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ABSTRACT 

Witness trees Erom Ogemaw and Oscoda counties were used to identify presettlement forest com- 
position in order to compare how different historical land uses altered early settlement and present- 
day forests. PresettIement forests in Ogemaw County were dominated by Euga canadensis (17%), 
Pinus banksianu (13%), and Fagus grandifolia (12%). Oscoda County was dominated by Pinus 
banksiana (42%) and Pinus resinosa (16%). Euga canadensis was significantly (P  = 0.05) associ- 
ated with sandy loams in depressions; Fagus grandifolia was significantly associated with sandy 
Ioams on uplands; Pinus banksiana was significantly associated with sandy plains; and Pinus 
resinosa was significantly associated with sandy uplands. Both counties were logged of Pinus 
strobus and valuable hardwoods in the late 1800s. In the early 1900s, farms were established on the 
cutover hardwood sites. Temporary use of these logged sites for agriculture prevented successful re- 
generation of hardwoods. Thus, following agricultural declines in the 1930s, Pinus banksiana 
seedlings invaded these abandoned farmlands. Other cutover sites experienced repeated slash fires, 
which also favored the invasion of the fire-adapted Pinus banksiana. In contrast, pre-European set- 
tlement Pinus banksiana sites were not logged; however, these sites experienced fire suppression 
during the last 70 years and fm-intolerant early successional hardwoods have invaded these sites. 
This study demonstrated the strong influence of soils and topography on the distribution of pre- 
European settlement vegetation in northern lower Michigan, but post-European settlement species 
distribution has been more influenced by land use history. 

INTRODUCTION 

Original land surveys and other historical data serve as a base line from which 
to evaluate how post-European settlement land-use history has altered North 
American forests (Ahlgren & Ahlgren 1983; Foster et al. 1996; Russell 1997). 
European settlers introduced many new land uses when they settled in North 
America (Cronon 1983; Eilader 1983; Whitney, 1994). Most vegetation was sig- 
nificantly changed as a result of introduced anthropogenic disturbances such as 
charcoal production, exotic species, fire suppression, firewood cutting, grazing, 
intensive agriculture, logging, maple syrup production, and slash fires (Siccama 
1971; Dodge 1987; Abrams & Ruffner 1995; Mikan & Abrams 1995; Motzkin et 
al. 1996; Simard & Bouchard 1996; Cowell 1998). In areas where fewer Euro- 
peans settled, the landscape remained relatively similar to its pre-European set- 
tlement composition and structure (Kenoyer 1930; Donnelly & Murphy 1987; 
DeSalm 1994). 

Two methods of land surveying were used in the United States: metes and 
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bounds surveys and rectangular surveys. In general, the eastern states were sur- 
veyed with the metes and bounds system and the western and central states were 
surveyed with the rectangular system. In the metes and bounds system, witness 
trees were identified at irregular intervals across the landscape resulting in an un- 
intentional, albeit highly biased, sampling of pre-European settlement forests 
(Bourdo 1956; Black & Abrams 2001). In 1785, the Continental Congress des- 
ignated the rectangular survey method as the official survey method for all pub- 
lic lands. Surveyors using the rectangular survey method recorded the species 
and diameter of two to four trees at every intersection within a one-square mile 
grid system. In most surveys, two quarter-section trees (witness trees marked at 
the half-mile point between grid intersections) were also recorded. The stratifi- 
cation of this survey method reduced sampling location biases associated with 
the metes and bounds data; however, the risk of individual surveyor bias (selec- 
tion of preferred species and diameter for witness trees, misidentification of 
species, and falsification of data) still existed (Bourdo 1956). The higher poten- 
tial for biases associated with the metes and bounds surveys resulted in most 
early forest historians reconstructing maps of the pre-European settlement 
forests in areas that had been surveyed with the rectangular method (Sears 1925; 
Kenoyer 1933; Gordon 1940). 

Michigan, which was surveyed with the rectangular system, was one of the 
earliest states where witness trees were used to understand historical forest com- 
position (Livingston 1905; Kenoyer 1930). Many of the studies focused their 
analysis on constructing maps of pre-European settlement forest composition 
(Kenoyer 1933; Dick 1937; Kenoyer 1940; Kenoyer 1942; Merk 1951). Later 
studies combined the original land survey data with other data sets to explore re- 
lationships between original species composition and soils and topography 
(Fisher 1994; Barrett et al. 1995), Native American influences on pre-European 
settlement vegetation (Jones & Kapp 1972), the influence of the pre-European 
settlement disturbance regime on vegetation (Whitney 1986), and comparisons 
between current and pre-European settlement vegetation (Janke et al. 1978; Fre- 
lich 1995; Zhang et al. 2000). 

In this study, we worked with original land surveys from Oscoda and Oge- 
maw counties in northern lower Michigan. The pre-European settlement forest 
composition of the two adjacent counties on the west (Grawford and Roscom- 
mon) has been thoroughly studied (Livingston 1905; W t n e y  1986; Whitney 
1987). Studying Oscoda and Ogemaw counties allowed us to contrast our find- 
ings with the previous studies to obtain a better understanding of some of the 
variability in the pre-European settlement forest. The Native American popula- 
tions in Oscoda and Ogemaw counties were low and the impacts of native land 
use were minimal. Therefore, these study sites also provided a good baseline to 
examine the influence of introduced European land use on a relatively undis- 
turbed forest (Twining 1983; Tanner 1986). Thus, our study objectives were to 
(1) identify presettlement forest composition and structure based on the Public 
Land Survey notes for Oscoda and Ogemaw counties, Michigan; (2) determine 
the kportance of edaphic factors on presettlernent forest composition; (3) com- 
pare presettlement, early settlement and present day forest transitions; (4) relate 
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Lake Huron 

FIGURfi: 1. Oscoda and Ogemaw counties are located in northern lower Michigan. 

land-use history to changes in forest composition; (5 )  compare the results from 
this study with findings from previously published studies. 

THE STUDY AREA 

Ogemaw and Oscoda counties (44"N, 84"W) are located in the northeastern 
portion of Michigan's lower peninsula (Figure 1 ). Ogemaw County contains 
148,950 ha and Oscoda County has 147,629 ha. Their similarity in area allowed 
direct comparison of forest composition data between the two counties. The par- 
ent material in both counties is glacial till and glacial outwash deposited 10,000 
years ago during the last glaciation (Veatch et al. 1931; Johnson 1990). Temper- 
atures in Ogemaw County ranged from an average winter minimum of -1 1.2"C 
to an average s u m e r  maximum of 26.4"C. Temperatures in Oscoda County 
ranged from an average winter minimum of -1 1.8"C to an average summer max- 
imum of 26.7"C. Annual precipitation was 75 cm in Ogemaw County and 69 cm 
in Oscoda County (http://www.ncdc.noaa.gov/ol/climate/climatedata.htd). 



Michigan remained largely uninhabited by Native Americans until the 
Hopewell culture (100 BC to AD 70). The Hopewell hunted, but did not have 
permanent settlements in Ogemaw and Oscoda counties (May & Brinks 1974). 
By the early 1600s, the Algonquians occupied most of the upper Great Lakes 
Region and four Algonquian earthworks, from temporary dwellings, existed in 
Ogemaw County along the AuSable River (Leach 1885; Ninsdale 1925; Dustin 
1932; Dunbar & May 1995). 

Ogemaw and Oscoda counties became part of the United States with the 
Treaty of Saginaw in 1836. Ogemaw County established its current boundaries 
in 1875 (Historical Committee 1975) and Oscoda County in 1881 (Nash 1979a). 
Pinus strobus L. and Pinus resinosa Aiton were harvested from both counties 
between 1870 and 1890. This logging period also indirectly influenced the 
growth of some of the lesser-valued trees as evidenced by Mayr's (1890) obser- 
vation at the end of the 19'h Century that many Pinus banksiana Lambert (a low- 
value tree) were dying in northern lower Michigan because clearcutting of other 
species had altered the water table. 

From 1890 to 1920, a second phase of timber cutting occurred with removal 
of hardwoods (Acer; Betula, Fagus, Quercus and Ulmus) and less desirable 
conifers (Tsuga, Thuja, Picea and Abies) (Randall 1979). Much of this timber 
was transported to mills on logging railroads (Nash 1979b; Parker 1983). After 
the second phase of cutting, large portions of both counties burned in numerous 
slash fires (Miller 1963; Historical Committee 1975). Some areas regenerated 
naturally, but the Civilian Conservation Corps planted pine and hardwood 
seedlings in both counties in the 1930s (Symon 1983). 

Agriculture became a common land use in the 1890s, and eventually replaced 
logging as the dominant land use. Agriculture proved unsuccessful due to infer- 
tile, excessively well-drained soils. Therefore, most farms were abandoned in 
the early 1900s (Weaver 1942). The Great Depression brought bank failures and 
exacerbated agricultural hardships, causing abandonment of many of the re- 
maining farms (Weaver 1942). Following the 1930s, the economy of these two 
counties was supported by production of Populus spp. and Pinus banksiana for 
pulpwood, a few small industries, and oil and gas wells in the West Branch Oil 
Field (Newman 1936; Blyth 1973, Michigan Dept. of Commerce 1985a;b). The 
close of the agricultural era also ushered in the tourist trade and the former saw 
log industry began to manufacture log cabin materials for new summer homes 
(Michigan Dept. of Conservation 1955). With the creation of the Huron National 
Forest in 1928, more than half of the privately owned land in Oscoda County 
was converted to public ownership and other large blocks of privately owned 
land were divided into small, vacation properties (Schallau 1965; Adarns 1966). 

METHODS 

Presettlement forest composition and structure. 

The Public Land Survey notes were available at the county courthouses. John 
Mullett and Benjamin Hall surveyed Ogemaw County from 1837 to 1846 and 



identified 3,989 witness trees. John Randall, Edward Albertson, and Clarence 
O'Seeley surveyed Oscoda County from 1838 to 1840 and identified 4,033 wit- 
ness trees. The survey instructions from the Surveyor General's Office indicated 
that witness tree selection was not biased by size or species as a result of survey 
instructions nor were the data manufactured by fraudulent surveyors because in 
two subsequent resurveys (1884 and 1908) the remains of many of the original 
witness trees were relocated (Clasen 1836; Lyon 1846). 

To evaluate the presettlement species associations, the Cole/Hurlbert C8 asso- 
ciation coefficient was calculated from the paired witness tree data on species 
that occurred at a minimum of 20 locations in each of the two counties (Hurlbert 
1969, Anderson & Anderson 1975). In the witness tree data, frequency varied by 
species and the Cole/Hurlbett C8 association coeacient allowed valid compar- 
isons across species of different frequencies because it was frequency indepen- 
dent. Survey points with only one witness tree were eliminated from the analy- 
sis. We constructed a dissimilarity matrix from the C8 values and performed 
cluster analysis (Bastow et al. 1990) using multivariate analysis program, 
SAMPL (W. Myers, University Park, PA). SaMPL derived the first cluster for- 
mation by linking nearest neighbors; the program then evaluated the second 
closest neighbors for all species; this occasionally resulted in one species being 
identified within two of the initial clusters. If this occurred, these clusters were 
consolidated based on the linkage of second closest neighbors. After the linkage 
of second closest neighbors, the cluster analysis stopped. 

Soils and topography 

Contingency table analysis was used to assess the importance of edaphic fac- 
tors on presettlement forest composition (Strahler 1978). We pooled the witness 
tree data from both counties for this analysis to allow inclusion of minor species 
without encountering problems associated with small predicted values (Steel et 
al. 1997). All witness trees were transcribed onto the USGS topographic quad- 
rangles. Three topographic positions were identified: depressions, plains, and 
uplands. Depressions were areas lower than the average elevation and typically 
had swampy or boggy conditions. Plains were flat topographic areas and uplands 
were isolated ridges or rolling hills. A species by topographic position matrix 
was developed. A G-statistic was calculated for each species where G~ = 2 C 
(observed * In (observed / expected)). These values were examined for signifi- 
cance at a = 0.05. For species with significant relationships between species 
presence and topographic position, corrected standardized residuals were calcu- 
lated by Eij I (Vij) A 0.5. Where 

(observed - expected) 
Eij = 

(expected) " 0.5 

and 

((observed column total - expected) x observed row total) 
Vij = 

((observed row total - expected) x observed column total). 



These corrected standardized residuals were plotted to identify relationships be- 
tween species presence and topographic position. 

Six of the USDA soil textures (based on particle size) were present in the two 
counties: loam, loamy sand, organic soils, sand, sandy loam and silt loam 
(Veatch et al. 1931; Johnson 1990). The witness trees were transcribed on the 
soil surveys and a species-soil matrix was created. G-statistics were calculated in 
the same manner as for topographic position and when significant relationships 
existed (a = 0.05), the corrected standardized residuals were calculated. 

Changes in forest composition and historical land use 

Forest composition data were available from three time periods: the witness 
tree data from the public land survey (1 837-1 846); the Miclgan Department of 
Conservation land economic survey maps (1923-193 1); and the Michigan De- 
partment of Natural Resources forest cover type map (1990). Combining several 
historical records to track forest changes has risks because each data set had dif- 
ferent surveyors, objectives, and sampling methods (McCune & Menges 1986). 
To minimize potential interpretation errors, all data sources had to be reduced to 
the level of the least informative data set. The witness trees from the public land 
survey created a point-intercept sampling grid of trees at section comers and 
quarter section posts (Muller-Dornbois & Ellenberg 1974). Therefore, even 
though both later data sets had forest cover data available, we reduced those data 
sets to sampling points from the same locations as the witness trees. Thus, we 
created matrices of forest change from a point-intercept sampling of the same lo- 
cations over three time periods. 

To examine whether the distribution of logging railroads occurred equally in 
all forest associations, we performed a chi-square goodness-of-fit test on the 
ratio of railroad presence in each of the forest associations. The expected values 
were based on the frequency of each association in the witness tree data. The 
chi-square value was examined for significance at 6 = 0.05. 

RESULTS AND DISCUSSION 

Presettlement forest composition and structure 

Witness trees were used to determine species frequency and diameter distrib- 
ution within presettlement forests in Ogemaw and Oscoda counties (Table 1, 
Figure 2). Ogemaw County was dominated by Tsuga canadensis (L.) Carriere 
(17%), Pinus banksiana (1 3%), Fagus grandifolia Ehrh. (1 2%), Pinus resinosa 
(12%), and Pinus strobus (10%). Oscoda County was dominated by Pinus 
banksiana (42%) and Pinus resinosa (16%). Oscoda County's presettlement for- 
est had more small diameter trees than Ogemaw County. Sixty percent of Oge- 
maw County's witness trees were over 20 cm in diameter, but only 44% of Os- 
coda County's witness trees were over 20 cm in diameter (Figure 2). The 
dominance of small-diameter trees and the high percentage of pines in Oscoda 
County (65% compared to 35% in Ogemaw County (Table 1)) indicate a more 
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T B L E  1. Relative frequency of species in the Public Land Survey data collected from 1836-1846 
in Ogemaw and Oscoda counties, Michigan. The values in parentheses are the species 
rank for each county; tied species are indicated with an asterisk. 

Species Surveyor's names Ogemaw County Oscoda County 

Abies balsamea balsam, fir 1.5 (13) 0.9 (15) 
Acer rubrurn maple 4.3 (8) 1.1 (14) 
Acer saccharum sugar, hard maple 4.4 (7) 1.6 (11) 
Alnus incana black alder 0.2 (2 1 *) 0.0 (20) 
Betula alleghaniensis yellow birch 0.5 (19) 0.1 (19*) 
Betula papyrifera white birch 1.0 (17) 1.2 (13*) 
Betula sp. birch 1.6 (12) 2.3 (8) 
Fagus grandgolia beech 12.2 (3) 5.6 (5) 
Fraxinus americana white ash 0.2 (21 *) 0.1 (19") 
Fraxinus nigra black ash 3.4 (10) 0.2 (IS*) 
Lark laricina tamarack 3.5 (9) 2.8 (7) 
Ostrya virginiana ironwood 0.3 (20") 0.1 (19*) 
Picea sp. spruce 1.1 (16) 0.5 (16) 
Pinus banksiana spruce pine, pitch pine 13.3 (2) 42.4 (1) 
Pinus resinosa yellow pine 11.9 (4) 16.3 (2) 
Pinus sp. pine 0.1 (22") 1.4 (12) 
Pinus strobus white pine 9.6 (5) 4.6 (6) 
Populus sp. aspen 2.0 (1 1) 7.0 (3) 
Prunus serotina black cherry 0.1 (22*) 0.0 (20) 
Quercus alba white oak 1.2 (15) 0.4 (17) 
Quercus prinoides dwarf oak 0.0 (23) 1.7 (10) 
Quercus rubra red oak 0.3 (20") 0.1 (19*) 
Quercus velutina black oak 1.5 (14) 1.2 (13") 
Thuja occidentalis cedar 7.2 (6) 2.2 (9) 
Tilia americana linden 0.9 (18") 0.2 (18") 
Tsuga canadensis hemlock 17.0 (1) 6.0 (4) 
Ulmus arnericana elm 0.9 (IS*) 0.2 (18*) 

frequent disturbance regime which resulted in a younger, Pinus-dominated for- 
est compared to the Fagus-Tsuga dominated forests in Ogemaw County. One 
structural characteristic cormnon to both counties was the presence of large di- 
ameter Pinus resinosa (in Ogemaw County 68% of the Pinus resinosa were over 
37 crn and in Oscoda County 60% were over 37 cm). 

The cluster analysis of the Cole/Hurlbert C8 association coefficients divided 
the 22 species into three clusters or pre-European settlement forest communities. 
A comunity of xeric species contained: Acer rubam L., Pinus banksiana, 
Pinus resinosa, Populus sp., Quercus prinoides Willd., and Quercus veZutina 
Lam. (this species association will hereafter be referred to as the Pinus 
banksiana-Pinus resinosa association). A comunity of mesic to hydric species 
included: Abies balsamea (L.) Miller, Acer saccharum, Betula alleghaniensis, 
Betula papyrifera, Fagus grandifolia, Fraxinus nigra, Larix laricina (Duroi) 
K.Koch, Picea sp., n u j a  occidentalis L., Elia americana, Tsuga canadensis, 
and Ulmus americana (this association will hereafter be referred to as the Tsuga 
candensis-Fagus grandifolia association). This cluster contained the most het- 
erogeneous group of species because many species were grouped during the sec- 
ond linkage. The third community contained xeric to mesic species and in- 
cluded: Pinus strobus and Quercus alba L. (this association will hereafter be 
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Oscoda County 

Diameter class midpoints (cm) 

= Fagus grandifolia = Tsuga canadensis 

= Pinus banksiana = other conifers 

E!SZZ! = Pinus resinosa = other hardwoods 

F!IGUR.E 2. Diameter distributions for Ogemaw and Oscoda counties, Michigan based on witness 
tree data in Public Land Survey notes from the early 1800s. The category "other 
conifers" includes Abies balsamea, b r i x  laricina, Picea sp., Pinus strobus and Thuja 
occidentalis. Other hardwoods includes: Acer rubrum, Acer saccharum, Alnus incana, 
Betula alleghmiensis, Betula papyrifera, Fraxinus americana, Fraxinus nigra, Ostrya 
virginiatta, Populus sp., Prunus serotina, Elia americatta and Ulmus americana. 

referred to as the Pinus strobus association). Species composition in comuni -  
ties does not necessarily remain static through time (Gleason 1926; Abrams & 
Ruffner 1995; Abrams & McCay 1996). Therefore, it was important to identify 
the species associations contemporary with the sampling period. In Ogernaw and 
Oscoda counties, our cluster analysis showed that pre-European settlement 
species associations were very similar to modern associations. The combination 
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of cluster analysis and Cole/E-Iurlbert Cg association coefficients appeared to be 
a valuable tool for evaluating historical community composition from paired 
witness tree data. 

One common feature identified in many of the southern Michigan recon- 
structions of presettlement forest was the presence of prairie intrusions in the 
form of small grassy openings within a hardwood-dominated forest (Dick 1937; 
Brewer et al. 1984; Dodge 1987). The southern counties in Michigan were closer 
to the midwestern prairies and therefore, grass quicMy invaded fire-caused open- 
ings. However, in Ogemaw and Oscoda counties, fire-caused openings were 
filled with the small-diameter, young Pinus banksiana (Figure 2). Pinus 
banksiana reaches its southern range limit at the middle of Michigan's lower 
peninsula; therefore, the post-fire niche filled by grasses in the southern part of 
the peninsula is filled by the fire-adapted Pinus banksiana in the northern por- 
tion of the peninsula. 

Soils and topography 

Soils and topography determined pre-European settlement species distribu- 
tion in northern lower Michigan's forests. Abies balsarnea, Acer rubrurn, Fraxi- 
nus nigra, Picea sp., Thuja occidentalis, and Tsuga canadensis had significant 
(a = 0.05) positive associations with depressions (Figure 3), although Whitney's 
(1986) work in the two adjacent counties identified Acer rubrum as associated 
with rolling extensive uplands rather than depressions. Acer rubrurn has a bi- 
modal distribution and grows well in hydric depressions and xeric uplands, but 
is outcompeted by Acer saccharurn at mesic sites (Abrams 1998). Only by com- 
bining the results of this study with Whitney's (1986) was Acer rubrum's bi- 
modal distribution identified, thus indicating that larger sampling sizes were re- 
quired to detect a non-normal distribution. Pinus banksiana and Populus sp. had 
significant positive associations with plains. Acer saccharurn, Fagus grandifo- 
lia, Pinus resinosa, Quercus alba, Quercus prinoides and Quercus velutina had 
significant positive associations with uplands. A few species showed a signifi- 
cant positive association with two topographic positions (i.e., Lurix laricina had 
significant positive associations with depressions and uplands), but most species 
were positively associated with only one topographic position (Figure 3). 

Acer ru brum, Betula papy rife ray Fraxinus nigra, Pinus strobus and Quercus 
veluntia had significant positive associations with loamy soils (Figure 4). Acer 
saccharurn and Quercus alba had significant positive associations with loamy 
sand. Lurix laricina, and Thuja occidentalis had significant positive associations 
with organic soils. Pinus banksiana, Pinus resinosa and Quercus prinoides were 
significantly associated with sand. Fagus grandifolia and Euga c a d e n s i s  were 
significantly associated with sandy loam. Abies balsarnea and Populus sp. had 
significant positive associations with silt loam. Most species showed positive 
significant associations with several soil textures (i.e. Acer saccharurn had sig- 
nificant positive associations with loam, loamy sand and sandy loam) however, 
one species, Pinus banksiana, was positively associated with only one soil cate- 
gory (sand). The species not included in the figures were either not significantly 
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= deprassrons = plains = uplands 

RGURE 3. Significant (P = 0.05) relationships between witness trees and topographic position in 
Ogemaw and Oscoda counties, Michigan. A positive value indicates a positive associa- 
tion between that species and the topographic position. Species names are abbreviated 
as follows: Abba = Abies balsarnea, Acru = Acer rubrum, Acsa = Acer saccharurn, 
Bepa = Betula papyrifera, Fagr = Fagus grandifolia, Frni = Fraxinus nigra, Lala = 
Larix laricinn, Piba = Pinus banksiana, Pire = Pinus resinosa, Pisp = Picea spp., Pist = 
Pinus strobw, Posp = Populus spp., Qua1 = Quercus alba, Qupr = Quercus prinoides, 
Quve = Quercus velutina, Thoc = Thuja occidentalis, and Tsca = Tsuga canadensis. 

associated with soil or topographic categories or did not meet the assumptions 
for the G-statistic calculation due to small expected values (Steel et al., 1997). 

Changes in forest composition and historical land use 

After European settlement, both counties experienced a substantial reduction 
in Tsuga canadensis-Fagus grandifolia and Pinus strobus due to logging in these 
forest associations (Table 2; Hargreaves and Foehl 1964; Randall, 1979). Most of 
the harvested hardwoods and Pinus strobus were transported via railroads. Maps 
of logging railroads mirror the location of presettlement hardwoods, but rail- 
roads are mostly absent from areas dominated by Pinus banksiana (Figure 5;  
Nash 1979b). The distribution of logging railroads was not independent of pre- 
settlement forest association (x2 = 11.9 1 ; d.f. = 2; B = 0.05). The Tsuga canaden- 
sis-Fagus grandifolia and Pinus strobus associations had a significantly higher 
proportion of logging railroads than the Pinus banksiana-Pinus resinosa associ- 
ation. In Ogemaw County, by 1923, only 6% of the presettlement Tsuga 
canadensis-Fagus grandifolia remained undisturbed. If the land had been 
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FICUE 4. Significant (P = 0.05) corrected standardized residuals for witness tree and soil rela- 
tionships. A positive value indicates a positive association between the species and soil 
category. A negative value indicates a negative association between the species and soil 
category. Species are abbreviated as follows: Abba = Abies balsamea, Acru = Acer 
rubrum, Acsa = Acer saccharurn, Bepa = Betula pamrifera, Fagr = Fagus grandifolia, 
Fmi = Frcrxinus nigra, Lala = Larix laricirsa, Piba = Pinus banksiana, Pire = Pinus 
resinosa, Pist = Pinus strobus, Posp = Populus spp., Qual = Quercus alba, Qupr = Quer- 
cw prinoides, Quve = Quercus velutina, Thoc = n u j a  occidentalis, and Tsca = Euga 
canadensis. 
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TABLE 2. This matrix shows the forest association changes that occurred in Ogemaw and Oscoda 
counties over three time periods. The rows show the percent change in each forest asso- 
ciation over time with the forest associations abbreviated as follows: Piba-Pire = Pinus 
banksiana-Pinus resinosa, Tsca-Fag = Tsuga canadensis-Fagus grandifolia, and Pist = 
Pinus strobus. The value in parentheses after the association name is the total number of 
sample points from the earlier period. 

(A) Time periods: 1830 (left) to 1923 (top) 

Piba-Pire Tsca-Fagr Pist non-forest burned total 

Piba-Pire (1973) 73.1 2.8 0.1 23.4 0.6 100% 
Tsca-Fagr (1379) 37.9 12.3 0.4 48.4 1 .O 100% 
Pist (279) 67.0 3.6 0.7 28.3 0.4 100% 
non-forest (1 55) 47.1 5.2 0.6 45.2 1.9 100% 
burned (40) 80.0 0.0 0.0 20.0 0.0 100% 

(B) Time periods: 1 830 (left) to 1990 (top) 

Piba-Pire Tsca-Fagr Pist non-forest burned total 

Piba-Pire (1973) 64.0 16.8 0.0 19.2 0.0 100% 
Tsca-Fagr (1 379) 32.1 31.3 0.0 36.6 0.0 100% 
Pist (279) 45.5 35.5 0.0 19.0 0.0 100% 
non-forest (1 55) 40.0 29.0 0.0 31.0 0.0 100% 
burned (40) 87.5 2.5 0.0 10.0 0.0 100% 

(C) Time periods: 1923 (left) to 1990 (top) 

Piba-Pire Tsca-Fagr Pist non-forest burned total 

Piba-Pire (2 123) 57.3 25.5 0.0 17.2 0.0 100% 
Tsca-Fagr (232) 45.7 34.5 0.0 19.8 0.0 100% 
Pist (10) 80.0 10.0 0.0 10.0 0.0 100% 
non-forest (1 151) 39.1 18.8 0.0 42.1 0.0 100% 
burned (25) 64.0 8.0 0.0 28.0 0.0 100% 

abandoned immediately after harvesting hardwoods may have regenerated on 
the better sites; however, developers sold much of this cleared land to farmers. 
Troyer lists a total of 4229 ha of cut-over "stump lands" for sale in Oscoda 
County in 1915. Some of these cut-over areas were quite extensive, but most oc- 
curred on former hardwood or Pinus strobus lands. One typical property was de- 
scribed as "about five thousand acres of cut-over hardwood land in Elmer town- 
ship." Although Ogemaw County experienced more extensive agricultural use 
than in Oscoda County, agricultural productivity in both counties declined in the 
1930s. These largely unsuccessful attempts at agriculture destroyed the window 
of regeneration from seeds or stump sprouts left after the hardwood harvest. In 
addition to fuming attempts, many cut-over lands experienced repeated slash 
fires which killed hardwood regeneration (Maybee, 1973; Kirkland, 1990). The 
only remaining seed source after agricultural abandonment and repeated slash 
fires was from the invasive xeric species left on the pine plains that had not been 
harvested. The absence of competition from mesic species allowed the early suc- 
cessional, fire-adapted pines to expand their range (Figure 5; Table 2). The fed- 
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FIGURE 5. Forest changes in Township 27 North, Range 2 East in Oscoda County, Michigan. (a) 
presettlement (1838) forest associations with the location of early settlement railroads. 
(b) present-day (1990) forest associations. 
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era1 and state reforestation of conifers on cut-over lands also contributed to the 
increase in the Pinus banksiana-Pifzus resinosa association (Syman, 1983). 

In an opposite trend from cut-over hardwood lands, the unlogged, pre-Euro- 
pean settlement Pinus banksiana-Pinus resinosa forests experienced an increase 
in hardwoods and a decrease in Pinus. In Oscoda County, Pinus banksiana de- 
creased by half (from 42% to 22%); Pinus resinosa decreased slightly (from 
16% to 11%); while Populus spp. increased four-fold (from 7% to 29%) and 
Quercus spp. increased seven-fold (from 3% to 22%) (Table 1; Jakes, 1982). Fire 
suppression was responsible for this increase in hardwood species. Fire has al- 
ways been an important disturbance agent in northern lower Michigan and has 
excluded hardwoods and favored conifers (Beal, 1888; Simard and Blank, 1982; 
Rouse, 1986). The original survey notes identify burned sections in 69% of the 
townships. The burned descriptions range from expansive township-sized fires 
to much smaller fires that only burned portions of stands (Mullett, 1838). One of 
the main reasons fire suppression was possible was the presence of the Civilian 
Conservation Corps (CCC) within these two counties. The CCC camps were 
specifically located on state and private land considered to be high fire hazards. 
The CCC fought forest fires, built fire towers, built roads to aid fire fighting in 
remote areas, and constructed landing fields for airplanes used for forest fire 
control work (Young, 1938). In northern lower Michigan, estimates of fire in 
Pinus banksiana forests decreased from an average return interval of 125 years 
during the presettlement period to 392 years during the fire suppression period 
(Vlrhitney, 1987). Over a hundred years later, the consequences of fire suppres- 
sion were evidenced in the increased dominance of hardwoods on lands formerly 
dominated by the Pinus banksiana-Pinus resinosa association. 

We thank the Michigan Department of Natural Resources for providing housing during the 
archive research in Michigan. This research was supported by the USDA Forest Service grant NC- 
96-502-RCRA. 
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REVIEW 

FXORA OF MAINE. A manual for identification of native and naturalized vas- 
cular plants of Maine. Arthur Haines and Thomas F. Vining. 1998. Paperback, 
848 pp., ISBN 0-9664874-0-0. V. F. Thomas Co., Box 281, Bar Harbor, 
Maine 04069; $5 1 including shipping and handling, and they accept credit cards; 
info@vfthomas.com for e-mail orders. Shipped with 15 pages of additions and 
corrections, these dated 26 April 2002. 

For nearly five years, this has been a kind of ghost title to me. I knew it was out 
there, but it was just too darned much trouble to get my hands on it. For the longest 
time, it wasn't known at amazon.com, where just about everybody begins; it is 
listed there now, but "out of stock." So now its easily obtainable; I asked for an au- 
tographed copy, and darned if the two authors didn't sign the title page! That's no 
more than standard good manners from folks in Maine, but still . . . . 

The book is based on the herbarium holdings at the University of Maine, 
Orono, and the herbaria of the University of New Hampshire and Harvard Uni- 
versity. The authors don't make a big to-do about it, but it is clear they insist on 
proper vouchers, and they exclude unvouchered materials from their coverage. 
They make the point on p. 8 that reports of Actinidia arguta and Aristolochia 
macrophylla are unvouchered, but then on page 10 it says these two (and many 
others) have been added to Maine's flora based on the existence of a voucher 
specimen. Well, we cannot have it both ways, but it is not terribly important, 
given that the two species are only local escapes from cultivation. 

The sequence of families is roughly Cronquistian; the genera within each 
family are simply alphabetical. 

The keys are conventional and quite artificial. The species descriptions are 
very brief, but longer ones can be had in any of a dozen other books that cover 
New England. The status of each species in Maine is emphasized, with extra- 
lirnital ranges also given, and they give common names. As an Appendix 11, the 
authors put in a key to genera for use with vegetative, non-emergent, aquatic 
plant material. That could turn out to be most useful, and far outside Maine, too. 

There are no illustrations, save for a cover illustration of a sprig of willow, 
Salix arctophila, rendered by the first author, Arthur Haines. This is explained on 
[unnumbered] page 2. But the cover illustration is initialed, m.m., in usual 
artist's fashion. The credit for the illustration can be left as one of the great un- 
solved mysteries in Maine botanical history, which is otherwise covered suc- 
cinctly on p. 7. 

What the book needs is an outline map that shows all the counties of Maine. 
That would have been really nice on Cover 2 or Cover 3, or even in both places. 
A work like this merits a happy future, and maybe in the next printing they could 
sneak in an outline map. 
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