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ABSTRACT

CHANGES IN LAND COVER AND WILDLIFE HABITATS IN TWO
WATERSHEDS IN THE LOWER PENINSULA OF MICHIGAN

By

Daniel Thomas Rutledge

Changes in land cover and changes in wildlife habitats were analyzed in
two watersheds in Michigan’s Lower Peninsula from the early to mid 1800’s to
the early 1990’s. The Huron River watershed in southeastern Michigan near
Detroit underwent extensive conversion from mostly forested (70%) to mostly
agricultural (55%) from the early 1800’s to the late 1930’s. From the 1930’s to the
1990'’s, urban areas expanded from 5% to 29% at the cost of agricultural land.
Forest and nonforest areas increased during that time period as well. The Black
River watershed in the north central Lower Peninsula underwent extensive
clearcutting from the mid 1800’s to the early 1900’s. Since timber harvesting
stopped, the Black returned to a mostly forested condition (73%). However,
forest age and composition changed markedly. Conifer forest declined 56%, from
84,000 ha in the 1800’s to 37,000 ha by the 1990’s. Broadleaf forest increased
14%, as large gains in early successional aspen/white pine (5,000 ha to 40,000
ha) offset losses in northern hardwoods (56,000 ha to 16,000 ha). In both
watersheds, mean patch sizes and the number of patches have

decreased/increased, respectively, by one to two orders of magnitude.



Habitat changes varied for both watersheds and depended upon the
species in question. Losses in the amount of potential habitat occurred primarily
from the 1800’s to the 1930’s. From the 1930’s to the 1990’s, the amount of
potential habitat showed minimal change in the Black River watershed and
actually increased for a majority of species in the Huron River watershed.
However, in both watersheds, patch sizes of potential habitat typically declined
by one to 2 orders of magnitude from the 1800’s to the 1930’s and remained the
same for most species from the 1930’s to the 1990’s.

The feasibility of modeling future land cover change based on observed
patterns of land cover change was investigated. Overall models performed well
at predicting anthropogenic changes related to regular features on the landscape
such as roads. The models performed poorly at predicting natural changes such
as succession. Additional information would be needed to increase the ability of
the models to predict future land cover change.

Despite extensive habitat changes, 90% of species still occur in both
watersheds. How many and which species will continue to persist in these
modified landscapes will require further research. In particular, research should
focus on understanding species-habitat relationships at landscape scales
(typically 10’s to 100’s of kilometers) and where land cover data are limited to
broad categories. This information, when combined with more detailed studies of
wildife-habitat relationships, will provide important insights into species abilities to

persist in highly-modified landscapes.
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INTRODUCTION

The twentieth century has witnessed an unprecedented increase in both
the amount and extent of human activity. A primary consequence of this increase
has been the maodification, and in many cases, wholesale change of ecosystems
across the globe (Murphy 1986). The conversion of land to uses geared primarily
towards human needs has raised concern about the long-term viability of
ecosystem functions and of many wildlife species and the habitats in which they
live. For example, Wilson (1986) stated that the rate of extinction due to human
causes could be upwards of 10,000 times higher than extinction rates gleaned
from the fossil record.

A primary cause of decline for many wildlife species is the reduction of
habitat quantity and quality and fragmentation of remaining suitable habitat
(Ehrlich 1986). For example, prior to European settlement, Michigan had
approximately 14,400,000 ha of forest (95% of total land area) and 4,450,000 ha
(30%) of wetlands, including forested wetlands. By 1978, the Michigan
Department of Natural Resources estimated that upland forest area had declined
to 5,570,000 ha and wetlands, including forested wetlands, to 2,500,00 ha
(Warbach and Reed 1995a). Basic ecological theory predicts that the number of
species is a function of the total amount of suitable habitat available. Therefore it
follows that as the total amount of suitable habitat declines, some species will go
extinct (Pimm and Raven 2000). However, which species go extinct, either locally
or globally, and the actual process of extinction is not well understood and

depends on many factors. Many organisms undoubtedly face a greater challenge
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to survive and to reproduce successfully. For example, species with small ranges
typically have a much higher risk of extinction than broadly ranging species for a
given amount of habitat loss. Conversely, opportunistic species may actually
benefit from such changes. Ultimately differences between species that go
extinct and that survive depend on each species’ unique habitat needs and its
ability to adapt to changing landscape conditions.

Given the extent and rate of habitat changes, conservation efforts have
begun to shift towards protecting ecosystems and landscapes and the
biodiversity that they contain (Noss 1996, Michigan Department of Natural
Resources 1997). Single-species or single-resource management, while still
important, must be complemented by broad-scale attempts to conserve entire
ecological systems, including small elements within areas dominated by people
(Ehrlich 1986, Murphy 1986). To achieve such goals will require understanding
how landscape conditions change over time (Turner, M.G. et al. 1995) and how
species respond to those changes. Such knowledge will help contribute to
developing conservation strategies to cope with the possible consequences of
future landscape change.

This dissertation contributes to the understanding of how landscapes
change over time and how species have responded to those changes. The
research was organized around three main questions that pertain to developing
long-term strategies for conserving biodiversity. Those questions are

1) How has land use/land cover changed over time?

2) How have wildlife habitats changed over time?
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3) How might land cover change in the future and what possible

implications might those changes have on wildlifq habitats?

To answer those questions, this dissertation examines land cover changes
in two watersheds in Michigan’s Lower Peninsula (LP). The first is the Black
River watershed, in the north central LP. Land cover in the Black River
watershed was predominantly forest prior to European settlement. Extensive
timber harvesting reduced the amount of forest in the late 1800’s and early
1900’s. Since then, forests have regenerated in the watershed such that the
watershed today is predominantly forested but with several agricultural areas.
The second is the Huron River watershed in the southeastern LP near Detroit.
Land cover in the Huron River watershed was predominantly a mix of forest and
oak savanna with scattered wetlands in the early 1800’s. Throughout the 1800’s
and early 1900’s, land in the Huron River watershed was converted primarily to
agriculture. Since the mid 1900’s, extensive urbanization has occurred in the
watershed. The Black and Huron river watersheds represent two different
patterns and sequences of land cover change in Michigan. Therefore they offer
the opportunity to compare changes in wildlife habitats and possible

consequences for wildlife populations for two different landscapes.
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CHAPTER 1

SIMILARITIES AND DIFFERENCES IN LAND COVER CHANGE BETWEEN AN
URBANIZING AND A RURAL WATERSHED IN MICHIGAN

Introduction

Throughout history, human beings have altered the landscape to suit their
needs. Over time, the scope of human changes has expanded, such that
approximately 40% of the land surface is now subject to some form of intensive
human use (Klopatek et al. 1979, Houghton 1994), and the rate of conversion
has generally accelerated over the last several decades (Houghton 1994, Brown
1996). Meyer and Turner (1992) estimated that agricultural areas increased
worldwide from approximately 2.8 x 10° to 14.9 x 10° km? (532%) from 1700 to
1980 while forests and woodlands declined from 61.51 to 52.37 x 10%km? (-
14.9%). Esser (1989) estimated that the amount of land in agriculture worldwide
grew from 10.3 to 21.0 x 108 km? between 1860 and 1980. A regional study in
southeastern Asia showed agricultural areas increasing by 86% and forested
areas decreasing by 29% between 1880 and 1980 (Flint 1994).

The United States has also experienced extensive land cover changes.
Approximately half of the U.S. was forested prior to European settlement. By
1987, the amount of forest declined to about 32% of total land area. The amount
of cropland was estimated at 22%, pasture at 7%, rangeland (including
grasslands) 32%, developed lands at 4% and other lands including surface

waters at 3%. Wetlands, considered as subcategories of other land cover types,
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were estimated at 5% (Meyer 1995). A recent draft report (The Heinz Center
1999) provides similar estimates for cropland (20%) and forests (33%). Initially
changes were linked to the development of agricultural areas and exploitation of
natural resources, e.g. mining and logging (Meyer 1995). Towns and cities grew
near sources of naturally limited resources, particularly water, and convenient
loci of transportation, especially rivers (Turner and Meyer 1994). However,
increasing technological developments, especially the advent of modern
transportation networks in the second half of this 20™ century, have spurred
additional changes on the land (Meyer 1995). First railroads and now highways
provided the ability for people to easily travel longer distances. Further, it has
decreased the need for home, work, and recreation areas to exist in close
proximity to one another (Smyth 1995, LaGro 1998). Coupled with this has been
the large shift in the U.S. population from rural to urban areas. Between 1900
and 1990, the percentage of Americans living in urban areas increased from 40%
to 75% (U.S. Bureau of the Census 1999).

This combination of demographic, economic, cultural, and infrastructure
changes have different consequences for different regions of the United States.
The northeastern U.S. has both the highest percentage of forest of any region
(Meyer 1995), resulting from regrowth following agricultural abandonment (Foster
1992, Foster et al. 1992, Litvaitis 1993, Orwig and Abrams 1994), and the
highest percentage of urban area (Meyer 1995). The southeastern U.S. has
approximately 40% forest, 20% cropland, 20% rangeland, and 10% pasture (the

remaining 10% was not specified) (Meyer 1995). In a study of nine rural counties
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in Georgia, forest in all areas increased while agriculture decreased in the
mountains and increased in the plains (Turner and Rusher 1988, Turner 1990).
The west has primarily rangeland and forest, with small amounts of cropland
(Meyer 1995). However, western states have experienced large population
increases from 35 to 56 million from 1970 to 1990 (Haub 1995) resulting in the
conversion of croplands or rangeland to urban lands (Kline and Alig 1997).
Studies of land cover change in the Midwest are patrticularly relevant given
that Michigan is a Midwestern state and may have similar patterns of land cover
and land cover change. The Midwest is approximately 50% cropland (Meyer
1995). lverson (1988) studied land cover changes in lllinois from 1820 to 1980.
Approximately 80% of native land cover was converted to agriculture during that
period. Changes to urban areas only accounted for 5% of the total. Vance (1976)
found nearly identical results in a study in Jasper County, lllinois. Between 1939
and 1974, grasslands were reduced by 84%, primarily to cropland. In Ohio,
Simpson et al. (1994) found that geology influenced landscape change, with
agriculture decreasing on upland moraines and increasing on till plains from 1940
to 1988. Medley et al. (1995) also found intensification of agriculture in Ohio.
Sharpe et al. (1987) reported similar trends in a detailed study of land cover
change in Cadiz township in Wisconsin, in which native forest and savanna
declined from 80-85% to 10% of total area from 1882 to 1978 as a result of
conversion to cropland and pasture. Cole et al. (1998) found that forest cover
declined 40% in the Great Lakes States (Minnesota, Michigan, Wisconsin) from

presettiement to present. All forest types decreased in extent and patch size
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except aspen-birch communities, which increased 83% in area and from 700 to
1500 km? in size.

Michigan has also undergone significant land cover changes since
presettlement times. Originally 95% forested (McCann 1991, Comer et al. 1995,
Warbach and Reed 1995a), Michigan now supports a diverse mixture of land
cover types. By 1978, the Michigan Department of Natural Resources estimated
land cover for the state of Michigan as 29.3% agricultural, 37.2% upland forest,
8.0% nonforest, 6.3% urban, 2.2% water, and 16.8% wetlands and lowland
forests (Warbach and Reed 1995a). Much of Michigan’s southern Lower
Peninsula was converted to agriculture. Most of the forests of Michigan’s
northern Lower Peninsula and Upper Peninsula were extensively harvested
during the mid- to late-1800’s but have since returned to predominantly forested
conditions by the early 1900's (McCann 1991). During the 1900’s industrialization
has resulted in the expansion of urban areas in southern Michigan, particularly
associated with the development of the auto industry around Detroit (Smyth
1995). Michigan's landscape will continue to change, as trends indicate that
suburban and rural residential areas will expand as more people attempt to
escape the urban lifestyle and, ironically, return to live in a less congested, more
natural setting (Smyth 1995).

This chapter examines the first research question: how has land cover

changed over time in Michigan? The chapter has three objectives:






1. Characterize areas with different types and patterns of land cover in two
watersheds in Michigan
2. Track the changes in land cover over time for the two watersheds
3. Compare the types and patterns of land cover and land cover change for
the two watersheds
The landscapes chosen for this study were the Black and Huron river
watersheds located in Michigan’s Lower Peninsula (LP) (Figure 1.1). Those two
watersheds were chosen because they have different landscape histories and
current landscape conditions. Also, they represent two typical landscape
complexes in Michigan: urban-agricultural (Huron) and rural-forest (Black) (Table
1.1). The Black River watershed, in the northern LP, has undergone the
sequence of forest cutting and regeneration common to the northern Lower
Peninsula and Upper Peninsula of Michigan. The Huron River watershed, in the
southeastern Lower Peninsula near Detroit, has undergone a sequence of
changes common to lower Michigan. First, native forests and prairies were
cleared for agriculture. Since the mid-1900’s, however, the watershed has
experienced extensive urbanization, primarily from the conversion of agricultural

land.

Study Areas
Black River Watershed

The Black River watershed is located in the upper LP within Cheboygan,

Montmorency, Otsego, and Presque Isle counties (Figure 1.2). The Black River
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flows from south to north and intersects Black Lake in the northern portion of the
watershed. The landscape is predominantly forest with concentrations of
agriculture north and south of Black Lake. Urban areas are interspersed
throughout. Land ownership is divided almost evenly between public (49%) and
private (51%) (Table 1.1). The major public lands include portions of the
Mackinaw State Forest. The economy of the northern LP comes mainly from
natural resources production and tourism (Tyler and LaBelle 1995; Warbach and
Reed 1995b). Population density is low relative to the Michigan average (Table
1.1). The largest town in the watershed is Onaway with a population of 1,039
persons in 1990. The watershed has no interstates or limited-access highways,

several state highways, and a relatively low density of roads (Table 1.1).

Huron River Watershed

The Huron River watershed is located in the southeastern LP (Figure 1.3),
just west of Detroit. The majority of the watershed falls within Livingston,
Oakland, and Washtenaw counties, with small lobes extending into Ingham and
Jackson counties to the west and a long, narrow lobe extending into Wayne and
Monroe counties to the southeast. The Huron River watershed is undergoing
rapid urbanization and supports a diverse and highly interspersed mix of land
uses. The watershed has diverse physiography. The northeast contains an
extensive network of lakes that form the river's headwaters. From there, the river
flows southwest through a chain of glacial kettle lakes and wetlands before
turning southeast where the watershed becomes narrower and steeper. The

Huron finally empties into the northwestern Lake Erie. Total mainstem length is
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219 km. The Huron River has been extensively altered, with 19 dams on the
mainstem and 77 dams on tributaries (Hay-Chmielewski et al. 1995). The
economy of the Huron River watershed is a broad mixture of manufacturing,
retail, service, and institutional uses (Tyler and LaBelle 1995). Land ownership is
almost exclusively private, with the major public lands being state wildlife
management and recreation areas and ten regional parks located along the main
stem of the Huron River. In 1990, the population density of the Huron River
watershed was almost five times higher than the average Michigan population
density (Table 1.1). The Huron River watershed has an extensive system of

interstate, federal, and state highways, roads, and streets (Table 1.1).

Methods

Development of land cover database

A digital database of land cover for both watersheds was developed for five
time steps from 1938 to the 1990’s (Table 1.2). Time between steps varied from
approximately 10 to 15 years. Digitized land cover and base maps (e.g. roads,
rivers, township boundaries) were obtained from the Michigan Department of
Natural Resource’s Michigan Resource Information System (MIRIS). The MIRIS
land cover maps, which represented Step 4, served as base maps for database
development. To prepare Steps 1 — 3 the following procedures were performed

on Sun UNIX workstations using Arcinfo Version 7.0.2 (ESRI 1999a).
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1. Digitized black and white aerial photographs on an HP ScandJet 4C at an
optical resolution of 150 dpi. Scale varied from 75% to 100%, with most
photographs scanned at 75%;

2. Registered the digitized images of aerial photography to the base MIRIS
coverages, typically the county roads coverage (State Plane Coordinate
System, 1927 North American Datum, Units Feet, Spheroid Clarke 1866,
Fipszone 2112 for the Black River watershed and Fipszone 2113 for the
Huron River watershed);

3. Rectified the registered digitized images;

4. Clipped the registered and rectified digital images to remove any non-
information areas (i.e., white space);

5. Created a mosaic of digitized images for each watershed for each time
step using the imagecatalog command in Arcinfo;

6. Overlayed the MIRIS coverage (Step 4) over the image mosaic for Step 3
and then edited the MIRIS coverage to produce a new coverage for Step
3. This was done so that polygon locations would be consistent from one
time step to the next and would not change due to errors in
registration/rectification;

7. Repeated that process using Step 3 and Step 2 as input to produce Step 2

and Step 1 coverages, respectively.

For the Huron River watershed, the Huron River Watershed Council provided a

digitized land cover coverage that served as Step 5. This land cover coverage

11
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was an updated version of the MIRIS land cover that served as Step 4 and used
the MIRIS land cover classification system. To produce Step 5 for the Black River
watershed, an overlay process identical to that described above for Steps 1 — 3
was used. However, in this case, the photos used were already digitized color
aerial photography obtained from the Center for Remote Sensing at Michigan
State University (Table 1.2).

All land cover classification followed the MIRIS land cover coding system
(Appendix 1). The MIRIS system is a hierarchical system derived from the U.S.
Geological Survey Land Use/Land Cover classification system (Anderson et al.
1976). The MIRIS system contains five levels of classification, with each level
providing more detailed information on land cover than the higher level (Table
1.3). The first or highest level of the MIRIS system has seven main categories:
agriculture, barren, forest, nonforest, urban, water, and wetlands.

Land cover within certain towns in the Huron River watershed was not
delineated in MIRIS (i.e., had no land cover codes). For those towns, the land
cover delineation provided by the Huron River Watershed Council was inserted
into the MIRIS coverage. In addition, the MIRIS cover did not delineate small
streams or riparian areas. Therefore, to provide a conservative estimate of
riparian areas in the watershed, 3-m buffers were created around a MIRIS
stream line coverage, and the resulting polygons were added to the MIRIS land
cover coverage.

After editing, the five time steps were combined into one coverage to

produce a true spatiotemporal database of land cover change for both

12
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watersheds (sensu Kienast 1993). This database contained polygons that were
unique in space and over time. The sequence of change for each unique polygon
in the union coverage was systematically examined to identify probable errors
resulting from variation in digitization, registration, and/or misclassification in one
or more time steps. First, polygons were identified that remained the same
throughout the study period and were removed from further editing. Then,
polygons were identified with the same classification for four time periods, then
three time periods, then two time periods, and finally no time periods until all
polygons were examined. Three general types of results were recorded: no
obvious errors, obvious errors, and possible errors requiring re-evaluation of the
aerial photos for verification. No errors were sequences that exhibited reasonable
land cover sequences, e.g. agriculture — agriculture — urban — urban — urban.
Obvious errors were those sequences that had one land cover classification that
appeared inconsistent with the rest of the sequence. For example, the
classification of land cover in the fourth time step in the sequence agriculture —
nonforest — urban — forest — urban was assumed to be wrong because the
probability of change from urban to other land cover types was nearly zero.
Therefore land cover in the fourth time step was reclassified as urban. Possible
errors exhibited sequences of change that were less likely given the type of
change. For example, the sequence: agricultural — agricultural — wetlands —
urban — urban indicated a possible error in the third time step. Based on the
overall trends in land cover for both watersheds, wetlands either remained

throughout the entire study period or tended to decrease. It was less probable
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that wetlands appeared and disappeared over the course of 20 to 25 years. In
those cases the aerial photos were re-examined to determine whether to keep or
change the land cover classification. If the conditions in the aerial photograph did
not match the assigned land cover, then the land cover was changed to the
appropriate category. In certain cases in which the actual land cover type was
not obvious, such as deciding between nonforest and wetlands, the rule was to
choose the land cover classification that minimized the amount of change. This
approach served two purposes. First, it minimized errors resulting from
differences in aerial photo registration, interpretation, and digitization. Second, it
tended to underestimate the extent and frequency of land cover change.

After examining all polygons in the spatiotemporal database for
consistency, any polygons less than 0.1 hectare (approximately 0.25 acre) were
eliminated except for rivers and streams. That value was chosen because it
represented the minimal size of an individual residential patch, such as a
farmstead, that commonly occurred on both landscapes but still eliminated any
small polygons resulting from digitizing or editing error. Removal of larger
polygons would have eliminated legitimate land cover polygons, particularly

individual residences or farmsteads.

Land cover change analysis

Basic landscape statistics were calculated for MIRIS Level 1 land cover for
both watersheds. Statistics were calculated using Patch Analyst Version 2.2

(Rempel et al. 1999) in ArcView 3.2 (ESRI 1999b). Patch Analyst is an adapted

14



5583

gact
ise:

CCv€

an;



version of FRAGSTATS (McCarigal and Marks 1994), the standard package
used to generate landscape statistics.

Landscape transition matrices were calculated for both watersheds for
each pair of subsequent time steps from Step 1 to Step 5. The transition matrix
listed the amounts and direction of land cover change from one time step to the
next. Rows were the “from” land cover type and the columns were the “to” land
cover type. Diagonal elements listed how much area remained in the same land
cover class from one time step to the next. Off-diagonal elements listed how

much area changed between different land cover classes.

Results
Black River watershed
Land cover change

The Black River watershed was 95% forested in the early- to mid-1800’s
based on vegetation maps prepared from General Land Office (GLO) survey
notes (Comer et al. 1995) (Table 1.4). Conifer-dominated communities
comprised approximately 58% of the forest, with the amount split fairly evenly
between pine and lowland conifers such as cedar and hemlock. Northern
hardwoods comprised the remaining 38% of forested areas, made up almost
entirely of beech/sugar maple communities. Early successional forest types, e.g.
aspen/white birch, accounted for only 3.8% of the overall forested area. Water

and wetlands occurred on 3.7% and 0.8% of the landscape, respectively.
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Between the GLO survey and 1938, the first year of this study, almost all
forested areas in northern Michigan were clearcut (McCann 1991).
Consequently, current forests are predominantly second or perhaps third growth.
By 1938, the Black River watershed remained predominantly forested, although
below GLO survey levels. Concentrated areas of agriculture developed in the
Black River floodplain north and south of Black Lake (Figure 1.4). Other than the
town of Onaway, isolated residences and farmsteads were the primary form of
urban development.

From 1938 to 1992, land cover in the Black River watershed remained
relatively stable (Figure 1.4, Table 1.5). Forest area increased through 1978 but
then decreased to below 1938 levels by 1992. Agricultural lands showed a slight
decrease over time but appear to have stabilized by 1992. Nonforest remained
nearly constant until 1992 and then increased by approximately 50%. Water
increased 5.4% during the study period, resulting from the creation of several
reservoirs and floodings, such as the Tomohawk Creek flooding in the southwest
corner of Presque Isle County. Overall wetland area decreased 18.8%. Aithough
not a large percentage of the watershed, urban land area increased all years and
grew a total of 161% during the 55-year study period. Barren land occupied less
than 0.01% of the watershed at any time.

The total number of patches and the number of patches of each land
cover type increased over time except the number of patches of water, which
decreased by 8 over time (Table 1.5). Mean patch size for the land cover types

showed little variation from one time step to the next (Table 1.5). Mean forest
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patch size increased from 1938 to 1978 but then declined by 1992. Mean patch
sizes of remaining cover types remained nearly constant. Mean patch sizes fell
into three general size categories, with forests about 200 ha, water and
agricultural about 50 ha, and urban, nonforest, and wetlands about 10 ha or less.

Forest composition changed over time (Table 1.4, Table 1.6).
Presettlement forests were 58% coniferous and 43% broadleaf. By 1938, that
ratio had reversed, with 66% broadleaf and 34% coniferous. Over half the
broadleaf forests were aspen/white birch. Northern hardwoods decreased from
38% to 15%, while bottomland hardwoods showed a large increase, from 0.3% to
10%. Pine forests showed the largest decrease, from 30% to 16% of total forest
area. Bottomland declined from 23% to 15%. The area of all forest types either
remained constant or increased slightly from Step 1 to Step 4. From Step 4 to
Step 5, total area of most forest types decreased (Table 1.6).

The overall rate of retention among major land cover types was very high
(Table 1.7). Areas in forest remained as forest on average 97% and ranged from
91.9 t0 99.9%. A total of 1,260 hectares, or 1.1 % of the original 1938 forest area,
were converted to urban areas throughout the study period, with over half (706
hectares) converted between 1978 and 1992, including development of two golf
courses in the watershed. Otherwise the majority of forest was converted to
nonforest. Nonforest land cover showed the greatest variation in total area, as it
gained and lost area both to forest and to agriculture. Wetlands had the greatest
relative loss of area, with the majority of that transfer going to forested areas as

some wetlands developed into bottomland forests.
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Pattemns of land cover change

Land cover within the Black River watershed depends strongly on land
ownership. The Mackinaw State Forest occupies 49% of the watershed (Figure
1.2). The high amount of state forest contributes to the high amount of forest
(70% in 1992) in the watershed. Agricultural areas are concentrated in the north
central and central areas of the watershed along the Black River where private
land predominates (Figure 1.4). In addition, a large agricultural area also occurs
in the southern portion of the watershed south of the Mackinaw State Forest
(Figure 1.4).

The pattern of urban development in the watershed reflected several
controlling factors at work in the watershed. First, development occurred almost
entirely on private lands along the Black River floodplain in the north and central
portions of the watershed and in the extreme southern portion of the watershed
(Figure 1.5). Second, more extensive development occurred in two principal
ways: lakeshore development and home development following the grid of
county roads, particularly in the central portion of the county. Third, oil and
natural gas wells increased 10-fold during the study period, from 53 in 1938 to
546 in 1992. Mean well size in 1992 was 0.8 hectare (~ 2 acres) with a mean
patch fractal dimension of 1.01, indicated that they were essentially square.
These wells occurred on both public and private land, scattered primarily
throughout the southem portion of the watershed. This mirrors the large increase
in oil and natural gas drilling in Michigan, especially Otsego County during the

late 1980’s and early 1990’s (Wycoff and Multane 1995).
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As stated previously, the largest source of landscape change in the Black
River watershed is conversion of land cover from forest to nonforest and vice
versa (Table 1.7). The largest transfer from forest to nonforest occurred from
1978 to 1992. Prior to that the rate of conversion was lower. Therefore the results
presented focus on that period. During the 14-year period from 1978 to 1992,
842 patches of land cover were converted from forest to nonforest, having a
mean area of 10.3 ha. During that time, 8,466 hectares of forest were converted
to nonforest, yielding a transfer rate of 605 hectares/year. Assuming no
additional losses or gains to forest from other land cover types, that rate indicates
that the entire forest would undergo conversion to nonforest in approximately 200
years or 0.5% of the total forest area being cut per year. Of the forest converted
to nonforest from Step 4 to Step 5, 68.3% was on state forest land (Figure 1.6).

All forest types within the watershed experienced some level of conversion
to nonforest (Table 1.8). Aspen/white birch had the highest total area converted,
which was over 2.5 times more total area than pine, which had the second
highest rate of conversion. Northern hardwoods, lowland hardwoods, lowland
conifers, and other upland conifers followed in that order. Aspen/white birch had
the highest percentage of total available area converted, followed by northern
hardwoods, lowland hardwoods, other upland conifers, and lowland conifers.
These results differ from broader regional trends. According to the U.S. Forest
Service Forest Inventory Analysis (Leatherberry 1993), total area of timber for the
northern LP of Michigan increased by 6%, although jack pine and aspen declined

slightly.
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Most forests in Cheboygan, Montmorency, and Otsego counties were
classified to dominant tree species and/or stocking level and therefore provided
more detail regarding what specific forest types underwent conversion to
nonforest (Table 1.9). The largest stocking level and the largest area of forest
conversion occurred in category 6, which indicates forests with high percent
cover (70-100%) and trees 10-20 m high. This was true for both broadleaf and
coniferous forests. Broadleaf forests and conifers did differ in the distribution of
the stocking class. Coniferous forest stocking classes were all converted at a 4 to
6% rate from Step 4 to Step 5, which represents a yearly cutting rate of 0.3% to
0.4%. For broad-leafed forests, middle stocking classes (e.g. 5 and 6) had a

higher loss of percent of original area.

Huron River watershed

Land cover change

At the time of the GLO surveys in the early 1800’s, the Huron River
watershed supported a mixture of forests, oak openings, oak barrens, wet
meadows, prairies, and wetlands (Table 1.4, Figure 1.7). Approximately 55% of
the watershed was forested. The majority of the forests were central hardwoods,
particularly oak-hickory and mixed oak communities. Conifers, almost entirely
tamarack swamps, occupied only a small part of the watershed. Nonforest,
primarily oak barrens and some oak openings, occupied 29% of the watershed.

Large patches of these cover types occurred in the northeastern and
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southwestern portions of the watershed. Nonforest wetlands occurred on 12% of
the landscape, with the majority being prairie meadows (Comer et al. 1995).

By late 1930’s, agriculture was the major land cover type, accounting for
54% of the land in the watershed, almost entirely in cropland (Figure 1.7). Forest
declined to 15% of the watershed, a reduction of 73% from presettiement
estimates. Nonforest was 10.7% of the watershed, a 63% reduction. Wetlands
occurred on 9.5% of the watershed, about two-thirds forested and one-third
nonforested. Water and urban accounted for 4.5% and 5.3% of the watershed,
respectively. Residential development comprised 79% of urban land cover.

From the late 1930’s to the 1990’s, the major trend in the watershed was
the increase of urban land cover (Figure 1.7, Figure 1.8). The amount of urban
land cover increased more than five-fold from 12,260 ha in the late 1930’s to
68,116 in 1995, when it surpassed agriculture as the major land cover type. In
addition, all subcategories of urban land increased during the same period.
Conversely, agriculture decreased by more than 50% from 130,059 ha to 61,116
ha. During that period, forest increased through Step 4 and then declined by Step
5. Nonforest nearly doubled until Step 4 and then also declined by Step 5.
Wetlands decreased in each successive time period, although the rate of loss fell
from 21.7% of remaining area between Step 1 and Step 2 to 1.9% of remaining
area from Step 4 to Step 5. Total water land cover increased by 0.7%.

Total number of patches and the number of patches for each land cover
type increased over time in the Huron River watershed (Table 1.10). Mean patch

size in the Huron River watershed declined from 18.2 to 14.6 ha during the study
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period. Mean patch sizes for the land cover types remained mostly constant,
except for agriculture, which decreased from 182.7 ha to 45.6 ha (Table 1.10).

Land cover change was highly dynamic in the Huron River watershed
(Figure 1.7, Table 1.11). The majority of new urban land cover came from
agriculture (30,879 ha). Nonforest contributed the next highest amount (16,380
ha), followed by forest (7,532 ha). About 5% of wetlands were lost directly to
development (1,100 ha). The largest gain in urban land cover came between
Step 2 and Step 3 (19,226 ha), which corresponded with the highest level of
interstate highway construction (1,500 ha). Once developed, urban remained
almost exclusively as urban; only 431 ha of urban land, about 0.2% of the total
Huron River watershed area, were converted to other land cover types during the
study period.

Among other land cover types, several types of change emerged from the
land transition matrices (Table 1.11). Nonforest gained mostly from agricultural
land (41,573 ha) and from forest (3,765). Forest gained from agriculture (8,015)
and nonforest (9,428) and lost area to urban (7,532), agriculture (2,977), and
nonforest (3,765). Wetland losses were distributed among agriculture (1,497),
nonforest (2,037), and forest (1,914).

Land cover stabilized over time as more of the watershed became urban
(Table 1.11). Off-diagonal elements in the land transition matrices typically
decreased over time, except for conversions from other land cover types to
urban, which increased in area, decreased in area, and then increased in area

again.
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Patterns of land cover change

Land cover change in the Huron River watershed occurred at three scales
of organization. At the watershed scale, 45% of the land underwent at least one
transition between MIRIS Level 1 land cover types during the study period
(Figure 1.7). The largest land cover transitions were permanent transfers to
urban land cover and exchanges among agriculture, nonforest, and forest (Table
1.11). At subwatershed levels, land cover changes varied according to location.
Urban land cover increased most extensively in the northeast, north central,
south central, and southeastern lobe of the watershed (Figure 1.7). Exchanges
among agriculture, forest, and nonforest occurred in a diffuse pattern within
areas of urban development and more extensively in the western half of the
watershed. Agricultural areas west and north of Ann Arbor experienced relatively
fewer changes. At the section level (i.e., 1-mile square sections of the township
and range grid), urban, agriculture, and nonforest tended to occur closer to roads
than forest, water, and wetlands.

At the watershed scale, the overall pattern of change is from a rural
agricultural landscape to one of mixed urban, suburban, and rural residential
development. Urban expansion occurred in a broad general trend from the east
to the west and generally followed two patterns: expansion from existing urban
areas, particularly around Ann Arbor and Ypsilanti, and diffuse urban
development, particularly in the northeast and north central portion of the
watershed (Figure 1.8). Urban expansion was particularly extensive from Step 2

to Step 3, which corresponded to the development of the interstate highway
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system. Urban land cover gains were typically 2 to 4 hectares in size (Table
1.12).

Pattemns of agriculture land cover loss are similar to those of urban gain
(Figure 1.9). Large areas of loss occurred in the northeastern area of the
watershed and surrounding Ann Arbor and Ypsilanti in the south central and
southeastern areas of the watershed. Over time, the loss of agricultural area
declined (Table 1.11, Figure 1.9). The pattern of decline of agriculture becomes
clearer when examined with a coarser filter (Figure 1.10). Of the 1,058 sections
that completely or partially fall within the watershed, 984 had a net loss of
agricultural area, with 640 losing 50% or more of their original agricultural area. A
total of 15 sections experienced no change (9 with non agriculture at any time
and 6 not losing any agricultural area). Finally, 59 sections gained agricultural
area, particularly a large cluster in the northwestern corner of the watershed in
southeastern Ingham and southwestern Livingston counties.

Forest land cover changes occurred throughout the watershed (Figure
1.11). The average size of gains and losses was small, typically 1.5 to 1.7
hectares (Table 1.12). However, the mean size of forest gains from Step 4 to
Step 5 was 5.0 hectares, due to the conversion of a large patch of agriculture to
forest in the southwest corner of the watershed (Figure 1.11d).

Nonforest land cover changes also occurred throughout the watershed
(Figure 1.12). Losses and gains typically averaged 2.5 to 3.5 hectares (Table

1.12). Changes were particularly extensive throughout the northern half of the
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watershed, corresponding to the same areas where agriculture decreased and
urban areas increased.

Water land cover changes were generally small, typically isolated lakes
and ponds (Figure 1.13) less than 2 hectares in size (Table 1.12). The exception
was the creation of the Kent Lake Reservoir between Step 1 and Step 2 (Figure
1.13a) along the mainstem of the Huron River in the north central portion of the
watershed.

Wetland land cover changes were almost entirely losses (Figure 1.14). As
discussed earlier, the rate of loss decreased over time. The mean size of
wetlands losses also decreased. The number of individual wetland losses also
decreased from Step 1 to Step 4 but increased from Step 4 to Step 5 (Table
1.12). Barren land cover changes did occur but were very small in number and
extent (Table 1.12).

Land cover change patterns also followed finer levels of organization,
principally along the roads that define the township/range grid network and
therefore land ownership. In the watershed, 48.8% of the land lies within 250
meters of a county road. Additionally 93.8% lies within 750 meters of county
roads, and no land is farther than 2500 meters from a road (Table 1.13). (Those
percentages would increase if residential roads were also considered.) Urban,
nonforest, and agriculture land covers tended to be located closer to roads than
would be expected if land cover was distributed randomly across the landscape
(Table 1.13). By 1995, 60% of urban areas fell within the 250-m buffer (Figure

1.19). Urban areas also were located farther from roads than expected because
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areas beyond 1250 meters consisted of core urban areas, including two
automotive test track facilities that were classified as urban. Conversely, forest,
water, and wetlands were distributed farther from roads than expected, typically

from 500 to 1500 meters away.

Discussion

The Black and Huron river watersheds represent two different trajectories
of land cover change common to Michigan and the Great Lakes region. Both
watersheds have undergone extensive changes since the early 1800’s, but the
type and patterns of change differ based on a combination of physical, biological,
and social factors. The factors that affect the patterns of land cover change occur
at several different scales. Those factors range from climate and geology at the
broadest scales, patterns of land ownership and transportation networks at the
watershed scale, and the collective result of many individual land use decisions
at local scales.

At the broadest scales, differences in land cover change between the two
watersheds depended upon broad physiographic characteristics of both
watersheds. The Black River watershed lies north of the tension zone in
Michigan, which is a line located approximately from Muskegon to Saginaw
(Barnes and Wagner 1981). Above this line, the climate is colder and the growing
season is shorter. Also, soils are generally less suited for agriculture except
within the Black River floodplain. Finally the Black River watershed does not

have or lie near any major transportation sources such as an interstate highway
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or a port. Conversely, the Huron River watershed lies south of the tension zone
and therefore has a warmer climate and longer growing season, richer soils
based more suitable for agriculture, and is situated along a river with direct
access to Great Lakes. Additionally, the Huron River watershed is situated
directly west of the Detroit, the largest urban area in the state. These broad
factors affect the composition of the vegetation. The Black River watershed
supported more coniferous forests than the Huron River watershed, while the
underlying soils made the Huron more attractive for farming. Finally, the proximity
of the Huron to the largest metropolitan area in Detroit and the extensive network

of limited access highways made it attractive for urban expansion.

Black River Watershed

At the watershed level, the Black River watershed showed a pattern of
land cover change common to rural areas of northern Michigan and the Great
Lakes region. First the watershed experienced extensive deforestation during the
second half of the 19™ century and the beginning of the 20™ century. Once
extensive logging stopped, the forest began to regenerate and mature. From
1938 to 1978, forested areas increased in the watershed, although they declined
slightly throughout the northern LP (Leatherberry 1993). From 1978 to 1992,
forests had matured enough to permit greater levels of harvest. Based on the
land cover database, approximately 0.5% of the forest area was cut during that
period per year, indicating that the entire forest would be cut once every 200

years.
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At a coarse level of examination, the Black River watershed appears very
similar to conditions at the time of the GLO surveys in the mid 1800’s given that it
remained predominantly forested. However, the land cover database
demonstrated that forest composition in the watershed differed from conditions
during the GLO surveys in three ways, which agrees with results from other
studies in Michigan (Van Deelen et al. 1996, Heitzman 1997). First, forests are
younger as most of the forests in the watershed are second or third growth.
Based on the trend in the rate of conversion to nonforest, forests in the Black
River watershed have only attained sizes and stocking levels suitable for
harvesting within the last 10 to 20 years. Therefore timber harvesting has
resulted in and will continue to sustain forests with characteristics (e.g. height,
diameter breast height, etc.) that are likely different from those of climax forests
present before the extensive timber harvesting of the 1800’s. Although forests
are regenerating, they are being cut when they reach sizes and ages that meet
certain market conditions. Second, forest composition has been altered
substantially. Prior to extensive timber harvesting in the 1800'’s, forests were 58%
conifer, with 60% in upland and 40% in lowland communities. Northern
hardwoods dominated the broad-leafed forests. By 1992, the ratio between
broadieaf and coniferous forests reversed, to 57% and 43%, respectively. Early
successional communities, in particular aspen-dominated communities, typically
re-established on the cut-over areas and now comprise 37% of forested areas.
These areas are often maintained as sources of pulp wood for the paper industry

and to support game species that depend on early successional communities
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(e.g. ruffed grouse). Third, timber harvesting creates far more forest gaps than
likely existed in climax forests present before extensive European settlement
(McCann 1991). The GLO surveys used to develop presettiement vegetation
were based on 1 square mile grids and therefore almost certainly missed some
small forest gaps. However, it would seem highly unlikely that natural gaps
occurred with the same frequency as they did prior to European settlement,
especially those generated from the period from 1978 to 1992. Finally, the results
from the Black River watershed are consistent with those of other studies that
show a strong change in forest composition from conditions at the time of the
GLO survey to the present (Heitzman 1997).

The two other significant trends in the watershed regarding land cover
change related to increases in urban areas. The number of rural residential and
seasonal homes is expected to increase in the northern LP during the next 20-25
years (Smyth 1995), particularly as retired couples move permanently to the area
(Tyler and LaBelle 1995). Although each new residence represents a very small
change to the watershed in and of itself, the cumulative impact of very low
density residential development will increase the presence of people throughout
the watershed and create a demand for increased services. This, in turn, will
make the area possibly desirable to more people who would otherwise not want
to give up access to particular conveniences.

The second large urban trend was the 10-fold increase in the number of
gas and oil wells in the watershed. The southern portion of the Black River

watershed lies above the Antrim formation, which contains economically viable
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reserves of oil and gas (Wycoff and Moultane 1995). Although the footprint of
these facilities is typically small, they do create gaps in what would otherwise be
continuous forest. In addition, a network of service roads connects the wells to
one another and to the local road system. These roads increase the accessibility
of interior forested areas, which could have possible negative effects on wildlife

habitat and wildlife.

Huron River Watershed

At the watershed level, the Huron River watershed showed trends of land
cover change common to landscapes experiencing a transition from agricultural
to urban/suburban and rural residential land cover. The watershed underwent its
most extensive conversion from forest/savanna to agriculture early in Michigan’s
settlement, during the early- to mid-1800's. This was likely followed by a
relatively stable period of agricultural activity until the mid 1900’s. After World
War ll, the two biggest changes to the Huron River watershed have been the
expansion of urban areas and the development of an extensive system of limited-
access highways. The expansion of urban land cover came primarily from
conversion of agricultural lands, although the process is not that straightforward.
In the northeast and north central portions of the watershed, urban land cover
increased the most, due to the presence of many lakes and the Huron river
(Walsh 2000).

Nonforest and forest land cover increased at the same time as urban land
cover. This suggests that agricultural land sold for development was typically not

sold entirely, thereby allowing remnant parcels to revert to early successional
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states and eventually to return to forest or that lot sizes are large enough to allow
succession to occur on portions of parcels. Over time, some areas undergoing
reversion to more natural land covers (e.g. forest, nonforest) underwent
conversion to urban areas. This pattern was particularly prominent in the
northeastern and north central Huron River watershed, where urban expansion
proceeded more as a patchwork of urban land with additional urban development
filling in around existing urban areas. Such changes are likely driven primarily by
very specific and unique circumstances of individual landowners. However, given
the increased appeal of more rural home settings (Smyth 1995), the process of
“filling in” is likely to continue for some time unless measures are taken to
prevent it.

In the south central and southeastern lobe of the watershed, urban
expansion proceeded more rapidly and to a larger extent. The areas around Ann
Arbor and Ypsilanti underwent expansion throughout the study period. Detroit
International Airport in Wayne County, a portion of which falls within the
watershed boundaries, served as a focal point for urban expansion in that area of
the watershed.

The development of the federal interstate highway system beginning in the
mid-1950’s was another principal factor in the urbanization of the watershed. The
highway system first appeared in the land cover database in Step 2 (1955 —
1957) and was mostly complete by Step 4 (1978/1985). Interstate highways
allowed people to live farther away from major urban centers, such as Detroit and

Ann Arbor. Once rural communities like Brighton, in the north central portion of
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the watershed, became accessible as places to live and expanded accordingly.
In addition, although not presented in the results, many industrial areas and
shopping malls in the watershed occurred adjacent to or near interstates,
reflecting the increased importance of locating facilities to provide easy access to
transportation.

The increase in forest and nonforest areas was not expected. The typical
view of urban expansion is the wholesale conversion of rural, agricultural areas
to vast expanses of mixed urban and suburban development. The land cover
change trends in the Huron River watershed do not bear such notions out,
although future changes may erase the current gains. The increase in more
natural land cover types likely reflects individual circumstances, as described
above, and also likely reflects the desires of new immigrants to retain a more
natural landscape. For example, Leefers and Jones (1996) showed that land
values along the segments of the Huron River zoned as a Natural River by the
state of Michigan were higher than along similar segments without such zoning.
Natural Rivers zoning encourages local governments to enact measures to
protect or enhance the natural character of the river. This reflects the general
trend for people to value areas that they perceive as more “natural” in character
(McGranahan 1991).

Similar trends were found for the Raisin River watershed directly south of
the Huron River watershed (Erickson 1995). Over a 20-year period, from 1968 to
1988, forest cover increased in 9 of 10 sampled townships within the watershed.

Riparian forest areas increased in area and width (Kleiman and Erickson 1995).
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Those increases corresponded to an increase in the number of parcels within the
area studied. Those results suggested that natural land covers benefit from the
subdivision and conversion of agricultural land. One hypothesis is simply that
people only need a small portion of their land for dwellings and other buildings
and convert the remaining areas to more natural conditions to increase property
values, as discussed above, and to satisfy personal desires. Indeed, other
studies have shown that land classified as “urban” may typically only have 30-
50% of the area covered by buildings or other man-made structures (Turner and
Meyer 1994).

In summary, land cover changes in the Huron River watershed
exemplified the process of urbanization of former agricultural areas that has
occurred or is occurring in many areas of the United States. The patterns of
change demonstrate the result of the interactions between broad-scale factors
(physical character of the landscape, locations of towns and highways) and
individual factors affecting land cover change. Although individual factors that
reflect personal decisions will generally remain difficult to determine, overall land
cover change patterns mirror the broad trends of societal wants and needs,
particularly the conflicting desire to want to live in a rural setting and yet to retain
easy access to work, cultural and recreational opportunities, and public services.

Despite the obvious differences in land cover composition and patterns
between the Black and Huron river watersheds, some similarities exist between
them. First, human influence has increased the heterogeneity of the landscape,

whether that heterogeneity exists as obvious differences in land cover classes or
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as less obvious changes to forest composition. People tend to produce patterns
that correspond to human scales of influence. Second, the extent of change is
much larger and the rate of change is much higher than historically. Although the
GLO survey data undoubtedly missed much finer variation in natural
communities, it seems unreasonable to expect that natural disturbances occurred
so pervasively and with such frequency throughout the landscape, at least on the
time scale of several decades examined in this survey. Third, and perhaps most
importantly, land cover change in both watersheds highlights the need for more
coordinated regional planning among townships or counties that regulate land
use and therefore land cover changes. Indeed, the lack of cooperation in regional
planning is thought to be one of the principal factors contributing to urban sprawl
in Michigan and elsewhere throughout the country (Smyth 1995, Wycoff 1995). A
broader spatial and temporal perspective is needed to avoid homogenization of
the watershed, particularly in the Huron River watershed which could quickly lose
the modest gains in forest and nonforest seen from the 1930’s to 1970’s as well

as much of its remaining farmland.

Factors Affecting Land Cover Database Accuracy

Three factors in particular affected the accuracy of the land cover
database and therefore deserve discussion. They were 1) the resolution of the
input data, 2) use of multiple photo interpreters, and 3) the lack of independent

verification of the land cover classification.
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First, the digitized aerial photographs were of sufficient resolution to
classify most land cover types. However, it was difficult to discern between
particular land cover types. For example, distinguishing between shrub/scrub
nonforested uplands and shrub/scrub wetlands was sometimes difficult. Similar
difficulties occurred when classifying forest cover types and when distinguishing
between grassland and fallow fields. Higher resolution of the digitized aerial
photography would have solved some of those issues. The decision not to use
higher resolution data was driven by the cost of data storage capacity when the
study began. Scanning a photograph at 150 dots-per-inch resulted in file sizes of
800 kilobytes. In comparison, the same photos scanned at 300 and 600 dots-per-
inch were approximately 4 megabytes and 12 megabytes in size respectively.
The capacity needed to store that many aerial photos at those resolutions was
simply too costly at the time. The same would not be true now.

Second, several different persons performed photo interpretation for this
study. Several measures were taken to minimize the probability that different
interpreters might classify the same land cover differently. Protocols were
developed to resolve ambiguous classification situations. The primary researcher
(D. Rutledge) acted as the final judge in all questions of land cover interpretation
and reviewed land cover for all time steps for both watersheds as discussed in
the methods. Also, experienced photo interpreters trained new photo interpreters
to attempt to retain as much continuity as possible and pass on the knowledge

gained in the photo interpretation process.

35



vy
Whh
e me
ndepe
e
dic not

A3 he




Third, the land cover database was limited by the inability to independently
verify the accuracy of the land cover interpretation. The final review process, in
which questionable land cover designations were re-examined as discussed in
the methods, possibly reduced classification errors but was by no means an
independent verification. True verification could only come through a second
interpretation by an independent group, as a second source of land cover data
did not exist for all time steps examined. A second, independent interpretation

was beyond the monetary and time resources of the study.
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Table 1.1: Comparison of the Black and Huron river watersheds. Public lands
were estimates of state lands (state forests) in the Black River watershed and
state lands (recreation areas and wildlife management areas) and regional
parkiands in the Huron River watershed. Average Michigan population density in

1990 was 63.2 persons/km? (U.S. Bureau of Census 1999).

Black Huron
Area (ha) 155,842 235,917
Land Ownership (private/public)
Private land (ha) 79,401 212,931
Public land (ha) 76,441 22,986
Population of encompassing townships (1990)
Number of persons 18,432 739,438
Estimated density (persons/km?) 11.8 313.4
Roads (total length in km)
Highways — Interstates, U.S., State 89 750
County Highways/Roads 866 2,920
Residential Roads 60 2,961

37



v T Vel

e TR et - TeE

PUOUIHOIOASD ©SVuqBaIER 10A0D PUR| 104 pesn sojoyd jgluee jo \ALCEEJW =y Osa-m.kr:.



(000'86:1 sBM UBSW) 000'8SH: L O) 000'EY: | W) PBUBA 8[edS,, s0j0yd peiejul 10j00 pezbip jo uoneleidielu], JIIOUNOD PeYSIBIBM JEAIH UCINH,

SIHIN sojoyd eyym pue xoeiq sojoyd enym pue xoeiq sojoyd elym pue xoe|q
peznibip jo uoneiesdieiu) pezybip jo uoneiesdie)  pezmbip jo uonejesdisiu eanog
92  PeuBA 2661 8.6l 8y 00002k €961 8€ Ov8'SLL 2564 8% 000024 BE6L ojs| enbseid
92  Jpeuep 2661 8.6 8y 00002k €961 8€ O¥8'SLL 2661 8% 000021 8E6L obesi0
92  JpeueA 2661 8.6l 8y  000'02'k €96L 8€ O¥8'SLIL 2561 8V  000'02:L 8€6L  Aduesounuopy
92  peuep 2661 8.6l 8y  000'0c'k €96F 8€ Ov8'SLL 2S6L 8%  000'02k 8E6L ueBAogqeyd
xoejg
- - «5661 G861 L6  000°0v:L €61 8% 00002k ¥96L 8F¥ 00002k LE6L eukepm
- - 5661 5861 L6  000°0¥:k 696, 8V 00002k GS6L 8€  O¥B'SLL BE6L MBUBIYSBM
G661 8.6l L6  000°0v:k 261 8% 00002k LS6L 8P  000'02:L O¥6L puepieo
- «S661 8.6l L6  000'Ov:L €61 8v 00002k SS6L 8F 00002k LEGL e0JUOW
- - 5661 G861 L6  000°0v:k OL6L 8% 00002k [S6L B€  O¥B'SLL LEBL uoisBuin
- 5661 8.6l L6 0000V 2.6L &Y 00002k GSS6L 8P 00002 BE6 uosyoer
- 5661 8.6l L6  000°0¥:k 0/6L 8% 00002 GS6L 8F  000'02:L BE6L weybuj
uoIny
(w)  ejgog  JeepA  Jeep (w) ejeos  Jeep  (w) ejeos (w) e(8dg  JeOA funoo
g g o e T pousicIoM

g deis ¥ dais g deis cdeis | deig

“Juswdojerep eseqelep J8A00 pue) 10} pesn sojoyd [euse jo Arewwng :2'| e|qel

38






Table 1.3: MIRIS Level 1, 2, and 3 land cover codes. Level 4 and 5 codes that
provided detailed forest cover classifications are not shown.

Land Cover Type Code Land Cover Type Code
Urban 100 Nonforested 300
Residential 110 Herbaceous 310
Multi-family high-rise 111 Shrub/Scrub 320
Multi-family low-rise 112
Single family/duplex 113 Forested 400
Mobile home park 115 Broadleaf 410
Commerical 120 Northern hardwood 411
Central business district 121 Central hardwood 412
Shopping mall 122 Aspen/white birch 413
Secondary business district 124 Bottomland hardwood 414
Institutional 126 Coniferous 420
Industrial 130 Pine 421
General 131 Other upland conifer 422
Industrial park 138 Bottomland conifer 423
Transportation/Utilities 140 Christmas tree plantation 429
Air transportation 141
Rail transportation 142 Water 500
Water transportation 143 Rivers & Streams 510
Highways 144 Lakes 520
Communications 145 Reservoirs 530
Utilities 146 Great Lakes 540
Extractive 170
Open pit 171 Wetlands 600
Wells 173 Forested 610
Openland 190 Forested 611
Outdoor recreation 193 Shrub/scrub 612
Cemeteries 194 Nonforested 620
Aquatic bed 621
Agriculture 200 Emergent 622
Cropland 210 Flats 623
Orchards 220
Confined feeding 230 Barren 700
Pasture 240 Beach 720
Other 290 Sand dune 730
Bare rock 740
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Table 1.4: Land cover in the Black and Huron river watersheds at the time of the

GLO surveys in the early- to mid-1800's.

Land Cover Type Black River Watershed Huron River Watershed

Level 1 % of % of % of % of
Level 2 Total Level 1 Total Level 1

Area (ha) Area Area Area (ha) Area Area

Nonforested 438 0.3 68,090 28.9
Herbaceous-Upland 49 <0.1 0.1
Grassland
Oak Barrens 57,743 245 84.8
Oak Opening 10,298 4.4 15.1
Oak/Pine Barrens 438 0.3 100

Forested/Forested 148,450 95.3 131,011 55.5

Wetlands
Hardwood/Conifer 79 0.1 0.1 10 <0.1 <0.1
Central Hardwood 105,128 446 80.2
Northern Hardwood 56,006 35.9 37.7
Aspen/White Birch 5,559 36 37
Lowland Hardwood 475 0.3 0.3 16,213 6.9 124
Conifer/Hardwood 1,405 0.9 0.9 92 <0.1 0.1
Pine/Oak 44,779 28.7 30.2
Other Upland 5,960 3.8 4.0
Conifer
Lowland Conifer 34,187 21.9 23.0 9,568 4.0 7.3

Water 5,719 3.7 100 7,458 3.2 100

Wetlands 1,218 0.8 29,358 12.4
Shrub-dominated 642 0.4 52.7 531 0.2 11.8
Emergent Marsh/ 576 0.4 47.3 28,827 12.2 98.2
Meadow/Prairie

Barren 7 <0.1 100

Cultural Feature 10 <0.1 100

Total Area 155,842 235,917
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Table 1.5: Area, number of patches, and mean patch size of MIRIS Level 1 land

cover types from the GLO survey to Step 5 in the Black River watershed.

Land Cover Time
Type GLO* Step 1 Step 2 Step 3 Step 4 Step 5
Agriculture
Area (ha) - 13,085 11,482 11,394 10,223 10,480
# of Patches - 298 291 270 277 283
Mean Patch - 439t 395+ 422+ 369+ 370t
Size (ha) 124.9 125.2 135.6 96.9 90.0
Barren
Area (ha) 7 1 3 3 3 3
# of Patches 1 1 2 2 2 2
Mean Patch - 05¢ 13+ 1.3¢ 1.3+ 13+
Size (ha) 0.0 0.8 0.8 0.8 0.8
Forest
Area (ha) 148,450 111,055 116,443 116,542 117,278 108,590
# of Patches 5 659 585 578 574 677
Mean Patch 29,690.0 + 168.5 + 199.0 + 2016t 204.3 160.4
Size (ha) 59,3725 2106.6 2484.2 2500.0 2527.8 2111.8
Nonforest
Area (ha) 438 17,172 13,716 13,439 14,142 21,197
# of Patches 6 1,758 1,945 1,965 1,967 2,383
Mean Patch 729+ 98+ 71 68+ 72+ 89+
Size (ha) 32.3 34.0 21.3 20.7 25.4 26.9
Urban
Area (ha) - 1,299 1,769 2,046 2,138 3,387
# of Patches - 517 631 647 666 1,512
Mean Patch - 25+ 281 32¢+ 32t 22¢t
Size (ha) 9.1 9.2 11.5 11.3 8.4
Water
Area (ha) 5,719 5,965 6,056 6,055 6,277 6,289
# of Patches 92 107 104 96 90 99
Mean Patch 622+ 55.8 + 58.2 + 63.11 69.7 ¢ 635+
Size (ha) 443.8 490.0 449.7 467.9 483.5 461.5
Wetlands
Area (ha) 1,218 7,265 6,372 6,361 5,779 5,895
# of Patches 121 1,090 1,099 1,103 1,120 1,149
Mean Patch 101 ¢ 6.7 58+ 581+ 52 511%
Size (ha) 15.0 254 215 21.3 12.8 12.6
Watershed
# of Patches 224 4,430 4,657 4,661 4,696 6,105
Mean Patch  689.6 + 352+ 335 ¢ 334+ 3321+ 2551
Size (ha) 9,853.8 819.1 886.0 886.0 889.2 707.8

*Does not include one polygon classifed as natural disturbance (beaver pond).
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Table 1.6: Area of MIRIS Level 1, 2, and 3 forest land cover types from the GLO
survey to Step 5 in the Black River watershed. Areas of Level 2 and Level 3
forest cover types may not sum to the value of the higher Level 1 or Level 2

forest cover types because some areas could only be classified at the higher

level.
Time
Land Cover Type GLO Step1 Step2 Step3 Step4 Step 5
Forest 148,450 111,055 116,443 116,542 117,279 108,590
Broadleaf 62,040 75,714 77,735 77,845 77,813 70,990
Northern Hardwood 56,006 17,131 17,263 17,384 17,345 16,192
Central Hardwood - 4,147 4,212 4,212 4,211 4,030
Aspen/White Birch 5559 43,425 44,984 44968 45,002 40,310
Lowland Hardwood 475 10,988 11,265 11,271 11,250 10,454
Conifer 84,926 35337 38,704 38,693 39,463 37,441
Pine 44,779 18,259 21,041 21,406 21,598 20,029
Other Upland Conifer 5,960 318 349 350 351 341
Lowland Conifer 34,187 16,606 17,135 16,761 17,324 16,871
Christmas Tree Plantation - 152 174 174 190 200
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Table 1.7: Land cover transition matrix for the Black River watershed. Area

transferred among land cover types between each successive pair of time steps

from Step 1 to Step 5. Values in hectares. Blank cells = 0.

Time Total

Step Agriculture Barren Forest Nonforest Urban Water Wetlands Betfore

1to2 Agriculture 9,240 600 3,089 106 50 13,085
Barren
Forest 1,294 108,058 1,386 260 35 22 111,055
Nonforest 940 2 6,880 9,216 102 6 26 17,172
Urban 1,299 1,299
Water 4 1 5,959 2 5,965
Wetlands 7 900 25 2 56 6,273 7,265
Total After 11,482 3 116,443 13,716 1,769 6,056 6,372

210 3 Agriculture 11,147 29 292 7 7 11,482
Barren 3 3
Forest 32 115,990 142 268 11 116,443
Nonforest 208 480 13,001 1 17 13,716
Urban 7 2 1 1,760 1,769
Water 2 6,050 4 6,056
Waetlands 40 3 6 6,323 6,372
Total After 11,393 3 116,542 13,439 2,046 6,056 6,361

3to 4 Agriculture 10,131 114 1,098 38 13 11,393
Barren 3 3
Forest 13 116,473 26 26 3 1 116,542
Nonforest 80 266 13,008 39 3 44 13,439
Urban 3 8 2,035 2,046
Water 3 6,052 6,056
Wetlands 419 2 219 5,721 6,361
Total After 10,223 3 117,279 14,142 2,138 6,277 5,779

4to 5 Agriculture 9,400 48 611 163 1 10,223
Barren 3 3
Forest 50 107,760 8,466 706 4 293 117,279
Nonforest 1,011 641 12,081 396 6 7 14,142
Urban 6 8 6 2,116 1 2138
Water 1 6,276 6,277
Waetlands 13 132 33 5 2 5593 5,779
Total After 10,480 3 108,590 21,197 3,387 6,289 5,895
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Table 1.8: Area of MIRIS Level 3 forest land cover types converted to nonforest

from Step 4 to Step 5 in the Black River watershed.

MIRIS 1978 1978 to 1992 %

Forest Land Cover Type Code Area (ha) Area Converted (ha) Converted
Broadleaf 410 77,813 6,284 8.1
Northern Hardwood 411 17,345 1,007 5.8
Central Hardwood 412 4,211 128 3.0
Aspen/White Birch 413 45,017 4,432 9.8
Lowiand Hardwood 414 11,250 718 6.4
Conifer 420 39,272 2,166 5.5
Pine 421 21,598 1,686 78
Other Upland Conifer 422 5,357 397 74
Lowland Conifer 423 14,121 337 2.4




Table 1.9: Area of forest land cover types by stocking level converted to
nonforest from Step 4 to Step 5 in the Black River watershed. Stocking levels
were as follows: (1) 17-39% cover, < 10 m diameter breast height (dbh); (2) 40-
69% cover, < 10 m dbh; (3) 70-100% cover, < 10 m dbh; (4) 17- 39% cover, 10 -
20 m dbh; (5) 40-69% cover, 10-20m dbh; (6) 70-100% cover, 10-20m dbh; (7)

17-39% cover, 20+ m dbh; (8) 40-69% cover, 20+ m dbh; (9) 70-100% cover,

20+ m dbh.
Broadleaf Conifer
1978 to 1992 Area 1978 to 1992 Area
Stocking 1978 Area Area Converted Converted 1978 Area Area Converted Converted
Level (ha) (ha) (%) (ha) (ha) (%)
1 84 5 6.0 1,237 40 3.2
2 555 2 0.4 1,187 72 6.1
3 10,542 427 40 2,750 119 4.3
4 2,502 157 6.3 1,908 77 4.0
5 8,834 855 9.7 5,178 276 53
6 31,512 2,848 9.0 16,296 1,046 6.4
7 769 45 5.8 224 12 54
8 1,649 153 9.3 671 36 5.4
9 1,253 65 52 427 24 56
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Table 1.10: Area, number of patches, and mean patch size of MIRIS Level 1 land

cover types from the GLO survey to Step 5 in the Huron River watershed.

Land Cover Time
Type GLO Step 1 Step 2 Step 3 Step 4 Step 5
Agriculture
Area (ha) - 130,060 107,855 79,560 67,803 61,116
# of Patches - 712 871 1,125 1,188 1,339
Mean Patch - 182.7 + 1238 + 70.7 £ 571+ 456
Size (ha) 1,156.8 792.0 417.0 379.0 344.6
Barren
Area (ha) - <1 20 1 4 4
# of Patches - 1 7 13 5 3
Mean Patch - - 29+ 08+ 09+ 13%
Size (ha) 4.4 0.9 1.2 1.3
Forest
Area (ha) 131,011 35,587 42,095 43,707 41,557 39,274
# of Patches 190 3,682 3,523 3,371 3,393 3,453
Mean Patch  689.5 + 230+ 120+ 130 123+ 117¢
Size (ha) 4,184.1 228 28.1 32.1 294 33.7
Nonforest
Area (ha) 68,090 25,187 32,374 40,812 45,753 39,275
# of Patches 90 2,355 2,673 3,171 3,540 3,797
Mean Patch 756.6 + 10.7 £ 1211 129+ 129+ 103+
Size (ha) 2940.7 246 359 36.2 35.4 240
Urban
Area (ha) - 12,620 25,544 44,750 53,961 68,116
# of Patches - 2,390 3,506 3,501 3,583 4,237
Mean Patch - 43¢t 73¢ 128+ 151 ¢ 16.1 ¢
Size (ha) 33.1 59.8 126.0 143.8 157.4
Water
Area (ha) 7,458 9,999 10,646 11,094 11,176 11,624
# of Patches 219 493 485 580 592 639
Mean Patch 340t 203 2201 19.1 ¢ 189t 182+
Size (ha) 84.3 251.7 188.8 177.6 176.1 171.6
Wetlands
Area (ha) 29,358 22,465 17,383 15,988 15,662 15,367
# of Patches 374 2,813 2,697 2,527 2,626 2,629
Mean Patch 785t 73t 6.5t 6.1t 6.0+ 59+
Size (ha) 317.1 18.0 13.3 125 121 118
Watershed
# of Patches 873" 12,986 13,762 14,388 14,927 16,097
Mean Patch  265.0 + 182+ 171+ 16.4 ¢ 1568t 147
Size (ha) 2,179.0 278.6 207.7 139.8 135.3 134.4

*Does not include 17 unclassified polygons totaling 6 ha in area.
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Table 1.11: Land cover transition matrix for the Huron River watershed. Area

transferred among land cover types between each successive pair of time steps

from Step 1 to Step 5. Values in hectares. Blank cells = 0.

Time Total
Step Agriculture Barren Forest Nonforest Urban Water Wetlands Before
1to2 Agriculture 100,385 2 4445 16,474 8,671 69 13 130,059
Barren 0
Forest 1,340 31,654 1,249 1,209 107 27 35,587
Nonforest 4,841 3 4523 13,050 2,672 91 7 25,187
Urban 12 9 1 12,597 12,620
Water 3 2 9,995 9,999
Wetlands 1,276 15 1,461 1,589 393 385 17,336 22,465
Total After 107,855 20 42,096 32,374 25,544 10,646 17,383
210 3 Agriculture 77,261 2 2241 16,141 12,063 143 4 107,855
Barren 4 16 20
Forest 1,120 36,920 1,379 2,613 51 11 42,096
Nonforest 1,055 1 4,141 22,917 4,193 66 1 32,374
Urban 2 7 10 25,524 2 25,544
Water 3 1 3 10,638 10,646
Waetlands 116 4 394 365 338 194 15,972 17,383
Total After 79,555 11 43,707 40,813 44,750 11,094 15,987
3to 4 Agriculture 66,016 440 8,495 4,563 41 1 79,555
Barren 4 7 1
Forest 409 40,618 1,002 1,656 21 0 43,707
Nonforest 1,266 470 36,114 2,946 16 0 40,813
Urban 20 78 44,650 1 0 44,750
Water 4 10 11,080 11,094
Wetlands 93 28 59 130 17 15,661 15,987
Total After 67,803 4 41557 45,753 53,961 11,176 15,662
4to 5 Agriculture 60,731 889 563 5,582 39 67,803
Barren 4 4
Forest 108 39,201 135 2,054 57 41,557
Nonforest 262 294 38,556 6,569 7 1 45,753
Urban 3 1 7 53,671 278 1 53,961
Water 1 11,175 11,176
Wetlands 12 31 14 239 5 15,363 15,662
Total After 61,116 4 40,415 39,275 68,116 11,625 15,367
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Table 1.12: Basic patch statistics for lost and gained polygons from Step 1 to

Step 5 in the Huron River watershed.

Time Lost Gained

Step Land Cover Type Count Mean Area (ha) Count Mean Area (ha)

1to2 Agriculture 9248 3.2 3435 2.2
Barren - - 7 28
Forest 2643 1.5 6198 1.7
Nonforest 4489 2.7 5708 3.4
Urban 18 1.2 3361 3.9
Water 10 0.5 126 5.2
Wetlands 2466 2.1 39 1.2

2t0 3 Agriculture 7392 4.1 1430 1.6
Barren 4 4.1 9 0.8
Forest 3248 1.6 3587 1.9
Nonforest 3600 2.6 4815 3.7
Urban 15 14 4932 3.9
Water 15 0.5 255 1.8
Wetlands 761 1.9 7 2.3

3to4 Agriculture 3091 4.4 665 2.7
Barren 8 0.8 0 0.0
Forest 1736 1.8 582 1.6
Nonforest 1566 3.0 2491 3.9
Urban 40 25 2846 3.3
Water 14 1.0 56 17
Wetlands 190 1.7 5 0.3

4105 Agriculture 1889 3.7 164 2.3
Barren 2 0.2 0 0.0
Forest 1716 14 245 5.0
Nonforest 2861 25 303 24
Urban 116 25 5918 24
Water 1 0.6 244 1.8
Waetlands 292 1.0 3 15
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Table 1.13: Ratio of actual to expected area of each land cover type within road
buffers from Step 1 to Step 5 in the Huron .River watershed. Values >1 indicate
that a land cover type occurs more often in a buffer than would be expected if
land cover occurred randomly within the watershed. Values <1 indicate that a
land cover type occurs less often in a buffer than would be expected if land cover
occurred randomly within the watershed. Expected area was determined by
multiplying the buffer area by the percent of the landscape that each land cover
type occupied in each time step. Barren values were not included because the

expected values were always very close to zero.

Time Buffer Distance (m)

Step LandCover Type 250 500 750 1000 1250 1500 1750 2000 2250 2500
% Watershed 488 307 143 42 12 05 02 0.1 0.03 0.01

1 Agriculture 112 098 079 060 061 090 098 124 158 1.46
Forest 063 114 160 194 190 138 184 053 083 1.28
Nonforest 106 092 094 104 105 1.07 146 1.81 0.02 0
Urban 139 057 057 083 146 178 120 0.11 0 0
Water 056 124 166 208 154 063 0.76 0.07 0 0
Waetlands 079 114 130 139 130 065 0.83 0.36 0 0

2 Agriculture 110 101 083 060 047 050 045 0.80 0.60 0
Forest 069 1.13 .149 179 165 1.38 0.69 0.16 0.14 0
Nonforest 110 097 083 0.78 080 038 0.24 0.03 0 0
Urban 129 060 062 092 194 356 491 527 645 923
Water 056 125 166 201 145 059 0.72 0.07 0 0
Waetlands 077 112 135 151 146 080 1.02 0.38 0 0

3 Agriculture 106 103 089 067 056 0.67 063 1.11 0.82 0
Forest 069 114 149 179 165 1.06 053 0.07 0.13 0
Nonforest 112 101 075 059 052 035 022 0.02 0 0
Urban 127 070 066 077 132 230 286 304 368 5.27
Water 057 125 164 198 150 056 0.69 0.06 0 0
Wetlands 0.77 112 136 150 142 084 1.11 042 0 0
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Table 1.13 (con't)

Time Buffer Distance (m)
Step Land CoverType 250 500 750 1000 1250 1500 1750 2000 2250 2500
4 Agriculture 090 088 0.75 054 046 058 063 1.11 0.82 0
Forest 065 109 144 168 147 100 053 0.07 0.13 0
Nonforest 123 1.14 089 0.75 068 054 022 0.02 0 0
Urban 151 089 084 096 151 233 287 3.04 368 5.27
Water 057 126 166 198 150 056 0.69 0.06 0 0
Waetlands 075 110 134 149 142 084 1.11 042 0 0
5 Agriculture 105 104 089 066 060 0.77 085 145 1.07 0
Forest 068 1.15 150 179 159 1.06 053 0.08 0.15 0
Nonforest 108 103 081 073 067 055 0.22 0.02 0 0
Urban 123 0.79 072 073 1.03 154 188 200 242 3.46
Water 057 125 164 192 144 054 066 0.06 0 0
Wetlands 076 113 138 151 142 087 1.15 0.43 0 0
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Figure 1.1: Location of Black and Huron river watersheds in Michigan.
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Figure 1.2: Location of Black River watershed in surrounding counties.
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Figure 1.3: Location of Huron River watershed in surrounding counties.
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Figure 1.5: Increases in urban land cover from Step 1 to Step 5 in
the Black River watershed.
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Figure 1.6: Location of areas converted from forest to nonforest
from Step 4 to Step 5 in the Black River watershed.
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Figure 1.10: Percent gain or loss of agriculture land cover from Step1 to
Step 5 in the Huron River watershed.
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distance to roads in Step 5 in the Huron River watershed.
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CHAPTER 2

CHANGES IN WILDLIFE HABITATS OVER TIME IN THE BLACK
AND HURON RIVER WATERSHEDS

Introduction

Changes in land cover can affect the composition, structure, or function of
ecological systems (Saunders et al. 1991). Such changes may alter the habitat or
the set of ecological conditions needed by a species to survive and reproduce
successfully (Morrison et al. 1992, Best et al. 1997). From a landscape
perspective, these conditions include the quantity, quality, context, and
configuration of suitable habitat (Toth et al. 1986, Forman 1995, Wiens 1996).
Because each species has different habitat requirements, they will view land
cover conditions in a unique way (Figure 2.1). Furthermore, each species will
respond to a given change in land cover differently depending upon their life

history and habitat requirements (Pearson et al. 1996).

Modeling wildlife-habitat relationships

Determining the consequences of land cover change to wildlife requires
understanding the relationships between wildlife and their habitats. Models are
the primary tool for characterizing those relationships. They can range from
simple descriptive case studies to quantitative models based on field observation

to purely mathematical models based solely on ecological theory (Morrison et al.
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1992). The type of model used will depend upon the scale of study and the
amount and type of available information (Turner et al. 1995).

At the landscape level, modeling wildlife-habitat relationships typically
involves understanding the quantity, quality, context, and configuration of suitable
habitat and how that habitat changes over time (Pulliam et al. 1992, Turner et al.
1993, Liu et al. 1995). Quantity is simply the total amount of suitable habitat
available. Quantity depends on landscape composition, e.g. the amount of
different land cover types available, and on the suitability of different land cover
types for use by a given species. Quality reflects the degree to which a patch of
suitable habitat provides needed resources. This will depend on the functional
and structural components of the patch as well as inputs and outputs from
surrounding areas. Configuration describes the spatial and temporal patterns
among habitat patches. Context is an extension of configuration and considers
spatial and temporal patterns among habitat patches and the surrounding
landscape.

The ability to model wildlife-habitat relationships properly is also a function
of the amount and type of available information. For most species, information is
lacking (Franklin 1994, Lidicker and Koenig 1996). As Marcot and Murphy (1996,
p. 62) pointed out:

“Unfortunately for most species, reliable empirical data on historic
population dynamic trends, the role of environmental conditions in
regulating populations, and other crucial information simply do not

exist.”
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Exceptions to this are generally in-depth studies of endangered species that
required extensive field work and sampling to construct and parameterize habitat
models (Gutierrez and Harrison 1996, Liu et al. 1999). Standard habitat models,
such as habitat suitability indices (Hays et al. 1981, U.S. Fish and Wildlife
Service 1981), habitat evaluation procedures (U.S. Fish and Wildlife Service
1980), or population viability analyses (Soulé 1987, Shafer 1990, Gilpin 1991),
are therefore not easily applied to landscapes. A further complication is the
number of species under consideration. Considering habitat changes to many
species simultaneously introduces a new layer of complexity.

To address these limitations, studies of multiple species at landscape
scales have taken several approaches. One of the most common approaches is
the development of species-habitat matrices that link species requirements to
vegetation types (Toth et al. 1986, Haufler 1994). Vegetation types are listed as
suitable or unsuitable for each species. Using this matrix, maps of potentially
suitable habitat can be derived for each species and used for conservation
planning. The matrix can also be used in a number of ways for conservation
planning. The matrices can be used in a top-down, or coarse-filter, approach in
which major areas of potential habitat are protected (Haufler et al. 1996).
Alternatively, a bottom-up, or fine-filter, approach can be taken in which each
vegetation type is represented to create the opportunity to conserve as many
species as possible. Perhaps the most well-known use of such matrices is the

United States GAP analysis process (Scott et al. 1993). This process predicts
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potential species habitat to determine if there are “gaps” in the protection of

particular habitats.

Objectives

This chapter attempts to answer the second research question posed in
the introduction: how have wildlife habitats changed over time? To answer that
question, three specific objectives have been identified. Those three objectives
are to:

1. identify vertebrate wildlife species that historically occurred in both

watersheds and their status;

2. characterize habitat requirements of those species from objective #1;

3. evaluate how wildlife habitats have changed over time.

The wildlife-habitat matrix approach can be used to assess availability of
and changes to wildlife habitat in the Black and Huron river watersheds. The land
cover database for the watersheds does not provide detailed information about
habitat quality, e.g. composition, structure, or function. However, it does provide
a coarse means to identify areas that could provide habitat for a species. Such
areas will be referred to hereafter as “potential habitat” because they may
provide the appropriate abiotic and biotic resources needed by a species to

survive and reproduce (Morrison et al. 1992, Hall et al. 1997).
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Methods

A list of vertebrate wildlife species (amphibians, birds, mammals, reptiles)
whose historic ranges overlapped entirely or partially with each watershed was
compiled from range maps published in primary data sources for Michigan fauna
(Baker 1983, Brewer et al. 1991, Harding and Holman 1990, Harding and
Holman 1999, Holman et al. 1999). Such data sources included information on
ranges based on observations and specimen locations. In addition, the Michigan
Breeding Bird Atlas provided information on bird species presence/absence
based on field observations (Brewer et al. 1991). The status of each species
within each watershed was determined: either present or extirpated. Also it was
determined whether each species was listed as federally endangered, federally
threatened, state endangered, state listed, or state special concern (Michigan
Natural Features Inventory 1999).

To delineate potential wildlife habitat in each watershed, a species-land
cover matrix was developed. The matrix identified those land cover types that
were potential habitat for each species. More specifically, those land cover types
could contain the biotic and abiotic resources needed by a species to survive and
reproduce (Hall et al. 1997). Some MIRIS land cover types described vegetation
associations that were potential habitat, such as broadleaf forest, while other
types more correctly describe land use that was potential habitat, such as
residential areas. Whether an area actually was habitat for a particular species
could not be determined given the level of information in the land cover

database.
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Basic information on species-land cover relationships came from a matrix
developed for the Michigan GAP analysis project (B. Doepker, personal
communication). The matrix included vegetation associations (Hall et al. 1997),
e.g. forest, nonforest, water, and wetlands, found in Michigan and provided a
binary (yes/no) assessment of whether the vegetation association was potential
habitat for each vertebrate wildlife species found in Michigan. That matrix was
modified for use with the MIRIS land cover database as follows. First, vegetation
associations were assigned corresponding MIRIS Level 3 land cover codes
(Table 1.3). The assignment of codes was straightforward in most cases, i.e.,
grassland = 310, rivers and streams = 510. For forests, certain limitations
occurred, which are discussed below.

The Michigan GAP matrix classified forests based on type (coniferous,
deciduous, mixed), moisture gradient (upland vs. lowland), and age

(rergenerating, young, mature, old). MIRIS Level 3 land cover types provided
more specific forest cover classifications based on dominant canopy tree
species, e.g., central hardwoods, northern hardwoods, pine (Table 1.3). Upland
conifer was considered to include pine or other upland conifers. Lowland conifer
was considered to include bottomiand conifer. Upland deciduous was considered
to include aspen/white birch, central hardwood, or northern hardwood. Lowland
deciduous was considered to include bottomland hardwood. The MIRIS land
cover system did not include a designation for mixed forests; therefore those
entries were not used. Lowland deciduous or lowland conifer forest were also

considered to include forested wetlands, as the MIRIS system does not
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distinguish between coniferous forested wetlands and deciduous forested
wetlands. The age of forest patches could not be accurately determined from the
land cover database and therefore was not used in the species-land cover
matrix.

Second, entries for urban and agricultural land cover types were added to
the species-land cover matrix. Using descriptions of habitat preferences (Baker
1983, Brewer et al. 1991, Harding and Holman 1990, Harding and Holman 1999,
Holman et al. 1999), determinations were made regarding whether urban or
agricultural land cover types could be potential habitat for each species. For
birds, the Michigan Breeding Bird Atlas (Brewer et al. 1991) proved particularly
useful because it provided quantitative data on frequency of observation of
breeding birds in specific land cover types, such as agricultural fields or

residential areas.

Habitat analysis

The species-land cover matrix was joined to the land cover coverages for
each watershed. Species sharing the same set of land cover types that were
potential habitat were combined into species groups for the habitat analyses.
Based on that information, new coverages of potential habitat were created for
each species group for each time step. Statistics were calculated for each
coverage of potential habitat, including total amount of potential habitat, number

of patches of potential habitat, and mean patch size <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>