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ABSTRACT

TEMPORAL ASSOCIATIONS AMONG WOODLAND PLANTS

IN SOUTHERN MICHIGAN

By

Richard Anderson Flanders, Jr.

This study was an investigation into the presence of temporal

associations among woodland species in five maple-beechamixed hardwood

stands in southern Michigan. Such information concerning species

interactions on a time basis provides insight into the development of

species patterns.

Sampling was done between May and September in 1970 and in May and

June in 1971 using three sampling techniques and three quadrat sizes.

Presence-absence data were recorded. Chi—square and/or Cole's Index of

Interspecific.Association were used to detect presence and/or degree of

association. While all significant associations were recorded, emphasis

was placed on the interpretation of the temporal associations between

spring ephemerals and summer species. Results were interpreted in

relation to quadrat size (%:m x %m, In x 1m, and 5m x 5m), difference in

species frequencies, and limitations of the selected, contiguous, and

random quadrat techniques utilized.

Interspecific association was common in most stands. Certain

.temporal associations appear to prevail among several stands while others

exist in single stands. Positive temporal associations may result from

similarities in habitat requirements combined with niche differentiation

while allelopathic influences are suggested to explain certain negative

associations.
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Certain species assemblages detected.by association analysis and

emphasized by constellation diagrams appeared to be stand specific.

This is probably due to stand individuality resulting from variations in

past history, topography and soils.

Random quadrat data indicated that many species are highly clumped.

Such contagiousness among woodland plants results mainly from extensive

vegetative reproduction.
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INTRODUCTION

Studies concerning the interaction among species in forest or

woodland communities usually'emphasize associations that exist at a

particular point in time, ordinarily during the aestival period

(Gleason, l920; McIntosh, 1951; and Bray, 1956). These studies have

often ignored the presence of.a well developed herbaceous vernal element

such as is typical of the mesic sugar maple—American beech (522;

saccharum Marsh. andm grandifolia Ehrh.) woodlands though this

element may comprise a significant portion of the total annual biomass

of'the understory'herbaceous vegetation. Perennials such as trout-lily

(Egythronium.americanum.Ker.), toothwort (Dentaria laciniata Mhhl.),

spring beauty (Claytonia virginica L.), dutchman's breeches (Dicentra

cucullaria (L.) Bernh.) and squirrel corn (Dicentra canadensis (Goldie)

‘Walp.) are commonly observed spring ephemerals which occur in

aggregations of different sizes and densities. Individuals within these

aggregations may'be found in close proximity to one another apparently

competing fer available nutrients, sunlight and soil.meisture

(Salisbury, 1929). Smith and Cottam (1967) suggested that spring

ephemerals may affect the subsequent development of other woodland herbs.

Consequently, the mutual occurrence or non-occurrence between an

ephemeral and a "summer” species within a defined area may result in

these species being associated on a time basis-—thus a "temporal”

association.



This study was formulated to determine whether temporal

associations exist between herbaceous species, and, if so, to suggest

possible interplant influences and environmental factors which might

account for these associations.



LITERATURE REVIEW

The fact that the vegetation of'most plant communities is

distributed in a non-random fashion has been shown by many authors (e.g.

Ashby, 1935; Clapham, 1936; Cole, 1946; Cain & Evans, 1952; Clark &

Evans, 1954; Kershaw, 1963, 1961+; Graig-Smith, 1961+; Pielou, 1969).

Several explanations of the causes of non-randomness have been offered,

among which are vegetative reproduction, heavy seed, antibiotic effects,

competition, preconditioning of an area by a species previously I

occupying a site, drainage patterns, moisture, humidity, light, soil

texture, soil depth, soil chemistry, species phonology, microrelief,

windfall depressions and mounds, burning and solifluction terraces

(Smith and Cotton, 1967). In mature woodland situations, vegetative

reproduction is probably the main factor involved in clunqaing. This has

been pointed out by Whitford (191+9) in a study of 26 uneven-aged stands

in southern Wisconsin and northern Illinois. Whitford was interested in

the relationship of clonal growth to the distribution pattern of under-

story species. He found that vegetatively produced individuals usually

lie in close proximity to the parent plant resulting in contagious

groupings.

Several studies have been made relating to an analysis of the degree

of aggregation in herbaceous woodland vegetation. McIntosh (1957) used

the degree of contagiousness in vegetation as a measure of the

heterogeneity of an area. Byer (1960) and McIntosh (1962) felt that

sampling a heterogeneous area served to indicate interspecific

relationships which otherwise would become apparent only by analyzing

many samples collected from separate homogeneous stands. Thus they

infer that determining interspecific vegetational patterns in limited

3



yet heterogeneous areas is valid since existing patterns are the result

of non-randomly distributed populations. Struik and Curtis (1962) have

applied a Chi-square test to determine the apparent homogeneity of a

site before they'proceeded to apply a measure of interspecific association

between component species. This procedure of testing for homogeneity

apparently is the result of supposed problems inherent in using

interspecific association indexes when the presence or lack of

association is strongly'affected by the size of the area being sampled.

For example, suppose a two species population is very'common in a small

area. Sampling the small area may not provide evidence fer association

between the species, but if we include in the above sample a large

surrounding area which contains neither of the species, we may find that

they are strongly'associated. This is due to the fact that in a 2 x 2

contingency table (Appendix.A) the proportion of the number of (d)

quadrats (neither species present) will be greater in the larger area

sampled than the proportion sampled in the small area. Bray (1956),

Cottom at al. (1957) and Greig-Smith (1964) have stated that the

procedure of inflating the number of (d) quadrats invalidates the test

for association. Pielou (1969, p. 176 disagrees. She states that:

It seems often to be believed that to include in a sample a

great many quadrats that for unknown reasons may be incapable

of containing either of the species invalidates an

association test in some way. The notion seems to be that

the evidence for positive association has been obtained by

cheating. This is not so. If large areas of ground contain

neither of the species, it is reasonable to conclude that the

two species resemble each other in the conditions they will

‘pgt'tolorate. This in itself shows that they'are associated

in the sense that there is considerable overlap in their

tolerance ranges. The search for association of this type

should obviously not be restricted to small homogeneous

areas. If we wish to know whether two species will react

similarly to environmental conditions, it is absurd to insist

that sampling be confined to a homogeneous area throughout



which the conditions are constant. To do so would rule out

the possibility of finding different responses to different

conditions.

Thus the existence of association is strongly dependant upon sample

size and the range of suitable habitat types sampled (Cole, 1946). The

final analysis must take these points into consideration since

associations present in one sample (or woodlot) may not be present in

another.

various interrelationships among species of the herbaceous stratum

of several forest types have been investigated. Smith and Cottom.(l967)

studied ten southern Wisconsin mapleébasswood.(Aggg’saccharuquilig

americana) stands using a belt transect containing 500 contiguous square

foot quadrats to show aggregation and association among species of the

herb layer. Presence-absence data rather than densities were collected

due to the problem of recognizing true ”individuals" because of vegetative

reproduction. D/d values (actual density/expected density, where D is

the number of occupied quadrats within a five foot segment and d is the

number of occupied quadrats expected if the population were random),

and, run-gap values (average frequency within the grouped runs/average

frequency within the grouped gaps) were determined. Smith and Cottom

found that individual species aggregation patterns differed.widely

between stands. In some stands a species was completely absent while in

another it existed in large aggregations. They attributed this

phenomenon to historical events which presumable resulted in great

diversity between these stands. Cole's Index (Cole, 1949) was used to

relate the spatial pattern of one species to that of another. There

were 125 significant associations which were related to similarities and

differences in habitat requirements or alternations of photosynthetic

868801].



Several studies have attempted to correlate temperature, solar

radiation [and microclimate with phonological events of spring ephemerals

(Vezina, 1965; Jackson, 1966; Risser, 1967). Autecological studios of

several of these common species have been done as well (Blodgett, 1900;

Dandeno, 1907; Holm, 1925). However, few studies have been made

relating to the detection of association between spring ephemerals and

longer lived ”smumer" species. Struik and Curtis (1962) analyzed a

rectangular 1.7 hectare area within a mesic woodlot in southern

Wisconsin. Using 10m x 10m meter contiguous quadrats and presence-

absence data, interspecific association values were calculated by Cole's

Index. Of primary interest are the significant associations they found

between spring and owner species. For example, Dontaria was found to

be negatively associated with lip}; mbescens Ait. and Erythronium

albidum Nutt. was negatively associated with l. bescens, Uvularia

grandiflora Sm. and A236;mEll. They suggested that large

quadrat size probably eliminated association effects caused by

allelopathic reactions or other direct interplant influences between

species and theorized that any correlations were probably the result of

similarities or differences in habitat requirements. They found that

56% of the species studied were significantly associated with

topography.

Byer (1960) analyzed the associations among plant species found

along a soil moisture and vegetation gradient from a jack pine (Linus

banksiana Lamb.) stand to a leatherleaf (Chamaedaphm cglyculata (L.)

Moench) bog in Crawford County, Michigan. He collected presence and

cover data within 400, 1m x 1m random quadrats. The analysis,

utilizing Cole's method and product-moment correlation coefficients,



indicated that the positive and negative associations were due in large

part to past or present environmental conditions. He also noted that

the overall vegetational pattern was one of strongly aggregated

populations.



DESCRIPTION OF STUDY AREA

The woodlots included in this study are located in Ingham County,

East Lansing, Michigan on the Michigan State University campus (TB-T4N,

Rl-RZW). These areas were set aside as managed timber stands or as

natural areas when the land was originally acquired by Michigan State

University.

Climatological data indicates even distribution of precipitation

throughout the year 'with a 31-year average of 77 cm/year. The mean

annual temperature for the same period was 8.600. Prevailing winds are

from the southwest, averaging 49 cm/sec. There are about 160 frost free

days from May to October. Average relative humidity Measured at 1:00

P.M. for the last seven years was 62%. (Data from United States Weather

Bureau with stations in Lansing and on the Michigan Statequniversity

campus in East Lansing). Mean annual temperature and precipitation

readings for 1970 are normal compared with the 31 year average, although

during the first six months of 1971, the precipitation was 21.3 cm below

normal.

The general physiography of the area is typified by Pennsylvanian-

aged bedrock overlain most recently by glacial deposits of the Cary

substage of the Wisconsin ice. sheet (Martin, 1955). Several undulating

moraines, level till and outwash plains, and remnants of glacial

drainag‘ways comprise the local relief. Soils in the woodlots belong

to Gray-Brown Podzolic and Humic Gloy Great Soil Groups, now termed

alfisols (Soil Survey Staff, U.S. Dept. Agric., 1967). The dominant

soil type is HiJlsdale sanchr loam with Conover loam of secondary

importance (Veatch, .1941). Those are well drained and somewhat poorly

drained soils respectively, developed fran calcareous till. The

8
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natural vegetation of these soils is sugar maple, beech, oak (Qercus,

spp.),hickory (m spp.), ash (Fraxinus spp.) and elmfllgug americana

L.) (Veatch, 1953).

Baker Woodlot

Baker Woodlot is a 73.? acre tract located in the % of the i of

Sec. 19, T4N, R1W of the Michigan Meridian. This woodlot was included

in the original land grant to the University in 1855 having been

originally a part of the Burr farm. Gillis (1969) states that the

woodlot is probably a remnant of the forest that was cut over about 100

years ago. He considered it predominantly a beech-maple woods with

pockets of other tree assemblages which he related to soil type and

drainage characteristics. The canopy is presently dominated by sugar

maple and beech with oaks (fiercus M var. borealis (Michx. f.) Farw.

especially), white ash (Fraxinus americana L.), black cherry (Pr—ugh;

serotina Ehrh.) and basswood (£13.33. americana L.) of secondary importance.

The shrub layer consists mainly of red-berried elder (Sambucusm

Michx.), dogwood (.0_o_rnu_s spp.), spice bush (Lindera benzoin (L.) Blume.)

and sassafras (Sassafras. albidum (Nutt.) Nees). The ground flora is

well developed, although the dense smmner canopy restricts some species

to occasional openings. The topography is gently rolling, having an

average elevation of about 262 meters above sea level with a range of

5.5 meters from the ponded areas to the upland sites.

Baker Woodlot has been a multiple use area for many years. Walking

paths existing before 1920 were widened for horse trails. Several of the

earlier walking paths have grown up and new paths established. The
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south side of the woods adjacent to a railroad right-ofeway'was clear

cut at the beginning of the century and planted in pine, black locust

and balsam.fir1. Mr. Herbert remembers a giant black gum.(Ny§§§

sylvatica Marsh.) tree being removed in the early 1920's, this being the

only known individual of the species being recorded in the woodlot.

Perhaps other uncommon relicts of a warmer southern climate have met a

similar fate. Records indicate that timber cutting had been done prior

to 1894 and also in 1938 and 1948 throughout the woods for fuel wood and

for valuable hardwoods. The northeast section is presently undergoing a

light group selection cutting by the Department of Forestry. Their

records indicate that grazing has not been permitted within the woodlot,

and no fires have occurred since 1894.

The soils in Baker WOodlot are diverse. Hillsdale and Spinks soils

are the most common well-drained soils found on the upland sites. Lower

areas are somewhat poorly to very poorly drained, with wauseon, Conover

and Carlisle mock the prevailing soils.

Hudson'Woodlot

Hudson woodlot is a 17.7 acre tract located in the SE% of the SW%

of Sec. 30, T4N, RIW of the Michigan Meridian.l The woodlot and

surrounding fields were purchased from the Ralph Hudson family'in 1941.

This fenfily'raised cattle, pigs and other animals on a farm.adjacent to

the present woodlot and allowed these animals free access to the area.

Extensive grazing and rooting by'pigs probably destroyed.muoh of the

understory'vegetation, giving an open park-like appearance (Herbert,

 

1 Personal communication from.Pau1 A. Herbert, retired Professor of

Forestry at Michigan State University.
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personal communication). Periodic selective cuttings (especially on the

southern half of the woodlot) and removal of downed timber for fuel

greatly disturbed the natural canopy. Following university purchase,

the property was fenced off thus allowing the understory to recover.

The canopy is now composed of second growth hardwoods, especially sugar

maple and beech. Sugar maple reproduction has been extensive and has

resulted in dense areas of'young saplings throughout most of the woodlot.

The spring and summer flora is very limited in extent.

The topography of Hudson woodlot is generally gently'to moderately

sloping. Most of the soils are well drained Hillsdale sandy loams or

Spinks loamy fine sands.

Toumey“Woodlot

Toumey Woodlot, located in the t of the sat of Sec. 30, T4N, am

of the Michigan Meridian, is a relatively undisturbed 15 acre preserve

purchased from the Frank Bennett estate in 1939. This tract has been

maintained as a natural area since at least 1852 with no known fires or

grazing (Schneider, 1966).

The dominant vegetation is old growth sugar maple and beech with

basswood, black cherry, white ash and northern red oak of secondary

importance. Redpberried older is the most common shrub in openings.

Maple seedlings and saplings are very common even though seedling

mortality is high in such "virgin" stands (Schneider, 1966). The vernal

ground cover is well developed as in Baker'Woodlot but the summer flora

is less diverse than in Baker probably due to more disturbed conditions

and greater topographical heterogeneity prevalent in Baker woodlot.
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The topography of the woodlot varies from 259 meters above sea

level in the eastern ponded area to 271 meters on the central upland.

Hillsdale sandy loam is the common soil type of the western upland area,

while Spinks, Conover and Carlisle series are found in the eastern low-

land.

Sandhill Woodlot

Sandhill Woodlot is approximately 44 acres in area located in the

NW% of the SE% of Sec. 6, T3N, R1W of the Michigan Meridian. The

property was purchased by Michigan State University from the Lott and

Wieland families in the early 1960's. It is bordered on the east by a

drainage ditch and on the west by abandoned agricultural fields. The

north and south borders lie adjacent to Interstate 96 and Sandhill Road,

respectively.

Sugar maple and beech are dominant in the overstory of the woodlot

with several other hardwoods of secondary importance. The shrub layer

is well developed in old openings and on the border areas. Sumac (R_h_u_s_

spp.) is connnon on the southern border near the pine plantation. The

herb layer is diverse throughout the year, varying in abundance according

to soil moisture.

The relief is moderately sloping with an elevation range of 259 to

271 meters above sea level. Well drained upland soils (Spinks loamy

sand and Miami loam) and imperfectly drained Conover soils are comon.
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Bear Lake Natural Area

Bear Lake Natural Area is located in the t of the t of Sec. 35,

T4N, RZW of the Michigan Meridian. The bog and lowland forest comprises

about 75 acres while the site studied, the upland hardwood stand to the

south, consists of about 25 acres.

Sugar maple is the dominant canopy species on this site while bass-

‘wood, northern red oak, ‘blaok cherry and eastern hophornbeam.(9§tgya

virginiana (Mill.) K. Koch.) are of secondary abundance. Aspens

(Popglus spp.) become very common north of this upland site where the

conditions are more moist. Common shrubby species of the upland include

alternate-leaved dogwood (Qg;gg§.alternifolia L.f.); viburnum.(Viburnum

spp.) and witch hazel (Hamamelis virginiana L.). Grape (Xitig_sp.) is

very common in Openings. The ground cover is well developed both in the

spring and summer. At the southern border of the woods,qpara11e1 with

the cleared power line right-ofaway, a dense ground cover exists,

composed of woody elements mixed with the typical woodland species.

Such infiltration by these gap-phase species will probably continue as

long as the power line opening is maintained.

The upland woods is generally level and gently slopes to the north

toward the bog. The soil type in the upland woods is the well drained

Nfiami sandy'loam. This grades into the poorly drained Carlisle muck

surrounding the bog.



METHODS

Whitford's (1949) selected quadrat technique was employed to

emphasize certain associations and to avoid sites where the selected

species were absent. Selected plots were obtained by starting at the

edge of a woodlot and walking until a site was encountered that contained

at least one species of interest. A motor square quadrat was placed

around the clump of individuals if the aggregation was small. If the

aggregation was larger than a meter in diameter several quadrats were

placed within or including a segment of the grouping. Thus, both

species and quadrat placement were non-random. This design was used to

establish four areas of 100 quadrats each, two in Baker Woodlot, and two

in Toumey Woodlot.

Since the above technique has statistical limitations due to non-

randomness, two other methods were also employed.

In the second technique, a grid 100m 3: 100m (1 hectare or

approximately 2.5 acres), which contained 400 contiguous 5m x 5m quadrats,

was established in an area of relatively homogeneous soil in Baker

Woodlot. The entire grid was partitioned with string and stakes to

distinguish each quadrat. Sampling was carried out in August (1970) for

the summer flora and in May (1971) for the spring ephemerals.

The third technique involved quadrats one-half meter on a side

situated along north-south and east-west 100 m transects selected in

areas of even tOpography and homogeneous soil type (Hillsdale sandy

loam) in Baker, Toumey, Sandhill and Hudson Woodlots and Bear Lake

Natural Area. Using both sides of the transect line, one hundred

quadrats were randomly selected out of a total of 400, or a total of 200

14
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random quadrats per woodlot. These were established in April (1971) and

data on presence of vernal species was collected at this time. Sampling

for the summer flora was done the last week of May (1971).

Both woody and herbaceous species were sampled using the second

technique while only non-woody species were considered with the first

and third. Presence or absence of selected species was the criterion

used in these analyses. Seventyafive of the most common species plus a

lumped category forIQgggx spp. were listed alphabetically on computer

data sheets. The data were later transfered to IBM cards and analyzed

on the CDC 6500 computer at the Michigan State University Computer

Center. Constancy of species pairs and Chi—square were the measures

used to detect the presence (not degree) of association in the first

method (Greig-Smith, 1964). For the other sampling techniques,

significance of association was tested.by Chi-square and a relative

measure of interspecific association was determined by Cole's Index

(Cole, 1949) (see Appendix A). For all analyses, a species that

occurred in less than twenty quadrats was deleted from the comparisons.

While the above methods are important in understanding present

relationships that exist among herbaceous species at a given site, they

give little information concerning how certain associations may

originate. After collecting preliminary data it appeared that certain

ephemeral species were negatively associated with certain "summer"

species. I originally planned to carry out greenhouse experiments to

determine whether litter, root exudates or foliage cover provided by an

ephemeral (or "summer" species) could affect the seed germination of

later (or earlier) developing species. This was based on the premise

that initially interspecific interference existed between an established
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plant of one species and the seed or seedling of another present in the

same area. A literature survey to determine the germination require-

ments of some of these woodland species indicated that many of these

species require prolonged periods of alternating cold and warm

temperatures to break epicotyl and/or hypocotyl dormancy (Barton, l9h2,

194#, l9h8). Reference to Table 1 indicates that there is a minimum of

six to twelve months between the collection and initial conditioning

treatments and the final development of cotyledons. Temperature

treatments were tried using this information but low seed viability and

other factors produced poor results after more than a year. Thus this

aspect of the study was abandoned and I decided to limit myself to

attempt to test the occurrence of temporal associations and not to

attempt a demonstration of causality.

In this paper ”spring ephemeral" refers to those species which

emerge rapidly in the spring, produce vegetative and reproductive

structures, and then return to a dormant state about the time the canopy

closes. Thus such plants differ from the spring wildflowers and summer

species in that they do not retain foliage during the summer months.

Plants here classified as ephemerals are indicated by an asterisk in

Table 2.

Specimens of the herbaceous flora were collected and are on file in

the Beal-Darlington Herbarium.of Michigan State University.

Nomenclature follows Fernald (1950).
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Table l. Pretreatment requirements of some woodland herbs2

Species Pretreatment Requirement For Pretreatment

For Root Germination of For Epicotyl

Production Root and Growth Dormancy

of Seedling Before

Pretreatment For

Epicotyl Dormancy

Time

 

 

 

 

 

 

 

Temp. Time Temp. Time T mp.

(°F.) (no...) (°F.) (83“.) (Mos.)

Sanquinaria

canadensis #1 3 70 6 #1 3

Smilacina

racemosa #1 6 7O 3 #1-50 3

Polygonatum

commutatum 33-50 h 70 3-5 33-50 3

Trillium

53min"orum 41-50 3 7o 3 41-50 3-5

Asarum

canadense 68 3 41 3

2

Data from Barton and Cracker (1948)



RESULTS

To facilitate analysis results are separated into sections

according to sampling technique. Constellation diagrams were

constructed showing associations between species as determined by Chi-

square following the technique of DeVries (1952, 1954). However, no

attempt was made to indicate degrees of associations by length or width

of lines. A

Species connected by unbroken lines are positively associated;

those connected by dashed lines are negatively associated. Species

lists indicating Per cent frequency (number of occurrences of a species

divided by the total number of quadrats) for each species are shown in

Tables 2 and 3. These tables show that the abundance of spring

ephemerals varies from very common (Claytonia and Egythronium) to rare

(Erigenia bulbosa (Michx.) Nutt.) in the five woodlots studied. One

species (Iggpyggm'biternatum.(Raf.) T. & G.) occurred only in Sandhill

'Wbodlot. The two Dicentras (Q, canadensis and‘Q, cucullaria).and

Erigenia were found only in Bear Lake Natural Area and Sandhill WOodlot.

The remaining ephemerals (Claytonia, Erythronium.and Dentaria) occurred

in all five stands.

Selected Quadrat Technique

The presence or absence of significant3 interspecific association

within selected quadrats in Baker and Toumey Weedlots is depicted in

matrix ferm.in Tables h and 5. Constellation diagrams (Figures 1 and 2)

were constructed following the procedure of McIntosh (1962). These

 

3 "Significant" indicates statistical significance at the 5% level.
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Table 2. List of selected species for random (%m.x'%m) and selected

(lm.x 1m) quadrats with percent frequency indicated for each

woodlot.

Frequency (7:)
Species Hudson Toumey' Bear Lake Baker Sandhill

n=200 111400 'n=200 n=l96&19,0 n=200

m2: fizz/maxim .m; lam-exam

Actaea pachypoda ' 6.5 .5 .5

Allium tricoccum 69.5 1.5

Amphicarpa bracteata 8.0 4.6 3.0

Arisaema triphyllum. 6.5 1.0 33.0 0.5 14.7 .5

Aster macrophyllus 3.0 5.1

Brachyelytrum erectum. 11.0 10.2 1.5

Carex spp. 1.5 31.5 1.0 5.0

Caulophyllum.thalictroides 23.5 .5 25.8 1.5

Circaea quadrisulcata ' 2.0 3.5 34.5 1.5 16.8 35.3 4.5

*Claytonia Virginica 46.5 94.5 44.5 72.5 95.9 64.2 91.5

Collinsonia canadensis 16.3

Cryptotaenia canadensis 5.5 8.2 12.6 11.0

*Dentaria laciniata 22.0 13.0 38.0 31.5 6.1 34.7 19.0

Desmodium glutinosum. 3.0 1.5

*Dicentra canadensis 4.5 72.0

*D. cucullaria 26.5 17.5

*Erigenia bulbosa 5.5 2.5

*Erythronium.americanum. 72.5 83.5 74.5 92.5 96.4 60.5 60.0

Eupatorium.purpureum. 4.0 .5

Galium aparine 5.5 17.9 41.1 39.0

G. triflorum 3.0 .5

Geranium maculatum. 3.0 69.4 41.6

Geum canadense 3.0

Hydrophyllum apendiculatum 8.5

Hystrix patula 6.0

*Isopyrum.biternatmm 39.0

Laportea canadensis 1.0

Mianthemum.canadense 2.5 .5

Osmorhiza claytoni 30.0 38.3 54.7 10.0

Phlox divaricata .5 .5 1.5

Phryma leptostacha 2.5 2.0

Podophyuum peltatum 1. 5 10.0 21.1 2. o

Polygonatum.pubescens 2.0 22.0 27.5 16.8 25.3 .5

Polygonum virginianum 6-1 3.5

Prenanthes altissima 32.0 30.6

Sanicula gregaria 34.5 25.5 26.3 2.0

Sanquinaria canadensis .5 33.0 4.6 6.0

Smilacina racemosa 42.5 5.6 21.1 .5

Solidago caesia 23.0 12.8 21.1

Trillium grandiflorum 16.8 31.1 .5

Uvularia grandiflora 4.0

Viola canadensis .5 3.5 18.0 8.5 33.5

V. pubescens 18.5 21.5 57.5 41.8 46.3 38.5

v. sororia 4.0 18.0 12.8 30.5 23.0
 

* Spring ephemerals
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Table 3. Species list and frequency (%) for contiguous 5m x 5m quadrats

in Baker Woodlot

Species

Acer nigrum

A.NMm

A. saccharum

Actaea pachypoda

Afimmmmmmm

Aesculus octandra

Allium.tricoccum

Amphicarpa bracteata

Arisaoma triphjlhmn

Asarum.canadense

Aster macrophyllus

Athyrium.filix-femina

Berberis thunbergii

Boehmeria cylindrica

Botrychium dissectum

B. virginianum

Gempanula americana

Carex spp.

Carya.cordiformis

Caulophyllum.thalictroides

Circaea quadrisulcata

Claytonia virginica

Collinsonia canadensis

Cornus alternifolia

Corylus americana

Cryptotaenia canadensis

Cypripedium.calceolus

Dentaria laciniata

Desmodium glutinosum

D. nudiflorum

Dryopteris spinulosa

Equisetum.hyema1e

Erigeron philadelphicus

Erythronium.americanum

Euonymus alatus

E. obovatus

Eupatorium purpureum

Fagus grandifolia

Fraxinus americana

Galium aparine

G. circaezans

G. triflorum

GeraniumLmaculatum

Geum.canadense

Hamamelis virginiana

Helianthus decapetalus

Hepatica acutiloba

Hydrastis canadensis
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Table 3. (continued)

Species

Hystrix patula

Impatiens capensis

Laportea canadensis

Lindera benzoin

Lonicera spp.

Mianthemum canadense

Onoclea sensibilus

Osmorhiza claytoni

0. longistylis

Ostrya virginiana

Panax quinquefolia

Parthocissus quinquefelia

Phlox divaricata ,

Phryma leptostachva

Phytolacca americana

Pilea pumila

Podophyllum.peltatum

Polygonatum.pubescens

Polygonum.virginianum

Polymmia canadensis

Populus deltoides

Prenanthes altissima

Prunus serotina

P. virginiana

Quercus rubra var. borealis

Ranunculus abortivus

Ribes spp.

Rubus spp.

Sambucus pubens

Sanicula gregaria

S. trifoliata

Sanquinaria canadensis

Sassafras albidum

Smilacina racemosa

Smilax herbacea

S. hispida

Solidago caesia

Thalictrum.dioicum

Tilia americana

Toxicodendron radicans

Trillium.grandiflorum

Uflmus rubra

Urtica gracilis

Uvularia grandiflora

Viburnum.acerifelium

V. lentago

Viola canadensis

V. pubescens

V. rostrata
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Species Freamsxlfl

V. sororia 52.8

Vitis palmta .3

V. riparia 1 3

Zanthoxylum americantm 4.3
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Table 4. Significant positive and negative (-) associations as

determined by Chi-square for Baker Weedlot selected quadrat

data * (p=.05) ** (p=.01) *** (p.:.005) 0=no significant

correlation

25 .2 H as 2 ‘63

211‘! w ,5 ° 535-2. 3.2..
. .r-ln-Sd -H a CB ‘6 C: OS 0334 O

. w . -H n -H o o s
, o .o o .n .H a o o o m -H .o n o
o .w . -p .m c .4 n a 'o 0 fl

:g'Szafié“?! °§ :25! is
:63 €3IE3 to :3 (5| :3 <5| KL :3 <6: <5 :3 s5 :§I:;I I:

Arisaema ;* ** 7;* o -*, -** o -;* o o o -;* op’o o 1* 15:7

Caulophyfllum O ~¥§* O ** O 0 -* 0 —§* 0 * O O O 25.8

Circaea -;* 0 -;* —§* 0 -* 0 0 0 0 0 0 0 0 35.3

Cla onia ;* ;* ;* o ;* o 3* ;* o o ;* ** o 64.2

Cryptotaenia o ** o * o o o 3* o * o o ** 12.6

Dentaria 0 :* 0 §* 0 * :* -* 0 * 0 0 34.7

Erythronium * ;§* 0 —§* 0 0 0 * 0 0 * 60.5

Galium aparine -:* 3* 0 0 0 0 0 3* 0 0 41.4

Geranium -;* -* o * ** o o o ** 41.6

Osmorhiza claytoni O ** 0 -;* 0 §* 0 0 52.1

PodoEgyilum 0 0 0 -* 0 -;* 0 21.1

Sanicula gregaria 0 0 :* 0 ;* ** 26.3

Smilacina 0 1* 0 0 0 21.1

Solidago 0 0 0 * 21.1

Viola pubescens 0 :* 46.3

Frequency (1) 31.1 30.5
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Table 5. Significant positive and negative (-) associations as

determined by Chi-square from Toumey'WOodlot selected quadrat

data *(p=.05) **(p=.01) **4p.;.005) 0=no significant

correlation

to

s

:2 8 a
s s s .2 a :3 v

c 0H r1 +9 n o .0 b:

'H o '4 3 3 '3 S. 2
o s. a o .3 5 n

o g o .3: :3"

d ’8 O «I 0 or?! O

. E; E: n4 0. on >4 >- 5:

Species ‘ ‘ *

Arisaema _*** _*** _*** _*** 0 O _*** 33 . O

Circaea O 0 0 0 *** 0 0 34.5

Claytonia . ‘o *** o o o o *** 44.5

Dentaria 0 new 0 *** *** o 38.0

Egyihronium 0 O O * ** *** 74.5

Podophyllum ’ o o -*** -* o 10. o

Polygonatum 0 -*** -* 0 22.0

Sanquinaria 0 *** * 33-0

Viola ganadensis 0 * 18.5

Frequency (i) 21.5
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emphasize very highly significant“ associations among species pairs.

The following generalizations can be made based upon these data.

(mi-square analysis for association resulted in twenty-one

significant values out of forty-five 2 x 2 contingency tables (46.7%)

computed from Toumey Woodlot data and sixty significant values out of

153 tables (39.2%) computed from Baker Woodlot data. 01‘ these values

65.14% were very highly significant. This is indicative of the extensive

nature of interplant associations in the sampled area.

A temporal relationship appears to exist between Clgflonia and

Arisaema trimllum (L.) Schott (very highly significant negative

association) and between Clayionia and Vigl_a_ mbescens (highly

significant5 positive association) in both woodlots at the 1m2 quadrat

size.

Temporal relationships also appear to exist on an individual stand

basis. Dentaria is significantly positively associated with Osmorhiza,

Claflonia (Michx.) C. B. Clarke, Polygonatum mbescens (Willd.) Pursh.,

Sanicula gregaria Biokn., Trillium grandiflorum (Elohim) Salisb. and

Cryptotaenia canadensis (L.) DC. in Baker Woodlot and with Sanquinaria

canadensis L. and lip}; canadensis L. in Toumey. In Baker Woodlot,

Dentaria is negatively correlated with Smilacina racemosa (L.) Desf. ,

Arisaema, Caulophyllum thalictroides (L.) Miohx. , and Circaea

guadrisulcata (Maxim) Pranch. and Sav. while in Toumey, it is

negatively associated with Podopflllum Egltatum L. The per cent

frequency of Dentaria is very similar between the two woodlots. Also,

Claflonia is positively associated with C totaenia, Osmorhiza,

 

’4 "Very highly“ significant indicates significance at the .5% level.

5 "Highly significant” refers to significance at the 1% level.
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Polygonatum, Sanicula gregaria and Trillium and negatively correlated

with Caulomnum, and Circaea in Baker. Egmgonium is positively

associated with Geranium maculatum L., Solidago 93.3313 L. and V_igl£

sororia Willd. in Baker and with San 'naria, _V_i_9£ canadensis and 119;;

flescens in Toumey.

The presence of significant negative associations between

Podthyllum and several other species (EMonium, Dentaria, Geranium,

Ell-2‘. mbescens, Solidago, Samuinaria and Arisaema) and the lack of

significant positive associations implies exclusion of certain species

from sites occupied by Podomnum.

The constellation diagram showing very highly significant

associations between species in Toumey Woodlot suggests that there are

two distinct groupings of species connected to each other by common

negative associations of a third group. Thus Ermronium, Clafionia

andM mbescens (Group 1) are usually found positively associated as

are those species within Group 2 (Dentaria, Vz'I._ol_a_ canadensis,

San uinaria, Circaea fldrisulcata (Maxim) Franch. and Sav.). These

two groups are negatively associated with Arisaema, Polygonatum and

Podomnum. It should be noted that Group 1 contains two spring

ephemerals (Emgronium and Claytonia) and Group 2 contains one

(Dentaria).

The constellation diagram for Baker Woodlot selected quadrats

suggests two barely distinct groups interconnected by very highly

significant negative associations. Group 1 contains Clafionia,

Dentaria, Polygonatlm, ngp'totaenia, Trillium, Egg Egbescens, $131.3;

aparine L., M sororia, Osmorhiza and Sanicula gregaria while Group 2

consists of the remaining positively and negatively associated species.
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Certain significant associations shown by this technique and at

this quadrat size (lm x 1m) also are significant with other sampling

techniques and at other quadrat sizes. (See Table 6). For example, the

temporal association between Claflonia virginica andm pgbescens is

significant not only in Baker and Toumey Woodldts with the 1m x 1m

quadrat size, but also in the 5m x 5m Baker Woodlot quadrats and in the

Bear Lake Natural Area and Sandhill Woodlot 73111 x-é-m quadrats. (For

further discussion see page 39).

Contiguous Quadrat Technique

Significant Cole's Index of Interspecific Association values from

Baker Woodlot contiguous quadrat data are shown in matrix form in

Table 7. A constellation diagram (Figure 3) indicates very highly

significant association values. A list showing per cent frequency of

each species is shown in Table 3. Figure 1+ indicates the species

frequency per quadrat and is a measure of quadrat diversity. The

following generalizations are based on these data.

Association analysis by Cole's Index resulted in 321 (or 27.3%)

significant values out of a total of 1176 2 x 2 contingency tables

computed. Of these values 50.8% were very highly significant.

Positive temporal associations between spring and summer species

appear to exist between Claflonia and 1121—3 bescens; Dentaria and

_Gal___iI._1_m triflorum; Dentaria and Viola; sororia; Egmronium and 911—922.

triflor'cnn Michx.; Emonim and Uvularia; Eflronium and 11335

sororia; EMonium and Lindera; Emmium and Botflc_himn virginianum

(L.) Sw. and Emronium and Circaea. Negative temporal relationships

appear to exist between Claflonia and Arisaema; Dentaria andm
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Table 6. Significant positive and negative (-) associations between

spring ephemerals and other species at various quadrat sizes

as determined by Chi-square *(p=.05) **(p=.Ol)

***(p¢:.005) O=no significant correlation

Species

Comparisons

Claytonia vs.

A -saema

Cla¥tonia vs.

Den aria

Claytonia vs.

Egythronium

Claytonia vs.

Viola pubescens

Dentaria vs.

Egythronium

Dentaria vs.

Smilacina

Egythronium.vs.

Galium aperine

Egythronium'vs.

Geranium

E hronium vs.

Solidago

Eflronium vs.

Viola pubescens

Erythronium.vs.

Viola sororia

Sample Size
 

126 I190 Juoo [zoo-1290;, -- zoo
 
:.__200 .4200
 

Quadrat Size
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virginiana L., EMhmnium and Gama cordiformis (Wang.) K. Koch,

ESEhronium and Actaea, Eflronium and Euoms obovatus Nutt,

Egghroniumand Arisaema, Egyt_hronium and Parthenocissus gumefolia

(L.) P1anch., Erythronium and Caulomnum, Erythronium and E.

virflniana, Emhronium and Quercus, Erythronium and Ulmus rubra Mihl. ,

 

Elli-11‘.“ agrine and Sanicula trifoliata Bichn., _(_}_. amrine and E.

serotina, Q. amrine andm and Q. agrine and 93233. spp.

The constellation diagram in Figure 3 indicates that there are

three main groups of species interconnected by positive and negative

associations. Group 1 is comprised of three positively associated

woody species (L’run_u_s_ serotina, M _r_ub_ra., and Sambucus) which are

negatively associated with species of Groups 2 and 3. Group 2

contains two woocnr species (Parthenocissug andm serotina) plus

four herbs, none of which are ephemerals (Smilacina racemosa (L.)

Desf. , Polygonatum, Trillium, and Arisaema). Group 2 is connected to

Group 3 by positive associations with Geranium, Sanicula trifoliata

and Pokgonum virginianum L. and is separated by a negative

association with Erythronium.

The existence of high species diversity in the area sampled

(1 hectare) is evident in Table 3 as well as on an individual quadrat

basis as shown in Figure 4,

Varying degrees of aggregation eXemplified‘bydiff’erent species is

apparent. Such pattern is likely due to vegetative reproduction "

tempered by past history (such as initial availability of reproductive

stock).
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Random Quadrat Technique

The results of statistical analysis of the random quadrat data by

means of Cole's Index are shown in Tables 8 through 11. An overall

comparison of these results for all woodlotsistudied is provided by

Table 12. Constellation diagrams were constructed from this data for

Bear Lake Natural Area and Sandhill and Baker WOOdlots (Figures 5 through

7) to emphasize the very highly significant associations; however, no

diagrams were constructed for Toumey'and Hudson Woodlots due to limited

data. Table 13 provides coefficients of similarity calculated from per

cent frequency data from all random quadrats to provide a measure of

stand similarity. The following generalizations are based on these

results.

Of the seven spring ephemerals analyzed in the five woodlots, there

appears to be several significant temporal associations with later

species. Claytonia and'yigla,pgbescens are positively associated in

Bear Lake Natural Area and Sandhill'Wbodlots, being present together in

four of the five stands studied. Of the twentyhseven other significant

association values existing between species in single stands, six

associations are negative. The high number of significant single-stand

correlations between spring ephemerals and.summer Species is probably

partly a function of sampling technique and stand individuality.

Observation of variation in the structure of the ground flora among

the five woodlots is supported by these analyses. variations in species

composition and degree of aggregation of species may'result in different

mosaics of pattern in adjacent stands. A.simple single axis ordination

(Figure 8) of these coefficients of similarity shows a wide floristic

difference on a per cent frequency basis between Hudson and Bear Lake
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Table 8. Frequency and positive and negative (-) Cole's Index

coefficients from Bear Lake Natural Area random quadrat data.

Significance determined by Chi-square *(p=.05) **(p=.01)

***(p<:.005) O=no significant correlation

 
 

-b
w"!

F!

ii
a, 0 £2

. g a 5 a a . a v
a. .3 -r-l 4; m :3 as w-I {>5

‘0 r? g H O G 'g x . .fi 0 0 ‘6 g g

x 8‘ ° .3 ° .3 B 3 8 '3 o
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. p
g as I: H to o 0'

t; d d '3' o 13' E O o o .2 2

c) ca 53 s: c> o. o.| cal 03 :4 :4 c: &.

Allium 71.86.581.331 0 o .3114 o 0 335.3111» 0 .287 o o 69.5

tricoccum * *** *** * . * *** ***

Brachyy 0 0 0 .270 0 0 0 .398.375 0 0 0 0 0 11.0

ellirum * *** *

erectum

Carex spp. O :283 0 0 0 0 .230 O O _ 0 7337 0 0 31.5

*** *** ***

Caulophyllum. .613 O O O O O 0 .260 0 O O 0 23.5

*** *

Claytonia ‘ .596 O O O O 0 .5297220.368 0 .588 72.5

*** *** ** *** ***

Dentaria .788 0 O 0 O .255 O O O O 31.5

* ***

Egythronium. 7h29l.000 O 0 .6867307 0 O O 92.5

** * * *

Polygonatum , O O O 0 7605 O O O 27.5

***

Prenanthes o 0 0 0 2212 0 0 32.0

altissima *

Sanicula 0 o o o o .251 34. 5

gregaria ***

Smilacina :335.197 0 O 42.5

* *

Viola 0 :h20 0 57.5

Egbescens . ***
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Table 9. Frequency and positive and negative (-) Cole's Index

coefficients from Baker woodlot random quadrat data

Significance determined by Chi-square *(p=.05) **(p=.01)

***(p<:.005) O=no significant correlation

  
 

 

 

w QE

5 o m -H a \J
-H s o H H :a

8 5 fi «1 ° 8 s vs
2 s 8 2 a 5' 2; 8
ES c a s H :1 m 0'

. " 2 . '6‘ 'E'. . °
co can <3 IL on a) 64 :>l I:

Species

Brachyplzirum. .218 0 .209 0 0 .262 .312 0 0 10.2

* * * ***

Circaea 0 0 .152 0 0 .186 O 0 '.#23 16.8

. * * :n***

Claflonia o .702 o .820 o o o o - .284 95.9

*** *** *

Collinsonia o o o o o o o .173 30 16.3
a:

Erythronium. O 0 .588 0 0 0 0 O 96.8

*

Galium aparine O 0 .259 0 O .152 O 17.9

* *

Geranium O 0 .543 0 0 O 69.4

' ***

Polygonatum ' .258 0 O O O 16.8

a:

Sanicula gregaria O O 0 .2#8 25.5

""" *

Solidago 0 0 .266 12.8

***

Trillium. 0 -1.000 16.8

*

 

Frequency (%) 30.6 12.8
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Frequency and positive and negative (-) Cole's Index

coefficients from Sandhill weadlot random quadrat data

   

 

Significance determined by Chi-square *(p=.05) **(p=.01)

***(p¢:.005), O=no significant correlation

2 m "I a A
. '8 8 . '8' "'3; ‘35
.fi 3 «8 8 "s1 3 :8 5’
n 0H a o o a s

.s z .o a s o

a '3 8 8 8 3 3-
o a 2 0

c5! #3 o :>° :>°| :>°| 5| 5| r2

Claytonia .608 0 0 0 0 .694 0 0 0 91.5
*** *

Cryptotaenia 0 0 7767 .157 0 0 0 0 .229 11.0

*** a *

Erythronium. 0 .231 0 O 0 .318 0 0 0 60.0

* ***

Galium.aparine O .180 0 O .212 0 7180 0 39.0

* *** *

m 0 0 0 0 .323 7356 0 39. 0

*** ***

Osmorhiza 0 .851 0 0 0 .333 10.0

*** ***

Viola canadensis O O 7611 .414 0 33.5

*** **

Dicentra cucullaria O 0 7246 O 17.5

*

 

firequency iii §8.§ 2§.5 fi§.3
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Table 11. Frequency and positive Cole's Index coefficients from.Toumey'

'Woodlot and Hudson'Woodlot random quadrat data

Significance determined by Chi-square *(p§,Q5) **(p=.Ol)

***(p<:.05) O=no significant correlation

Toume ‘Woodlot

Species E hroni Viola bescens Frequency (fi)

Claytonia .673*** 0 94.5

Dentaria 1.000* .245*** 13.0

Frequency (%) 83.5 18.5

Hudson'WOodlot

Species Egythronium. Frequency (%)

Claytonia .413*** 46.5

Dentaria .587** 22.0

Frequency (%) 72.5
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Eflronium —————.-Viola mbescens

Claflonia Galium aparine

Dicentra_canadensis

 Isopm Viola sororia Dicentra cucullaria

c

: .
n I

t I

Cryptotaenia Viola canadensis - - — - Osmorhiza clafloni

Figure 6. Diagram showing significant Chi-s re associations in

Sandhill Woodlot random quadrats p <. 005). Positive

association --—; negative association - - -e- Group 1.

(W: 91am, 1:912 bescens. _Galium ar_in_e.);

Group 2. The remainder.

 

Erythronium Sanicula gregaria Braflglytrum Circaea

Claytonia ——Geranium Solidago———— Viola sororia

Figure 7. Diagram showing significant Chi-square associations in Baker

Woodlot random quadrats (p <. 005). Positive association —.

Group 1. (Clafionia, Emrcnium, Geranium, Sanicula

gregaria; Group 2. The remainder.
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Table 13. Matrix of coefficients of similarity calculated from per

cent frequency data from all random quadrats.

 

 

 

Woodlot Hudson Bear Lake Baker Sandhill Toumgy

Hudson 0 .336 .357 .398 .712

Bear lake 0 .609 .469 .434

Baker 0 .502 .538

Sandhill 0 .538

Toumey' 0

Hudson Tbumey' ' :“fTSan8hill "Baker ” Bear Lake

Figure 8. Single axis ordination of coefficients of similarity.

 

6 See Appendix B for calculation of coefficient of similarity.
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Natural Area while the other stands show progressively greater or lesser

correlation with these end points or "reference stands" depending on

their relative positions along the axis.

Association analysis by Cole's Index provided thirty-five very

highly significant values out of 300, 2 x 2 contingency tables computed

from random quadrat data for all five woodlots.

The constellation diagram constructed from Bear lake Natural Area

data (Figure 5) indicates the presence of three groupings of species.

Group 1 consists of Brachyglflrum erectum (Schreb.) Beauv., Prenanthes

altissima L. andM spp. interconnected to Group 3 by negative

associations between 9293 spp. and Clafionia and between 93.39; spp. and

Ma Ebescens. Group 2 is an outlyer consisting of Polygonatum and

Solidago and has no significant positive associations with species of

either of the other two groups. Species groupings are also suggested

in diagrams from Sandhill Woodlot and Baker Woodlot data.

The number of positive associations among ephemeral species was

greater than the number of negative associations (nine positive vs. two

negative). This trend is also found among summer species (twenty-six

positive vs. nine negative associations).



DISCUSSION

Association and Pattern Effects

No clear distinction has been made in the proceeding paragraphs

between association and pattern effects. The idea that these two

effects are distinctly separable is not entirely valid, being largely

dependent on the scale of the pattern being discussed (see page 51).

Kershaw (1964) listed four major causes of association among plants,

namely:

1. similarities and differences in environmental requirements,

2. modification of the environment by one species allowing the

establishment of other species,

3. production of toxic substances by plants,

4. competition.

Yet these causes of association are in manyfwaye similar to

Kershaw‘s (1964) list of causes of pattern, which are:

l. vegetative spread,

2. heavy seeds,

3. cyclical regeneration in patches,

4. major and minor discontinuities caused by changes in environmental

variables (soil moisture, soil depth, etc.),

5. species to species interaction.

Kershaw (1964, p. 122) specifically relates this last category

(referred to as ”sociological pattern") to causes of association when

he states:

The causal factors of sociological pattern are not only

dependent on the competitive ability'of an individual (which

may also be, in part, dependent on the micro-environment),

but also on the possible presence of toxins exuded by an

individual, and its age.

50
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In many communities aggregated species will necessarily show

positive or negative associations with other species due to the nature

of overlapping similarities and differences in habitat requirements

alone (Hurlbert, 1969). That such overlapping ecological requirements

are important in determining the structure of the herbaceous ground

flora is shown by the results of analysis of the contiguous quadrat data

from Baker'Woodlot. Too large to show competitive or allelopathic

interactions between component species, the 5m.x 5m quadrat size used

apparently provides a good measure of'simdlarities and differences in

micro-habitat requirements among associated species (this.was also

pointed out'oy Struik and Curtis, 1962).

Variations in the degree of aggregation among species often results

in differing scales of pattern. Bray'(1956) recognized three levels of

vegetational pattern: 1. geographic, 2. communal and 3. interspecific.

The first is a function of the geographic distribution of species and

their mutual occurrence within the same geographic area. The second

refers to species interaction within the community as a whole when such

a community'exists in a homogeneous geographic area. The third category

refers to pattern which is the result of direct reaction of species with

each other within defined communities. The pattern we are concerned

with here falls in the latter two categories.

The most prdbable causes of such medium.and small scale pattern in

woodland situations include vegetative reproduction, heavy seeds, past

history (such as initial availability of reproductive stock and

disturbance effects), and interaction of species on species and

individualaon individuals (or "sociological pattern"). In relation to

sociological pattern Kershaw (1964, p. 122) states:
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These small-scale sociological effects often take the form of

a mosaic of patches of different density'levels dynamically

related to each other in time and space.

This is particularly appropriate in the present study. One mosaic of

aggregated species populations exists in the early spring and overlaps

with a second mosaic of summer species populations. That these

phenophasic species‘groups are related to one another was shown by

association analysis by Cole's Index of Interspecific Association.

Temporal Associations and The Temporal Niche

The existence of patterns and associations among plant species is

largely a function of time. Successional stages composed of different

species arrays have progressed in undisturbed habitats to a "mature”

steady state-the ”climax community”-where niche differentiation is

most pronounced. Whittaker (1970, p. 35) states that:

... species have evolved in relation to one another,...they

influence one another's populations,...some are competing,

and...these will have evolved in sumh.ways that competition

is reduced by niche differentiation.

If we accept this premise of reduction of interspecific competition

in mature systems by niche divergence, we can perhaps apply these ideas

to association and pattern effects (both temporal and spatial) among

woodland species. For instance, temporal associations indicated in this

study'may in large part be due to the development of temporal niches.

This would allow two or more positively associated species to draw upon

the resources of a given area at different times during the growing

season and thus limit interplant interference effects. For example,

Claytonia virginica (a spring ephemeral) and‘Viglglpgbescens (a "summer"

species) were shown to be significantly positively associated at three
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quadrat sizes by association analysis. It therefore appears that

temporal niche differentiation allows both species to have similar

environmental requirements yet allows them to exist in close proximity

without strong competition for limiting resources.

Spatial niche divergence also allows positive association among

species with similar phenophases. For example, it was noted that some

species (Trillium.grandiflorum.for example) possess underground storage

organs (corms, bulbs, tubers, rhizomes) that normally exist at depths

in excess of 10 cm while other species (Polygonatum.pgbescens for

example) possess structures which lie at shallower depths (0 - 10 cm).

Thus it is conceivable that such summer species could exist together in

the same general area and yet avoid competition by drawing upon resources

at different soil depths. Although such spatial relations were computed

by association analysis in this study and are listed in the foregoing

tables, their interpretation has been a limited part of this study.

Negative Associations and Allelopathic Influences

‘ The existence of negative associations (temporal and spatial)

probably involves a more detailed explanation, since such associations

may'be a function of different habitat requirements, competition

effects, or production of allelopathic exudates which might tend through

time to exclude species from sites already preempted by another species.

Two species having similar habitat requirements and phenophases and

growing in the same area would be expected to compete with each other

for the available resources. If one species gained a slight advantage

over the other in securing these requirements, eventually we would

expect this species to eliminate its competitor, possibly leading to a
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negative association between these species (Smith and Cottam, 1967).

This probably explains some of the negative associations existing between

species within the same phenophasic grouping as indicated in the

analysis of random quadrat data (two negative associations among spring

ephemerals and nine among summer species). The reason that more species

are not negatively associated within groups is probably'due to spatial

niche differentiation which tends to reduceicompetition. It is

suggested that certain significant negative temporal associations may

arise from allelopathic inhibitions of certain species by another,

especially with densely'aggregated species. For example, Claytonia and

Arisaema triphyllum.were found to be negatively'associated at the 5m.x 5m

and the 1m x 1m quadrat sizes in Baker and Toumey WOOdlots. An

explanation of such a phenomenon might include the possible production

of some toxic substance by.Arisaema which somehow eliminates or inhibits

the tubers of Claytonia when they grow too close to an established

individual. Or perhaps the seedlings of Arisaema do not survive in a

denSe Claytonia aggregation due to the presence of some allelopathic

substance produced by Claytonia. An alternate explanation of the latter

relationship is that Arisaema seedlingsccannot proliferate in densely

packed Claytonia aggregations because of the finite space available. A

third possibility is that the two species have dissimilar environmental

requirements. However, in regard to the last suggestion, cursony

observations make it difficult to imagine thatnsites containing Arisaema

differ appreciably from sites containing Claytonia.

The importance of allelopatny in affecting associations between

species is also suggested in the case of Podquyllum.pgltatum, although

dense foliage present from the early spring through the middle of the
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summer may in itself strongly influence the ability of other species to

occur within a clone. Significant negativeq temporal associations were

found between Podopgyllum vs. Egythronium, and Podopgyllwm'vs. Dentaria

while significant negative spatial associations were noted.with

Podophyllum vs. Geranium, Vigla bescens, Solida o, Sanquinaria and

Arisaema at the lm.x lm quadrat size in Baker and Toumey'WOOdlots. No

significant positive associations were found.between Podcphyllum.and

other species. Thus the production of rhizome or root exudate coupled

with dense foliage effects is probably the best explanation for negative

associations since dissimilarities in habitat requirements are highly

unlikely.

Interstand Floristic Similarity

Variation in floristic composition between stands present in the

same geographical area such as found in this study is not uncommon

(Braun, 1950; Smith and Cottam, 1967). Differences may be attributable

in part to variations in past history, soil type, soil moisture,'

t0pography, natural and.man-made disturbances (grazing, fires, logging),

distance from seed source and selective predation. A coefficient of

similarity applied to the random quadrat data shows a wide floristic

difference on a percent frequency basis between Hudson woodlot and Bear

Lake Natural Area and a high floristic similarity between Hudson and

Toumey'WOOdlots. The Sandhill and Baker Woodlots and Bear Lake Natural

Area were clumped together on one end of the single axis ordination thus

showing floristic similarity; The lack of similarity between Hudson

'Woodlot and the other three areas was traced to differences in the past
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histony of these areas. It seems that Hudson has suffered from grazing

and rooting by pigs, which likely resulted in partial destruction of the

ground flora. This flora is only now beginning to redevelop. The other

woodlots, on the other hand, have never been grazed and thus possess

long-standing populations. The reason fer the similarity between

populations in Toumey and Hudson Woodlots is probably related to

topography; The Toumey'transects were located in relatively dry upland

soils which tends to reduce diversity. Thus the two areas, while

differing in degrees of disturbance, may appear to be floristically

similar for different reasons.

Differences in degrees of aggregation among species in the five

'woodlots studied were also noted. Some areas contained widespread

populations of a particular species (Egyihronium, for example) while in

other areas these species exist in discrete patches separated by

sparsely vegetated sites. Generally, more species appeared to exist in

clumped or contagious groupings than as randomly distributed arrays.

That some spring ephemerals can be very common in one woodlot and

completely lacking in surrounding woodlots is often difficult to explain.

Mechanisms of long distance dispersal for the spring ephemerals studied

are particularly'puzzling since most reproduction is currently

vegetative. This can result in onlya limited areal spread per growing

season (Whitford, 1951). However, vegetative reproduction was probably

not always the predominant means of‘populaticn expansion since such a

mechanism.could not possibly account fer present distribution patterns

in glaciated areas even if we allow a full 12,000 years with maximum

yearly rhizome growth.
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Perhaps there are less obvious seed dispersal mechanisms that are

important. For example, the presence of insect attracting tissues

(caruncle) produced on the surface of seeds and special modifications

of the plants themselves. which aid in "presenting” the seeds to insects

(such as the bending down of mature capsules in Sanquinaria) may help to

explain some dispersal patterns (van der Pijl, 1969). Among those

species studied, dutchman's breeches, trout-lily, bloodroot and trillium

possess this caruncle adaptation. The prevalence of herbaceous summer

species is more easily understood in light of their seed and fruit

adaptations for animal and wind dispersal (the latter mainly in gap—

phase species) combined with asexual reproduction.

While stand composition may vary in the same general locality, a

comparison of average percent frequency values of the species noted in

this study with results of other ground flora investigations indicates

that the woodlots sampled are fairly typical of maple-beech-mixed hard-

wood; stands in the mid-west (Cain, 1935; Williams, 1936; Potzger, 1940;

Curtis, 1959). However, an interesting by-product of the analysis of

the Baker Woodlot contiguous quadrat data was the high species richness

in the area sampled (101 species in the 1 hectare area) as well as on an

individual quadrat basis (range of 7-32 species per 5m x 5m quadrat).

Such diversity does not appear to be typical for a mature maple-beech-

mixed hardwoods stand and probably reflects the influence of human

disturbance combined with topographical heterogeneity (such as large

numbers of tip-up mounds).
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Quadrat Size

The importance of interpreting results of any sampling technique as

a function of quadrat size has been stressed by many researchers (for

example, Curtis and McIntosh, 1950; Goodall, 1952; Kershaw, 1964;

Pielou, 1969). It is obvious that the larger the quadrat size the

greater the chance that positive associations will be found. Also, as

quadrat size decreases it will approach individual plant size and result

in negative associations since no two plants would be able to utilize

the same finite space (Williams and Lambert, 1959; Dawson, 1951).

Ideally for association analysis, quadrat size should be larger than the

smallest individuals present but no larger than the scale of interaction

of the species with one another or with habitat variables (Greig-Smith,

1964). But since it is impossible to vary quadrat size to fit each size

class of plant and since the scale of pattern is not easily detected it

is usually best to use several quadrat sizes and interpret results of

association analysis with this in mind. Results of this study seem to

indicate that the 1m x lm and the 5m x 5m quadrats were too large to

reflect interplant interference effects and thus most associations were

related to similarities and differences in habitat requirements. The

presence of associations (temporal and spatial) as indicated thru the use

of the random quadrats is of interest considering the (73m x é-m) quadrat

size and the large sample size (total of 996 quadrats). At this quadrat

size, interplant influences should be important and competition for

limiting resources sharp resulting in biologically meaningful

associations. Twenty-eight significant temporal associations were found

at this quadrat size, six of which were negative associations. Such

relationships can be related to niche differentiation, competition and

allelopathic influences as mentioned above.
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Constellation Diagrams

The technique of showing very highly significant associations

between species by means of constellation diagrams provides insight

concerning species assemblages. Often species that occur together in

groups have similar habitat requirements and are negatively associated

with members of other groups having different requirements. Agnew

(1961) constructed similar diagrams to show species interrelationships

based on interspecific correlation and found that the resulting groups

were well aligned with such habitat features as pH.

The constellation diagramfrom the Toumey Woodlot selected quadrats

suggests two groupings of species, both groups containing spring

ephemerals. The most likely explanation of the distinctiveness of the

groupings is that the species of Group 1 (Claytonia, EMhronium and

11313 Egbescens) were mainly limited to upland well-drained sites in

the western half of the woodlot while those of Group 2 (Sa 'naria,

Dentaria and iii—Ola canadensis) occured mainly in the less well-drained

lowland areas in the eastern half. The constellation diagram based on

the Baker Woodlot selected quadrats does not suggest any sharp

differences between species grouping even though two groups were

arbitrarily designated. General uniformity of habitat and quadrat size

is probably responsible for the large number of significant positive

associations. ‘

The constellation diagram from the Baker Woodlot contiguous quadrat

data indicates the presence of three distinct species groups. Group 1

is made up entirely of woody species (m serotina, _Ulmus_'_;_ 2.12.13 and

Sambucus Mg). Group 2 contains six species, one of which is a tree

(Prunus virginiana), another a woody vine (Parthenocissus guimuefgia)
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and the rest aestival herbs (Smilacina, Polygonatum, Trillium.and

Arisaema). This group is interconnected to Group 3‘by three positive

associations, but is negatively associated with Group 1. The reasons

for associations between herbs and woody'plants are not clear.

Associations among woody species can be related to similarities and

differences in microhabitat requirements, as can associations between

most of the herbaceous species.

Finally, constellation diagrams from.Bear Lake Natural Area and

Sandhill and Baker'WOOdlot random quadrat data indicate several

groupings of species on the basis of association analysis. Negative

temporal associations (Claytonia vs. _Ca_r3§_ spp. andmbiternatum

vs. Cryptotaenia canadensis) may be due to the influence of allelopathic

effects coupled with space limitations or competition, while positive

temporal associations are probably the result of aforementioned niche

differentiation coupled with similar site requirements.

Limitations of Sampling Techniques and Measures of.Association

Any sampling procedure that involves a subjective designation of

sampling units runs the risk of producing results that are difficult to

interpret. This was found to be somewhat of a problem with the selected

quadrat technique since quadrat selection was non-random and quadrats

were not independent of each other. Nevertheless such a technique

provides a measure of association between those species of special

interest while excluding sites which may'provide little useful

information pertaining to temporal associations.

The contiguous quadrat technique is usually used for the detection

of various scales of pattern although it has been utilized in detection
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of association (Struik and Curtis, 1962; Kershaw, 1964).‘ However,

Pielou (1969, p. 178) stated that such a technique might affect the

interpretation of association due to the confounding effects of quadrat

spacing and quadrat size. 'While this may be true, in this study the

technique was used.more as a measure of'detecting the presence of i

certain associations on a large scale without being overly'concerned

with the detection of various scales of pattern or with the

interpretation of the biological significance of the results. As it

turned out, this technique seems to be a poor means of detecting

association resulting from interplant influences, at least at.the quadrat

size used (5m x 5m).

The random quadrat technique coupled.with rather small quadrat size

prdbably provides the best basis for a measure of association, at least

statistically speaking. Nevertheless this must be balanced with the

fact that much of the data collected may not add to the detection of

temporal association since this method often results in the collection

of data from plots having no spring and/or summer species present. Such

information concerning mutual nonéoccurrence of two species expresses

itself in a 2 x 2 contingency table in the form of ”inflated" or over-

represented.”d" categories which some researchers say produces

significant associations when there is no biological basis for such an

association (see discussion page 4).

There has been some controversy as to whether the Chi-square test

is suitable as a measure of interspecific association (Hurlbert, 1969)

although it has been used as such by Williams and Lambert (1959). One

of the problems appears to be that the test is sensitive to the total

number of quadrats sampled. ‘In the present study the number of’quadrats
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was sufficiently large and uniform in both'woodlots (approximately 200,

1m x 1m quadrats in each) so that this was not considered a problem.

Also, the Chi-square test was applied to the selected quadrats only to

test whether species pairs were independent of each other, this being

the null hypothesis for the comparisons being made. Another criticism

of Chi-square is that it is sometimes influenced by the species

frequencies (Hurlbert, 1969).

It appears that the above-mentioned problems are offset by the fact

that the test can be used as a measure of association when the quadrats

are non-random (Grieg-Smith, 1964). Even more importantlyy the commonly

used measure to detect the relative degree of association between

species (Cole's Index) utilizes the Chi-square test anyway, to test the

significance of the Cole coefficients.

Cole's Index is based on the assumption that each change in the

number of joint occurrences between two species represents a constant

increment in the amount of observed associations between the species.

Its value provides the realized proportion of the possible association

which might have been obtained (Cole, 1949). This index has been used

widely to detect the relative degree of association among plants, even

though it was originally applied as a measure of association between

parasites on rats. The main disadvantage of using this index is that it

is based on presence-absence data alone which precludes a measure of the

relative abundance of interacting individuals. Thus densityadependent

interactions affecting the presence of interspecific association may go

undetected. It must also be stressed that such a measure of association

gives no information concerning the causes of association. Further

experimental work is necessary before general statements concerning

cause-affect relations are biolOgically meaningful.



SUMMARY AND CONCLUSIONS

This study describes the presence of interspecific associations

among species in five woodlots on the campus of Michigan State

University, East Lansing, Ingham County, Michigan.

Sampling of the flora was done during portions of the 1970 and 1971

growing seasons. Three sampling techniques and three quadrat sizes were

used. Presence or absence of selected species was the criterion used

in the sampling. Chi-square and/or Cole's Index of Interspecific

Association were used to detect presence and/or degree of association.

Whilexall significant associations which were detected by these

'statistical tests were recorded, emphasis was placed on the

interpretation of temporal associations, that is, associations existing

between spring ephemerals and summer species.

Results were interpreted in relation to quadrat size used,

differences in species frequencies, and special limitations of the

selected, contiguous and random quadrat techniques. For example, the

1m x 1m and 5m x 5m quadrat sizes used prcbably were too large to detect

direct interplant influences and thus associations were interpreted as a

function of similarities and differences in habitat requirements between

the involved species. Wide differences in per cent frequency between

two species may inflate the significance level of Cole's Index values

due to the nature of the Chi-square test. The limitations of non-random

sampling were discussed in relation to the selected quadrat technique

employed. The major conclusions drawn from this study are listed below.

1. The large number (475 out of 1674, 2 x 2 tables or 28%) of

significant Chi-square and Cole's Index values indicate that inter-

63



64

specific association is common in most of the stands studied at the

quadrat sizes used.

2. Temporal associations exist between species both on a single

and multiple stand basis. Positive associations probably result from

similar habitat requirements combined with temporal niche

differentiation while allelopathic influences are suggested as

explanations for certain negative associations.

3. Certain species assemblages detected by association analysis

and emphasized by constellation diagrams appear to exist only within

particular woodlots. This is probably indicative of stand individuality

due to variations in past history (including disturbance effects),

topography and soils.

4. Random quadrat data indicate that many species are highly

clumped, densely aggregated patches being separated by rather sparsely

vegetated areas. The most probable cause of such clumped vegetational

patterns in mature woodland situations is the tendency for vegetative

reproduction to produce dense aggregations.

5. Further research is suggested in an attempt to ascertain actual

biological causes of temporal associations between selected species.

Smalleruquadrat dimensions based on average plant size are suggested to

accentuate interplant influences. Quantitative data such as biomass,

determinations or other abundance estimates perhaps would provide more

meaningful results when coupled with the techniques utilized in this

study.
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APPENDIX A

Arrangement of a 2 x 2 contingency table and

statistical tests used in analyzing association

between sficies.

7
Species A

 

Computation 31;Chi-square usinLthe above tags.

3:2 = éad-bczzn

a+b a+¢ c+d

Computation of Cole's Index of Merspecificfigssociation (Cn)8

When edébe:

C ' =‘ f ad-bc

7 ("flat(FMS

When bc>ad and dga:

C7 = ad-bc

(a+b)(a+07

When be) ad and a)d:

C7 = ad-bc

Zb+d$2c+d5

I

7 The convention was adogted that species A was the species that was

least frequent, i.e. a+b-(a+c).

8 Significance of this sample statistic was ascertained by the above

Chi-square test; -
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APPENDIX B

Computational formula for an index of

floristic similarity9

Coefficient of similarity

c=_2:
atb

where a is the sum of the per cent frequencies of all species

in one stand, b is the similar sum.fbr a second stand, and w

is the sum of the lower of the two per cent frequency values

for those species which are common to both stands. Perfect

similarity theoretically produces a value of t1.0 and perfect

dissimilarity a value of 0.0. Due to sampling error, the

maximum.va1ue expected for high similarity is around 0.8

instead of 1.0.

 

9 Bray and Chzrtis (1957).
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