation
OVERSTORY: Dominants include bur oak, red ash, white ash, basswood, sycamore,
cottonwood, and black walnut. Abundant small trees include musclewood and alternate-leaf
dogwood.
UNDERSTORY: Most common species are nannyberry, prickly-ash, silky dogwood, red-osier
dogwood, gray dogwood, choke cherry, common buckthorn, and glossy buckthorn.
GROUND COVER: Very high species diversity. Abundant herbaceous species include Asarum
canadense, Thalictrum dasycarpum, Solidago spp., Aster spp., Urtica dioica, Laportea
Canadensis, Impatiens capensis, Alliaria petiolata, Hesperis matronalis, Lysimachia ciliata.
Common woody species include Cornus stolonifera, Cornus amomum, Rosa spp., Vitis riparia,
Toxicodendron radicans, Cornus foemina, Corylus americana, Physocarpus opulifolius, Prunus
virginiana, Rubus strigosus, Rubus occidentalis, and Lonicera mackii.
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PRESETTLEMENT COVER TYPE: Bur oak – swamp white oak – shagbark hickory –
basswood – musclewood.
Comments
Most trails in the floodplain are located on the levee. The soil may have been altered and gravel
may have been added during the construction of the trails. The levee includes new land deposits
immediately adjacent to the stream channel, termed “fronts” or “slicks.” Although the front is
located closer to the stream channel and often contains finer-textured soil than the levee, it was
included as part of the levee due to its small size. Black willow and cottonwood were probably
common on the front in presettlement time. Several small meander scars were also included
within the levee due to their small size.
Similar Ecosystems
Distinguished from ecosystem 5 by the position adjacent to the river, the slightly higher
elevation, the greater depth to the water table, the slightly coarser-textured soil, and the greater
density of shrubs. Distinguished from ecosystem 4 by the lack of muck soil, the greater density
of overstory tree species, and the lower coverage of skunk cabbage.
Location
Located along the entire margin of Fleming Creek except for small areas near the meander-scar
marsh, crevasse filling, and Kirk Brook.
NUMBER OF OCCURRENCES: 4.
AREA: 5.08 ha (12.55 acres).
PLOTS: None.
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Ecosystem 4: Somewhat poorly drained (saturated) sapric muck over hemic organic matter, flat
to gently sloping terrain adjacent to stream and immediately below upland landforms, water
table between 40 and 120 cm; American elm – musclewood/Symplocarpus.
SYNOPSIS: Flat to gently sloping terrain situated between the stream channel and upland
features. Somewhat poorly drained sapric muck over hemic organic matter; water table between
40 and 120 cm. Overstory dominants include American elm and trembling aspen. Musclewood
is abundant in the small overstory and understory. American elm – musclewood presettlement
cover type. One plot.
Physiography
LANDFORM: River floodplain; flat to gently sloping terrain of the first bottom, situated
adjacent to the stream channel and below upland features.
ELEVATION: 241-248 m (792-814 ft).
Soil
Somewhat poorly drained sapric muck over hemic organic matter, thin layers of fibric material
common; water table between 40 and 120 cm; mineral soil greater than 1 m below the surface;
neutral to mildly alkaline (pH 7.0-7.8).
Vegetation
OVERSTORY: Dominants include American elm, trembling aspen. Red ash, and basswood are
also present. Musclewood is abundant in the small overstory.
UNDERSTORY: The most abundant species is musclewood; hazelnut, nannyberry, common
buckthorn, and glossy buckthorn are common.
GROUND COVER: The most abundant species is Symplocarpus foetidus. Additional common
species include Senecio aureus, Solidago spp., Corylus Americana, Carex blanda, and
Thalictrum dasycarpum.
PRESETTLEMENT COVER TYPE: American elm – musclewood.
Comments
Ecosystem 4 only occurs between the stream channel and upland features. It occupies the few
locations along the stream margin where there is not a natural levee immediately adjacent to the
stream channel. The flat to gently sloping terrain of ecosystem 4 may be a groundwater seepage.
Although the soil is primarily organic matter, it probably contains silt.
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Similar Ecosystems
Distinguished from ecosystem 3 by the presence of muck soil, the lower density and lesser
diversity of overstory tree species, the greater abundance of musclewood in the understory, and
the greater coverage of skunk cabbage in the ground cover.
Location
Located along the margin of Fleming Creek, just north of the crevasse filling, adjacent to the
second bottom in the northeast portion of the Botanical Gardens, and along the margin of Kirk
Brook.
NUMBER OF OCCURRENCES: 3.
AREA: 1.29 ha (3.20 acres).
PLOTS: 1 Plot (# 2000-05).
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Ecosystem 5: Somewhat poorly drained (seasonally flooded) silt loam over clay loam, first
bottom flat, water table between 30 and 120 cm; American elm – red ash – silver maple/Asarum.
Locally occurring soil-hydrologic inclusions (single occurrences):
a. Loam to clay loam, water table between 30 and 60 cm, slow
moving water when flooding occurs; American elm – red ash – bur
oak (black ash)/ Senecio.
b. Silt loam, water table within 40cm; American elm – red ash – silver
maple/Ribes.
SYNOPSIS: Flat to gently sloping terrain of the first bottom, situated adjacent to the levee.
Somewhat poorly drained silt loam over clay loam; seasonally flooded; water table between 30
and 120 cm. Overstory dominants include red ash, American elm, bur oak, basswood, boxelder,
sycamore, and black walnut. American elm – red ash – silver maple presettlement cover type.
Two plots.
Physiography
LANDFORM: River floodplain; flat to gently sloping terrain of the first bottom, located
adjacent to the levee.
ELEVATION: 240-244 m (788-800 ft).
Hydrology
Seasonally flooded. Floodwaters may remain standing longer in the northern part (inclusions 5a
and 5b) than the southern part (standard condition). The longer occurrence of floodwaters in the
northern part of the first bottom may be caused, in part, by the influence of water entering
Fleming Creek from Kirk Brook, and the influence of the crevasse filling on the movement of
floodwaters.
Soil
DRAINAGE: Somewhat poorly drained; the frequency and duration of flooding is reduced on
small mounds.
TEXTURE: Silt loam in the upper 30 cm; clay loam, occasionally fine sand, below 30 cm;
occasional gravel deposit below 60 cm.
pH: neutral to mildly alkaline (6.8-7.5).
DEVELOPMENT: Recently deposited material, little profile development.
PEBBLES AND COBBLES: Gravel layer common below 60 cm in the southern part of the
floodplain. Occasional boulders on the surface, especially in the northern part of the floodplain;
boulders are part of the glacier’s bedload material, they were not deposited by floodwaters.
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Vegetation
OVERSTORY: Dominants include red ash, American elm, bur oak, basswood, boxelder, and
sycamore. Black ash is common in the small overstory of inclusions 5a and 5b.
UNDERSTORY: Common species of the standard condition include nannyberry, common
buckthorn, alternate-leaf dogwood, choke cherry, and gray dogwood. Black ash is abundant in
inclusion 5a. Common buckthorn and glossy buckthorn are usually very dense in inclusion 5b.
GROUND COVER: The percent coverage and species composition of the groundcover layer is
highly variable. The standard condition has the greatest coverage of the groundcover layer;
abundant species include Asarum canadense, Thalictrum dasycarpum, and Solidago gigantea.
The coverage of the groundcover layer is much lower in inclusion 5a; characteristic species
include Senecio aureus, Solidago patula, and Solidago rugosa. The coverage of the groundcover
layer of inclusion 5b is very low when the understory is dense; in open areas, Eupatoreum
maculatum and Impatiens capensis are common.
PRESETTLEMENT COVER TYPE: American elm – red ash – silver maple.
Comments
Due to the wide range of variation in soil and hydrologic conditions of the first bottom flat and
the geographic pattern of that variation, two inclusions were identified. Floodwaters remain
standing and the soil remains saturated for a longer time in inclusion 5a than the standard
condition. The coverage of the groundcover layer is much lower and black ash is much more
abundant in 5a than the standard condition. Several mounds provide relatively dry microsites
that have enabled bur oak to establish and survive in 5a. Inclusion 5b contains a higher water
table than 5a or the standard condition. Much of 5b contains a sparse oversotry, a dense
understory and a very low coverage of the groundcover layer.
After the control of flooding, many species that are not tolerant of flooding during the growing
season were able to colonize the first bottom flat. By the time the large elms died, these species
were in a position to replace them.
Similar Ecosystems
Distinguished from ecosystem 3 by the low topographic position and the lower density of the
understory layer. Distinguished from ecosystem 7 by the higher topographic position, greater
density of the understory layer, and greater coverage and diversity of the groundcover layer.
Location
Located east of the levee throughout the east side of Fleming Creek and the southern portion of
the west side. The standard condition occupies the southern part of the floodplain on both sides
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of Fleming Creek. Inclusion 5a is located in the north part of the floodplain on the east side of
Fleming Creek. Inclusion 5b is located around the edge of a wet depression in the north part of
the floodplain on the east side of Fleming Creek.
NUMBER OF OCCURRENCES: 4 total: standard condition, 2; inclusion 5a, 1; inclusion5b, 1.
AREA: 6.35 ha (15.70 acres) total: standard condition, 2.95 ha (7.30 acres); inclusion 5a, 1.58
ha (3.91 acres); inclusion 5b, 1.82 ha (4.49 acres).
PLOTS: 2 plots (# 2000-01 in the standard condition and # 2000-07 in inclusion 5a).
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Ecosystem 6: Poorly drained (saturated) sapric muck, shallow depression, water table within 30
cm; American elm – black ash/Calamagrostis.
SYNOPSIS: Broad, shallow depression in the first bottom. Seasonally flooded. Poorly drained
muck soil remains saturated throughout the year. Present vegetation consists of marsh and shrub
meadow communities with tree species only occurring around the edges. American elm – red
ash – silver maple presettlement cover type. One plot.
Physiography
LANDFORM: River floodplain; shallow depression in the first bottom; concave topographic
shape.
ELEVATION: 241-243 m (790-798 ft).
Hydrology
Seasonally flooded; water table within 30 cm; sapric muck remains saturated throughout the
growing season.
Soil
Poorly drained sapric muck (primarily organic matter but probably also contains silt); neutral to
mildly alkaline (pH 7.0-7.8).
Vegetation
OVERSTORY: No overstory vegetation except around the edges. Black ash, bur oak, red ash,
and American elm present near the edge
UNDERSTORY: Abundant species include silky dogwood, red osier dogwood, common elder,
ninebark, hazelnut, gray dogwood, and common buckthorn.
GROUND COVER: Very diverse groundcover layer in the occurrence on the east side of
Fleming Creek. The shrub species of the understory are also abundant in the ground cover.
Other abundant species include Calamagrostis canadensis, Eupatoreum maculatum, Eupatoreum
perfoliatum, Impatiens capensis, and Solidago patula, Lobelia siphilitica, and Aster spp. The
occurrence on the west side of Fleming Creek is dominated by Lythrum salicaria.
PRESETTLEMENT COVER TYPE: American elm – red ash – silver maple.
Comments
American elm was probably recently a major dominant here, and the death of the elm trees
probably resulted in major changes in the composition and vertical layering of the vegetation.
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When the large elm trees died, there were probably few species in a position to replace them,
and the water table rose due to lessened transpiration. Now the general ground level is a marsh,
and dense clumps of shrubs occupy the slightly drier microsites where trees once occurred.
There is little or no tree regeneration. The occurrence on the west side of Fleming Creek is
located close to a seed source for purple loosestrife, and it is now the most abundant species
there.
Similar Ecosystems
Distinguished from ecosystem 5 by the lower topographic position and muck soil that remains
saturated throughout the year. Distinguished from ecosystem 7 by the broad shape, muck soil,
lack of tree species, and a greater coverage of the groundcover layer.
Location
The occurrence on the west side of Fleming Creek is located at the southern edge of the
groundwater seepage. The occurrence on the east side of Fleming Creek is located east of the
crevasse filling.
NUMBER OF OCCURRENCES: 2.
AREA: 1.15 ha (2.85 acres).
PLOTS: 1 Plot (# 2000-09).
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Ecosystem 7: Poorly drained (seasonally flooded) clay loam to clay, backswamp, water table
within 50 cm; American elm – red ash – silver maple/Ribes.
SYNOPSIS: Backswamp in the first bottom of the river floodplain. Long, narrow, low area,
located at the farthest part of the first bottom from the stream channel. Seasonally flooded;
standing water remains for longer than most other parts of the first bottom. Overstory dominants
include American elm, red ash, basswood, and black ash. Understory and groundcover
vegetation are sparse or lacking. American elm – red ash – silver maple presettlement cover
type. One plot.
Physiography
LANDFORM: River floodplain; lowest part of the first bottom, at the boundary between the first
bottom and the second bottom.
ELEVATION: 241-243 m (790-798 ft).
Hydrology
Seasonally flooded. Due to low topographic position, floodwater remains standing for longer
than most other parts of the first bottom. Water table within 50 cm.
Soil
Poorly drained silt loam to silty clay loam, soil texture is finer than that of the first bottom flat;
neutral to slightly alkaline (pH 7.0-7.8). Poorly developed layers of recently deposited alluvial
material; no horizon development. Occasional layer of gravel below 50cm.
Vegetation
OVERSTORY: Dominants include American elm, basswood, red ash and black ash.
UNDERSTORY: Few understory stems present; black ash is the most abundant species.
GROUND COVER: Low total coverage of the groundcover layer. Common species include
Ribes americanum, Rubus strigosus, and Toxicodendron radicans.
PRESETTLEMENT COVER TYPE: American elm – red ash – silver maple.
Comments
The backswamp occurs at the lowest elevation of the first bottom and at the farthest distance
from the stream channel. Floodwaters deposit their coarsest materials on the levee. After
flooding over the levee, as distance from the levee increases, progressively finer-textured
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materials are deposited. Therefore, the texture of the soil of the backswamp is finer than that of
the first bottom flat.
Similar Ecosystems
Distinguished from ecosystem 5 by the lower elevation, finer-textured soil, fewer understory
stems, and a lower coverage of the groundcover layer. Distinguished from the depression
(ecosystem 6) by the narrow, linear shape, greater tree density, and the lower coverage of the
groundcover layer.
Location
Located at the boundary of the first bottom and the second bottom. One occurrence is located on
the west side of Fleming Creek, at the southern boundary of the study area. Two occurrences are
located on the east side of Fleming Creek; one adjacent to the isolated second bottom (ecosystem
14), and another in the northern part of the floodplain.
NUMBER OF OCCURRENCES: 3.
AREA: 0.25 ha (0.62 acres).
PLOTS: 1 plot (# 2000-02).
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Ecosystem 8: Very poorly drained (semipermanently flooded) sapric muck, meander-scar
marsh, water table at or above the surface; Typha - Scirpus
SYNOPSIS: Narrow, linear, former stream channel; very poorly drained sapric muck. Woody
plants are absent. No plots.
Physiography
LANDFORM: River floodplain; narrow, linear former stream channel in the first bottom.
ELEVATION: 244 m (800-802 ft).
Hydrology
Semipermanently flooded. Standing water remains at or above the surface throughout the
growing season
Soil
Very poorly drained sapric muck (primarily organic matter but it probably also contains silt);
neutral to mildly alkaline (pH 7.0-7.8).
Vegetation
OVERSTORY: None
UNDERSTORY: None
GROUND COVER: Dominated by cattails, and other grasses, sedges, and rushes. Broad-leaved
herbaceous plants are also common. Woody species are absent
PRESETTLEMENT COVER TYPE: Typha – Scirpus.
Comments
The meander-scar marsh might not occur on a natural meander in the stream channel. It is
located in the northeast part of the Botanical Gardens, just below a dam on Fleming Creek. The
meandering of the stream at this location may have been influenced by the construction of the
dam. Several smaller meander scars occur, but they were included as part of the levee due to
their small size.
Similar Ecosystems
Distinguished from ecosystem 7 by the lack of tree species and a greater coverage of the
groundcover layer.
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Location
Located near the northeast corner of the Botanical Gardens property, jsut downstream from a
dam on Fleming Creek.
NUMBER OF OCCURRENCES: 1.
AREA: 0.13 ha (0.32 acres).
PLOTS: None.
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Ecosystem 9: Moderately well drained sandy loam, flat to gently sloping second bottom, water
table between 120 and 180 cm; white ash – bitternut hickory – shagbark hickory – bur oak –
black walnut/Zanthoxylum, Viburnum lentago.
SYNOPSIS: Flat to gently sloping terrain adjacent to and at a higher elevation than the first
bottom, and lower than the terrace. Moderatley well drained sandy laom. Occasionally flooded
before flooding was controlled. Overstory dominants include white ash, bur oak, black cherry,
black maple, sugar maple, boxelder, and black walnut. White ash – bitternut hickory – shagbark
hickory – bur oak – black walnut presettlement cover type. One plot.
Physiography
LANDFORM: River floodplain; flat to gently sloping terrain of the second bottom.
ELEVATION: 241-246 m (790-808 ft).
Soil
Moderately well drained sandy loam; occasional layers of silt loam or sandy clay loam below 50
cm; neutral to mildly alkaline (pH 7.0-7.8). Occasional clay deposition in the lower part of the
profile, but generally little or no profile development. Occasional gravel layer below 1 m.
Vegetation
OVERSTORY: Dominants include white ash, bur oak, black cherry, black maple, sugar maple,
boxelder, and black walnut.
UNDERSTORY: Abundant species include nannyberry, alternate leaf dogwood, prickly-ash, and
choke cherry.
GROUND COVER: Abundant species include Rubus allehaeniensis, Rubus occidentalis,
Senecio aureus, Arisaema triphyllum, Geum canadense, Hesperis matronalis, Alliaria petiolata,
Parthenocissus quinquefolia, and Carex blanda.
PRESETTLEMENT COVER TYPE: white ash – bitternut hickory – shagbark hickory – black
walnut – bur oak.
Comments
Probably heavily grazed in the early part of the 20th century. The presence of part of a rusty
fence along the boundary of the first bottom and the second bottom suggests that heavier grazing
occurred on the second bottom than the first bottom. Much of the characteristic groundcover
may be absent due to grazing. A conifer plantation occupies the northern part of the second
bottom.
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Similar Ecosystems
Distinguished from ecosystem 10 by the coarser soil and the greater depth to the water table.
Distinguished from ecosystem 1 by the lower elevation, and the water table is closer to the
surface.
Location
NUMBER OF OCCURRENCES: 2.
AREA: 5.35 ha (13.22 acres).
PLOTS: 1 Plot (# 2000-08)
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Ecosystem 10: Somewhat poorly drained silt loam over clay loam, flat to gently sloping second
bottom, water table between 40 and 120 cm; bur oak/Euonymus.
SYNOPSIS: Flat to gently sloping second bottom of the river floodplain. Somewhat poorly
drained silt loam over clay loam to clay; deposited by slow-moving or ponded water; water table
between 40 and 120 cm. The woodland wildflower garden occupies the western and southern
portion of this ecosystem type. In the forested part, bur oak is the dominant overstory species
and nannyberry is the dominant understory species. Bur oak presettlement cover type. One plot.
Physiography
LANDFORM: River floodplain; flat to gently sloping second bottom.
ELEVATION: 243-245 m (798-804 ft).
Soil
DRAINAGE: Somewhat poorly drained; water table may remain near the surface throughout
much of the spring. Water table between 40 and 120 cm in late summer.
TEXTURE: Silt loam in the upper 30 cm; clay loam to clay 30-80 cm; clay 80-110 cm; very
coarse sand and gravel below 110 cm.
pH: Neutral (6.8-7.2) at the surface and in the upper 30 cm; mildly alkaline (7.3-7.8) 30-100 cm;
moderately alkaline (7.8-8.3) below 100 cm.
DEVELOPMENT: Recently deposited alluvial soil, little profile development. Mottling
common below 60 cm.
PEBBLES AND COBBLES: Pebbles present in a thin band between the silt loam and the clay
loam layer; greater than 50% pebbles below 100 cm. Cobbles sometimes present near the
surface.
Vegetation
OVERSTORY: Bur oak is the main dominant. White oak, American elm, black cherry, and
white ash are present.
UNDERSTORY: Very dense understory. Nannyberry is the most abundant species. Additional
small trees and shrubs include common buckthorn, hazelnut, gray dogwood, hawthorn, and
choke cherry. Tree species include black cherry, American elm, and white ash.
GROUND COVER: Seedlings of common buckthorn and white ash are abundant. Other
abundant species include Euonymus obovata, Corylus americana, Cornus alternifolia, and
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Prunus virginiana. The coverage of herbaceous species and graminoids is low under the dense
understory, but many species are present along the forest edge and the trail.
PRESETTLEMENT COVER TYPE: Bur oak.
Comments
The fire frequency was probably much greater than that of the other parts of the second bottom.
This ecosystem type is situated just east of the terrace, and there is no firebreak at the edge of the
terrace. Thus, fires probably spread into this ecosystem from the terrace. The dense understory,
the low number of species in the ground cover, and the low coverage of herbaceous species and
graminoids may be due to the lack of fire.
Similar Ecosystems
Distinguished from ecosystem 9 by the heavier textured soil and the location on the west side of
Fleming Creek. Distinguished from ecosystem 1 by the heavier textured soil, and the shallower
depth to the water table.
Location
The one small occurrence of this ecosystem types is located on the west side of Fleming Creek.
NUMBER OF OCCURRENCES: 1.
AREA: 0.27 ha (0.68 acres).
PLOTS: 1 Plot (# 2000-04).
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Ecosystem 11: Poorly drained (saturated) sapric muck over hemic organic matter, flat to gently
sloping second bottom, water table between 50 and 120 cm; American elm – black maple –
black walnut – black ash/Impatiens, Senecio.
SYNOPSIS: Gently sloping groundwater seepage; second bottom of the river floodplain. Poorly
drained sapric muck over hemic organic matter; layers of fibric material are common. Saturated
throughout the growing season, water table between 50 and 150 cm. Mineral soil is greater than
2 m below the surface. Overstory dominants include bur oak, black maple, sugar maple, and red
ash. American elm – black maple – black walnut – black ash presettlement cover type. One
plot.
Physiography
LANDFORM: River floodplain; gently sloping groundwater seepage of the second bottom.
ELEVATION: 242-246 m (794-806 ft).
Hydrology
Flooded infrequently before flooding was controlled. Seepage from the adjacent upland might
remain near the surface due to impervious underlying deposits.
Soil
Somewhat poorly drained; sapric muck in the upper 30-40 cm; hemic organic matter with layers
of fibric organic matter below 30-40 cm.; neutral to mildly alkaline (pH 7.0-7.8); water table
between 50 and 120 cm. Depth to mineral soil is greater than 2 m.
Vegetation
OVERSTORY: Overstory dominants include bur oak, black maple, sugar maple, and red ash.
Black ash, black cherry, American elm, black walnut, and boxelder are also common.
UNDERSTORY: Abundant tree species include bur oak, black ash, and black cherry. Abundant
small trees and shrubs include nannyberry, alternate-leaf dogwood, gray dogwood, choke cherry,
and common buckthorn.
GROUND COVER: The most abundant species are Impatiens capensis and Symphlocarpus
foetidus. Other common species include Senecio aureus, Lobelia siphilitica, Eupatoreum
rugosum, Solidago patula, and Solidago rugosa.
PRESETTLEMENT COVER TYPE: American elm – black maple – black walnut – black ash.
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Comments
Situated at a slightly higher elevation than ecosystem 9. A small 1 m slope often separates
ecosystems 9 and 11. Described as a groundwater seepage of the second bottom rather than a
second bottom backswamp due to the long, gentle slope, and the large change in elevation
between the western edge and the riser on the east side.
Similar Ecosystems
Distinguished from ecosystem 12 by the topographic position adjacent to and above the
relatively flat terrain of the first bottom, greater depth to the water table, and a more closed
canopy forest. Also, graminoids are much less abundant than in ecosystem 12.
Location
NUMBER OF OCCURRENCES: 1.
AREA: 2.26 ha (5.60 acres).
PLOTS: 1 Plot (# 2000-11).
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Ecosystem 12: Poorly drained (saturated) sapric muck over hemic organic matter, gently
sloping groundwater seepage, water table within 50 cm; American elm – tamarack/Thelypteris.
Locally occurring soil-topographic-hydrologic inclusions:
a. Sapric muck with alluvial material, flat to gently sloping terrain
at the base of groundwater seepage slopes, water table within 30
cm; American elm/Ribes.
b. Sapric muck, upper slopes, water table between 40 and 80 cm;
American elm – bur oak – basswood/Viburnum lentago.
c. Silt loam (10-20 cm) over hemic organic matter, water table
within 50 cm; American elm/Viburnum lentago, Symplocarpus.
SYNOPSIS: Gently sloping groundwater seepage that extends from the levee up to the terrace.
Poorly drained sapric muck over hemic organic matter with occasional thin layers of fibric
organic matter; water table within 50 cm. Overstory vegetation is mostly absent; marshes occur
in the wettest parts and shrub meadows in the slightly drier areas. Tree regeneration is rare or
absent. Three inclusions were described due to the variability in soil and hydrologic conditions.
American elm – tamarack presettlement cover type. One plot.
Physiography
LANDFORM: River floodplain; groundwater seepage on a gentle slope from the levee to the
terrace.
ELEVATION: 241-245 m (792-804 ft).
Hydrology
Groundwater flowing from the upland towards the river remains near the surface due to the
presence of impervious layers deep in the soil. Muck soil remains saturated throughout the year.
Prior to flood control, the standard condition was flooded infrequently, inclusion 12a was
flooded regularly, and inclusions 12b and 12c were rarely flooded.
Soil
Poorly drained sapric muck (primarily muck but it may contain silt, especially in inclusion 12a),
upper 25-40 cm; hemic organic matter with occasional layers of fibric organic matter below the
sapric muck, marl is often mixed in with the hemic organic matter; mildly alkaline to alkaline
throughout. Inclusion 12c contains 10-20 cm of silt loam over hemic organic matter. Water table
within 50 cm, but slightly lower in inclusion 12b.
Vegetation
OVERSTORY: Little live overstory vegetation. Several stems of American elm, bur oak, and
basswood occur in inclusion 12b
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UNDERSTORY: Tree species are rare in the understory. Abundant shrubs include silky
dogwood, red-osier dogwood, poison sumac, hazelnut, common buckthorn, glossy buckthorn,
maack’s honeysuckle, and tatarian honeysuckle. The greatest density of understory stems occurs
in inclusion 12c.
GROUND COVER: The wettest areas are dominated by graminoids including Carex lacustris,
Carex stricta, Calamagrostis canadensis, and Typha latifolia. Such species are most abundant in
the standard condition and inclusion 12a, and they are rare or absent from inclusion 12c.
Slightly drier areas are dominated by broad-leaved herbaceous plants, low shrubs, and ferns
including Thelypteris palustris, Solidago patula, Rumex orbiculatus, Rhamnus alnifolia, Betula
pumila, Aster spp., Anemone canadensis, and Ranunculus hispidus. The driest areas are
dominated by shrubs including Cornus amomum, Cornus stolonifera, Salix spp., Corylus
americana, Rhamnus cathartica, Rhamnus frangula, Lonicera tatarica, and Lonicera maackii.
PRESETTLEMENT COVER TYPE: American elm – tamarack.
Comments
Due to the wide range of variation in soil and hydrologic conditions, which was correlated with
topographic position, three inclusions were identified. Inclusion 12a, on the lower slope was
more often influenced by flooding than other parts of the seepage. Inclusion12b, on the upper
slope has a greater depth to the water table, and more regeneration of tree species than other
parts of the seepage. Inclusion 12c contains a thin layer of mineral soil over muck and the
density of shrubs is much greater than that of other parts of the seepage.
American elm and tamarack were probably recent dominant species throughout much of the
seepage. After the death of the elm trees, the water table rose, and tamarack probably colonized
the wet, open sites and became more abundant than it was previously. Then, after the death of
tamarack trees, the water table rose again. Now tree regeneration is absent throughout most of
the seepage.
Similar Ecosystems
Distinguished from ecosystem 11 by the position adjacent to the levee, the lack of overstory
vegetation, and the greater coverage of graminoids.
Location
Occupies most of the floodplain on the west side of Fleming Creek.
NUMBER OF OCCURRENCES: 1 total: standard condition, 2; inclusion 12a, 1; inclusion 12b,
1; inclusion 12c, 1.
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AREA: 3.73 ha (9.21 acres) total: standard condition, 2.00 ha (4.94 acres); inclusion 12a, 0.79
ha (1.95 acres); inclusion 12b, 0.67 ha (1.65 acres); inclusion 12c, 0.27 ha (0.67 acres).
PLOTS: 1 plot (# 2000-10, located in the standard condition).
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Ecosystem 13: Somewhat poorly drained silt loam over marl, gently sloping rise, water table
between 30 and 70 cm; bur oak/Crataegus.
SYNOPSIS: Low rise near the bottom of a gently sloping groundwater seepage. Somewhat
poorly drained silt loam over marl; water table between 30 and 70 cm. Relatively open-canopied
forest with a few large bur oaks; hawthorn is common in the small overstory and understory. Bur
oak presettlement cover type. One plot.
Physiography
LANDFORM: River floodplain; gently sloping rise near the base of a groundwater seepage.
ELEVATION: 241-242 m (792-794 ft).
Soil
Moderately well drained silt loam over marl; water table between 30 and 70 cm. Layer of silt
loam is 18 (15-25) cm thick, marl extends down below 1 m; moderately alkaline (pH 7.8-8.3). A
little bit of iron deposition in the marl below 40 cm.
Vegetation
OVERSTORY: Bur oak is the dominant species. Black cherry, black maple, hawthorn, wild
crab apple, and alternate-leaf dogwood present in the small overstory.
UNDERSTORY: Nannyberry, common buckthorn, and glossy buckthorn are the most abundant
species. Additional small trees and shrubs include hawthorn, wild crab apple, alternate-leaf
dogwood, prickly-ash, and gray dogwood. Tree species include red ash and black cherry.
GROUND COVER: High species diversity in the ground cover where the understory is not
dense, but few species occur where understory is dense. Seedlings of Rhamnus cathartica and
Rhamnus frangula are very abundant, especially under a dense understory. Characteristic
herbaceous species include Lobelia siphilitica, Zizia aurea, Aster umbellatus, Carex
pensylvanica, Aquilegia canadensis, Pedicularis lanceolata, Lillium michiganense, and Solidago
patula.
PRESETTLEMENT COVER TYPE: Bur oak.
Comments
The groundcover layer is very diverse and contains several species that are rare or absent from
other parts of the Botanical Gardens. However, very few species occur in the groundcover where
the understory is dense.
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Similar Ecosystems
Distinguished from ecosystem 5 by the presence of a deep marl deposit and a greater diversity of
species in the ground cover.
Location
Located in the southwest part of the floodplain, in the southern part of the groundwater seepage.
NUMBER OF OCCURRENCES: 1.
AREA: 0.20 ha (0.49 acres).
PLOTS: 1 plot (# 2000-03).
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Ecosystem 14: Moderately well drained stratified deposits of sandy loam to clay, second bottom
levee that is now a ridge separated from the second bottom due to a late 19th century or early 20th
century excavation; white ash – bitternut hickory – shagbark hickory – bur oak – black walnut/
Zanthoxylum, Viburnum lentago.
SYNOPSIS: Gently sloping, flat-topped ridge; former second bottom levee but a 20th century
excavation has removed the soil from the east side and left an isolated ridge. Moderately well
drained layers of sandy loam to clay; water table between 120 and 200 cm. Eastern cottonwood
is the dominant overstory species. White ash – bitternut hickory – shagbark hickory – bur oak –
black walnut presettlement cover type. One plot.
Physiography
LANDFORM: River floodplain; gently sloping second bottom levee that is now an isolated
ridge as the result of an excavation.
ELEVATION: 241-242 m (790-794 ft).
Soil
Moderately well drained sandy loam to clay in distinct layers; moderately alkaline (pH 7.8-8.3);
water table between 120 and 200 cm. No profile development in recently deposited material;
dark soil layers below the surface that are rich in organic matter indicate the former ground level
before a major flooding event deposited new soil on top of it. Pebbles and small cobbles present
in thin bands.
Vegetation
OVERSTORY: Eastern cottonwood is the dominant species; American elm and boxelder are
present.
UNDERSTORY: Tree species include American elm, red ash, black ash, white ash, and
boxelder. Small trees and shrubs include common buckthorn, alternate-leaf dogwood, and choke
cherry. Undersory-sized poison ivy and Virginia creeper vines are common.
GROUND COVER: Abundant species include Toxicodendron radicans, Parthenocissus
quinquefolia, Alliaria petiolata, Hesperis matronalis, Asarum canadense, and Solidago
gigantea.
PRESETTLEMENT COVER TYPE: White ash – bitternut hickory – shagbark hickory – bur
oak – black walnut.
Comments
Former levee of the second bottom, but a 20th century excavation has removed the material on its
east side, resulting in an isolated ridge. Cottonwood colonized the open, disturbed site.
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Similar Ecosystems
Distinguished from ecosystem 9 by the ridge-like topographic shape, and the wide range of soil
texture in distinct layers. Distinguished from ecosystem 15 by the lower elevation, elongate
shape, and the soil is in distinct layers with buried soil that is rich in organic matter.
Location
Southeast part of the floodplain; eastern edge of the first bottom.
NUMBER OF OCCURRENCES: 1.
AREA: 0.28 ha (0.68 acres).
PLOTS: 1 plot (# 2000-12).
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Ecosystem 15: Well drained sandy loam over sand and gravel, moderately sloping crevasse
filling; white oak – black oak – shagbark hickory/Viburnum rafinesquianum.
SYNOPSIS: Moderately sloping crevasse filling; well drained sandy loam over sand and gravel;
water table below 2 m. Dry-mesic moisture regime despite its position adjacent to Fleming
Creek. Overstory dominants are white oak and black oak. White oak – black oak – shagbark
hickory presettlement cover type. One soil pit, no plots.
Physiography
LANDFORM: Moderately sloping crevasse filling located within the river floodplain.
ELEVATION: 242-245 m (794-804 ft).
Soil
DRAINAGE: Well drained, water table below 200 cm, except a narrow area at the lower slope.
TEXTURE: Light sandy loam in the A and E horizons; sandy clay loam in the Bt horizon;
gravelly coarse sand in the BC and C horizons.
pH: neutral (6.6-7.3) at the surface, slightly acid (5.8-6.5) in the A horizon, slightly acid to
moderately acid (4.8-5.5) in the E horizon, neutral to slightly alkaline (6.8-7.5) in the Bt horizon,
and moderately alkaline (7.8-8.3) in the BC and C horizons.
DEVELOPMENT: Organic horizons poorly developed, Oi 5 (2-7) cm, Oe and Oa less than 0.5
cm or absent; A horizon 10 (7-15) cm; E horizon 35 (25-45) cm; Bt horizon 32 (20-50) cm; BC
horizon 20 (10-50) cm.
PEBBLES AND COBBLES: Pebbles range from 15-50% in the A, E, and Bt horizons and
typically greater than 50% in the BC and C horizons. Cobbles range from 2 to 25% throughout.
Small pieces of limestone are common.
Vegetation
OVERSTORY: Dominants are white oak and black oak. Red oak, shagbark hickory, bitternut
hickory, chinkapin oak, black cherry, white ash, and basswood are also present.
UNDERSTORY: The most abundant species are black cherry and musclewood. Common
buckhorn is very dense on the east side. Red oak is common.
GROUND COVER: Abundnat species include Carex pensylvanica, Viburnum rafinesquianum,
Rubus flagellaris, Trillium grandiflorum, Fragaria virginiana, and Toxicodendron radicans.
PRESETTLEMENT COVER TYPE: white oak – black oak – shagbark hickory.
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Comments
The occurrence of the crevasse filling at a low elevation within the river floodplain indicates that
stagnant ice was present in the Fleming Creek valley long after the glacial meltwaters cut their
way down from the terrace at 256 m (840 ft), which was deposited during the formation of the
inner defiance moraine. Even though it is situated adjacent to the river, the crevasse filling is
high enough that it is not subject to flooding and inundation.
Similar Ecosystems
Distinguished from ecosystem 1 by the location within the river floodplain, the elongate shape
with short, abrupt, moderate slopes on all sides, the semi-sorted deposits of sand and gravel, and
the lack of clay banding.
Location
Located adjacent to Fleming Creek in the north-central part of the floodplain.
NUMBER OF OCCURRENCES: 1.
AREA: 0.22 ha (0.54 acres).
PLOTS: 1 soil pit, (# 2000-13).
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Ecosystem 16: Well drained sandy loam over sand and gravel, steeply sloping terrace riser;
white oak – white ash – shagbark hickory/Cornus foemina, Viburnum rafinesquianum.
SYNOPSIS: Steeply sloping terrain that separates bottoms and terraces of the river valley. Well
drained to somewhat excessively drained sandy loam over sand and gravel. Overstory dominants
include white ash, black cherry, boxelder, white oak, and black walnut. White oak – white ash –
shagbark hickory presettlement cover type. No plots.
Physiography
LANDFORM: River floodplain; steeply sloping terrain that separates terraces and bottoms of
the river floodplain.
ELEVATION: 241-251 m (790-822 ft).
Soil
DRAINAGE: Well drained to somewhat excessively drained.
TEXTURE: Sandy loam in the A and E horizons; sandy clay loam in the Bt horizons; and
gravelly coarse to very coarse sand in the BC and C horizons.
pH: Neutral (6.8-7.3) at the surface; slightly acid (5.8-6.3) in the A horizon; slightly acid to
moderately acid (4.8-5.5) in the E horizon; neutral to mildly alkaline (6.8-7.5) in the Bt horizon;
moderately alkaline (7.8-8.3) in the BC and C horizons.
DEVELOPMENT: Organic horizons poorly developed; Oi 4 (2-7) cm, Oe and Oa absent. Depth
of mineral horizon varies greatly with percent slope and the percentage of pebbles and cobbles.
PEBBLES AND COBBLES: Greater than 10% pebbles in the A, E, and Bt horizons; greater
than 40% pebbles in the BC and C horizons. Less than 15% cobbles throughout.
Vegetation
OVERSTORY: Dominants include white ash, black cherry, boxelder, white oak, and black
walnut.
UNDERSTORY: High density of understory stems; abundant species include black cherry, white
ash, gray dogwood, common buckthorn, maack’s honeysuckle, tatarian honeysuckle, and choke
cherry.
GROUND COVER: Relatively low coverage and low diversity of species in the ground cover.
Abundant species include Rubus occidentalis, Rubus alleghaniensis, Geum canadense, Circaea
lutetiana, Alliaria petiolata, and Parthenocissus quinquefolia.
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PRESETTLEMENT COVER TYPE: white oak – white ash – shagbark hickory.
Comments
The most representative occurrence is the 4-6 m (14-20 ft) slope that separates the second
bottom and the terrace on the east side of Fleming Creek. The other small occurrences represent
the ecosystem diversity and the pattern of ecosystems in the river valley, but they might be too
small to be distinct, functional units of the landscape. The small riser that separates the first and
second bottom east of the isolated second bottom levee (ecosystem 14) is a man-made feature.
Similar Ecosystems
Distinguished from ecosystem 1 by the steeply sloping terrain. Distinguished from ecosystem 15
by the steeper slope, and the position between bottoms or terraces.
Location
A large riser separates the second bottom from the terrace on the east side of Fleming Creek.
Two small risers separate the first and second bottom on the east side of Fleming Creek. Three
small risers separate the terrace and the floodplain on the west side of Fleming Creek.
NUMBER OF OCCURRENCES: 6.
AREA: 2.73 ha (6.74 acres).
PLOTS: None.
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Appendix C. Condensed classification and map of the landscape ecosystems of the University of Michigan's Matthaei Botanical Gardens.
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Appendix D. Community Types of the University of Michigan's Matthaei Botanical Gardens, Washtenaw
County, Michigan. Community Types follow the Michigan Natural Features Inventory Community
Classification System (Chapman 1986).
Ecosystems of the Fleming Creek Valley Page-111

Ecosystem Group
Terrace
First bottom
Second bottom
Groundwater seepage
Miscellaneous floodplain
features
2 ft topo line

0

500

1000

1500 Feet

N

Appendix E. Ecosystem groups of the Fleming Creek valley with two ft countour lines. University of Michigan's Matthaei
Botanical Gardens, Washtenaw Co., Michigan.
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Appendix E. Location of permanent sample plots at the University of Michigan's Matthaei Botanical Gardens,
Washtenaw County, Michigan.
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Soil Pit 2000-01, Ecosystem 5

Soil Pit 2000-07, Ecosystem 5a

Soil Pit 2000-02, Ecosystem 7

Soil Pit 2000-08 Ecosystem 9

Soil Pit 2000-03, Ecosystem 13

Soil Pit 2000-12, Ecosystem 14

Appendix G. Photographs of soil pits in the Fleming Creek valley, University of Michigan’s Matthaei
Botanical Gardens, Washtenaw Co., Michigan.
Appendix G. Photographs of Soil pits in the Fleming Creek valley, University of Michigan’s
Matthaei Botanical Gardens, Washtenaw Co., Michigan.
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Soil Pit 2000-09, Ecosystem 6

Soil Pit 2000-10 Ecosystem 12

Soil Pit 2000-13, Ecosystem 15

Soil Pit 2000-05, Ecosystem 4

Appendix
AppendixG.G.(continued).
(continued)
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