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A Comparison of Presettlement and Present-day Forests
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At RAC L —Generdl Land Othce survey records of ISBS3=1846 were used to reconstinet the
preFuropean seulement segetation along asotl moisture aradient in the Horon Natonal
Forest of nottheastern fower Michizan, These datvwere compared to carent forest data, Jack
pine (P banksiana) yed pine (12 vesinosa) andawhite pine (2 snobasy dominated five-prone
proesetttement divand divmesic sites on coarse-textured soils of glacial ourwash plains
and moraines. Hemlock (Haga canadensisi . beech (Fagus grandifoliay . sagar maple (e
sacchanon) and white pine were most inportant on: presetement mesie sites on medinm-
textured soils of moraimes and kame and kettle topography. Prescttlement wet-mesic sites
were dominated by hemlock, white pine and aspen (Popadies spp.y. White cedar ( Thga
vecudentalyy and tamarack (Larx lazernay dominated preseudement wee sites on organic soils
of outwash plains. Important |)|('\<'lll(-1m'nl torest tpes included: jack pine CHEO . miixed
coniter -northern hardwood (22900 Towland contfer (1539 and mised pine (110 hee
species composition has substantially changed on div-miesic 1o ssetmesic sites over the kst
150y, White pine and hemlock have signiticanty declined in abundance. Ouk (Querons spp b
sugar maple and aspen currenthy dominate div-mesic to wet-mesic sites. Important carrent
forest tvpes ine Iude: jack pine (3290 aspen—white birch (Betwla paprnfera: 1650y oak (16
and northern hardwood (390), Todav's forests have smaller trees and higher rree densities
than forests in the presettlement eras Widespread Togaimg. aliered five regimes and other
anthropogenic disturbances since Furopean settlement have mteracted with physieal factors

1o produce todin’s forests.

INTRODU CHION

Phe vegetation of Michigan and the castern United States was changed. often
substantiallv. by Furopean settdement (Whitmey, 19900\ knowledge of forest conditions
in the historic past may prove helptul 1o todav’s nataral resource managers, particutarly in
regions without manv primary forest remnants to act as baseline sites or controls (Frelich.
1995). The value of reconstructing the presetlement vegetation ol a region lies i
detimiting the range of vegetation tvpes and disturbance regimes possible 1o asite (Sprugel,
199 1), Bourdo (1956) and Curtis (1959) validated the use of General Land Otfice (GLOY)

survev datain vegetation history studies. The GLO data can be used to develop adeseription

of natural vegetation patterns and dvnaumics (Grimm, TO8:H. Within the Grear Lakes region
detailed presettlement vegetation maps have been completed tor Michigan (Comer of al..
1995), Minnesota (Marschner, 19748 and Wisconsin (Finlev, 1976).

In Michigan, several recent papers have examined the preseulement torest using GLO
survey notes (Whitnev, 1986, TOR7: Padik and Pregivzer, 19920 Barvew of af 1995 Comer el al.,
1995 Van Deelen of ol 1996: Zhang ef al., 2000) . However, few studies have focused directly
on a public lind management area within a specific regional Tandscape nor have they
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inchided an analysis of forest structure da This stady examines the patterns of {orest
vegetation along a soil moisture gradient i the Tharon National Forest of northeastern
tower Michigan before Furopean seadement and how these patierns subsequently changed.
The objectives were tor (1) exammine  the physical factors controlling preseudement
vegetation patterns: (2) reconstruct the composition. stracture and disturbance regimes
of presettlement foreststand (3) examine the changes incomposition, siructne and nataral

disturbance regimes between presetdement and present-day foresis.

Srepy ARFA

Fhe stady area covers 121212 ha of the Huron Natonal Forest in northeastern lower
Michigan  (Lat 1025 o 6N Long 837167 1o SE28W) within the high plains
subsectnon, an ecological unit with a homogencous macrochmate and  similar major
physiographic features, as deseribed by Adbert (1995) within a regional lindscape ccosystem
classification for the upper midwest. The chmate is characterized by a 115 d growing scason,
mean total precipitation of 79 ey and an annual mean temperane of 6.7 C The surficial
veology of the study areais the result primarily of glacial action and subsequent postglacial
croston. The most recent ghactation was the Lawrentide ice sheet of the Late Wisconsinan
Period. The many readvances of first the Saginaw lobe and then the Huron lobe hetween
FESO0-12.500 v ago molded the study area’s landscape (Burgis, 19771, By 11,800 v ago most
of the major drainages in the study area had been developed. The area drains primarily into
the Au Sable River, which discharges into Lake Huron.

Glacial bindtorms of the study area (Burgis, 1977 Farrand, T982) include outwash plains
(O870). moraines (265 and ice-coniact topography (16%0). Outwash plains oceur s
terraces made of wellsorted, extremely well-drained sands left by braided streams during
glacial ablation. Iee-contact topography is a mosaic of glicial kettle depressions and kames
(Farrand. T982). This topography is the result of the disintegration of stagnant glwial ice
and s chanacterized by the presence of dosed depressions or Kettles (FHost e af. 1988,
Fhese mainly hillv arcas have medinm-textured soils (Burgis, 19770 Padley, TOSG). Moraines
include ridgelike accumulations of glacial dritt depostted at the margin of an active glacier
(end moraines) and a gently rolling wpography tormed by glacial drift deposited under
an active glacier (ground moraines: Farrand, T982). In the study arca moraines have a mix
ol soll textures from coarse to fine (Burgis, 19770 Padlev, 1980). The major soil orders
represented in the study area include Alfisols (17900 Entisols (57400 Histosols (9°7) and
Spodosols (179 Veatch of af.. 1936, 10951 Johnson, 1990) 0 Coarse-textured soils (sand,
loamy sand, sandy loam) with rapid mternal drainage dominate the study area.

Between 3000-400 v ago the Woodland Indian Culture hunted within the Au Sable River
basin and the Ottawa tribe of Native Americans lived in the arca at low population densities
from the beginning of the 18th Centary antl 1836 (Lovis o af, 1973). Federal land
survevors surveved the study arca between I838=18146 according o the methods of the GLO
in place at that time (White, 1985, Homesteaders and lumber compaties soon followed.
Heavy logging and severe wildfires occurred i the study area between 1850-1920 (1o i ol
al T978) in o pattern similar throughout northern lower Michigan (Karamanski, 193¢
known as the “logging cra.” The Huron Natonal Forest was established between 1900-10933
aid wholesade fire control began in the T930s along with widespread tree planting by the

Civilian Conservation Corps (Lovis ot al o 1978).

M ons

CLO sivey date.—Burgis” (1977) glacial landtorm map was used in conjunction with

1100000 scale topographic maps o place evers GLO survey corner within a glacial
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Fuitr 1o -Soil and Lindform charactenstics of the studs arca

Soil monsnn e Soil diamnage ol Predommniant
condition cliss sty red Sotl textiue Landtorm Soil order
Dy Fxcessive t Sand Outwash plains Fntisols
Dv-miesic Somewhat 20 Sand, Towmy Moraines, ice-contact Spodosols.
CXCESSIVEe sand topographs Fntisols
Mesie Moderateh 20 Sandy loam, lee-contact Il)l)(l}_{ld])h\. Alfisols
well to well loam moraines
Wet-niesic Poor 1o 7 Sitty clav toam,  Outwash plans, Alfisols, Histisols
somewhat muchy sand mornes
IHHYI
Wet Very poon 9 Muck and peat Outwash plams Histisols

Landform wpe. Soil tvpe data were derived from the soil survevs of Oscoda (Veawch ol al.,
1936). Alcona (Veatch of al. 1950 and Ogemaw (Johnson, 1990) counties. The carly soil
pes were updated 1o their modern soil series correlates. Each GLO survey corner was
scored as 1o its modern soil series. A cach GLO sarvey corner surveyors recorded the two
witiess trees by species, diameter and the distances of the wees 1o the corner point,
Survevors established 1513 surves corners i the study area at which 2972 withess trees were
recorded. This is an adequate sample size for reconstructing presettlement vegetion
(Almendinger, 1996). Witness trees were identified to the species or genus fevel by Bowrdo’s
(1054 list of names used for trees by Michigan surveyors. Survevors did not difterentiate
between trembling aspen (Populus tremudoides) and big-toothed aspen (£ grandidentatay
species, so both were combined in our database as aspen (Poprdus spp.). Survevors did not
separate black spruce (Picea marianay from white spruce (I glawcay. so both were combined
as spruce (Picea spp.). Surveyors also did not differentiate between northern red oak
(Quercus rubra). black oak (Q. celutina) and Hil's oak (. ellipsoidalis). <o these were
combined as ouk (Quercus spp: Voss 1O85).

Binary discrinminant analysis was wsed (o examine witness tree species—physical factor
patterns. Onlyowitness uee species with a sanple size 250 rees were usedd. Binany
discrimimant analysis direetly tested species=substrate relations using presence “absence data
of witness tree species grouped by vavious phsiographic and soil factors (Strahiler, T978).
Because soil moisiure is one ol the dominant variables infhiencmg northern temperate
plant community composiion and productivity (Peet and Loucks, 1977 Pastor ot al., 1981
Host and Pregitzer, 1992) the GLO survey corners were grouped by soil drainage class. Soil
drainage is a crude index of soil moisture and textire (Soib Survey Stadt, 1999 In eliect,
GLO witness tree data were located along a soll ioisture gradient. This soil moistare
gradient was divided into five conditions: drv. div-mesic, mesic wet-mesic and wet sites
(Curtis. 19591, Fach soil moisture condition (site) was associated with a vange of soil and
Lindform characteristes (lable 1.

For cach site, velative density, relative dominance andan importancee value (VD the sum of
relative density and relative dominance divided by two: Mueller-Dombois and FEllenberg.
1971 were caleulated for the withess tree species present. Dominant tree species were
defined s those which singlv, or combined, had an IV 5000 Associated species were
considered as those with an IV <100 Compositional similarity values (2W a0+ h) using
species Vs were calculated between presettlement sitess where a s the sum of the IVS in one
site, by is the st of the Vs tfor the other site and Wois the sum of the smaller of the two VS
of the species that are common to both sites (Bray and Curts, 1957 Fralish of ol 199 1),
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A modilication of the pomt-quarter method (Cottam and Curtis, 1956: Fralish e af.. 1991
wsing the median distnce (Rhine and Cottan, 10707 was used o estimate tree density for
cach site. T this formulation the median withess ree distance () to the corner post was
derermined using both the nearest tree (Q) and second tree Q) distances for a particular
dite. The median witness tree distance = 0,65y Mowhere Mois the mean arca per tree (m”).
Dividing 10,000 by M gave an estimate of the density (orees ha). For cach site, witness tree
dianmeters were converted 1o basal arca (m7) and the average of these basal areas was
determined. Muliiplving the mean basal arca per wee by density gave an estimate of the
Basal arca (m= hey for cach site, Onlv witness trees - 10 emowere used m these caleulations.
Within a site, multiplving a species” refative densin and relative dominance by densin
(orees hay and basal area (m” hay. 1'('\])(‘1'“\('1\; gave esthimates of a \‘pv(‘i('s‘ actual densin
e basal arca, Mean witness tree dimmeters by site were compared with ANOV A and Tukev’s
mewn separation procedure (Zaro T98 B Survevors apparently introduced bias against
certain sizes and species of trees (Grimm, 1osh) . such that reconstruction of presettdement
forest structure data must be viewed with caution.

Presenlement forest tvpes (Spurr and Barnes, 1998 were identified based upon the
dominant species tor each site. These forest tvpes were then mapped based upon the
survevors” section line descriptions in conjunction with maps of the distribution of witness
tree species across the studv area. soils and landforms. Lake and marsh cover tvpes were also
mapped based upon survevor descriptions. The map was produced using 1:100.000 scale
topographic quadrangles for a base map and a minimum polvgon size of 9 ha. When
houndaries needed to be imferred. topography and soils data were used o define them.

Disturbance regimes are now commonly recognized as an important factor in influencing

vegetation patterns (Pickett and White, 1985). The disturbance return interval (the length

of time required for a disturbinee twpe. eg. fire. to disturb an area equal 1o the area of

forest under comsideration: Lorimer. 19770 Canham and Loucks, 19%:% Whitnev, T986;
Frelich, 1005: Zhang of al.. 1909 was used as aomeasure of the disturbance regime. Along
cach section line they traveled, the GLO survevors recorded the evidence of moderate to
severe (crown) intensity fires and large windthrows (-1 has Canham and Loucks, T98h).
Ihis information was used to determine the total distance of section lines by forest wwpe with
evidence of fire or windthrow. Dividing the percent ol aforest ivpe atfected by a disturbance
(fire or windthrow) by 15 v (the estimated number of vears the burn or windthrow was still

visible to the survevors: Lorimer 1977; Whitnev, T986) gave the average annual percent of

aforest tpe atfected by a disturbanee. Lastlv. the disturbance recarn interval was estimated
(or cach forest tvpe by dividing 100 by the average annual pereent of a forest tvpe aftected by
a disturbancee. The same procedure was also applicd to the study area as a whole.

The size strncture of the dominant witness tree species were anabvzed by caleulating their
mean dimmeters: comparing these with an ANOVA and Tukev's mean separation procedure
(Zar, 19845 and graphing the species diameter tfrequeney distributions. Dominant witness
nee species were categorized by dinmeter size class (Leatherberry and Spencer, 1996: Tvrrell
o al. T998) s being small (10=29 ey medium (30-149 cmy farge (50-69 cn and very
lavge (70 cm). Onlv withess tree species with @ sample size of 50 rees were used.
Howerer. survevors woere often biased against trees = 25 em diameter (Bourdo, T956) and
results must be interpreted with this in mind,

Present-dey forest data. —Preseni=day forest stand data came from 249 stands sampled within
the study area for the development of an ccological classification svstem (ECS) of the Huron
National Forest (Michigan State Universitv. Foresoy Department data filey., Al stands
selected were wellstocked, naturallv regenerated. 1 ha and free from recent distirbance.
Lrees were defined as stems 10 cm dimeter. Stand ages ranged from 60-90 v The ECS
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e 2e—Presetdement tree compaosition of the stedy areas Relatve densing refative dominanee and

importance vadues (reldens. - el dom. =2y derived from witness ree data
Comnon name Sacnntic e NoLtees Rel dens Rel dom 1A
Jack pine Doy baodsiena 1165 KR 138 260
Red pne Povis resinosa (BN} [HRY B2 230
White pime Py strobne 104 67 178 12,2
Hemlock Iswge canadenss 217 7.3 116 Yy
Beech Fagis grandifolin 206 7.0 7 6.1
Sugar maple Veor saccharion 158 .3 o N0
White cedhn Ihuga occudentalr 11t KA .0 KAL)
Oak Ouercius ruba. Quercis velutinea o f6r] S 1.4 2
Ouercus ellipsoidalis
Famarack Lanx lancina 68 2.5 204 2.3
\spen Poprdus grandidentata or 4 2.0 24 22
Popadus tremudodes
White bitch Betula pupnrifera RN 1.1 0.4 1.0
Birch Betula spp. 27 0.9 0.7 .8
Spruce Mainy Picea meariana, some 24 (0.8 07 .7
Pieva glanea
Black ash Fraxinus nmigra 2] 0.7 0N 0.7
Balsam i Abies balsaomen 27 R3] 0.1 0.7
Red maple Veer rubriom 21 .7 0.4 0.6
YeHow birch Betula alleghaniensis 21 0.7 0.2 0.5
Basswood Tilve americana 12 0.4 0.5 0.5
White ouak Quercis alba [ 0.6 n.y 0.4
Elim Ui spp. U 0.3 0.2 0.3
White ash Praxionus americana 3 0.1 0.1 0.1
Other spee jest 6 0.2 0] 0.1
[otals 2072 100.0 1060 100.0

CIncladess Camvaspp. Osinva virginiena and Pricnas serolina

sample stands tailed to represent the study arca’s dev and wet sites, precluding site-specilic
then-and-now comparisons for these soil moisture conditions. However, broad comparisons
of forest changes on div and wetsites were made based upon forest inventorny reports in the
literature (Veatch o al. 19360 Simard of ol 19830 Leatherberry and Spencer. 1996) that
covered portions of the study area.

ECS stand data were pooled by soil drainage class 1o permit site-specific comparisons
between current and presettdement torests. Tree species composition of presettlement
forests were compared to today’s with assimilariov index (Brav and Curtis, T957; Fralish of al..
OO Changes in land cover tvpes on 83 of the study arca were assessed using the
presettdement forest tvpe map and data from the Michigan Resource Information System
(MIRES) database (Michigan Department of Natural Resources, 199000 by MIRIS Taind cover
data are derived from photo-interpretation and field checking of 120000 scale color-
mtrared and black-and-white acrial photographs. These dat were not available for that part
of the study area in Alcona Couny.

Ristris asn Disctssion

Compostlion and stractre across the preseltlement forest. -—Jack and ved pines (Pmns banksiana
and P2 resenosay dominated the preseudement studv arca with accombined IV of 0.1 ( Table 2.
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)

Tawir 3= Matrix of percent compositional simifarine values between presettlement forests by soll

moisture condition. Similarin values calealated based upon mee species IVS

[RIRS Div-mesi ASIENT Weramnesic
Dy
Dirv-mesic 715 —
Mesic 2905 2.0 —
Wer-mesic RERt .7 615 —
Wet 15.8 17.2 RO A8

Sandy soil textures and rapidhy drained soils account for 7o

o uand 64 respecnvelvs of the
study arca’s soils (Fable 1. GLO survevors” secton line deseriptionsindicated thatabout 60
of the study area was burned-over. This combination of droughtv intertile soils and
a frequent fire regime resalied ina preponderance of jack and rved pines in the
presetlement forest. Mesophviie species. beech (Fagies grandifolia) hemlock (Tsuga
canadensis). white pine (Poces strobus) and sugar maple (Acer saccharnon had a combined
IV ot 320 (Lable 2y, in accordance with the extent of Toamy (1690) and moderately dianed
(2077 soils Clable 1), Wetlind adapted tomarack (Laviy faricina) and white cedar (Thiga
occidentatisy) had a combined IV of 6.2 corresponding with the exient of poorly drained
muck and peat sods (99 Table ).

Separating withess tree data by sites based upon sotl drainage classes produced readily

identifiable compositional ditferences. The pereent compositonal similarine between sites

ranged from 15.8=-71.5% (Table 3). Stands with an imdex ot similarity: > 75% are wvpically
considercd 1o be compositionallv equivalent (Mucller-Dombois and Elienberg, 1978 The
mean pereent compositional similarity between sites wis 33070 However, drvand drv-mesic
and mesic and wet-mesic sites had o moderately high degree ot compositional similarity.,

71

D% and B:EHC respectively (lable 3.

Across the presettlement study arcas jack pine. tunarack, beech and white cedar stems
were concenirated in smadl diameter size classes (Fige Dowith mean tree diameters of 18021,
26 and 27 aim. respectively (lable 5. Sugar maple. hemlock, ved and white pine stems
mainly occurred in medium dinneter size classes (Fige Dowith mean wee diameters of 31,
36, Fand 46 cmy respectively (Table b, White and red pine. hemlock and sugar maple all
had over 104 of their stem densities in large to veryv large diameter size classes (Fig. 1),

Dy sites. —Jack pine dominated preseulement dey sites with red and white pine associates
(lable 5). Jack pine was significanty (P < 0.05) associated with sandy. excessively drained
soils on outwash plains CLable 6}, Presetdement div sites had Tow mean tree density, basal
area and diameter (Table 7). Jack pine had the greaest densivv and red pine the Targest
basal arca ( Lable 8. The low densitv and basal arca of presewdement diy sites matches
current descriptions of jack pine barrens or open woodlinds (Pregivzer and Saunders,
1999). The juck pine lorest tvpe covered 1% (Lable 9 of the presetdement study area . .
primarily around Mack Lake and westward and north of the Au Sable River (Mg ). The '
composition of this and the other forest tvpes corresponds well with a nataral communin ; Y a
classification for Michigan (Michigan Natural Features Inventors, 1990y Survevors
deseribed jack pine barrens or open woodlands (Pregizer and Saunders, 1999) s 1
“barrens,” “a thin growth ol spruce [jack] and vellow fredl pine,” “scattering timber™ or
“burned  plain covered with grasses.” Blacberries (Yaccmnnon sppay were frequenth
mentioned in the survevors” line deseriptions for the undergrowth on these sites, Survevors’

line deseriptions indicated that jack pine barrens covered about 3% of the study area
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e, IL—Withess tree species diameter distributions by 5 am diameter classes for mees 10 ¢
diameter tor the entire study arca

Although stand dita were unavailable from the FCS study tor today™s diy sites, Simard ef af.
(1983) veported on the forest composition ol the Mack Lake outwash plain (the 9000 ha
dominant outwash plain landtorm with cowrse-textured. vapidly drained soils in the studs
arca: Figo 2 In 1980 the Mack Lihe outwash plain was dominated by jack and red pines
CE2 and 165 of timber volume, respectivelyy with aspen (L) and oak (12071 associates.
Fhese dativwere tahenas arepresentative sample of carrent forest compaosition on the studs
arcics drv sites. As in the prescudement period CEable 5y jack and red pines dominate on
the dmy sites However, the importance of white pine has declined and aspen and oak have
greathv increased on present-day dry sites,

Currenty drv sites dominated by jack pine on the Mack Lake outwash plain average 1975
trees. hae with acmean basal arca of 29 m™ - ha (Simard of wl.. T983). Phese hgures mdicate
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Tasir b --Mean (581 witness tree diameters by dominant species tor the presettlement studs area

Species Mean diameter isi?
Py banksicona 1S () o
Fanx larcina 21 (0.9 a
Fagus grandifolia 26 (061 4
Thige occmdentadis 2905 a0 h
Yeer saccharum Ly b
T canadensiy 6 el b b
Procus resenose F 0%y ¢
DPrycis strobus O (1.7 «

Y Colummn means with ditferent letters are sienificanthy ditterent, ANOVACP - 0,05 Tukev’s HSD

a nincfold increase in mean tree density and adoubling of mean basal arca in conmparison
to preseudement conditions (lable 7). The jack pine forest wvpe has declined in extent
(=9%: Table 9 since the presetdement period.

Dry mesic sites. - -Red and jack pine dominated presettlement div-mesic sites with white
pine as anassoctated species [able 5). Red pine was significant]y (P~ 0.05) associated with
sandy, somewhat excessively drained sotls on moraines (lable 6). Presettlement div-amesic
sites had an intermediate mean tree density, basal arca and diameter in comparison 1o the
other sites CLable 7). Jack pine had the greaest densine and red pine the Targest basal arca
(Lable 8). This mixed pine forest tvpe occurred primarily to the castand northeast ol large.
div outwash plains (Fig. 2). The mixed pine forest covered T of the presetdement sty
arca ((Lable 91, Survevors deseribed these forestsas a “handsome pmenry™ with “mosty vellow
[red| pine, some white pine.” When survevors recorded the undergrowth condition here
thev deseribed it as “free from undergrowth™ or dominated by “hazel™ (Coryius spp.) and
“dwarl oaks”

Present-dav forests on drv-mesic sites have an index of compositional similarite of onh
134 with their presettlement condition (Table 5). Pines have been nearly eliminated on dry-
mesic sites, aresult reported in other historical studies of Lake States forests (Whimey, 1987
Palik and Pregitzer, 1992: Frelich, 1995). Ouk and aspen dominate today’s drv-mesic sites
with white oak (Quercus albu) and red maple CAeer rubrnony associates (lable 5). Mean tree
density has tipled between the presettlement period and todav, Mean basal arca and mean
tree dimmeter have declined between the two time periods (Table 7). The mixed pine torest
wpe has declined in extentsinee the presetdementera ( 100 such that it only covers 254
ol its tormer extent (lable 9.

Mesie sites. - Hemlock, beech and sugar maple dominated preserdement mesic sites and
white pine was an associated species (Table 5y Hemlock was significantlv associated (P
0.05) with moderatelv well to well drained sandy Toam soils on moranes (Fable 61, Beech
and sugar maple were both significanthy associated (8 < 0.05) with moderatelv well 1o well
drained loamy sand soils on ice-contact topography. White pine was associated with a variety
of intermediate soil dramage and textural conditions on - moraines and ice-contact
topographv. Presettlement mesic sites had an intermediate mean tree density and basal
area. but the Targest mean tree diameter (Table 7). Beeeh had the greatest densite and
hemlock the largest basal area CTable 81 This mixed conifer—northern hardwood forest tvpe

covered 2290 of the study area (Table 9 on topographically diverse areas of short, steep
hills, swell and swale features and small hollows mainly south and east of the Mack Lake

outwash plaim (Fig. 2). Survevors deseribed such arcas as “land rolling™ and “good sccond
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Pt 5 —Tree species importance values by soill moistine condition tor presctdement (PS) aned
present-dan (PD) forests and the study areas Tree species vanked by IV tor the entire study area. Spedies
with an IV 10 printed in boldtace. Present-day salues tor div and wer soil mostune conditions

unvailable trom the FOS data set

Study aiea Dy Dy nesic Mesi Wetmesi Wt

Specioes rs s s rh PN rhH Ps (4B s
P banksrana 26.5 51.6 23.8 — 1.1 — 5.2 - T
Pirnous resinena 23.6 29.1 41.5 0.2 0.7 — 11.1 - 0.8
Prrus shrobus 12.2 10.5 15.3 1.0} 14.8 — 14.5 1.0 201
Tsuge canadenses 0.2 1.2 3.6 - 25.4 — 22.0 - 1.1
Fagrus grandijolin 6.1 0.9 K 0.2 20.0 R B (0.0 0.3
Veor sacchariom 5.0 ().t 1.9 a0l 15.1 41.3 [ 25.6 0.3
Thiugea occidentalis 30 (.2 0.1 —- 1.3 - b — 32.2
Quercis spp. 26 201 ST 39.7 ST 9.1 1.5 18.0
Learix laricina 2.3 0.2 —- —- —- - 1.6 — 26.2
Populus spp. R 20 REB 22.7 1.9 12.9 11.0 1.6 7
Betula /l/(/l\ll/r‘rll 1.0 0.3 (. 1.1 0N 1.2 BRI 20.2 23
Viies halseomena 0.7 0.1 0.1 - — — 2 — 16
Picea spp. 0.7 01 (.33 —- — — (.4 )
Aeer rubrim 0.t (.2 (0 10.1 0. 11 1.0 A 1.6
Dilva americana 0.5 0.1 1.1 2] 18.7 — 15.2 -
Quercus alba 0, (.3 1.1 16.6 01 — 0.3 1.3 —
Other species” 20 0.4 0.2 2.2 3 hRY] 87 7.0 6.7
Totals 100 100 100 100 100 LOO too 100 100
¢ Similarin 13 28 17

CIncludes: Betida alleghanienses, Betada spp.. Carva spp. Fraxis amencana, Ionagra, Ostva g,

Pricves sevotpi andd Ulms spp

rate soil, clav and sand.” with commoniv encountered undergrowth species of beech, red
naple, sugar maple and hemlock,

Present-dav mesic sites are dominated by sugar maple and basswood (Tilia americanay with
aspen as an associate (Table D). Compositional similaviny between presetdement and current
mesic sites is 28% (Table 51 Hemlock, white pine and beeeh have been nearly eliminated.
Mean tree density has nearly quadrapled in comparison o presetdement conditions ( lable
7). Mean basal area has increased while the mean stem diameter has decreased. The mixed
contter-northern hardwood toresc tvpe is today predominanthy northern hardwoods and has
dechned in arca (=10 compared to i presetdement disoribution ( Table 9y,

Wetomesie sites.—Temlock, white pine and aspen domimated presetdement wet-mesic sites
(Table 510 Red pine had an abnormally high IV of T1 1 for wetmesic sites ( Lable 5). While
hemlock and white pine were signilicanthy associated (1" < 0.05) with poor to somewhat
poorlv drained soils: red pine did not show asignificant positive association with these soils
(Lable 61 The phvsiology of red pine (Rudolt. 19901 would preclude its importance on wet-
mesic sites. Inclustons within soill mapping units are not uncommon (Soil Surveyv Stall,
199 and the unusual importance of red pine on wetmesic sites is due to inclusions of
somewhat excessivelv drained soils as small islands within the soil mapping units identified
as wetmesics White cedar had asigniticant association (P -7 0.05) with poor 1o somewhat
poorlv draimed soils (Table 61 and s phsiology is adapted 1o wetmesic sites (Johnston,

F9900) . White cedar was considered an associate on wet-mesic sites, although its 1V ol 8.3 was
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Pasi e 7.—Means (510 of pu-wnlmm'nl (PS) and present-das (PD) torest stracture by sotl moisiare

condition. Present-das values for div and wet sites unavailable

Density itrees hag Basal wea on” hag Stem dimeter o
Sol moisnue condimon S D s "D s P
[RIRN 211 (112 — 13 0.7 — 2% 0oh a
Dirv-inesic SEH (1D a0 (HH.8) (1 27 (2. B0 0.8y b 20 (0.2
Mosic 241 (1) O1h (791 25 (b v DTy« 20 (0 h
Wetmesi J66 (1205 1230 (23020 36 iTER) 36 (12 30 12y bl 15 (6.3
Wet 366 (H2 ) - IS h 2307 .

CColumm means with ditferent letters are significantly difterent, ANOVACP - 0,05, Tukev's HSD.

Test tor PS stem diameters only

lower than the arbitrny IV = 10 cut-oft for associated species. Aspen did not have am
significant physiographic or soil factor AssOCIAtonNs.,

Presettlement wet-mesic sites had a high mean tee density and basal area and an
intermediate mean tree disometer (Lable 7). Hemlock had the highest density and basal area
(Table %) This mixed conifer—aspen torest tvpe covered onlv 5% of the stady area (lable 9)
andd was found on fine-textured and organie soils of outwash plains, gentlv rolling moraines
andd kettle holes inice-contiet topography (Fig. 2).

Sugar maple. white biveh (Betwla papyrifera) and oak dominate current wet-mesic sites with
basswood and red maple associates (Table 5). Conmters have declined sharply on weemesic
sites since the presettlement eri Present-dayv forests on wet-mesic sites have an index ol
compositional similarity ot onlv 170 with their presettdement condition (Fable 5). Mean
tree densitv has ripled between the presettdement period and today (lable 7). Mean basal
area has remained constant while mean tree diameter has declined between the two time
periods. The mixed conifer—aspen forest tvpe is no longer recognizable: having been
supplanted by the northern hardwood. oak and aspen-white bireh forest tvpes (Table .

Wet sites. --White coedar and tamarack dominated presettlement wet sites {able D). Both
of these species were significantly assoctated (8 = 0.05) with very poorly drained muck and
peat (1304 cm of organic soil) and mucky sand (10-130 cm ol organic soil over sand) soils
on outwash plains (lable 63, Presentement wet sites had a high mean tree densin and o Tow
mean basal area and tree disaneter Chable 71 White cedar had the greatest densiny and basal
arca Clable &), Because only trees with acdianeter =10 cmwere used i the calealations of
forest structure, some bogs dominated by black sprace (Picea mariana) and tamarack with
verv low densities of small trees (<010 em diam) were eliminated from the presettlement
At set. This created an artifact in the data whereby presettlement wet sites Tikelv have an
clevited mean tree densin value (Table 710 This lowland conifer forest tvpe covered 159 of
the study area (Lable 9. 1t ocaurred mainly on outwash plains, but also on gentdy rolling
moraines. and in kewle depressions and around ketde lakes iniee-contact topography (Fig.
2). Survevors frequently mentoned white cedar, hemiock, mosses and Canadian vew ( faxiu
canadensis) in the understory of those TowLnd conifer forests with an overstory of primarily
white cedar Glacial fakes and open. herbaccous marshes accounted tor the remaming laned
cover (30) of the study arca (lable 9.

Site specilic present=day stand data were lacking for wet sites. Howevers some broad
comparisons o observations in the literature were made, Veatch of al. (1936) reported that
in the study area the onlv major change sinee settlement within unlogeed wet sites was the

55

great decrease in tunarack due to Larch sawtlv (Prostiphora erichsoniny onthreaks, Where wet
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Tawir —Presetdement and present dan extent of Tand cover tvpes i the study areas texclusive of

\lcona Counny®

Prescodement Prosent das

Land coner tvpe \rea tha Nrca 190 Miea tha
Jack pine 12,256 .2 818
Mixed coniler- northern hardwood” 220542 200 S0749
[ owland conifer 15,640 15.5 3998 30
Mixed pine 13,949 1356 A6 30
Mixed coniter=aspen SN o0 1] 0.0
Lakes 1794 1.7 9616 9.1
Finergent rash'! 1146 1.2 179 e
Agricalture 0 0.0 2501 2.5
.\\]n'n——\shil(' birch ( 0.0 17 651 17.2
Lowland hardwood’ ) 0.0 2044 20
Oak' 0 0.0 16,456 16.0
Urban 0 0.0 4575 [
Totals 102 564 161 102 56:4 100

CPresent-day land cover tpes ot the Michigan Resource Inventors Svstem o MIRIS) matched o
their prosettlement correlates, Awailable MIRIS diva covered S50 ot the study area
" Carrent forests are nearhy all northern hardwood
Current acrcage includes reservoirs
T Wethand waeas dominated by erect rooted herbaceous hvdrophytie plants
Forests dominated by ash, elm, maple and aspen
"Mainh black, red and THIES oaks

sites were logged and or severely burned in the Late 18005, these sites were then dominated
by mix of paper bireh, tag alder (A rugosa) . red maple and aspen (Veatch et al 19361~
Survevor accounts of abundant Canadian vew populatons on wet sites contrasts sharph with

D Van Decelen ot ol 1996) in part dae to the

the Lack of vew todav (Frelich and Lorimer, 198
modern irruption of deer populations in Michigan. The basal area of presetlement foresis
on wet sites lies within the range of basal arcas reported for current mate forests
dominated by tunarack (Johnston, 1990b) - but is much lower than carrent imature forests
dominated by white cedar (Zogg and Barnes, 1995) . The density of preseulement forests on
wet sites s hall that reported for carrent mature wet site forests. Because of intensive
togeing, drainage and reservoir development, lowland  conifers have dechned smee
settlement to just 26% of their former extent (lable 9y,

Forest change acvoss the stidy area.—The demise of confers and beech on drvanesic to wet-
mesic sites since Furopean settlement reported i this study and others across the Lake
States has been attributed o the intensive logeing and repeated wildfires of the Tate 18005
(Ahlegren and Ahlgrend TOS3 Whitnev, T987: Karmanski, TORG) . The cinrent abundance of
aspen, oak and maple on drv-mesic to wet-mesic sites is a result of the abiline of these species
to survive repeated logging and slash fives by sprouting (Koszlowski ef ol 1991 In addition,
aspen and maple produce a large amount of wind dispersed seed which allowed them o
veadilv colonize the abundant mineral scedbeds in the postlogaing era (Whithey, TO87).
Lastlv, forestry operations in the upper midwest have tivored aspen on large acreages over
the Tast 50 v (Karamanski, 14989).

Mean tree density has tripled benseen the presetdement period and today across dny-

mesic to wet-mesic sites (Table 7). Mean basal arca has remained relatively constant across
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4446’ Lat

Glacial Landforms

LEGEND o
Muraines
Outwash plains .
Ice-contact topography M )

-02

R346' Long

8346  Long

i1 Jack pine
= Mixed pine
(I Mixed conifer-northern hardwood
Mixed conifer-aspen

; Lowland conifer

Marsh

I i akes

2 —Glacial Lindtorms and presettlement torest tvpes of the study area

Fie..

these sites while mean tree diameter has declined between the two time periods. Across the

uplands of the study areas rees are smaller and more mumerous today than 150 v ago.
Similar results are reported in other historical studies of midwestern foreses (Fralish o ol

Q9T Zhang of al.. 2000
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Pk T —FEstimated presetdement distirbance returm intersals® by forest ivpe based upon survevors”

section hine deserptions

Coostady e abtected by disturbance Retnn mremal tvearsy

Forest npe Fire Windthrow Fire Windthrow
Jack pine 12 1 160 2000
Mixed pine Il 2 100 ao0
Mixed conifer -northern hardwood < | SH00 1200
Mixed comter-aspen 2 7 Q00 200
Fowland conitar | 2 1100 700
Total study wrea t 2 200 anf

“Return interval is the length of time required for acdistibance 1o ocomr over an awrea equal (o

the arca of the forest npe in question

The study aread’s lindscape patern has changed since 1810, albeit not nearly as drastically
as in southern lower Michigan (Klopawek ef ol 1979). About 157 of the Tandscape is in
human use today (e agriculiure, roads, developments and reservoirs ), but the study arca is
stll primarily a forested landscape (839 Table 9. Approximately 350 km ot primary and
secondany roads cross the study arca. Human developments have undoubtedv inercased the
amount of cdge habat (Saunders o of. 1991 Trombulak and Frissell, 2000) since the
presetdement period. The introduction of roads, agriculture and developments must have
impacts on species dispersal patterns and enhanee modem forest five sappression efforts,
Whercas the preseudement landscape was conifer dominated (7550 Table 9. today's
landscape is more evenly split betwveen conifers (3990 and hardwoods (B9 Pines still
cover a farge arca (3650, but have declined (=199) since the presetdement period. Most
current pine forests are dominated by juck pine. The decline of northern hardwoods
(= 1O Towland conifers (= 11%) and mixed pine forests (=1070) comcides with an
increase in the aspen=white birch (+17%) and oak (= 16°0) forest tupes ( Fable 9y,

Distwrbance regimes.—1The presetdement return ntervals for both fire and windthrow
natural disturbanees varied by forest tvpe (Table 10). Tt is anclear from the GLO suivey
notes what the sources of ignition were for the burned wreas the survevors encountered. The
ratio of Native American set fires 1o lightning sirike fives in the upper midwest before
settdement as sall o subject of debate (Whitnev, 1990 For jack pine and mixed pine forests,
fire was an important natural disturbance regime with a retiern interval of about 100 v Red
andd jack pines require tull sunhght and a mineral soil seedbed for regencration (Rudolf,
1990: Rudolph and Laidlv. T990) a condition created by intense fires, Inaddition. jack pines
tptcallv: have serotinous cones. Both red and jack pines have longevites (250 and 150 v,
respectivelyy exceeding the 0O v Hire recarn interval tor the jack pine and mixed pine forest
wpes. Preseudement jack pine and mixed pine foress depended on fire tor stand initiation.
Windthrow was notan important disturbancee regime in these pine torests.

Both fire and windthrow retirn intervals Clable 10) for the presetttement mixed conifer—
northern hardwood  forest exceed the maximuam  longevides ol hemlock (250-800 v:
Godman and Lancaster, 1990), beech (300 v Tubbs and Houston, 1990y, suga maple
(300—100 v Gocliman e al.. 1990) and white pine (200 v Wendel and Smith, 1900y, Fire
and windthrow were not naportant natral disturbance regimes in these presctdement
forests. Singlestem and gap-sized trectalls (Runkle, 1982) provided the mechanisms for
overstory recruitment in this forest ivpe.

['he presetdement windthrow return intervals were shortest in the mised conter-aspen
and lowkod contfer forests (200 and 700 vorespectivelvs Table 10y compared (o the other
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forest types. Trees grown on soils with high seasonal witer tables such as those in these forest
tpes have shallow spreading root swstems and e prone 1o windthrow (Koslowski of al..
1991). Windthrow was an imporant presettdement disturbance regime in the mised
conifer—uspen and Towland conifer forests. Howevers in the presettlement mixed coniter—
aspen forest type. the significant component of aspen. afire-tolerant species (Perala, 19490),
indicates that tire mtluenced this forest tvpe despite the long five retur interval based upon
survevor section line deseripions,

Organized fire control begmmmg around 1930 diminished the frequenev severity and
extent of fives in the study area (Lovis of ol 1978y, The fire retom interval tor the Huron
National Forest from 19501981 was 100 v (Simard and Blank, 1982 twice as long as during
the presetdement era tor the studv area (Table 10h. Fire suppression has encouraged the
development of more dense forests on div and dirv-mesic sites over the Tast 150 v and has
reduced the extent ol jack pine barrens (Pregitzer and Saunders. 1999 Te s nnknown
whether windihrow distirbances have signiticantly changed over the Tast 150 v,

Witness tree species were probably distibuted across the preseudement forest based on
U soil moisture gradient Over the fast 150 v the composition and structure of the torests
have changed. Compositionallv, dry sites are similar o their presetdement condition
whereas drv-mesic to wet-mesic sites have changed substantallv, Present-day foresis show the
importance ol historic events. fe. the logaing cra, fire suppression and modern forest
industries, in shaping forest composition and structure.
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Resources ton providing MIRIS cover-tvpe data and Carl Ramme of Michigan State University for Huron
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