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Spread Eagle Barrens, located in eastern Florence County Wisconsi4 occupies a

pitted outwash plain created during the late Wisconsin glaciation. The irregular

topography was caused by the collapsing of sediment from proglacial streams deposited

on stagnant gla.cial ice. The formation of a heterogeneous landscape with radical small

scale variations in site characteristics resulted. The importance ofthese site variables on

the distribution of plant species irt a barrens is targely overlooked in favor of more

traditional studies of succession caused by disturbance. In the following study, the

importance and influence of microsite variations on distributional patterns of species

we,re examined using logistic regression. Predictor variables included: Yo canopy,

nutrient index, % soil organic matter, soil pII, site swerity indeA and slope position.

The influence ofthege gradients were elramind iil detail for common groundlayer

species (>lD/ofrequency). Three relationships were investigated in greater detait the

importance and nature ofthe gradient, the shape and position of species responses, and

the behavior of the vegetation collectively. Single dimensional gradient models were

determined first, while muhi-dimensional models were created in a hierarchical

procedure based on the significance of single gradient models. In addition to these

realized niche responses, the influence of bracken fern frond densities were investigated

for effects on distributional patterns and possible skewing of optimal responses of other

ln



species. Rezults indicated that all gradienrts examined were significant in at least one

species, with % canopy being the most important overall. Responses of species

probabilities along single gradients were often nonJinear, withboth quadratic and cubic

functions being conrmon. Across the landscape then, the community organization of

species often did not followttreoretical patterns asnrmed in plant ecolory and ordination

analyses. In the multi-variable gtradient analyses, species responses were often complex

in their optimal probability response surface, appearing to segregate niche spaoe as the

number of,variables (dirnensions) increased. It appears that niche shifts, based on

logistic models, take place as changes in density of a strong competitor like bracken fern

(Pteridhm aryilirum) occur. Tlrese r9zults suggest thqt spatial heterogeneity ofboth

abiotic and biotic fastors on the landscape are of significant importance in orylaining

distributional patterns of species. Perhaps, providing evidence ofwhy mosaic patterns of

vegetation often occur and their importanoe to the ecosystefii'
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I. INTRODUCTION

Savannas

Savannas axe one ofthe most e)$€nsive and socioeoonomically important

vegetation tlpes on the planet, covering over 18 million km2 or 14 % of the world's

surfaoe @otkin et al. 1984, Perry 1994). The term scuoww has its origins from the 16th

century Spanish colonists of the Caribbean" where it was used in describing treeless

ga$sy plains (Iohnson & Tothill 1935). However, by the late lfth century, the term was

also being used to describe a grassland landscape with scattered trees. Today, the term

$lvaflna is used throughout the world, but with great variation in meaning (Cole 1960).

Clerrents (1928 in: Curtis 1959) in his discussion of savannas sums up this point: "The

transition firom savanna] to forest or woodland is usually gadual, and it is impossible to

draw a sftarp line betweerr the two." Thus, it is often diffiqrlt, if not impossible to

claSsrfy a community as either woodland, savanna, or even grassland.

Problenrs in the definition of this vegetation type occrr not only because of

spatial gradients, but also from temporal gradients, These communities can exhibit

dramatic ternporal change in responses to climatic events. In th€ past, climatic changes

in the Mdwestern U.S. have led to fluctuations in size and geographic distribution of

savailra$ (Winkler et aI. 1986). For example, in south central Wisconsin awarming and

drying trerd between 6,500 to 3,500 years ago Mddle Holocene) is thought to have

resulted in an increased frequency of fues and a change frorn relatively mesophytic

forests to oak savannas (Winkler et aI. 1986). The mechanisms hypothesized by Winklu

et al. (1986), which conffibuted to the climatic changes of thar perirod, were from



movem€nts in ttre earth's orbital param€ters. The Earth's revolutio4 rotatiorq and tilt

vary over long time spans causing major cycles in amounts ofinsolation received

(Christopherson 1992). Thse cycles could have led to regional and seasonal climatic

changes over the past 18,000 ymrs with a wann srunmer (+2" C) over the Mdwest at

about 9,000 and 6,000 yr. BP (Kutziach & Guetter 1984). After the dry and wann

Middle Holocene, the climate then apparently became cooler and more moist. This

cooling rezuhed in a decreased fire frequency, and hence a conversion of oak savanna to

closed oak forest (Winkler et al. 1986). In addition to these longer scale changes,

widence based on charcoal, pollen, and diatom work in southern Wisconsin srggest that

shorter scale changes also have occurred.

In recelrt years, there has been an increasing tre,lrd in woody abundance

throughout the world's grassland and savanna ecosystems @uffington & Herbel 1965;

Blackburn & Tueller l97Q;van Vegten 1983; Archer 1994). The midwestem United

States is no orception. Woody abundance is currently increasing inthe once native

savann&s that occupied I l-13 million ha. from Wisconsin and Mnnesota south to Texas

(Nuzzo 1986). This increase in woody abundance in the Mdwest has been attributed to

a reduction in fire ftequency facilitating oak rwruitment (Abrams 1992). In addition to

fire suppression and prwention, other human activities such as agriculture, forestry

practices, and development have caused reduction and degradation of the ecosystem to

the point wtrere only small fragmented patches or islands are left. TheEe patches are

often too small to hold area se.nsitive species or maintain ecological progesses

@orgerding et al.l93). Because ofthese human activities and wological processes,



savauras have seen large reductions in herbaoeous diversity, with the disappearance of

some species originally associated with the ecosystern (McCune & Cottam 1985; Nuzzo

1986; Packard 1988; llaney & Apfelbaum 1990). In additioq these changes also have

the potential to influence the biogeochemical processes, zuch as nutrient pools and flux

rates (Schlesinger et al. L99O).

Wisconsin Savannas

In Wisconsin, Curtis (1959) used the tenn savanna for a plant community in

which tree densities were low enough to permit domination by grasses and other

herbaceous vegetation. An arbitrary limit was set for the amount of trees with more than

one tree per acre, but not more than a 5\o/o canopy. With this definitiog Wisconsin's

savaffra communities is estirnated to have constituted one ofthe most widesp'tead cover

tlpes in presettlement times, covering about 9,597,000 acres or approximately 27 Vo of

the land area (Curtis 1959).

These savanna commtmities consist of a number oftypes, which are differelrtiated

by the species of trees or understory or both (Curtis 1959). Based upon plant

composition, five t5fpes are defined: oak barrens, pine barrens, cedar glades, oak

openings, and lo*rland savannas. Curtis (1959) defined the first four types, with lowland

savannas being more reoently recognized.

Oak barrens re ctulraner.ardby ffi'lg$oak (Qaercws ellipsoidalis ot Q.

velatina) and occur on infertile outwash sands south of the tension zone. Pine barrens

are dominated by jackpine (Pirus banlmiew) aild in some instances red pine (Pirus

resinom) on similar sandy outwash soils, but north of the tension zone. Cedar glades are



dominated by red cedar (Juniperus and found on dry limestone bluffs of

southwest Wisconsin or gravely glacial moraines in Southeast Wisconsin. Oak openings

are savamas fuund on rich mesic soils with open grown bur and white oak (Querats

mt$rocffipct andQ.alba). Lastly, lowland savailras (wet and wet-mesic savanna) are

dominated by both $ranrp white oak(Quercus bicolar) and bur ot&.(Qaercus

macrocwpa). Lowland s&vannas are found primarily in riparian zones (tlujik 1995). All

of these savanna type$ appear to have a cornmofl dependency on disturbance for their

maintenanc€.

Of all the disturbance sources, fire s€ems to be the most commonly associated

with the sovarur& communities @ray 1955; Curtis 1959; Vogl 1964a, t964b, and 1970;

Kline & Cottam 1979;Gfimm 1984; tlaney & Apfelbaum 1990; Leitner et al. l99l;

Abranrs 1992). However, other disturbance processes zuch as flooding $a $g insect

epidemics, oakwilt, frost, ice storms (Yarranton & Yarranton 1975, Vora 1993), and

wind storms @arnes 1974) maybe just as important. In some instances, human

practices have even simulated a distuxbance proce$s and maintained the structural and

floristic integpity of the coffirunities. These inctude zuch practices as mowing, cattle

grazrng, and wen military training.

Pine Burens

Pine barrens are estimated to have covered about 2,34O,AAO acres in Wisconsin

(? % ofthe total land surface ofthe statQ at time ofEuropean sefileme,nt (Fig. l.l)

(Curtis 1959). Howwer, only about 50,000 acres currently remain ofboth oak and pine

barrens, r€,preseriting only 1.2 0z6 of presettlement acreage (Mossman et al. l99l). Fire

appears to be the dominant element responsible for the occurrence of this community,
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with soil and topography being major contributing factors (Curtis 1959). The conditions

of the soil and topography urost commonly associated with pine barrens a,re dry sands

and flat or gently rolling surfaces, which promote frequent fires (Curtis 1959, Yarranton

& Yarrantonl97l). The groundlayer ofthis cgmmunity consists oftwo floristic forms:

sand barren grassland or depauperate bracke,n-grassland. The depaupe'rate bracken-

grasslands in the lorth often have islands or scattered trees of aspen and are very similar

to the aspen parHand regions ofthe prairie provinces ofCanada (Curtis 1959).

hafren-Grosslands

Bracken-grasslands were considered by Curtis (1959) to be a secondary

community in Wisconsin created at the turn of the century as a result of logging and

nrbsequent fire. However, a number of them do not appear to have stumps or evidence

of a former forest covering and appear to be fairly stable (Curtis 1959, Vogl 1964b).

Apparentty, these bracken-grassland communities may not even require periodic fires for

their maintenaflce, since many of them persist in northern Wisoonsin in the absence of

fire. Even when fires do occur, vegetation changes are apparentty small with the

majority (77 o/o) of plant species being unaffected by fires, as widenced by a less than t 5

Yo changein cover (Vogl 1964b). Although bracken-grasslands do not appear to need

regular fire for their maintenancen they are often assooiatd with fire.

Several theories have been proposed to orplain how bracken-grasslands are

maintained as open cornmunities in the absense of fue, despite being zurrounded by

forests. It appears that competition befween tree seedlings and the heavy sod formation

by grasses, sedges, and bracken fern are important (Vogl 1964b). Bracken fern itself



may be responsible for keeping these open. Bracken fan(Pteridium quilirum), which

is the most widely distributed vascular plant in the world (Page 1982), has an excelleft

ability to compete for moisture, nutrients, and light (Ferguson & Boyd 1988). In

addition, bracken fern has allelopathic activities associated with the leaching and

decomposition ofplant parts that can inhibit the esablishment and growth of other

species. Gliessman and hduller (1973) reported that allelopathy from bracken fern was

the primary factor accounting for bracken fern dominance between braoken dominared

land and adjacent grasslands. Bracken fern also has an extensive rhizome qystem that

promotes its spread, espacially in conjunction with disturbances like fire, timber

harvesting, or granng. For instance, Conway (1g52)grew ayoung bracken fern plant in

a trough to examine vegetative reproduction and found tllrrt 45 fronds were produced the

second growing season, 136 the third, and297 the fourth, thus demonstratirlg the

potential for rapid colonization of disturbed af,ea$.

At Spread Eagle Barrens bracken fern is ubiquitous over much of the landscape,

and therefore, possibly influences the openness. Howwer, in the deep dqressions or

kettles, bracken fern is typically absent, most likely because of its frost sensitivity. These

kettle de,pressions are often called'tost pockets" because ofthe frequent formation of

frosts at any tinre of the year as a result of cold air drainage and accumulation

(Stoeckeler 1963). Because bracken fern is frost sensitive, these microclimatic chronic

disturbances directly act on restricting bracker-r forn disfibutions. Therefore, bracken can

not h the sole er<planation for the relative openness and stability of these sites. It may



also be possible, however, that these same frosts could restrict regeneration and

recruitment oftree species, and hence stability ofthe open communities.

Yegetatim Theq ond Plant Gradient Re*Tnnses

Plant species are not usually randomly distributed across the landscape. Each

species in a community responds in specific ways across gradients which define

environments the qpecies can survive and compete. This is the basis for gradient analysis

and niche theory. As more gradients are added, a complex multidimensional niche is

created where a species occupies an abstract'trypervolume" (Ilutchinson 1957). These

hypenrolumes represent unique positions for each species that are created through

evolution straped by competition. Thus, competition drives resource partitioning or

niche differentiation and allows for cooristence of species (Grubb 1917;Harper 1977;

Tilman 1982;Mahdi et al. 1989). If two species did occupy the same niche in time, tlrcn

either competitive exclusion (Volterra 1926;Gause 1934;I{ardin 1960) or character

displacernent @rown & Wilson 1956) will occur.

The partitioning of niche space by plants within communities has been described

in axes that seem to correlate with phenology, soil depth" soil moisture, soil nutrient

stafuq elevation" precipitation, temperature, solar radiatiorL and conditions for

regeneration (Whittaker 1967;Gfubb 1984;Maldi et al.1989; Austin et al.1990;

Tiknan & Wedin 19914 1991b; Westman l99l). The complenity increases dramatically

as one adds either species or gradie,nts. For oomple,lvith 2 ryecies and 4 gradients in

which each speeies has a competitive advantage along one segxnent of a gradient, there is

a total of 2a = 16 competitive situations. If the numbq of qpecies were doubled, a total



of 4a:256 different situations occurs, in which each species would dominate in an

average of 64 different situations (Oliver & Larson 1996).

Two theories have shaped plant community conceptualization in the last century,

Clernents' (Clements 1916, 1936) community-unit and Gleason's (Gleason 1917,1926,

1939) individualistic concept. Gleason's theories provide the basic framework for much

oftoday's gradient analyses. This includes Grime's (1979) C-S-Rmodel, Tilman's

(1985) resource ratio lrypothesis, the contirnrum theory (Curtis 1959, Gauch &

Whi6aker 1972, Austin & Smith 1989), and centrifugal organization (Keddy 1990,

Keddy & Maclellan 1990; Wisheu & Keddy lgg}). However, all ofthes€ (excluding the

continuum theory) siurpl$ gradients into one or a few core factors. For instance,

productivity (biomass) is often used as a single gradient (Grime 1979, Tilman 1988,

Wisheu & Keddy 1992),yet productivity is related to a variety ofvariables (ternperature,

light, water, and rnrtrients) and there is no reason to beliwe that plants respond in similar

ways (Austin & Gaywood 1994). In addition, the nature of species respon$es (positiorq

shape, or overlap) along gradients is often aszumed or ignored, For instance, ordinations

lnve becorne a popular way of studying vegetation and species distributions (Jongman er

al. l9S7). This multivaxiate technique a$sunres that species have Gaussian response

curves, equally spaced optimums and tolerances (niehe breadth), and homogeneous$

distributed sarnples over a large interval of the gradient (ter Braak 1986).

Austin (1976), Austin et al. (1984; 1990; 1994r, and Austin & Gaywood (1994)

point out that no real zupporting evidence shows that species have Gaussian responses

with equal optimums and tolerances. For instancen an analysis of Eucafulzs species of



Australia rwealed skewed responses (Austin et al. 1990; Austin & Gaywood 1994). It

appears that this skewing of species re$ponse$ along a gradient was non-random with

direction dependence on the species position along the environmental gradient (Austin &

Gaywood 1994;Austin et al. 1994). For theseEucafuns species, an increase in

skewness was found at the ends of the gradient, while the ce,nter contained less skewing

thought to have been caused by an increase in competition. Austin et al. (1.99A;itrl9a)

zuggested that these responses are important to plant ecology and plant community

analysis for theories on community organizafion and for d*errrining the importance of

plant interactions such as competition.

The distribution of a species is ultimately limited by not only its range of

tolerances to physical factors, but also to biotic factors that can further restrict or

enhance a species distribution (Maill*te 1988). Interspecific competition is likety to be

one biological factor limiting distributional patterns of species. Competition hbs been

asm.rmed to play an important role in actual responses and distributions (realized niche)

of species on the landscape. So what is observed in nature may be quite different than

what is seen in the laboratory (fundamental niche). Plant cornpetition theories for a

limiting nutrient predict that the zuperior compef,itor at steady state, will be the one

which can reduce the conce,lrtration of the limitins r€source to the lowest level (Tilman

& Wedin 1991b). According to Liebig's'law ofthe mininum", the distribution of a

species is controlled by tbat e,nvironmental factor for which the organism has the

narrowest range of adaptability or control @artholomew 1958).



Tilman and Wedin (1991a) have shown differential use and control of soil

solution nitrate and ammonium concentrations and light penetration to soil surface of

five grass species. At the same levels of nitrogerl the five grass species varied in their

responses ofvegetative growth rates, root allocation, reprodustive allocation, and tissue

N. The earlier successional species tended to allocate more to reproduction, but were

inferior nitrogen competitors. This followed the successional hypotheses which

predicted eadier zuccessional species to be poor competitors but advanced in

colonization and growth rate @att 1975; Connell & Slatyer 1977; Noble & Slatyer

1979;Huston & Smith 1987; and Tilman 1988). Even though nitrogen app€ars to be the

limiting factor in Tilman's studies, other gradients are likely to be important and

influontial in distributional patterns of species.

Sfri@,Ohidives

Spread Eagle Barrens, located in eastern Florence County, occupies a pitted

outwash plain created during the late lVisconsin glaciation. This irregular topography

was caused by collapsing of sediment from proglacial streams deposited on stagnant

glacial ice (Clayton 1986). A heterogeneous landscape qcists today with radical small

scale variations in site characteristics. This topoedaphic variability on the landscape

leads to differences in soils, topography, and even overstory. It is thought that these

differences are important in influencing distributional pattems ofplant species. By

e:mmining the realized envirorunental niche of plant species across these gradients, an

understanding of the shape and position of species responses and the importance of the

gadient can be escertained. It is felt that this ecological background is an essential



component of adaptive management (Ilaney & Power 1996) and restoration. The

objectives ofthis study are theq to both initiate a monitoring protocol for management

waluation and, to examine the ecological responses of species along important gradients.

This thesis then, is broken up into two parts: (1) Adaptive Management Base-line

Monitoring and (2) Distribution Ecology of Plant Species. For the Adaptive

N[anagement Base-line Monitoring, the specific objectives are to establish groundtruth

transects in both management units and controls. For this, I will provide only the

required basic inforrnation on methodology and a summarization of themonitoring sites.

In the future, these data should be used to evaluate restoration and guide adapive

management. As for distribution ecology ofplant species, their are four primary

objectives: (1) Deternrine important micro-site gradients; (2) Evaluate the significance

of these gradients; (3) Examine the shape and position of species responses; (4)

Determine mutti-dimensiorul response of species responses; and (5) Examine the

influence of bracken fern on distributions of other specips,



II" STITDY AREA-
SPREAD EAGLE BARRENS STATE NATIIRAL AREA

Localion and Managetttent

Spread Eade Barrens State Natural Area, totaling 8,850 acres, is located in

eastern Florence County (FlS. 2.1). ft is a rezult of a partnership between Wsconsin

Electric Power Company, the Wisconsin DNR (WDRN), and Florence County Forest.

Prior to October 1995, when the state of Wisconsin purchased the Florence County

property, this area was leased to the DNR by Flore,lrce County as a state wildlife area'

Based on Finley's (1976) and Curtis's (1959) interpretation of Land Survey Notes for

Wisconsin, much ofthe Spread Eagle Barrens (SEB) could havebeen classified as pine

barrens. However, aocording to Vogl (19trb) SEB could best be described as a

depatrperate bracken-grassland. Regular prescribd fires have been occurring on the site

since 1979, initially for sharptail grouse (Pedioecetes plusimellus'; management.

Today's prescribed fires, however, af,e used for maintenance of open barren landscapes.

Taxa of concern at the site, according to WDNR, are the sharpfail gtrous€, water

starwort (Callitriche $pp.), loggerhead shrike Q"anius ludovicimws'1, northern harrier

(Circus cyaneus),upland sandpiper (Bwtrmda longtcauda), grasshopper spArrow

(Amm&amus sanarxtarum), Henslow sparrow (Passerherbulus henslowii), bobcat

(b,rx rufas),and skillet clubtail dragonfly. Prior to this study, the last vegetation

sampling of the area was done in 1959 and 1960 by Riclrard Vogl in a stndy on the

eff€cts of fire onbracken grasslands (Voel 1964b).
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This wosystem is bordered by the Menominee River to the east, forrring the

Wisconsin and Mchigan state line, and disected into a north and south half by the Pine

River Gig. 2.1). According to Bailey and Cushwa's (1981) Ecoregions ofNorth

America, SEB is classified in the humid temperate domaiq huiltid wa(m-summer

continental division, and Laurentian mixed forest provinoe. In the regional classification

by Albert (1994) SEB is apartof Section IX, called Northern Continental MchigarU

Wisconsil, and Minnesota and within Subsection D(.1, called Spread Eagle-Dunbar

Barrens.

The climate ofthe area is intermediate b€twe€n lake moderated and continental.

Average annual precipitation is typically 28 to 32 inches, with a snowfall betvveen 52 and

80 inches (Wendland et al. 1992). For the period between 1963 and 1995 the yearly

hightemperature has averaged 91.2" F, with an average low temperature of -29.3' F

(Climatological Data of Wisconsin). An erilrelne low temperature of -46' F was

recorded in the winter of 1982, while exffeme high tenrperatures of 97 " F were recorded

in the years of 1977 and 1953. The average armual ntrmber of consecutive frost free

days is 84. Howwer, large varianoe exists in this average because of wide yeady

fluctuations between 2 (l9SB) and 128 frost free days (199a).

Exatnination of l{tstuic Fuest Compaitian'Sumey Ndes

Spread Eagle Barrens was surveyed in 1864 by William Dau$'erty for the U.S.

Generat Land Office. The zurveying established section and quarter-section points in a

grid of t mi2 1t.e t km) sections (36) in a square township sf six miles (9.66 km) on each

side. At each of the section and quarter-sestion points, the nearest two to four trees
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were established as reference or bearing trees. The $urveyor identified the bearing trees

by their conrmon narnes (see Table 2.1.), with the diameter and distance to the survey

points being meazured. Through this process, a total of 56 nrvey points were

distinguished within and along ttre border of SEB. At these survey points, a total of 123

witness trees were identified. By assuming these bearing points represent a systematic

sarrple of the trees at the time of survey" one can use the information for evaluation of

the historic forest composition. Caution should be used, becatrse surveyor's may have

beenbiased (Whitney 1986). Howwer, in spite of defects, the survey records remainthe

best source of information for that time (Curtis 1959).

Table 2.1. Numbers and frequencies of witness trees for Spread Eagle Barrens, listed by

cofilmon names and Linnaean taxanomic equivalents.

Common
Name

Scientific
Name

Total
Wihess Trees

# Survey' Surrtey Point
Points Frequency S

25 44.6Aspen Populus tremuloides
or P. grandidentata

40

26

28

9

I
I

I

I
1

White Birch
Jack Pine
Red Pine
White Pine
Spruce t

Maple *

White Cedar

Betula paperifera
Pinus banksiana
Pinus resinosa
Pinus strobus
Picea glauca
or P. mariana
Acer saccharum
ot Acer rubrum
Thuja occidentalis

t7
l6
I
6

3

30.4

28.6

14.3

10.7

5.4

I 1.8

I 1.8

1 1.8Oak Quercus elliPsoidalis
Totat 123

betureen 2 ad 4 witness tees, the frequencies errctrd 100 %.

t ft appean that the survgor did not distinguish betww,Picu glutco and Picu mariilra. It is most likely that

they w€re Rca nwima (black spuce) in lires that ran thrwgh low sqnafify reas, porticularily

in tbe Sand lake area
* It appears that the surveyor did not distinguish tritwexloAcer sacchorurn andAcer rubtzm. It is most likely

that all maples referred to utse red maple (.,{cer rubtttnt).



The three most common ta:ra in the survey were asp€n (Populus trentaloides or

p. grandidentata), jackpne(Pirrus banksiarw), and white bbch(Betulapapyrifera).

These tluee species representedg4 % of the witness trees with 32.5 o/o from aspen" 22'8

% from jack pine, and 2l.l %from white birch. By waluating the bearing points in

today's rnanagement regions of Sand Lake, Frog Lake, and Roaches Fire Lane, a

constrasting representation ofbearing trees was found. For instance, the Sand Lake

region contained mostly jack pine with a 60.9 % frequency of occurrence (Tablez.z.).

Table 2.2. Numbers and frequencies (based on number of survey points, n = 23) of
witness trees for the Sand Lake regiorq listed by common names'

Common Number of Nurnber of Survey Point

Namq .. Occurq4ces _ S_uryey_Points__ Frqpengy
Aspen 12

Jack Pine 26

Maple
Red Pine
Spruce 2

White Birch I
Total 52

8 34.8

L4 60.9

114.4
228,7

I 4.4

5 2r.7

In the Frog Lake regioq white birch and aspon dominated, with 46 Yo and38.5 o/o

frequency respectively. According to witness tree records, jack pine was completely

absenq with the other two species of pine (red and white) having a23 o/o frequency

(Table 2.3.). lnthe Roaches Fire Lane, aspen dominated the witness trees rwords with a

60 % frequency of oocurrence. In additioq tlre region contained a30 o/o frequency of

white birch" with the presense of all 3 species of pine (Table 2.a.).

Based on witness tree compositions, diamEters (Fig 2.2.), and distances (Fig 2.3),

it appears that at the time of settlement, SEB was not very open. These rezults frorn the



Table 2.3. Numbers and frequencies (based on number of survey points, n = 13) of
witness trees for the Frog Lake region, listed by cornmon narnes.

Common Number of Number of Survey Point

Name Occurances $urvey Poinls ,.,Frequ9nc.y
Aspen
Oak
Red Pine
Spruce

6 5 38.5

1 I 7.7

4 3 23.0

2 1 7.7

White Birch I
White Cedar 1

White Pine I
Total 26

6 46.0
7,7

3 23.0

Table 2.4. Numbers and frequencies (based on number of zurvey points, n: 20) of
witness trees for the Roaches Fire Lane regloq listed by comlnon naflres.

Common Number of Number of Survey Point

Name Ot
Aspen 22

Jack Pine 2

RedPine 3

Spruce 4

White Birch 9

White Pine 5
Total 45

t2 60.0

2 10.0

3 I5.0
I 5.0

6 30.0

3 15.0

$rvey records of SEB would not be expected for a barrens or bracken-grassland

community. In addition, the two species most often associated with barens, scrub oak

(Quercus ellipsoifulis) and jack pine, were not presert the sites. Scrub oak

was completely lacking, except for one possible observation ideirtified as oak. Jack pine

was only dominant in tlre Sand Lake region, with a few occurrences in the Roaphes Fire

Lane region, and completely missing in the Frog Lake region. Instead, it appears that

most of SEB was dominated by aspen and white birch at time of European settlement,
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which may be evidence of a former pine forest covering.

This interpretation is for the most part different than past interpretations by

Curtis (1959) and Finley (1976). They had mapped SEB as a jack pine/scrub oak

community. Finley (1g76)places the jack pine/scrub oak community into portions of

Sand Lake, Frog Lake, and Roaches Lane af,eas. The Sand Lake region is essentially the

only area in which my interpretations agree with his for the jack pine/scrub oak

community. The other two regions (Frog Lake and Roaclres Fire Lane) would perhaps

best be identified as aspen/white birch communities. Therefore, I don't believe that many

areas of SEB could be best identified at European settlement as pine barrens. The

survey notes don't provide evideirce, the flora is lacking cofirmon barrens species, and

the ignition source for fires would have had to have been almost exclusively from

humans.

I4eistrcene Geologt and Sodls

Florence Cotnty is underlain by irregular Precarrbrian igneous and metamorphic

rooh which is overlain by 0 to 100 meters ofPleistocene till and fluvial sediment

(Clayton 19S6). The Green Bay lobe of the late Wisconsin glaciation provided most of,

the present materials in eastern Florencr County. The ice sheet had advanced many

times during the late Wisconsin reaching Langlade County to the southwest, betweel

about 20,000 and 15,000 years ago. In Spread Eagle Barrens, deposits were primarily

laid down later during the late Mountain Advance and the eady Athelstane Advance,

forming the Silver CliffMember ofthe Kewaunee Formation between about 12,7O0 and

12,300 years ago (Clayton 1986).



The Silver CliffMember consists oftill, fluvial sediment, and lake sediment. This

till is generally gravely sandy loam, withberween 3 and 20 percent gravel. The matrix

consists ofabout 50 to 80 percent san{ 15 to 45 percent silt, and 3 to 15 percent clay

(Clayton 19S6). The tilt of the late Mountain and the eady Athelstane advances are

practically indistinguishable fiom one another, but are distinctly sandier than the earlier

tills (Clayton 1986). Outwash and meltwater flow during these times genoally followed

the ice margin south, but during the late Mountain Advance (12,7W yr ago) the ice

marginal drainage was blocked by the east end of McCaslin Mountain. This blockage

produced Lake Dunbar in the sorrtheast part of Florence County and northern Marinette

County, which eventualty drained offas the margin retreated once again. Foltowing the

early Athelstane advance around l2,300yeaf,s ago, the ice began wasting back in what is

called the Two Creeks Interval.

The landscape within SEB today consists of four classified types of deposits

(Clayton 1936). The first, which is peat and mwk" originated during the past 10,000

years and is only located atong Lepage Creek in the Sand Lake region. The secord,

which is till from the eady Athelstane Advance, is a reddish brown or dark brown

gravely sandy loam and is located sporadically throughout SEB. Location ofthis till

within SEB include portions south ofRoaches Fire Lane, west and north sides of

Elwood Lake, and areas north and northeast of Frog Lake. The third tlpe, one form of

melt-water-stream sediment, is uncollapsed sedirnent of proglacial streams producing flat

topograptry. This type is made up of sand gravety sand and sandy gravef which is

found inlocations zuch as: banks dong the Menorninee River, south ofFrog Lake, and



small areas south of Sand Lake. The last type, another form of melt-water-stream

sediment, is collapsed sediment of proglacial streams deposited on stagnant glacial ice.

This type covers most of SEB and gives the hummocky topography appearance that

dominates the landscape in many places, such as the Sand Lake Area (see Fig 2.4).

The Pleistocene history of SEB is important bwause it provided the topographic

variability seen today. This topographic variation can be called a pitted outn'ash plain.

Outrvash is stratified material (chiefly sand and gravol) which has been removed or

washed out from a glacier by meltrvater streams and deposited beyond the margin

(tladley 1976). A pitted outwash plain is marked by many inegular depressions, kettles,

or shallow pits (tladley 1976). Many of these depressions in the outwash contain peat

deposits (Albert 1gg4). This formation produces a heterogeneous landscape (Fig.2.a)

that favors small scale variations in site characteristips. It has been zuggested that

vegetation differences within barrens are related to topographic position, soil differences,

and intensity and frequency of fire (Curtis 1959, Vogl 1964a" lVhitnsy 1986, Maillette

l98S). In some cases then, where barrens are located in diverse topographies, the

vegetation can be direcf influenced by this or indirectly by influencing soil and fire

differences.

The soils of SEB consist of Sayner and Vilas loamy sands, Pence sandy loamg

and Pence-Vrlas Complex. These Spodosols have four main horizons: a zurfrce organig

a bleached pale mineral topsoil, a dark brown zubsoil, and yellowish brown to reddish

brown glacial drift (flole 1974). Mcrotopographic features, nrch as tree-tip mounds and

other pits, af,e common to the forests (Gaikawad & Hole 1961). The dynamic biotic



Sand Lake Region Topography
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Map by: Scott E, Nielsen
UWSP-CNR

Figure 2.4. Map showing the topographic features of section 12 and 13 of the
Sand Lake Region
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factors have also directly influenced the soils ofthe region ftIole et al. L962)'



IIL MAIERIALS AI{D METHODS

,4. Adaptive Management and Restordion: Base-line Monitoring

Experimental Design

The extreme variability of the Spread Eagle Barrens landscape, demands a careful

sampling strategy. Stratification is one way that isolation of a community type can be

done in order to create a sampling plan (Ilaney & Apfelbaum 1994). The stratification

ofthe landscape is done by using maps, soil surveys, aerial photographs, original land

suryeys, and interpretation of the ecosystem types. At Spread Eagle, the management

units that have been actively governed in various ways represent one type of

stratification. By placing permanent randomized transects in selected management units,

a long term monitoring program will be possible. Therefore, in this way, future

management can make decisions based on quantitative results gathered by monitoring as

part of an adaptive management and restoration program.

In August 1995, transects were placed in management units selected on the basis

of management priorities and restoration potential. These were established in a stratified

random manner by measuring an east west line across the unit on the north or south

boundary, usually along a road. Then a random position was identified along that line

for a starting position. The transects were then permanently located by mapping its

locatiorL establishing witness trees, and placing 15 inch metal rods into the ground at the

starting and ending positions for each 50 meter segment, In addition , a 7 .5 foot steel



fence post was driven into the ground at the start of each set oftransects. All transects

are 50 m in length, but in many instances are combined to make one long transect with

50 m segments.

The Pine River, a state wild and scenic riverway, flows approximately west to

east before entering the Menominee River along the border of Wisconsin and Mchigan.

The river dissects SEB into trvo dominant areas, the area north of the Pine River, and the

area south of the Pine River (Fig. 2.1) The north half consists of two major

management regions identified as Sand Lake and Frog Lake (Figs. 3.1-3.2). Within

these regions a total of five transects were established for base-line monitoring, with

threeof250nloneof200rn"andfinallyoneofl30minlength(Table3.1). Thesouth

halfis simply known as Roaches Fire Lane (Fig 3.3) Six separate transects were

established here. Thnee transects of 250 rL one of 100 m, and two of 50 m in length

(Table 3.1).

Table 3, 1. Location, lengt[ and section identification for groups of
monitoring transects at selected management units in 1995.

Unit ID SEB Region Sect. ID Transect #'s

fuea #l
Area # 3
Area # 5
Area # 6
Area # 6W
fuea # 12

Area # 15

Area # 16

tuea #l6D
Area # L7

Area # 18

Frog Lake SWSE 16 715-719
Frog Lake SWSE 10 720-724
Sand Lake NWSE 7 701'704
Sand Lake SWNE 7 706-7L0
Sand Lake SWNW 7 7ll-714
Fire Lane SENW 19 743

Fire Lane NENIV 32 741-742
Fire Lane SESW 30 725-729
Fire Lane SWSE 30 740
Fire Lane NWNW 32 735-739
Fire Lane SENW 19 744-748

25A m north
250 m norlh
130 m soufh

25A m north
2AA m north
50 m north

100 m south
25A m north

50 m north
25A m south
250 m south



SAND LAKE AREA
(North of the Pine River)

SAMPLE AREA
Figure 3.1. t'lap of the Sand Lake Area indicating stand types

and management sampling uni-ts.
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(South of the Pine River)
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These monitoring transects were located with a Magellan GPS unit from the UWSP

Geography Department (Table 3.2).

Table 3.2. GPS locations of rnanagement transects in Ll"fM cpordinates.

Unit ID Northing Easting Altitude CPDOP
16 5074472.79N
16D 5074435.87 N
17 sa74435.87 N
15 s074469.52 N
6W 5080336,73 N
1 5477719.15 N
3 5079133.01 N

16 449142.71 357 ,84 m 4.1

16 409472.22 367.30 m 4.7
16 409925.58 365.03 m 3.1

16 410473.42 357.86 m 3.5

16 40883 4.44 342.42 m 8.6
16 412764,10 362.31 m 3.7
16 414264.07 340.85 m 42.6

FieUMdhds

Transects were established in the field by stretching a tape at ground lwel for 50

m directly to the north (360") or south (180") of a random starting point. The trees,

shrubs, groundlayer, soils, and site characteristics were tlten measured along this transest

using the standard Oak Savanna Legacy protocol Gig. 3.a) ${aney & Apfelburm 1994).

For trees, arbitrarily defined as woody species >l m high and >5 cm dbh, a beh

transect 2 m in width was established along the 50 m transect in order to count densities

by species for 2 inch diameter classes GrS. 3.4). For shrubs, arbitrarily defined as X m

high but <5 cm at dbh, a beh transect I m in width was established along the 50 m

transect for a count of shrub densities by species (Fig. 3.a). Basal area by species was

also estimated by use of a l0 factor prism for the starting and ending positions of the

transect. In addition, cover of trees and shrubs by species was estimated using line

intercept (Fig. 3.a). For the line intercept method, a vertical plane was projected above

the transect tape. An individual then estimated the starting and stopping pornts to the



Herbaceous

Quadrat

Tree layer density
count (2m x 50m)

30 rn

Shruh layer density
count (lm x 50rn)

20m

10m

Figure 3.4. Diagram showing Oak Savamra l-nga,cy sampling protocol for vegetation
transects. A total offive herbaceous quadrats are located at 5, 15, 25,35, and 45
m€ter positions. This transect, being 50 meters in length was always oriented toward
a north (360') or south (180 " ) azimuth. Densities of trees were counted within a 2m
x 50m rwtangular quadrat, while shnrb counts occtrred in a lmx 5Om area.
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nearest decimeter of each species. These estimates were then converted to percent cover

by dividing the zum of intercept lengths for each species by the total lengh of transect.

Tlre groundlayer, arbitrarily defined as living vegetation <1 m high, was estimated

to the nearest percent cover within a I m2circular quadrat centered on 5, 15, 25,35, and

45 m points along each transest (Fig. 3 a). The estimated percent cover was identified

for each species ofvascular plant, but simply grouped for bryophytes and lichens. Taxa

of vascular plants follow Mchigan Flora by Edward G. Voss (1972,1985, 1996). In

additioq cov€rag€ of bare soil, coarse litter (defined as dry materials >l'diameter), and

fine litter (defined as dry materials (1" diameter) were estimated in each quadrat.

Soil composites, based on 5 samples p€r 50 nr, were taken along each transect

and analyzedby the UW-Marshfield soil lab for ptl, CEC, Yo oryanc matter, and

elements: P, K Ca, and Mg. The pH was determined using water and SMP buffer, while

Yo oryaitcmatter was deti:rmined by loss of weigtrt on ignition. An estimated cation

orchange capecity (CEC) was detErmined by summing values for K Ca, and Mg. These

soil nutrients along with P were reported as parts per million (ppm) and are based on a

weight per unit volume. In addition to the soil parameters, both slope and aspect were

measured along the transest using a clinometer and a compass.

These samples represent a data base for groundtruth monitoring. In order to

deterrnine vegetative changes, future re-sarrpling ofthese transects will need to be

performed after management prescriptions. In a compler< ecosystem such as Spread

Eagle Bart'ens, one must utilize an adaptive management approach (Ilaxr€y & Power
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1996) which incorporates a scienffic monitoring and assessmenrt process, to evaluate

management techniques and progress toward desired goals.

Data Samnarl

Transects within manageme,nt units were summarized for basic information

including a species list, average values for densities ofwoody speoies, and for average

cover of groundlayer sp€cies, litter, lichens, bryophytes, and bare soil were compiled by

managqn€nt area. In additiorU importance values ofgroundlayer species were

determined for all species in each managenrent qnit. The importance values were

calculated by adding relative cover and relative frequency. The soil information was

snmrnarized for all soil parameters(o/o OM CEC, pf! P, & Cq and Mg) in each

managecrent unit. DEtailed information for each management unit can be found in the

appendix (Appendix A and Appendix B).
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B. Distribution Ecology of Plant Species

Experimental Design

In order to deterfidne responses of dominant plant species to

selected microsite variables of topography, overstory and soils, a smaller scale study

af,ea was preferred. One region of Spread Eagle Barrens, called *Sand Lake", was

selected for this objective. Sand Lake was shosen because it has had the least amount of

varied managernelrt, has a unique fire history and has a wide variability on the microsite

level. The Sand Lake area was previously burned by a wildfire in the late 1940's or early

1950's (Fig. 3.5), and has received little or no management since. Today, a rich mosaic

of plant associations exists because of comploc zuccessionary dynamics. It appears that

succession in some locales is arrested rezulting in a stable bracken-grassland, while

others have dweloped into aspen or jack pine stands during the fifty years since the last

major fire. It is believed that microsite variables have a critical role in deterrqining these

complor toposqu€nce successiomry communities.

Within the Sand Lake regioq sections 6,12,13,14, and 18 E18E T39N), all

west of Lepage Creelg were selected for sampling (Fig. 2.1). A25A m square grid was

then placed over this sample area on a USGS rnap. Random cells from this grid were

then chos€Nr for sanrpling based on the criteria that the cells were >75 youpland and

without recent rnanagenrent (loggrtrg or prescribe burning) These grid cells were then

further divided into 25, 50 m2 micro-cells (Fig. 3.6). The sampling grid was zurveyed by

placement of plastic flagging at each 50 m2 corner. Labeling of the corners was done by
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Line Intercept

Figure 3.6. Grid sampling design used for vegetation data collection in 1996. Sampling is
based on a I m2 herbaceous quadrat and a 10h transect. A total of six grids were
randomly selectd in the Sand Lake Region with 50 samples per gnd.

Hcrbaceous Quadrat
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simply calling the east/west lines A through F, and the norttr/south lines 0 to 5 (Fig. 3.6).

Within each 50 m2 micro-ce[ two specific sites were randomly selected for sampling.

In July and August 1996, a total of 50 observations were taken within each of the 6

completed gids, resulting in a sample size of 300 observations

Field Mdhds

Each sarnple observation consisted of a I m2 circular quadrat and a l0 m long

transect centered on the quadrat for determining canopy intercept. The groundlayer

cover (living vegetation < I m high) was estimated on the I m2circular plots. Percent

cover ofherbaceous species, bryophytes, lichens, coarse litter (dry materials ) l"

diameter), fine litter (dry materials ( l" diameter), and bare soil were visually estirnated

to the nearest percent. The 10 m trans€ct was centered in a north/south direction over

the groundlayer quadrat. Canopy cover was then estimated along the transect using the

line intercept method.

Mcrosite variables were measured at the groundlayer quadrat locations and

included soil sampleq slope, aspect, slope positioq and bracken fern frond densities.

The soils were sampled by taking a l0 cm core sample from each cardinal sector within

the groundlayer quadrat. Samples were analyzed by the UW-}{arshfield soil lab fot pfl

CEC, Yo organic matter, and elements: P, K" Ca" and Mg.

From the lab rezults for elements P, K Ca, and Mg, an indqr (nutrient indor) was

derived that represents the rdative amormts of these fou nutrients in the soil. This was

done by ranking each soil variable from low to high and dividing this gradient into 25

equal segments. Each segment was tlren given the corresponding value from I (lowest)
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to 25 (highest), To determine the nutrient index, the4 all fiour nutrient rank values were

summed. This allows for a possible index value betwee,n 4 and 100. Actuat site values,

howerrer,langed &om 12 and62,because no soil sample had the lowest or highest rank

values for all four nutrients.

Aspect was determined by use of a compass and % slope by a clinometer. In

both temperate and boreal zones, the variables of aspect and slope combine to influence

vegetation patterns through effects on solar radiation received (Perry 1994). These

amounts of direct solar radiatio4 have not only been found to influence species and

vegetation types (Perring 1959,1960; Haase 1970;Fralish 1988; Bonan & Shugart

1989), but also soil moisture and forest productivity (Beers 1966). There,fore, an index

was created for this study called "site severity inderC', which takes into consideration

both aspect and slope. This index represents the amount of direst solar radiation and

heating of a micro-site in relationship to a flat $urfac€.

Beers et al. (1966)used a sine wave to characterize productiviry of,forests based

on aspect, where NE slopes (45o) were gnen the manimum values of a sine wave

between 0 and 2. With this wave, SW slopes (225") received a value of 0, representing a

dry unproductive forest. Other studies (Ware et al.1992; Thomas & Anderson 1993)

have used this basic functioq known as the Beers' equation, to transform their circtrlar

aspect data into a mor€ biologically meaningful linear inde:<. I howwer, have modified

the Beers' equation so that the highest values are centered on the Srff slope (225'), and

the lowest at the NE slope (45"). In additiort I modified the equation so the sine wave

varies between a value of -1 and 1, instead of 0 and 2. Fromthis equatiorl I then scaled
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the wave to take theYo slope into consideration. As slope decreases from 45yothe

wave damps toward zero, representing a flat zurface. The site severity index (SSI), thus

not only takes aspect into consideration, but also % slope. It should be obvious that

amount of slope would irfluence the amount of solar radiation incident on the site. So

an exclusion of slope from an insolation index, such aq Beers (1966), produces similar

values for a given aspect at drastically different slopes. In this indsq aspect is

represented in the following formulas as A, which is measrred in degrees from 0o to

350o by e compass. Slope is measured by a clinometer and any slopes 2 45 Yo,were

simply gven a ma:dmrm value of 45.

SSI = (sin [A + (90-22s)])x (% Slope I 45]
or

SSI: (cosQ25 - A))*(% Slope I 45)

A site severity chart by aspest for 5 Yo slope classes is provided in Figure 3.7. The

morimum of I is grven for 45 o/o slopes at an aspecf of 225", while the minimum of -l is

grven for 45 % slopes at an aspect of 45". At 90o intervals away fromthe minimum and

ma:rimu4 the index scales to zero and represents the inflection point betrn'een positive

and negative inooming solar radiation as compared to a flat zurface.

Slope position was determined by placing each sanrple location into one of the

following six slope position categories, labeled from 0 to 5. Slope position categories

are as follows: S-frost pookets and valley bottoms, 4Jower one third of a dope, 3-middle

one third of a slope, 2-upper one third of a slope, l-narrow ridge (<5Om wide), and lastly

0$road ridge or plain p50m wide) (Table 3.2). Bracken fern densities were detennined

by counting live fronds within the 1 m2 groundlayer quadrat.
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Table 3.2. Slope position variable used for logistic regression
modeling of dominant plant species.

Characteristic
Slope Position

Coded Risk of
Value Frost

Frost pockets & valley boffoms
Lower one third of a slope
Middle one third of a slope
tbper one third of a slope
Narrow ridge (< 50 m wide)
Broad ridge or otrtwash plain (> 50 m wide)

5

4
3

2

1

0

Hlgh

Low

DoIaAnalysis

1. Uni-variable Logirtic Regressim Modcls & Srycies Gradient Respnnses

To ascertain species responses along single gradients ftIuisman et al. 1993),

logistic regression (NCSS) was used on tlre presence/absence of dominant (>lAo/o

frequency) plant species within I m2 quadrats (Table 3.3) Only dominant species on the

site were analysed by logistic regression, because the other species encountered had too

few presences, and hence modeling would be unreliable with so few postive

obsenrations. Gradient variables examined include: Yo canopy intercept, a/o organic

matter, pII, nutrient index, slope positioq and site severity index. The logistic regression

statistic is similar to regular linear regression except that the dependent variable (Y) is

binary (0 or l) instead of continuous. This procedure has become popular because it

generalizes analyses of frequency data from anova-like log-linear models to regression-

like models (Sokal & Rohlf 1995). In this fashiorl logistic regression relates to

proportionspi of a dependent variable to an independent variable (predictor vaprable).

The independent variable can be either continuous or discontinuous. The linear-logistic

prob(event): y: ,.a+bX
I + ea+bX

model is:
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Table 3.3. Species selected for logistic regression modeling based on frequency of
occulr€,lrce e 10 %) within 1 m2 herbaceous quadrats at Spread Eagle Barrens.
Curtis fidelity represents the number of native communities, out of 34 identified,' in which the species was forrnd. The community manimum describes which plant
community a species achieved mardmum presence (see Curtis 1959).

Common
Name

Curtis Community
MaximumGenus

Acer
Agropyron
Amelanchier
Anemone
Apocynum
Aster
Aster
Bromus
Calystegia
Campanulq
Carex
Comandra
Comptonia
Corylus
Danthonia
Diervilla
Gaultheria
Hieracium
Lysimachia
Maianthemum
Melampyrum
Oryzopsis
Poa
Polygala
Prunus
Pteridium
Rubus
Schizachne
Trientalis
Vaccinium
Vaecinium
Vaccinium
Wola
Waldsteinia

res

rubrum
trachycaulum
spp.

quinquefolia
androsaemfolium
'ciliolatus
macrophyllus
kalmii
spithamaea
rotundifolia
pensylvanica
ambellata
peregnna
cornuta
spicata
Ionicera
pr0eumbens
aurantiacum
quodrifolia
canadense
Iineare
asperifolia
spp. ''

paucifolia
pumila
aEtilinum
allegheniensis

wrpur$cens
borealis
angustifolium
myrtilloides
pallidum
adunca

Famil
Aceraceae
Gramineae
Rosaceae

Ranunculaceae
Apocynaceae
Asteraceae
Asteraceae
Gramineae
Convolvulaceae
Campanulaceae
Clperaceae
Santalaceae
Myricaceae
Betulaceae
Gramineae
Carpifoliaceae
Ericaceae
Asteraceae
Primulaceae
Liliaceae
Scrophulariaceae
Gramineae
Crramineae
Polygalaceae
Rosaceae

Polpodiaceae
Rosaceae

Gramineae
Primulaceqe
Ericaceae
Ericaceae
Ericaceae
Violaceae
Rosaceae

red maple
wheatgrass
serviceberry; juneberry

wood anemone
spreading dogbane
Lindley's aster
large leaved aster
Kalrn's brome
low bind\n'eed
bluebell; harebell
Pensylvania Sedgs

bastard/star-toafflax
sweefern
beaked hazlenut
poverty grass; oatgrass
bush-honeyzuckle
wintergreen
orange hawkweed
whorled loosestrife
Canada mayflower
cow-lvheat
rice-grass
bluegrass
gay-wings
sand cherry
bracken fern
common blackberrv
falre melic
star-flower
low $ileet blueberry
velvetleaf blueberry
hillside blue,berrv
sand violet

Fideli
T2

9

l8
18

I
l4
l0
1l
r4
t6
2l
I
I,)
17

l3
-)
I
l8
4
I
10

6

22
l4
I
t5
t6
ll

8
I

I{DM
BG

NDM
ND
BG
BF
BG
I{D
CG

SDM
ots
BG
BF
BG
BF
ND
BG
PB
BF
}TD
BF
BG
hilD

BG
SD
BG
BF
ND
NW

BG
ND

I

I

arioides barren-stra



The X is the independent variable, while both a (intercept) and b (coefficient) are

parameters estimated in the equation. The logit transformation is:

r-P= fu
For modeling species across single gradients, the presence or absence ofthe

species within the I m2 quadrats was the dependent variable, while the gradients were

the independent variable. Parameters in the equation were considered signifioant at

p<0.1 level for the Chi-square statistic. This significant level is somewhat liberal, as

compared to the standard p<0.05 level used for most statistics.

For the logistic regression modeling, a1134 species were tested in succession for

all6 gradients (canopy, nutrient indea organic matter, pH, slope position, and site

severity index). In addition to the standard linear responses, which represents an

increase or decrease in probability of that species across a variable, two additional types

of responses were tested. These are the quadratic and cubic funstions. The quadratic

function would indicate a Gaussian or Normal distribution, which is expected for

ordination analyses. This type of response has been called Gaussian logistic regression

(GLR) by ter Braak et at. (1986) who developed the popular ordination technique of

Canonical Correspondence Analysis (CCA) The cubic functio4 however, would verify

a more complex response along the gradient. In order to determine if these higher order

functions are appropriate, examination of histograms of each species across each variable

was performed.

These uni-variable logistic models of species responses along gradients at Spread

Eagle Barrens, were ploued for probabilities across the gradient. This was done in order
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to examine optimal positions (modes), shapes of responses, and for determining patt€ms

ofspecies responses.

2. Multiawiable Logistic Regression & Species Responses

For modeling responses across multiple gradientg, the species were again the

dependent variable with the gradients being the predictor variables in a multiple logistic

regression model. For this multiple logistic regression model, all equations are the s,arne,

but with the addition of more possible parameters representing the other variables.

The modeling procedure used for d*ermining multi-dimensional responses of

species was a baclcward selection proce$s, where a full model was first created that

contained all significant single dimensional models. In this procedurg models that were

significant in the single gradients were used for the full model. Then the variable with

the lowest significance was eliminated in successionuntil all variables were significant at

the p<0.1 lwel, according to a Chi-square statistic. In additio& biologically iryportant

interactionE (second order) were tested for significance. The resulting model therl

represents the multi-dimensional hyperspace for that species.

Because ofthe complexity ofunderstanding species models that have more than

2 or 3 significant gradients or interactions, only those species with simple responses

where graphed using SYSTAT isonome contour plots. This was done by use of a

negative exponential funotion in the contour gaph function of SYSTAT. Theso contour

plots then represent the realized environurental niche ofthose species at Spread Eagle

Barrens.
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3. htfluence of Brochen Fern an Speciu Responsu and Distrihutions

To exarnine the influence ofbracken fent on other species, logistic regression

was tested against the bracken fern frond densities measured within the same quadrat as

the presence or absence of the modeled species. The bracken fern frond counts ranged

from a minimum of 0 fronds to a maximum of 28 fronds. The shape, position of optimal

respons€, and species associations were examine{ in order to infer the influence of

bracken on species distributions and community organization.

. 
The species associafiorui were determined by use of a Chi-square analysis. This

was calculated using a contingency table of presencelabsence data and the following

formula (Kent and Coker 1992):

Continsency TAble: Species A
+

c+a
Specigs E

b

* represents presence
- represents absence

N is total nurnber of observations

[ad-bc] is the absolute difference( [ad-bp] - 0.5 )2 x N
X': (a+b)(c+d)(a+c)(b+d)

A positive association would indicate that the two species are statistically more likely to

occur together in a quadrat than at random. A negative association would indicate that

the two species are statistically more unlikely to occur together than at randonr, caused

by habitat segregatioq competition, or chance.

Model responses of species to an increasing density ofbracken fern ftonds were

the,n compared to the Chi-square associations. If the logistic regression model showed a

decreasing probability ofthe species along this increasing bracken density, then the

expected Chi-square association would be negative. I{ howwer, there was an increasing
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probability ofthe species as the density of fronds increased, then a positive association

would be expected. Finally, if the model was non-significant to bracken, then no

significant Chi-square association would be orpected.

In addition to Chi-square associations between bracken fern and the other 33

species modeled, a table of significant negative Chi-square associations for 35

groundlayer species was created. In additio4 for positive associations, constellation

diagrams of dominant groups were examined.



IV. REST]LTS

A. Adaptive Monagemen:t utd Restorotion: Baseline Monitaring

Table 3.1 provides location and transect information on the monitoring plots

established in the swnmer of 1995. The transects 5W (west of unit 6) and l6D

fldegraded" stand adjacent to unit 16) were added as locations within the management

matrix because of their ecological importance, as unmanaged or differential management.

The areas sampled in 1995 represent management units identified by land managers and

summarized by Steigerwaldt Land Services.

A species list is provided of all groundlayer species encountered within the

management unit trans€sts (Appendix A). Along with the species natnes, relative

frequency and relative cover are provided. From these two, an irnportance value is given

for each species in each managem€nt unit. In additio4 averages and standard deviations

are given for soil characteristics, tree and shrub informatioq litter cover, lichen cov€r,

and bryoptryte cover in Appendix B.

1. Froglake

Within the Frog Lake Regioq units I and 3 were sampled. Unit 1, whlh has an

average canopy cover of 8.0 % (e: 6.8), contained a total of 46 species within all

transect samples. Dominant species aocording to importance values were: Comptonia

peregrirn, Pm compressa, Carex pensylvanica, Pteridium aEtilimrm, Rubus

allegheniensis, Yaccinium angustifolium, and Yaccinium myrtilloides (Appendix A Unit

l). Unit ttueg which has an average canopy @ver of 17.3 % (&: 10.7), contained a



49

total of 53 species encountered along transects. Dominant species within this unit

include: Pteridhnn aqilimnn, Cwex pensylvanica, Comptonia peregfirn, Vaccinium

angustifoliwn, Lysimachia quafuifolia, Poa compresw, andCalystegia spithamaea

(Appendix A Unit 3).

Unit 3 soil samples indicate a much higher soil nutrient status than did unit 1 soil

samples. In additioq all other soil paramet€,rs measured within unit 3, such as CEC, pH,

ando/o organic matter, had high€r averages thar did unit I (Appendix B).

2. SandLale

In the Sand Lake Regioq Units 5, 6, and 6Wwere sampled. Unit 5, which had

an average canopy cov€r of 94J o/o (&:4.9), contained 34 species. Unit 5 is an aspen

stand that is scheduled for harvest. Dominant species include: Pteridium aEtilinum,

Oryzopsis asperifulia, Carex pensylvwnica, Waldsteiniafragarioides, Vaccinium

angustifalium, Corylus cornuta, and Gaultlpria procambens (Appendix A Unit 5).

Unit 6, which was 99.5 % (C: 0.7) open" containd a total of 37 species. Dominant

species include: Comptonia peregrirn, Cmex pensylvanica, Vaccinium palli&tm,

Varcinium angustifolium, Pteridium aEti lirwm, kfuus aI Ie gheni ensi s, and Waldsteinia

fragarioides (Appendix A, Unit 6). Unit 6-West, which contains an average canopy

cover of 14.4% (& = 
.7.6),had 

a total of 46 species sampled. This unit, which is

directlyto the west of unit 6, is dominated by a shrub structure with an alive density per

100 m2 of 206.5 (& = 173.8) and a dead density of 116.0 (d:83.3). Dominant

groundlayer species here include: Carex pensylvwica, Pteridium aEtilimtm, Rubus
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allegheniensis, Waldsteinia fragrioide s, Comptonia peregrina, Yaccinium

wrgustifolium, andYaccinium myrtilloifus (Appendix A, Unit 6W).

AII ttree of these man4gement units are found in the q* Lake area of the Sand

Lake region and are in close proximity to one another. The soil variables measured

indicate higher av€rage values of all parameters in unit 6 west as compared to the

adjacent unit 6 (Appendix B). Unit 5 soil variables tend to be intermediate between

those ofunit 6 and 6W. kl addition, unit 6 had no coarse litterwhile unit 6 west

contained an average of 2o/o (d = 5.5) cover in I m2 groundlayer quadrats.

3. Rmehes Fire Lane

In the area occupied around Roaches Fire Lang Units 12,15,16, l6D, 17, and

l8 were sarrpled. Untt 12, which is a small jack pine stand, had an open canopy of 9.9

Yo (n:1, no d) and contained 26 species. Dominant species include: Csex

pensylvwica, Hieracium spp., Vaccinium angustifolium, Poa compressa, and Rubus

alleghenensis. Unit 15, which had an average canopy coverage of 55.7 Yo (&: 3.3),

contained atotal of 34 species sampled. Dominant species include: Pteridium

aErilirum, Carex pensylvanica, Comptonia peregrina, Oryzopsis asperifolia,

Waldsteiniafragoioides, Corylus coFmfia, andYaccinium mgustifolian (Appendix d

Unit 15). In unit 16, which was mostly open (3.8 Yo e'anopy coverage (d: 5.0), a total

of 39 species were sampled. Dominant groundlayer species here include: Comptonia

peregrina, Vaccinium angustifolium, Carex pensylvanica, krbus allegheniensis,

Oryzapsi s asperifolia, Pteridium aquilirwnt, and Vaccinium myrtilloides (Appendix d

Unit 16). Unit l6D, which contained a canopy cover of 99.4 Yo (n: l, no d), a total of
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18 species were sampled. Dominant species here include: Pteridium aquilimtm, Cqex

pensylvanica, Oryzopsis asperifolia, Vaccinium mgustifoliwn, Aster macrop|ryllus,

Diervilla lonicera, nd Agropyron repens (Appendix Ab Unit 16D). In unit 17, which

contained an average canopy oover of 2.4o/o (&: 5.0), a total of 52 species were

sampled. Dominant groundlayer species include: Canptonia peregrino, Carex

pensylvonica, Vaccinium angastifolium, Poa compressa, Agropyron repens, Pm

pratensis, and Calystegia spitlwnaea (Appendix A Unit l7). Unit 18, which contained

an av€rage canopy cover of 19.4 % (& - 16.1), contained atotal of 38 spwies.

Dominant groundlayer species include: Cmex pensylwnica, Yaccinium angustifoliam,

Comptaniaperegriru, Pteridiutn aquilimtm, Pm compresw, Prumts prumila, and

Vaccinium pallidum (Appendix A, Unit l8).

All soil parameters, o(oept ptl varied by manageme,nt unit. For CEC, it appears

that unit 16 was much higher (3.4) than any other unit, while unit 18 was the lowest (1).

Organicmatterwashighest (3.3Vr) inunit 15 andlowest (1.9W inunit 12. The

remaining soil parameters of nutrients P, K Ca, and Mg varied dramatically by

managernent unit (Apperdix B).
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B Distribution Ecologt of Plant Species

1. Uni-vafiable Logistie Regressiut Modcls & Species Gradimt Raponses

u Canopy

The canopy variable was the most important gradient as determined by the Chi-

square significance test for logistic regression (Table 4.1). All 34 species were

significant (all significance tests were perforrned at p<0.l0level unless indicated

elsem'here) along this inferred light gradient (Table 4.2). Species response models were

primarily linear Ql at3$ or quadratic (11 of 34), with the cubic firnction offering the

best fit twice (Table 4 2) Responses of each species can be seen in Appendix C.

Along this canopy gradient, four main segments were stratified arbitrarily fot

determining optimal position of species by canopy t1ryes. These were forest ( >85%

canopy), woodland (385 o/o, btrt >50 % canopy), savanna (s50%o, but )l % canopy),

and grassland(<l % canopy) (Table 4.1). Most species modeled (13 or 3S,2yo) along

this gradient were found to occur with optimal probabilities in tlre forest. The other

group most represented was the grassland guild with 10 species Q9.4yo), rryhile

woodland Soup totaled 6 (17.6%) and savannas 5 (14.7%) (Figure 4.l,Table 4.2).

Contour plots of the canopy variable showing spatid variation across tlre sarrpling grids

are provided in Figure 4.2.

Predictive capabilities ofthese models were good in model validations (Table

4.3), with flrany species having over 70 Yo of the withheld observations correctly

classified. Class mid-points usd in predicting a positive observation varied depending



53

Table 4. l. General logistic regression responses for all species modelled along erornined
gradients.

Nutrist % Organic Slope Severity Bracken

Species Canopy Index Matter pH Position Index Dmsities
Acer rubrum
Agropyron repens

Amelanchier spp.

Anemone quinquefolia
Apo rynum fin dro s aemifa Ii um

Aster ciliolatous
Aster macrophyllus
Bromus lmlmii
Calystegia spithamaea
C amp anu I a r o tun difo li a
Carex pensylvanica
Comandra umbellata
Comptonia peregrina
CoryIus cornuta
Danthonia spicata
Diewilla lonicera
Gaultheria procumbens
Hieracium aurantiacum
Lysi machi a quadrifoli a

Melampyrum lineare
Oryzopsis asperifolia
Poa spp.

Polygala paucifolia
Pntnus pumila
Pteridium aquilinum
Rubus allegheniensis
Schi z achne purpur&scen s

Trientalis borealis
Vacci ni um angu stifo li um

Vacci ni um myrti I loi de s

Vaccinium pallidum
Viola adunca

Hish

Low

Low
Hish
Low

Mid
Hish

Mid High

Hish Mid
Hish

Hish
Mid Mid
Hish

Low Ridge
High Kettle

Hisb
Higtr

Mesic None
Mesic High
Mesic

Hish
None

Mesic High
Mesic None

Mesic High
Xeric High
Mid Low
Xeric None

High
Mid Mid
Mesic Mid
Xeric
Mesic High

Mid High
Hish

Mesic Mid
Xeric None
Mid
Xeric

Forest
Grassland

Forest
Forest

Savanna

Grassland
Forest

Grassland
Grassland
Grassland
Woodland
Savanna

Savanna
Forest

Grassland
Forest

Woodland
Grassland

Forest

Low
High
Low
High

Higtl
Hish
Hish

l,ow
Hish

Low
Hish

low
Low
Low
Hish

Mid

Kettle
Ridge
Kettle
Plain
l,orver

Plain
Ridee
Kettle
Ridge
Plain
Kettle
Mid
Plain

Plain
Kettle

Mid
Plain
Upper
Kettle
Mid
Plain

Mid
Mid

High Mid
Hisb High

Hish

Maianthemum canadense Forest
Woodland

Forest
Grassland
Woodland
Savanna
Forest
Forest

Grassland
Forest

Woodland
Woodland
Savanna Low

Grassland Loru

Hish Mid
Low Lsw

Low Low
Mid Mid

Higlt
Low

Mesic
Hish
Hish
Hish

Waldsteinia fragqlqidgt Forest High
High Kettle Mesic None

Mid Low Plain Mesic High
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Table 4.2. Um-vwiable logistic regression models for signfficant species across a canopy
gradient.

Model Model o/oCorrerfly

Species Model Cli-Square Probability Classified P(max) Optimum
Acer rubrum
Agropyron repens

Amelanchier spp.

Anemone quinquefolia
Apocynum androsaemifotium C+C2+C 2I.56 <0.0001

Aster ciliolatoas
Aster macrophyllus
Bromus kalmii
Calystegia spithameea
C ampanu I a ro tun difo li a
Carex pensylvanica
Comandra umbellata
Comptonia peregrina
Corylus cornuta
Danthonia spicata
Diervilla lonicera
Gmltheria procumbens
Hieraciam aurantiacum
Lysi mochi a qu adrifo li a
Maianthemum canadense

Melampyrum lineare
Oryzopsis asperifolia
Poa spp,

Polygala paucifolia
Prunus pumila
Pteridium aqailinum
Rubus allegheniensis
Schizachne Wrryr$scens
Trientalis borealis
Vae ci ni um angustifo li am

Vacci niurn myrti I loi de s

Vaccinium pallidum
Viola adunca

c 24.45 <0.0001

<0.0001
<0.0001

c 82.4

c 30.59

0.7662 100

0.s383 0
0.3088 100

0,28;il7 100

0.6185 33.5

4377 0
0.5957 100

0.2865 0

0.4872 0
0.2634 0
0.8695 69.5
4,4766 33.37
0.7108 ll,g7
0.6179 100

0.2132 0

0.1774 100

0.6185 g2.gg

0.3927 0

0.1663 100

0.8334 100

0.5791 55.99

c 113.54 <0.0001

c 84.63 <0.0001

c 6.11 0.0134
c 17.55 <0.0001

80.08

77.79
77.78
84.67

70.88
77.41

78.93

85.44

72.03

86.97
77.01

67.82

75.1

74,71

88.5 I
88.12

63.98
79.69

89.27
92,76

71.26

69.35

75.86
88.12

84.67

69.58
67.43

65,52

89,27

60.15
63.22

74.33

84.29

c 43.L2 <0.0001

c 29,78 <0.0001

C+C2+C3 8.77 o.o3z4
C+Cz 15.84 o.ooo4
c+c2 106.92 <0.0001

c 77,23 <0.0001

c 18.24 <0.0001

c 4.42 0.0356
c+c2 31.g7 <0.0001

c 43.35 <0.0001

C+C2 7.64 o.oz19
c 126.64 <0.0001

c+c2 3g.gg <0.0001

c 4t,49 <0.0001

c+C2 72.34 <o.ooor
C+C2 16.66 o.ooo2

c+cz 13.63 0.0011

c 28.65 <0.0001

c 7.36 0.0067
c 35.77 <0.0001

c 3 1.51 <0.0001

c+c 10.32 0.0057

0.6637 0
0.2841 53.92

0.2973 36.23

0,8229 100

0.4309 100

0.5547 0
0.2753 100

0,7629 52.39

0.4969 53.33

0.4222 27.66

C+C2 6.16 0.046
c+c2 25.31 <0.0001

c 13.84 0.0002

0.86 100

0.2535

Waldsteiniafragmioides C 39.00 , <O.0[lOl 6E.58 0.8424 lN
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*

Table 4.3. Validation re,sults for species models along the canopy gpdient (n = 30).

Model OptimumSpecies

Model Position For 96 Correstly
P(rnax) Mid Point Prediction Classified

Acer rubrum
Agropyron repens

Amelanchier spp.

Anemone quinquefoka
Apo cynum an dro s aemifo li um

Aster ciliolatous
Aster macrophyllus
Bromus knlmii
Calystegia spithamaea
C amp anu I a r otun difo li a
Carex penqtlvanica
Comandra umbellata
Comptonia peregrina
Corylus cornuta
Danthonia spicata
Diervilla lonicera
Gaultheria procumbens
Hieracium aurantiacum
Lysimachi a qu adrifoli a
Mai an th ernum c anaden s e

MelampStrum lineare
Oryzopsis asperifolia
Poa spp.

Polygala paucifolia
Prunas pumila
Pteridium aquilinum
Rubus allegheniensis
Schi zachne purryrflscens
Trientalis borealis
Vac ci ni um an gu s tifo li um

Vacci ni um myrti lloi des

Vaccinium pallidum
Viola adunca

c
C+C2+C3

C

C
c

C+C2

C

c
C+C2+C3

C+C2

C
C

C

C+C2

C

C+Cz

C

C+C2

C
C+C2
c+c2
c+c2

C

C

C

C

c+c2
C+C2

C+C2

100

0

100

100

33.5

0

100

0

rt.97
0
0

68.5
33.37

100

0
100

82.98

0

100

100

s5.99
100

0
53,92
36.23

100

100

0

100

52.39

53.33

27,66
0

100

0.7662
0.5383

0.3088
4.2877
0.6195

0.377
4.5957
0.2865
0.7108
o.4872
0.2634
0.8695
4.4766
0.6179
0.2132
0.1774
0.6185

0.3927
0.1663

0.8334
4.579I
0.86

0.6637
0,2841

0.2e73
0.8229
0.4309
0.5547
4.2753
4.7628
0.4969
0.4222
0.2535

0.8424

0.4
0.45
0.225
0.2

o.25

0,2
0,25

0.25

0.45

0,2
0.2

0.75

0.35

0.25

0,15
0.125
0,35

0.15

0. 1

0.5

0.25

0.5

0.55

0.15

4,2

0,5

a,25
0.3

4,2
0.575
0.35

0.325
o,2
0.5

93.330

86.670/o

70o/o

704

6A%
6A%
70o/o

60yo

7A%

50o/o

60Ya

76.67Vo

7333Yo

7$o/a

56.674/o

56.67Yo

76.670

63.33Yo

46.67Vo

90%
66.67/o
66,67Yo

63.330/a

70%
76,67yo

70o/o

SOya

56.67Yo

80%
6333Vo

73.33o/o

53.33%
56.670h

6OYa

C
C
C

>61

<9
>50
>74

2to85
<47
>63

4
<56
<55
<12

<10, 26 to 93
<7L
>55

<19
>58

16 to 100
<44
>2I
>62

15 to 97
>15
<8

2I to 87
6to66

>11

>5
<54
>87

7to97
9to97

<58
<19
>19Waldsteinia 'agarioides
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on the dominance or frequency of the species modeled. For example, less common

species like Lysimachia ryadrifotiahad a class mid-point of 0.1, while the very common

Cuex pensylvqnica had a class mid-point of 0.75 Qabb a.3).

h Nutrient Indq

Contour plots showing the spatial variation ofthe nutrient indor within sample

grids can be obsemed in Figure 4.3. This variable represents the combination of the

relative ranks of available nutrients: P, K Cq and Mg. Only 14 ofthe 34 species tested,

however, were significant (Table 4.a). The nutrient index proved to be the poorest in

describing distribution's of species. Perhaps, the species should have been modeled

across each nutrient instead.

Species response models were primarily linear (10), with 3 being quadratig and

only one cubic (Frgure 4.4,Table 4.4). Along this nutrient index gradient, thnee basic

segments were stratified for determining optimal position of species. These three

divisions were low, mid, and high. With this,4 Q9%) species had optimal probabilities

of occurrence within the low category 3 (21%) within tlre mid category and finally 7

(50%) at the high end ofthe nutrierrt index gradient (Table 4.1, Figure 4.4).

c. oi Orgonic

Contour plots showing the spatial variation of organic matter within sample grids

can be observed in Figure 4.5. This variable turned out to be significant for hatf (17) of

the 34 species tested (Table 4.5). Species response models were mostly linear (7) and

quadratic (9), with only one species being cubic (Table 4.5, Figure 4.6). Along this
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Table 4.4. Uni-variable logistic regression models for significant species across a
nutrient index gradient.

Model
Species Model Chi-Square

Model % Correctly
Probabilrty Classified P(mrax) Optimum

Acer rubrum
Agropyron repens

Amelanchier spp.

Anemone quinquefolia
Apo cynum an dro s ae mifo li um

Aster ciliolatous
Aster macrophyllus
Bromus lmlmii
Calystegia spithdn aea

C amp anu I a ro tun difo li a
Carex pensylvaflica

Comandra umbellata
Comptonia peregrina
Corylus cornuta
Danthonia spicata
Diervilla lonicera
Gaultheria procumbens

Hieracium aurantiacum
Lysi machi a qu adrifoli a
Maianthemum canadense

Melarnpyrum lineare
Oryzopsis asperifolia
Poa spp.

Polygala paucifolia
Prunus pupila
Pteridium aquilinum
Rubus allegheniensis
Schi zachne Wrpurasc ens

Trientalis borealis
Vaccinium angusffiliutn
Vac ci ni um myrtil loi de s

Vaccinium pallidum
Viola adunca
Wal dste i ni a fragari oi de s

t7

NI+NI2 10.18

NI

NI+NIz

NI+NI2
M

NI

NI
M+Nt2+M3

NI

0.0769

0,0773

0.0353

0.0002

0.0062

0.0103

0.0550

0,4147
0.0593

0.0713

0.0003

0.0696
0.0668

62

62

NI
NI

3. 13

5.r2

4.43

14.08

8.44
3.56

3.25

12.82

7.07
3.36

65.52

77.78

77.01

76.25

57.85

63.6
65.52

63.98
67.05

61.3

74.33

84.29

61.69

0.5348 62

0,2916 35,37

0.4448
0.6419

0.536 40.92

0.8519
4.5547

0.7172 34.91

0.5239 62

0.6856

0.4503

0.479
0.7969

NI <0.00001 63.6 0.6335 12

62

62

6.58
3.68

NI
NI

t2

12

L2

62
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Table 4.5. Uni-variable logistic regression models for significant species across an
organic matter gpadient.

Model Model % Correctly
Species Model Chi-Square Probabiliity Classified P(rnax) Optimum
Acer ntbrum
Agropyron repens

Amelanchier spp.

Anemone quinquefolia
Apo cynum an dro saemifo li um

Aster ciliolatous
Aster macrophyllus
Bromus kalmii
Calystegia spithamaea
C amp antll a ro tun difo li a
Carex pensylvanica
Comandra umbellata
Comptonia peregrtna
Corylus cornuta
Danthonia spicata
Diervilla lonicera
Gaultheria procambens
Hieracium aurantiaeum
Lysi machi a qu adrifo li a
Maianthemum canadense

Melampyrum lineare
Oryzopsis asperifolia
Poa spp.

Polygala paucifolia
Pntnus pumila
Pteridium aquilinum
Rubus allegheniensis
Schizachne Wrryrascens
Trientalis borealis
Vaccinium angasffilium
Vaccinium myrti lloi de s
Vaccinium paltidum

OM+Oh/f

oM+oh#
OM

oM+oMz

OM

OM
OM

oM+oM2
ol\drol\d2

OM

OM+OM2

OM
oM+oM2

OM+Oh#+OM3
OM

oM+oM2

9.32

4,38
5,77
4.68

5.27

12.29

5,71

6,26
8.13

5.12

13.67

9.27
26.87

6.31

4.47

13.36

0.0095

0.1122
0.0163

0.0965

0.0216

0.0005
0.0169

0.0438
0.0172

0.0236

0.0011

0.0023
<0.0001

0.a974
0.0345

0.0013

84.67

77,01

75.1

85.82

86.97

72,41

88.51

57.A9

80.08

60.15

66,28

84,67

67.82

64.76

89.27

66,67

0.2129 2,14

0.2761 2,42

0.6659 5.5
0.8718 5.5

_,./

0.2628 t. t

0.8379 5.5

0,2523 1.1

0.5308 3

0.9391 5.5

0.7645 5.5

0.7808 3.47

0.96 5.5

0.7894 2,gg

0.999 5.5
0.2224 1.1

0.5279 3,37

Viola adunca



a
(l)

.,Fl()
(l)aa

+{o
o0
ti.rl

.\4o
s€g

F{

GIg
oop{
*-)r{J,o

.F{

Lr
+-rg)
.Flrp
'og

CS

co
r !F{{-.rr<
m
og

Fl

Cd
trFt

.Fl{-)ao
at
O.
ct
?a*{a
o0
F1
t.l.Fl

Fo
t4

*l(t)

f-
t-i

il
.{ts{\/
u)
Q)

.F{

IJ
€)
O.v)€ {-)f;trGI(l)
€E'Fo 

Ft
.F( ..aE
*a {_faH
??tr
wFt2c)iF( . t-lotr('\ gs
a- b0a)kJO

t-l
Fa. trl

tC{g
\f,d
ov7l-{ A

.st
tI{ cg

ooN(orot(fr$to
oocicicicicicict

9'g

t'9

L'9

6'?

L'V

9'V

e'v

l.'v

6'g

L',e b
F*rJ

9'g g
o

E'E 'E
{s

I'c P7v o
6',C s
L'Z

9'Z

e'z

,'4

6'L

L'l,

9't
g'L

l.'L

&llqeqord



65

gradient, three basic segments were stratified for determining optimal positions of

species. These three divisions represented low, mid, and high values of organic matter at

SEB. Based on these categories, 3 (18 %) species were opimal in their response surface

at the low end, 7 (41%) in the rnid sectioq and finally 7 (41W at the upper or high e'nd

ofthe gradient (Table 4.1, Figure 4.6).

dpH

Contour plots showing the spatial variation of the pH variable within sample

grids can be observed in Figure 4.7. This variable was significant for 25 of the34

species tested (Table 4.6). Species response models turned out to be equally balanced

between linear (13) and quadratic (12), with no cubic functions (Table 4.6, Figure 4.8).

This gradient was again stratified into 3 categories representing low, mid, and high

values of pH. Four of the species had optimal response probabilities in the low segment,

orily 2 species had optimal mid gradient optimums, and finally I I species had optimal

positions on the high end of the gradient (Table 4.1, Figure 4.8).

e Slope Pwition

Contour plots showing the spatial variation of the slope position within sample

grids can be obsen/ed in Figure 4.9. This variable, which represe,nts the position of a

sample along a slope from kettle bottom to ridge top and flat plaiq contained signfficant

models for 28 of the 34 species (Table 4.7). Thirteen species contained quadratic

functions, 5 species contained cubic functions, and finally l0 species were linear (Figure

4.10). Segments were divided into original lab€led units for identification of optimal
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Table 4.6. Uni-variable logistic regression models for signfficant species across a pH
gradient.

Model Model % Correctly
res

Acer rubrum
Agropyron repens

Amelanchier spp.

Anemone quinquefolia
Apo cynum andro saemtfu lium
Aster ciliolatous
Aster macrophyllus
Bromus kalmii
Calystegia spithamaea
Campanula rofimdifolia
Carex pensylvanica
Comandra umbellata
Comptonia peregrina
Corylus cornuto
Danthonia spicata
Diervilla lonicera
Gaultheria procumbens
Hieracium uurantiacum
Lysi machi a qu adrifo Ii a
Maianthemum canadense

Melampyrum lineare
Oryzopsis asperifolia
Poa spp,

Polygala paucifolin
Prunus pumila
Pteridium aqtuilinum

Rubus allegheniensis
schiffififfpurascens
Trientalis borealis
Vac ci ni um angustifo li um
Vacci nium myrti I loi de s
Vaccinium pallidum
Viola adunca

Model chi- Probabi
pH+pH

Classified P(max
65.13 0.4406
75.t 0.827r

70.1I
76.25

75.49

85.44

86.97

77.01

67.92

72,4r
88.5 I

59.77

80.08

72.4t
67.45
67.43

84.67
67.43

65.13

89.27

62.45

63.22

94,29

64.75

pH

pH
pH

pH+pH2
pt{

pH
pH
pH

pH+pHz
pn+pHz+ptt'

pH+pH2+gf
pH

pH+pHz
pH+pH2
pH+pHz

pH

pH
pH+pH2

pFI+pH2+pH3

pH
pH+pH2
pH+pH2

pH

9.09

13.85

9.41

21.39

4.65

12.86

20.35
7.59
3.5

rr.74
15. 16

15.39

18.98

7.93

6.9
19.18

16.38

13.8

19.82

13.3 1

8.66
7.t9
6.72

33.81

14.71

0.0106
0.0002

0,4422
<0.0001

0.0978
0.0003

<0.0001

0.0059
0.0613

0.0029
0.0017

0.0015
<0.0001

0.0190
0.0318

<0.0001
<0.0001

0.0002
<0.0001

0.0040
0.0033
4.0274
0.0348

<0.0001

0.0006

0.5543 4.2
4.5326 6.3
0.2981 207.99
0.3646 6.3

0.4428 6.3
0,9739 6.3
0.4232 6.3

0.393 244.23

224.2

6.3

0.8733 6,3

0.4863 223.94
0.349 216.66
a,7394 2A6,67
0.9018 6.3

0.3F36 6.3
0.7932 292.92

0.3549 4,2
0.6776 234.22
0.4t25 4.8

Waldsteinia
0,601

0.7t42
6.3

213.34



(r)
{)

!F{()
c)aa

(H
o
b0
F4
tr{OF{.v()
(sa

Fl

CS
F1
:to.Fa{-r-J&

.F(

l-(tm
r .Fl,t,

'o
F{Ft
cs

co
'Fl{-)
oH
rn
oa

F{

Gl
FI
FT
t-l.Fl

traao
n

{t)
A.
c$
{1

*raa
bo
F1
trloFl

'f

o
-1*.1a

rn
ol
ll
F1ilrt\../
(n
(u

.F{o(ua(n
+-)
'4t-
crl
IJ€

fFl
F.
FI

bo
. tltm
(a-a *.tii si:c)a€gEs
,a t-{xb0ts-lAH(l)*

F7. O.
l-l

lFt
'Fa{s\f,d

(L)rnk(np_o
On *-.1ii- ()
I& CB

s?o{rcf()oorCD@f*
ooo

g'9

z'9

L'g

I
6'9

g'9

L'g

9'g

9'g

v'9

8'9 {rr
I
o-

z'9

L'9

I
6'?

8'V

L'V

g'v

9'?

v'v

g',V

z'?qu?a
c)oo

ltlutqpqord



<t 15Oz
:E
F
cr
z 100
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Table 4.7. Um-variable logistic regression models for significant species across a slope
position gradient.

Model Model o/oCone/;ly

Fpecies Model Chi-Sqryue Probability Classified P(nux) 9ptimum
Aiir rub,nn JPffi M.z6 0.000- 6tIt I o44sl
Agropyron repens

Amelanchier spp.

Anemone quinguefolia
Apo cynum andros ae mifo li um

Aster ciliolatous
Aster macrophyllus
Bromus kalmii
Calystegia spithamaen
C ampanu I a ra tun difo li a
Carex pensylvanica
Comandra umbellata
Comptofiia peregrina
Corylas cornuta
Danthonia spicata
Diervilla lonicera
Gaultheria procumbens

Hieracium aurantiacum
Lysi machi a qu adrifo li a
Maianthemum canadense

Melampyrum lineare
Oryzopsis asperifolia
Poa spp.

Polygala paucifolia
Prunus pumila
Pteridium aquilinum
Rubus allegheniensis
Schi zachne parryrascens
Trientalis borealis
Vacci ni um an gustifo lium
Vaccinium myrti lloi de s

Vaccinium pallidum
Viola adunca
Wa I dst e i ni a fr agari o i de s

SP+SP

SP+SF
SP+SF+Str

SP+SF
SP}.Str

SP

SP+SF+Str
Sp+SPP+Str

SP+SP+Str
SP|:Str

SP

Sp+SF
SP+SP

SP

SP+SF
SP

SP

SP+SF+Str
SP+SF
SP+SF

SP

SP+SFP

SP

SP+SF
SP

15,32

12.86

12.82

11.81

14.56

15. 14

12.73

22.92

g.g2

32.11

15.82

20,94

28,25
4L,73

8,48

23.97

13.66

27,48
11.48

28.36
69. l5

8.3

6.29
6.63

14,23

9.89

12.59

0.0005

0.0016
0.0051

0.a027
0.0007
0.0001

0.0053
<0.0001

0.0317
<0.0001

0.0001
<0.0001
<0.0001
<0.0001

0.0144
<0.0001

0.0002
<0.0001

0.0032
<0.0001
<0.0001

0,0157
0.a122
0.0363

0.0002

0.0017
0.0004

75,1

84,67
70.11

77.39
75.48
95.44

72.03

86.97

59.24

72,41

88,51

88.12

64.37

80.84
89.27

62.84

63,6

70.5

88. t2
84,67
73.95

67,43

64.75

89.27

62.84

84,29

62.84

0.5902

0.2315

0.3652

0,5299
0.3411

0.3585

0.3945

0.2932

0.4979
0.4429
0,3255
0.2418
0.6184

0.6079
0.1628

0.5563

a,7978
0.8944

0.1942
0.3045

0,9422
0.3957
0.5036
0.1536
0.7756

0.3239
a.77gI

-)

3

0
t)
I
)
0
4

0
I
5

I
0
))
3

0

0
5

4

3

0
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positions. Eight species were found to have optimal positions within frost pocket/valley

bottom areas, I species optimized the lower 1/3 of slopes, 4 species had optimums in the

middle l/3 of slopes, I species had optimization of the upp€r l/3 of slopes, 4 species had

optimums at the ridgetop location, and finally 8 species were at optimum on plains

(Table 4.1, Figure 4.10).

One species that was greatly influenced by slope psition was braoken fern

(Pteridnm aqdlirum\. Very high probabilities occurred on upper slopes, ridges, and

plains, but dropped rapidly as the slope position moved towards kettle and valley

bottom. This may be explained by the occurrence of regular frosts in these slope

positions, which limit the distribution because of sensitivity to frost.

tr Site Sevefily Inds

Contour plots showing the spatial variation ofthe site swerity index within

sample grids can be observed in Figure 4.11. This variable, which should approximate

the available moisture and radiation of a sitg contained significant modefs for 2l ofthe

34 species (Table 4.8). Five species were quadratic functions, 7 were cubic functions,

and finally 9 species were linear in fashion (Table 4.8, Figure 4.12). The site severity

index was stratified into 3 categories representing xeric, mid, and mesic positions along

the gradient. Five (24 o/o) ofthe species had optimal response probabilities on the xeric

end, 4 (19 %) species maximized in the mid segment, and finally 12 (57 %) species had

optfunal positions on the mesic end (Table 4.1, Figure 4.12).
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Table 4.8. Uni-variable logistic regression models for significant species across a site

severity index.

Model Model % Corrwtly
Species Model Chi-Square Probability Classified P(rnax) fuimqn
Acer rubrum
Agropyron repens

Amelanchier spp.

Anemone quinquefolia
A po cynum an dro s ae mifo li urn

Aster ciliolatous
Aster macrophyllus
Bromus kalmii
Calystegia spithamaea
C amp anu I a rotan difo li a
Carex pensylvanica

Comandra umbellata
Comptonia peregrina
Corylus cornuta
Danthgnia spicata
Diervilla lonicera
G au I th eri a pro curnb e n s

Hieracium aurantiacum
Lysi machi a qu adrtfo li a
Maianthemum canadense

Melarnpyrum lineare
Ory-zopsis asperifolia
Poa spp,

Polygala paucifolia
Prunus ptmila
Pteridium aquilinum
Rubus allegheniensis
Schizachne Wrryrascens
Trientalis borealis
Vac ci ni um angustifo li um

Vac ci ni um myrti I loi de s
Vaccinium pallidum
Viola adunca
Wal dst e i ni a fr agari oi de s

SSI

SSI

SSI

SSI+SSI2+SS13

SSI+SSI2+SSI3

SSI

SSI

SSI+SSI2
SSI

SSI+SSI2

SSI+SSI2+SSI3

SSI+SSI2+SSI3

SSI

SSI+SSI2

SSI

SSI+SSI2

ssl+ssl2+ssI3
SSI+SST2+SSI3

SSI+SSI2

SSI+SSI2+SSI3

SSI

0.0678
0.0340
0.0864

0.0018
0.0336

0.0105
0.0336
0.0007

<0.0001

0.0035
0.4246
0.0382
0.0053

0.0012

0.0742
<0.0001

0.0139
0.0806

0.0002

3.33

4.5

2.94

15.03

8,7

6.55

4.51

14.43

15.5

11.31
g.3g

8.41

7.79

l3.45

3.19

23.06

10.64

6.74

t6.69

10.99

10.46

0.0118
0.0012

84.67

70.1 1

77,01

72.03

97.36

69,73

58.62

72.41

89.51

54,79

80.84

99.27

63.22

67.43

88.12

84.67

65.52

68.2

89,27

84.67

65.13

0.3395 -l
0,5611 -1

0.4194 -l

0.7517 -l
0.8634 -1

0.6085 -l
0.6646 I
4.4127 4.4
0.7349 I

0,5573 437
0.9445 -l

ll
4.7042 -1

0,71L4 4,16

0.2918 -l
0.9911 I
0.6931 0.035
0.9997 I

0,2847 -0.59

0.8998 -l
0.8869 -l



uo
oo
Fl
F{

.F{

J4
C)
csg

Fl
GI
111
t{o. rFl

{rJ
FI
J

-(). trl
l.r*-ra

rF{'o
'o

F4FI
es

io.t{
+-)

.t{(n
oa

Ft
fil

.g#r&o
{t
O.
CBFIrr-{v)
uog

.Fl

?or-l*{
Ul

t-l

c.l
tl
F1il-l

\rrr'

ao.Fl()
c)ara
+)
t4 !

F6\J tti{qiH
. tri Fl

F1 .F
Hb0h

.Fa €cn .Fq:r 6
O
?rr (L)

6' rr)

aso'a
*E
TDfig,;

(n

c.i g
rr{ CJ+rse8

Fl .Fl5c)boo',F- A.
lf.l rr)

rCDOF.*(0tO$fr)C{t-O
C)()C)cio()ooo

{UltqBgord

v

e6'0

t8'0
9L'0

89'0

9'0

z9'0

w'o
gt'0

8Z'0 =oZ'O a
z;a x

lf
t0'0 E

>r
?0'0- 'E

\r'a- a
@

z'a- E
gz'0- o

9g'0-

w'o-
z9'o-

9'0-

89'0-

91.'0-

f8'0-
z6'0-

L-



76

2. Multi-vafishle Logistic Regression Models & Grodient Responses

By testing for the significance of single variables (canopy, nutrient inder, p}I,%

organic matter, slope position, and site severity irde$ in combinatioq a multi-variable

model was created for each species. This depicts the realized niche ofplant species in a

possible 6 dimensional hypervolume (Table 4.9). Interpretation, however, beyond 3

dimensions becomes difficult if not impossible. Further complications in interpretation

arise if biologically important second order interactions are included (Table 4.10).

Many ofthe 3 dimensional contour plots of probability responsles were complex

in shape. Onty the following species are illustrated in this thesis, because of the fapt that

the species nic.he was in 2 dimensions and without interaction tefins, Acer rubrum,

Agropyron reryns, Aster macrophyllas, kfius alleglreniensis, Voccinium angustifolium,

andVaccinium WIIienn (Fig 4.13, a-f). Each of these corfour plots were done within

SYSTAT by use of a negative orponential function.

3. Intluenee of Bracken Fqn on Plant Reryonses and Distibutians

Contour plots showing the spatial variatiod of the density of bracken fern fronds

in 1 m2 quadrats can be observed in Figure 4.14. This variable was significant for 25 of

the 34 species modeled (Table 4.1l). It appears that densities of backen fern had a

tremendous influence on probabilities of other species. This maybe a function ofthe

rather complex effects bracken fern can have. From allelopathy, to nutrient competitio4

to interce,ption of sunlight.

Species response models were primanlly cubic (14), with 6 being quadratic, and 5

Iinear (Table 4.ll). Along this gradient, three basic segments were stratified for
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Table 4.9. Multi-variable logistic regression models for significant variables determined

by a hierarchical baclcrvard approach.

Model Model o/o Corcectly
Classified

Apacynum androsnemifolium C+C2+C3+pH+SP+SSI

Aster ciliolatous C+OM+OIvt2+pft+SSI

ecies
Acer rubntm
Agropyron repens
Amelanchier spp.

Anemone quinquefotia

Aster macrophyllus
Bromus kalmii
Calystegia spithamaea
C amp anu I a rotundifo li a

Carex pensylvanica
Comandra umbellata
Comptonia peregrina
Corylus cormfia
Danthania spicata
Diervilla lonicera
Gaultheria procumbens

Hieracium aurantiacum
Lysimachia ryadrifotia
Maianthemum canadense

Melampyram lineare
Oryzopsis asperifolia
Poa spp,

Polygala paucifolia
Prunus pumila
Rubus allegheniensis
tchizachne Wrryrascens
Trientalis borealis
Vac ci nium an gu stifo li um

Vaccinium myrti I loi de s

Vaccinium pallidum
Wola adunca

Model
Q+ptF{+pH

C+pH
C+}*II+NI2
C+{fM{OM2+SFFSSI

C+rvl
C+pH+SP
C+ SP+ SP+ STP+ S SI+ S SI2+ S SI3

C+pH+SP+SP+Str
C+pH
C+C2+pH+SSI
C+M+SP+SSI
C+OM+SP+SF+SSI+SSI2
C+pH+SP+SSI
sPl-str
C+C2+pH+pH2+pH3+ S SI+ S SI2

c+pH+sFFssI
C+C2+SIIFSF
C+SPISSI
C+C2+pH+pH2

C+M+pH+pH2+ SP+S SI+ S S 12

C+C2+M+pH+SP+sF
C+Cz+SP+SSI
c+cz+pH+sp+spp+ssI
C+SPTSP
C+pH+pFI2+OM+SP
C+pH+oM+SP+ggI+SSI2
C+C2+Sp
C+C2+pH+pH2+Otrvt+Ottrf

C+C2+M
c+M+M2+M3+pH+SP

chi Probabili
117,77

95

9,75

41.72

39.14

60.08
87. I

49.18
91.43

74.47

7.58
29.75

t25.97
I 13.34

47.63
24.94

57.44

89.89
r5.g

145.85

44.28

79.55

100. t3
35.68
63.36
13.68
54.63

74,64

23,55

23.6r
31.65

56.37

66.35

<0.0001

<0.0001

0.0208
<0.0001
<0.0001

<0.0001
<0.0001

<0.0001
<0.0001

<0.0001

0.0059
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001

<0.0001

0.0033
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001

0.0034
<0.0001

<0.0001
<0.0001

0.0006
<0.0001
<0.0001
<0.0001

81.23

81 .61

77.78
85.06
72.41

80.46
77.39
85.06
77.78
89.66
77.01

72.4r
81.99

80.84

90.04
88.12
70,5

84.67

89.27
84.67
72.9
69,73

79.69

88.51

88.89
67.43
72,41

9L.57
67.43

67.05

74.7t
86.59

Watdsteinia fragarioides C+pH+pH2+OM+OIr{2+SSI
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Table 4.10. Multi-wiable logistic regression models with significant interaction terms.

Significant
lnteractions

Model
chi

Apocynum androsaemifolium C+C2+C+pH+SP+SSI

Acer rubrum
Agropyron repens

Amelanchier spp.

Anemone quinquefolia

Aster ciliolatous
Aster macrophyllus
Bromus kalmii
Calystegia spithamaea
C amp anu I a r o tundifo Ii a
Carex pensylvanica
Comandra umbellata
Comptonia peregrina
Corylus cornuta
Danthonia spicata
Diervilla lonicera
Gaultheria procumbens
Hieracium aurantiacum
Lysi machi a quadrifo li a
Maianthemum canadense

Melampyrum lineare
Oryzopsis asperifolia
Poa spp,

Polygala paucifolia
Prunus pumila
Rubus allegheniensis
Schi zachne purpurascens
Trientalis borealis
Vac ci ni um an gu stifoli um

Vacci ni um myrti lloi de s

Vaccinium pallidum
Viola adunca

C+pH+pH
C+pH
c+NI+NIz
c+oMFoM2+sP+ssI

C+OM+Otrd2+pH+SSI
C+NI
C+pH+SP
C+SP+ Str+ Str+S SI+S SI2+ S SII
C+pH+SP+SP+SF
C+pH
C+C2+pH+SSI
C+NI+SP+SSI
C+OIVI+ SP+ SF+S SI+ S SI2

c+pH+sP+551
SP+SP
C+C2+pll+plt'+ptf + S S I+ S SI2

c+pH+sP+ssI
C+C2+SP+SP
C+SP+SSI
C+C2+pH+pH2

c+M+pH+ptf + sP+ s s I+ s slz
C+C2+M+pH+SP+SP
C+C2+SP+SSI

C+C2+pH+SP+SF+SSI
C+SP+SP
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Figure 4.13. Probability plots of multi-variable logistic regression models for selected
species with two significant variables.
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Table 4.1L Uni-variable logistic regression models for significant species across a

gradient of bracken fern frond densities.

Model Model % Conectly
Classified

Optimal
Position

Idaximum Chi Square

AssociationModel chi
B+B'+B
B+82+83

0.0001

0.0003

0,0025
<0.0001

0.0032
<0.0001

0.0048
<0.0001

0.0029
0.0003

0.0088
<0.0001

0.0068
0.0001

<0.0001

0.0046

0.0019
0.0269
0.0028
0.0001

0.0001

4.0220
<0,0001

Probabili
0.692
0.53

0,213

0.926

0,367
0,286
0,665
0.278

0.706
0.849
0,4L2
0.194

I
4.642
0.201

0.592

I
0.746
0,277
0.249

0.708
I
I

Acer rubrum
Agropyron repens

Amelanchier spp.

Anemone quinquefolia
Apo cynum an dr o s aemifo li um

Aster ciliolatous
Aster macrophyllus
Bromus lmlmii
Calystegia spithamaea
C amp anul a r o tun difo li a
Carex penrylvanica
Comandra umbellata
Comptonla peregrina
Corylus cornuta
Danthonia sprcata
Diervilla lonicera
Gau ltheri a pro curnb en s
Hieracium aurantiacum
Lysi machi a qu adrifo li a
Maianthemum canadense

Melampyrum lineare
Oryzopsis asperifolia
Poa spp,

Polygala paucifolia
Prunus pumila
Rubus allegheniensis
Schi z achn e purpurascen s

Trientalis borealis
Vacci ni um angustifo li um

Vaccini um myrti lloi de s

Vaccinium pallidum
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B+82+83

B
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determining optimal positions of species. These three divisions were high, low, and

none. Species that represented optimal position in high densities showed tremendous

positivo respon$es to bracken fern de'nsities. These were: Waldsteiniafragmioides,

Vaccinium mgustifolium, Trientalis borealis, md Diervilla lonicera. All4 of these

species rapidly ma:rimized to probabilities of 1.0 around densities of fronds at 6 to 7 .

Three other speci es, $ncyrum wrfuowemifoliam, Comptonia peregrina, and

Calystegia spithmtaea, showed a slower linear positive respoilse across the bracke'n

gradient (Table 4.1, Figure 4.15). Because of the large number of eubic responses, the

shapes of nrarry qpecies wete complex with bimodal distributions.

A total of 23 of the 34 species had significant (p<0.05) Chi-square associations,

of which 8 were positive and 15 negative (Table 4.1l). A total of 4 species had

significant Chi-square associations, but were not found to be sigpificant for logistic

regression models. Two ofthe species were positive and2 were negative. In additiorq 6

species had significbnt logistic regression models, but failed to show any Chi-square

association perhaps because of the fact that the logistic regression models were tested

with a hieher significance (p<0.l0) than the Chi-square analysis (p<0.05).

Species found to be positively associated with bracken fern in 1 m2 quadrats

according to Chi-square contingency analysis were: Oryzopsis asperifolia, Gcultherta

procumbens, Schizachne trrurpurascens,Waldsteiniafragwioides, Corylus cormtta,

Vaccinium angustifolium, ktbus allegheniensis, and Coex pensylvanica. These can all

be seen in the Chi-square association matrix and constellation diagram for the Pteridium

aqilirum group (Appendix D).
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Bracken fern can also be included for each species in multi-variable logistic

regression models. By including this, the influence ofbracken on other species can be

examined for significance and possible niche or distributional shifts. For exanrple, Acer

rubram,which has an environmental niche described in Figure 4.13, was significant as an

additional variable. When the density o{bracken fronds was varied from 0 to 20 in

incrernents of 5, a distributional shit was observed (Figure 4.16). It appears that at a

densrty of'5 bracken fronds in a low pH and high canopy environment, a higher

probability of Acer nrbrum in the groundlayer oc,curs. This perhaps is from associated

changes in light penetration, soil nutrients, soil water, or allelopathy.
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