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by

Sylvia May Obenauf Taylor

Co-Chairmen: Burton V. Barnes

William S. Benninghoff

Frazinus amerioana L. and F. pennsHlvanica Marshall.

are two closely related species and the most common of the

four members of the genus Frazinu8 native to Washtenaw

County, Michigan. These species have previously been con-

sidered taxonomically distinct and ecologically isolated.

Morphological features as well as the habitats of the two

species in Washtenaw County, Michigan, however are sometimes

difficult to distinguish, suggesting that isolation here is

not as complete as has been reported for the two species in

other localities. The genetic and ecological isolation of

these species was, therefore, studied in Washtenaw County,

within an area of approximately 200 square miles which in-

cludes both forested and cleared areas, and in which both

species are now widely distributed.

Populations of the two species were first examined

to characterize their morphological features and to ascertain

whether there is more than one ploidal level in either species,
!
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or of varieties of F. pennsylvanica based on presence or

absence of pubescence. Qualitative field observations and

statistical analyses of morphological characters provided a

clear separation of The two species with the exception of

one individual which was classified as a putative hybrid

between the two species.

The most distinctive features separating The species

are presence or absence of papillae on lower leaf surfaces,

depth of notch on apical margin of leaf scars, presence or

absence of waxy flakes exfoliating from the epidermis of

second season's growth, The angle between the plane of leaf

scars and the twig axis, petiole length and number of teeth

on margins of leaflets. No evidence was found to suggest

that The pubescent and glabrous forms of F. pennsylvani_a

represent distinct varieties of this species.

No phenological barrier was found To interfere with

natural cross fertilization. Controlled pollination in-

volving 47 panicles averaging i00 flowers per panicle

resulted in only 21 sound seeds and 13 surviving seedlings.

These, however, are The first reported F. amerioana X

pennsylvanica (F. pennsylvanic= X americana)hybrids to have

been produced by artificial pollination. Hybrids, there-

fore, are rarely produced even through phenological overlap

may give rise to natural cross pollination of the two species.

Habitat isolation between the species was demonstrated

in forested areas. In cleared areas, however, habitat overlap
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was present. Both species were found in various drained

situations, but not in open areas subject to seasonal

flooding_ where only F. pennsylvanica was present.

Responses of seeds and seedlings were studied in

greenhouse and field situations. The two species were found

to differ with respect to dormancy, F. americana seeds nor-

mally remaining dormant one year longer than F. pennsylvanica;

optimum germination temperatures, F. americana germinating

more readily at lower temperatures ; and seedlin_ tolerance

of ranges of light and moisture _ F._ americana being more

shade tolerant but less able to live in standing water.

These responses reflect life cycle differences which ac--

company habitat specialization of F. americana for mesic

forest communities and F. pennsylvanica for lowland disturbed

areas.

Although habitat specialization is primarily asso-

ciated with forested conditions and has not prevented the

development of mixed F. americana and F. pennsylvanica

stands in open drained areas _ a strong breeding barrier

which exists is effective in preventing the production of

hybrid individuals in these places. In the future both

species should remain common if land management continues

as at present. Little hybridization is expected between

the species _ but there will be an increas+ng number of

instances in which both species share the same site.
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INTRODUCTION

For some time, many who have had field acquaintance

with the genus Frazinu8 in Washtenaw County, Michigan have

been troubled by a lack of certainty about the identities

of the two most common ash species: Framinus americana L.

(white ash) and Fraxinus pennsylvanica Marshall (red ash).

Although these trees can sometimes be easily identified

with the aid of published taxonomic and habitat descriptions,

individuals have often been encountered which seemed mor-

phologically intermediate and ecologically out of place.

Questions, consequently, have been raised about

the extent to which these two tree species are ecologically

and genetically isolated. If they really are taxonomically

distinct and ecologically separated as reported by Miller

(1955), and genetically incompatible as reported by Wright

(1953), then there'should be no confusion about the identi-

ties of individuals or the patterns of their distribution

in the local vegetation. The inability of many people to

distinguish the features and habitats of the two species,

however, suggests that their isolation is not as complete

as has been reported, at least in the Washtenaw County area,

and perhaps elsewhere within their range.

This dissertation is an attempt to determine the

extent to which white ash and red ash are isolated in a



portion of Washtenaw County, Michigan. The two species

have been examined, therefore, in three respects:

i. The morphology of local populations was compared

to published descriptions, examined for additional dis-

tinguishing characters and studied for range of variation

and presence of hybrids.

2. Reproductive isolation was investigated in terms

of phenology, contr_lled cross pollinations, and charac-

teristics of seedlings which resulted from controlled

pollinations.

3. Ecological separation was examined through field

and greenhouse comparisons of seedling development under

different environmental conditions and by observations of

the two species in local habitats. Open areas now cover

a high proportion of the landscape compared to presettle-

ment times, providing circumstances which may in certain

situations be responsible for changes in habitat isolation

and in the opportunity for gene exchange. Ecological

separation was considered separately, therefore, in forested

and in cleared areas.

The three sections which cover this material are in

some respects separate studies, although they were done

concurrently and some observations are applicable to more

than one section. They are presented in order of needed

information. It is useful to have knowledge of morpho-

logical variation before forming conclusions about the



genetics of the two speciesl responses to the environment

can be more easily interpreted once morphological charac-

teristics and genetic behavior are well understood.



STUDY AREAS

Most collections and field studies were restricted

to an area of approximately 200 square miles which includes

the cities of Ann Arbor and Ypsilanti in eastern Washtenaw

County, Michigan (Figure I). About half of this area was

usable only for limited observations because of its advanced

state of urban and suburban development. The remainder is

farmland and vacant land in tracts ranging in size from

about i0 to about 300 acres. Only a few commercial farms

operate in the area, most tracts being owned by persons

employed elsewhere or by land developers. Much of the land

has been cleared for agriculture at one time or another,

yet numerous wooded areas ranging in size from about 5 to

150 acres dot the landscape.

As indicated on K_chler's map of potential natural

vegetation of the United States (1967), about half of the

potential vegetation of this area is forest dominated by

oaks and hickories, the other half forest dominated by

beech and maple with some elm-ash swamp. Presently forested

areas contain a much smaller representation of the beech-

maple assemblage, in part because of the presence of various

successional forest communities containing a large percent-

age of oak on former beech-maple sites, and in part because
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former beech-maple sites are usually the most favorable

for agriculture, and consequently more often cleared and

maintained as cropland.

The most prominent landform features of the area

are the Inner and Outer Defiance Moraines and the Fort

Wayne Moraine. These end moraines of the Erie Ice Lobe,

which consist of a wide assortment of glacial deposits,

cross the area in a southwest-northeasterly direction.

The amea is bisected from northwest to southeast by the

Huron River.

Two smaller areas within the overall study area

were used for most of the experimental work. These were

The University of Michigan Matthaei Botanical Gardens,

and a 207 X 310 m fenced area southwest of the intemsec-

tion of Nixon Road and Warren Road which I refer to as

the "Nixon-War_en study site" (Figure i, detail map

Appendix II).

Mr. and Mrs. Or_nond E. Kapp, who own and operate

a farm on Nixon Road and are long time residents of the

area, have supplied the following history of the Nixon-

Warren site. The original woods was selectively logged,

over a period of many years, then clear-cut in 1932 or

1933. It was then used as a pasture until 1968. During

this time some regeneration of forest trees occumred. In

the 1930's both cattle and sheep were pastured on the



area; in recent years the Kapps rented the land and used

it exclusively as a sheep pasture. The site has never

been plowed.

The Nixon-Warren site is relatively level. It

nowhere exceeds ten feet above the spring level of standing

water of the three shallow ponds which cover about one-

fourth of the site. These ponds recede considerably

every year; they dried up completely during the summers

of 1970 and 1971. Soil texture ranges from sandy loam

to sandy clay loam, except in marshy areas where there

is a larger silt component.

Between ponds, trees on the Nixon-Warren site are

widely spaced, and the absence of a shrub understory gives the

site a park-like appearance. The most commonly occurring

trees are red and white ash and hickories (Carya ovata,

C. ovali8 and C. glabra). Most red ashes have single

tmunks and grow where there is standing water in early

spring but not in late summer. White ash and the three

species of hickory present are almost entirely in situa-

tions above the spring level of standing water (Appendix

_I). Upland trees commonly have multiple tunks. These

trees have developed from stump sprouts which escaped

cropping by grazing stock. The oldest sprout trunk among

those sampled was a white ash, 32 years old in 1969.



This study site was used for several field projects

because of the abundance of ash trees, the close proximity

of red and white ashes to each other, and the p_obability

that many of the trees represent genetic stock from an

earlier period of post-settlement development.



MORPHOLOGICAL AND GENETIC CHARACTERIZATION

OF THE SPECIES

Three factors which must be considered when charac-

terizing red ash and white ash in Washtenaw County are:

(a) The only sure morphological character which separates

the two species is a microscopic one ; presence or absence

of papillae on the undersurface of leaves, and, therefore,

usually not used in field situations. Other morphological

features have a wide range of variation, and can overlap

considerably. (b) Three ploidal levels of white ash have

been reported in Southern United States as far north as

Indiana and Pennsylvania (Wright, 1955). Presence of more

than one ploidal level in Washtenaw County has not been

previously determined. (c) Red ash individuals may have

pubescent or glabrous twigs. Thos_ with glabrous twigs

have been recognized as vat. lanceol=ta (Borkh) Sarg.

(green ash) in various manuals. This variety was not

recognized in the most recent monograph of the ashes in

North America (Miller, 1955). Since Miller did not discuss

this variety, or even include it in her Fr=minus pennsyl-

uani_a synonymy, it has remained unclear Whether mixed

pubescent-glabrous populations of Fr=zin.s pennsylvanica

such as are present in Washtenaw County, should be consi@_red

one or two entities systematically and _enetically.

9
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In view of these three factors, characterization of

the species was accomplished by studying additional charac-

ters not included in published descriptions of red ash and

white ash which may further aid field identifications,

determining chromosome numbers for representative trees of

both species, and by conducting a Statistical study of leaf

and twig characters Taken from several populations of both

species. One object of the morphological study was to

determine whether the one diagnostic feature which separates

all red ash from all white ash, i.e., presence (white ash)

or absence (red ash) of papillae on the lower leaf epidermis,

is significantly correlated with leaf and twig characters.

It was also designed to show, in the case of red ash, the

degmee of correlation between leaf and twig characters and

the pubescent or glabrous condition of twigs of individuals.

In the course of examining trees within the study

area, one individual was found which was intermediate be-

tween the two species in many respects, but especially with

respect to the condition of The lower leaf epidermis. This

unique plant, which probably is a rare natural hybrid be-

tween red ash and white ash, can be readily distinguished

from any tree examined of either species including numerous

individuals which are intermediate with respect to widely

variable characters.
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Qualitative Morphological Differences

Initial field observations of white ash and red ash

were made during the dormant season by walking and driving

throughout the study area. Representative trees were com-

pared with various published descriptions of ash tree species

(Sargent, 1905; Berry, 1924; OTis, 1926_ Harlow, 1946;

Fernald, 1950; Muenscher, 1950; Gleason, 1963; Gleason

Cronquist, 1953; Miller, 1955; Symonds, 1958; Radford,

Ashles S Bell, 1968), and photographic records were made

of examples of bark, crown shape and branching patterns.

During this time, samaras, many of which had been retained

on branches until late winter, were collected from trees

to provide seeds for greenhouse observations of seedlings.

Trees were examined throughout three growing seasons.

All herbarium collections were made in late June

and July, when leaves were fully developed, but not yet

senescent. Microscopic examination of lower epidermis of

leaflets was made 5y means of epidermal peels made by

spreading Du_o Cement (a synthetic adhesive) on the surface .

of either fresh or dried leaves. When dry, the cement was

removed and mounted on glass slides. In some cases the

peels were compared with free-hand or microtomed leaflet

cross-sections from the same leaves.

Characteristics of the two species in Washtenaw

County appeared to agree reasonably well with published
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descriptions of the ashes, except that red ash is often

not a medium-sized tree 30-40 feet high (Harlow _ Harmar,

1958) ; but a tree in the same size class as white ash,

often 70 to 80 ft. high.

Those unfamiliar with these species are likely,

nevertheless, to have trouble making positive identifica-

tions because: (i) The two species cannot be conveniently

separated in field identification by means of a dichotomous

key because they are very variable and lack any plainly

visible morphological characteristics which gives complete

and unequivocal separation. (2) Although it is usually

possible to make confident identification by considering

several characters, few manuals include enough information

in descriptions to do this without having both species

present. (3) It can be misleading to rely on published

habitat descriptions because these tend to ignore the

distribution of the ashes on disturbed areas.

Gleason and Cronquist (1963) give the most useful

and accurate descriptions of the two species, yet it is

common to encounter specimens which seem intermediate with

regard to some of the characters listed. Their key, al-

though providing a good separation, does so by citing two

characters which are not practical for field identifications.

First, they cite the presence or absence of lower leaf

surface papillae, which are too small to be resolved with

a good hand lens. Second, they use the amount of decurrence

I

I
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of the samara wing on the seed, a character which can only

be applied to an occasional tree, since it must be female

and since many female trees only rarely bear fruit.

The papillae are finger-like projections present

on the lower epidermal cells _of white ash leaves, but never

on leaves of red ash. They are absent during early develop-

ment of the plant, appearing only after about three to five

years of seedling growth. The papillae are responsible for

a whitened appearance of the lower leaf surface, and can

be easily detected microscopically by means of epidermal

peels. Peels are also very useful for examination of

stomatal guard cells, which vary from about 12 _m to 18 _m

for white ash, and 16 um to 28 um for red ash. Theme are

commonly about I00 stomata per mm 2 for white ash leaves,

compared to 300 stomata per Hm 2 on red ash leaves. The

gmeater number of stomata per unit amea gives an appearance

of more distinct groupings on reed ash than on white ash

because they are more crowded in intervenal spaces.

When microscopic examination is not practical, as

is generally the case in the field, confident identifica-

tions can usually be made if enough characters are con-

sidered. A list of differences combined from published

descriptions and personal observations of trees within the

study area is presented in Table i. These are rated on a

five point scale, depending on how consistently I found

them useful in distinguishing the two species.

I

i I
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Red ash trees with pubescent twigs are the most

easily identified, followed by white ash, which has less

overall variability than red ash. Red ash trees with

glabrous twigs are the most difficult, and some plants

can be identified only by checking microscopically to be

sure papillae are absent from the lower epidermis of

leaves.

Microscopic inspection of leaves is no help in

distinguishing the species at the young seedling stage

because of the absence of papillae on white ash, and a

lack of difference in size and number of stomata.

Papillae usually are present, however, on the leaves of

older seedlings even if they have grown very little in

the fomes_ understory over a period of several years. For

young seedlings, one must rely on cotyledon shape (Table

i), the presence or absence of hairs on leaf margins and

a few other, more subtle characters (when grown under

uniform conditions leaves of white ash seedlings tend to

be lighter green_ thinner, and more easily removed from

the stem than those of white ash seedlings). Bud and

leaf scar characters of dormant seedlings are similar to

those of adult trees for both species.

i
I

i
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Quantitative Morphological Differences

of Leaves and Twigs

Collections of leaf and twig material were made,

in July, 1969, from individual trees which were at least

15 cm diameter. From each _ree four twigs with 4 cm cur-

rent year's growth were removed from a region about half

way between the trunk and the outside of the crown and at

least a few branches above the lowest limbs. The second

pair of leaves from the base, removed from three of the

twigs, and the complete fourth twig with leaves, consti-

tuted the collection from each tree.

Twenty trees of a species were sampled from an

area small enough that the trees present could be con-

sidered part of one interbreeding population. Four

populations of white ash and five populations of red ash

were sampled in this way. In three areas sufficient

trees were present to allow collection of both species

at the same location. In addition, 20 red ash, and 20

white ash collections were made from roadside trees

throughout the study area.

Herbarium material was first grouped according to

the surface chamacter of the one-year-old section of the

twigs. The three states distinguished were glabrous with

plates of wax flaking away from epidermis (white ash),

glabrous but without plates of wax flaking away from the

epidermis (red ash), and pubescent (red ash). Within
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these groups 13 characters were measured. Since standard

deviations of within tree measurements were much higher

for leaf characters than twig characters, one twig and

six leaves were measured for each tree.

The following measumements were made:

Leaves: Length of leaf, length of petiole, number of

leaflets.

Leaflets: (second leaflet from base on right side dorsal

view). Number of teeth on edge toward base (Figure 2),

size of largest tooth on edge toward base, total

length, blade length from tip to base where blade

narrows to 2 mm, blade at widest point.

Twigs: Length from base of previous years' terminal bud

scar to base of terminal bud, diameter midway between

first and second nodes from base of previous years'

terminal bud scar (Figure 2), twig length distance

between the fgces of the second pair of leaf scars

from the base of previous years' terminal bud scar

("suboppositeness"), average angle between the faces

of the second pair of leaves from the base of previous

years' terminal bud scar and the vertical axis of the

twig, average distance to which bud penetrates axillary

area of these leaf scars ("depTh of notch").
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C

d

a

a leaflet measured.

b leaflet margin examined for serration.

c node from which leaves to be measured were removed and leaf

scars examined.

d internode measured for diameter of twig.

Figure 2. Diagram showing parts of leaves and twigs
measured.

l iL
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Two transformed variables, leaflet length minus

leaflet blade length (= petiolule length) and leaflet

width divided by leaflet length, were also included with

leaf and leaflet data for analysis of variance.

Measurements from all white ash collections were

first compared to measurements from all red ash collections

by means of the t statistic to determine mean differences

between the species. Differences between variables were

significant at the 1% level for all parameters except size

of largest tooth. This was significant at the 5% level.

The t statistic was also used to compare the means

of measured variables between all glabrous red ash indi-

viduals with all pubescent red ash individuals. There

were no differences at either the 1% or the 5% significance

levels for any character measured (Table 5, Appendix I).

The eight leaf and leaflet measurements, plus the

two transformed variables were further examined by means

of a nested analysis of variance to learn where the sources

of variation are and to be sure that mean species differ-

ences were not determined by variation at a lower level.

Levels included were between species, between populations,

between individuals within populations and between leaves

from different twigs within individual trees. Significant

differences between the species was found for most charac-

ters at all levels (Table 5, Appendix I). Those characters

which relate to leaf size, i.e., leaf length, leaflet



22

length, blade width, and ratio of blade width to blade

length were, however, not significantly different within

individual trees at the 5% level.

A two level nested analysis of variance was designed

to examine differences between pubescent and glabrous in-

dividuals of populations of red ash. Although there were

no significant differences at the 5% level between the two

twig forms for all the charactems, all characters were

different between populations at the 1% significance level,

and the interaction between populations with all pubescent

and all glabrous individuals was significant at The 1%

level for all characters included (Table 5, Appendix I).

Two additional analyses, stepwise discriminant

analysis and canonical analysis (Seal, 1964) were applied

to combined leaf and twig data to learn which characters

best discriminate between the species statistically and

to observe The clustering of individuals in a Two dimen-

sional array formed by the coefficients of Two abstract

variables based on all measured variables. Depth of notch

of leaf scar was the variable which best discriminated

between the species. All red ash and 80% of white ash

were correctly classified based on this character alone.

The combined effect of all variables resulted in 99% of

all white ash individuals and 100% of all red ash indi-

viduals being correctly classified. The one white ash

which was classified with red ash had papillae on the
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lower leaf surface. Only 70.3% of pubescent red ash and

73.9% of glabrous red ash were correctly classified after

all variables were entered (Table 6, Appendix I).

Scatter diagrams of the first and second canonical

variables (Figure 3, Figure ,4) illustrate a definite

separation of white ash and red ash, and show considerable

overlap between the pubescent and glabrous forms of red

ash. Separation of the two species was based heavily on

the character "depth of notch of leaf scar," which carried

larger coefficients for the canonical variables than all

other characters combined. When this character was re-

moved from the data pool and the analysis repeated, how-

ever, the scatter remained very similar and the species

still fell into two distinct clusters based largely

on an_le between plane of leaf scar and the twig

axis, petiole length, and number of teeth on margin of

leaflets.

Cytology

Since red and white ash are dioecious, meiotic

chromosome counts, obtained from dividing pollen mother

cells, were restricted to male trees. Chromosome numbers

of female trees were deduced indirectly by examination of

mitotic divisions in root tips of freshly germinated seeds

of these trees. Both meiotic and mitotic material was



24

.O_c0

_0_
0_-_

r-t 0

0 _ -I-'
_r4

_-4 r-I
C_0 .K"

q-IO_
0-_ r_

EO'O

bOO

•_ 0
'_ _" -,-t

0
_o_
C_ G_ _) -,-I

O_ r_

m_ m

I_-,-I ,_ _ 04

0
_0o
•_ 0ooo bO
0 0 ,-I ,-I

"-" ".." 0 0

°r-! _
_ H




