
Above left. Leaflet surfaces ×1000: 
upper - white waxy papillae (smallii); 
lower - no papillae (pennsylvanica).

Middle three. Buds and twigs of 
americana, smallii and biltmoreana.  
Note waxy twig surface in americana; 
see Taylor (1972) for more details.

Above right. Closeup of biltmoreana
(dried specimen at US); 5 × 7 mm.

Lower right . Barks of 2-3 dm stems at 
Boone County Arboretum (K. Stone).
Left: americana. Right: biltmoreana.

Part I. What taxa should be recognized, and 
how can we distinguish them from each other?

Right. Seven diagrams illustrating typical positions of ashes along major 
habitat gradients.Within each, upper to lower = xeric to hydric; left to 
right = mature mesic forest to more open land. Ecological positions are 
expressed in terms of the most commonly associated tree species for 
each ash, based largely on the National Vegetation Classification 
(NatureServe, 2011 website), plus general knowledge from the Ohio 
Valley. Codes in each cell represent associated trees (first three letters of 
genus name plus first three of species), arranged as approximate
centroids in this two dimensional ordination. The third dimension is 
summarized by colors for each code: blue = most common on base-rich 
soils; green = average soils; red = strongly acid soils (see ratios at right).

Ashes are generally concentrated on base-rich soils, with pH of 5.5-7 in 
the Ohio Valley. Particularly high percentages of tree composition occur 
in the Bluegrass region (see maps below). Within the past century, 
percentages appear to have increased in this region and elsewhere across 
western Kentucky, in contrast to the much less base-rich Appalachian 
regions. This increase is presumably due to general disturbance of more 
mature forests, plus abandonment of farmland. On uplands, at least, 
ashes tend to be most common at intermediate successional stages.

Further work is needed to understand the general dynamic behavior of 
ashes. If analysis of compositional data focuses on mesic to submesic
sites with base-rich soils, there is a secondary gradient independent of 
the primary gradient from mature forests to open land. A conceptual 
summary of these two gradients is presented here (see lower right). 
The secondary gradient tends to separate trees that are more palatable to 
generalist herbivores (basswoods, maples, ashes, elms, hackberry) versus 
less palatable, toxic or thorny trees (beech, oaks, hickories, walnuts, 
coffee-tree, locusts, cherry). Such pattern can be related to Vera’s (2000, 
Grazing Ecology and Forest History) hypothesis about the ancient role of 
herbivores in forest dynamics on such soils. Some cyclical tendency may 
have existed, with palatable wind-dispersed trees dominating rapidly 
filled canopy gaps, bird-dispersed trees spreading where disturbance is 
increased, but then more browsing-resistant trees dominating where 
closed forest recovers, including many with nuts and some with large 
fruits dispersed within large hoofed mammals.

In the short-term, a variety of general responses to EAB are conceivable (Herms et al. 2008-current). 
1. Do nothing, let nature take its course; for most of Kentucky, this may be generally expected.
2. Removal of ashes in selected areas (esp. urban), with eventual replacement by other species.
3. Sustained insecticide treatments in selected areas; but how would areas be chosen and committed?
4. Integration of 2 and 3. Optimal management would include: (a) accurate survey of EAB; 
(b) local quarantine; (c) prompt eradication of outliers; and (d) focus on ‘gateways’ (as in Michigan).

In developing long-term strategy for Kentucky and elsewhere, there are fundamental questions.

A. Which sites should be priorities for treatment with insecticidal, biological or other control? 
It would be reasonable to select at least a few critical sites for conservation and research in the future.
In addition to treating mature trees, a few old fields with ash saplings of different species could be
regularly mowed in order to maintain resprouts below the size used by EAB (ca. ½ inch in diamater).

B. What efforts should be made to collect seed and search for resistance, collaborating across regions?
Seed production in most species is erratic, with good crops at intervals of 2 or more years; the
hexaploids appear to be especially infrequent (see figure above). Thus, there is also a need to dig
selected seedlings from the wild, in order to ensure diverse germplasm for future uses. Seedlings could
be grown in pots with regular insecticide treatment or perhaps ‘bonzai’ management to resist EAB.

C. What will be long-term impacts of loosing ashes—can we compare treated plots with untreated?
There is potential for fundamental research into the dynamics of forests with ash, such as at Griffith
Woods, where I established a ‘collection field’ in 2003-07 with plantings of blue ash and other
species in order to test hypotheses implied by the conceptual model shown below.

Why is broad planning and deep discussion regarding such problems (A, B, C) absent in Kentucky?
Most response has focused on recommendations for insecticides and local urban issues. As with other
general issues in conservation, it would be useful for regular (monthly or annual) meetings among
seriously interested people, to define common goals, share information and develop partnerships 

Part II. What are their ecological differences, 
and can we outline a generalized ‘ash niche’?

Part III. What should be done to conserve germ-
plasm, and learn more about ashes before EAB? 

ASHES IN THE OHIO VALLEY, INCLUDING THE THREE WHITE ASHES, WITH NOTES 
ON PLANS FOR CONSERVATION IN RESPONSE TO THE EMERALD ASH BORER

Julian Campbell, Bluegrass Woodland Restoration Center
3525 Willowood Road, Lexington, Kentucky, KY 40517, U.S.A.
Tel: 859 229 7711; julian.campbell@insightbb.com

SUMMARY OF APPARENT DIFFERENCES BETWEEN WHITE ASHES  AND 
GREEN ASHES OF THE OHIO VALLEY (with moderately ‘sp litting’ taxonomy)

TAXA OF
GREEN ASHES 
VERSUS
WHITE ASHES

Generally less hairy;
relatively small leaflets;
relatively small seeds;
reportedly all diploids;
less tolerant of seasonal 
droughts and full sun.

Generally intermediate
or mixed characters;
reportedly diploids (most/all 
pennsylvanica), tetraploids or 
hexaploids (smallii); habitats 
tend to be intermediate.

Generally more hairy;
relatively large leaflets;
relatively large seeds;
reportedly all hexaploids;
more tolerant of seasonal 
droughts and full sun.

WHITE ASHES:

Leaflets with white-
waxy papillose lower 
surfaces, tend to have 
broader shape, often 
red-purplish in fall.
Fruits with less 
decurrent wings.
Habitats not hydric.

F. americana (in strict sense, 
excluding larger fruits)

bud scars deeply notched
(with sharp petiole edges)

largely glabrous twigs and 
leaves; sometimes hairy 
across lower surfaces

fruits ca. 25-32 × 3-5 mm

F. smallii or similar (= ame. 
var. subcoriacea)

bud scars un-notched/shallow
(needs more assessment)

leaflets hairy to glabrate; 
rachises and twigs usually not 
hairy (rarely thin/short hairs)

fruits ca. 33-44 × 5-7 mm

F. biltmoreana (= ame.
var. biltmoreana)

bud scars clearly un-notched
(with blunt petiole edges)

densely hairy twigs and 
leaves (or lower surfaces 
sometimes less dense)

fruits ca. 33-54 × 6-8 mm

GREEN ASHES:

Leaflets not white-
waxy papillose below, 
tend to be narrower, 
yellowish in fall.
Fruits with more 
decurrent wings.
Habitats usually 
somewhat hydric.

F. lanceolata (= pen. var. 
subintegerrima); typical of 
base-rich riparian zones

bud scars un-notched

largely glabrous leaves and 
twigs; uniform in stands

fruits ca. 25-40 × 4-7 mm

F. pennsylvanica (in strict 
sense); usually on subhydric
sites, summer-dry

bud scars un-notched

leaves hairy, often twigs also; 
highly variable (Taylor 1972)

fruits ca. 40-50 × 5-10 mm

F. profunda (= pen. var. 
profunda); more winter-
wet, but also summer-dry

buds scars un-notched

leaves hairy, usually twigs 
also but variable

fruits ca. 40-70 × 6-11 mm

In recent years, Wallander (Plant Systematics and Evolution, 2008, 273: 25-49) has conducted a global 
phylogenetic analysis of Fraxinus, providing many new insights, while Nesom (Phytoneuron 2010-32, 
33, 34, 38, 39, 51) is revising the taxonomy of species in eastern North America, as preparation for the 
Flora of North America. Nesom has made several changes to current treatments, which deserve close 
attention given the impending loss to Emerald Ash Borer (EAB) of most trees, except perhaps quadr-
angulata. In accord, I have re-examined many specimens in herbaria of Kentucky and in the U.S. 
National Herbarium (Smithsonian, DC). I made new collections and submitted several leaf samples of 
‘white’ ashes to R. Olsen (National Arboretum) for measurement of ploidy level with flow cytometry.

Most taxonomic difficulties involve the ‘white’ and ‘green or red’ groups, which are summarized for 
the Ohio Valley in the table above. The most reliable observable difference in the ‘white’ group is the 
dense minute white waxy papillae on lower leaflet surfaces, connected by a distinct reticulum; see also 
Taylor (1972, Ph. D. diss., Univ. of Mich.), and Hardin & Beckmann (Brittonia, 1982, 32: 129-140). 
Despite frequent confusion and invoking of hybridization, natural hybrids appear to be rare (probably  
< 1/1000). Hexaploids are well documented within each of these groups; in the ‘white’ group there 
have also been reports of tetraploids, which Nesom interpreted as F. smallii Britton. However, all tests 
run by Olsen, including material from Kentucky, have indicated that typical smallii is hexaploid and 
that it may be better treated as a less hairy variety of F. biltmoreana Beadle. Its most reliable 
difference from americana (sensu stricto) is its more truncate bud scars, lacking sharply flared petiole
bases that partly wrap around the bud. We need more research into seedlings, buds, leaf color, 
chemistry, bark form (see below) and other traits (Taylor 1972). Keys and notes on taxa are appended.

Below: maps showing distribution of ash across Ky. based on the earliest 
government surveys of “merchantable timber” in 1900-1915 (left), and 
based on inventory of “all live stems” on “all forestland” by the U.S. 
Forest Service in 2005-10 (right). Methods and units of measurement 
differed greatly but there are consistent concentrations on the fertile 
calcareous soils of the Bluegrass region (B), especially as percentages of 
the timber. In 1900-1915, there was also high volume per acre in the 
remaining under-exploited parts of Appalachian regions (A). Other 
indicated regions are Cumberland Mts. (C), Knobs (K), West Gulf 
Coastal Plain (G), Mississippian Plateaus (M), and Shawnee Hills (S).
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Note that data come from 
uncontrolled samples, 
and selection criteria 
differ between herbaria

Legend above 
shows codes 
for herbaria, 
then states for 
samples.

(derived from ongoing revision of the ‘white ash’ gr oup in eastern U.S.A.) 

With ANOVA 
ame > others 
(P<0.001) but 
sma > bil is NS


