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ABSTRACT.  Leiophyllum buxifolium occurs in a series of disjunct population systems in three areas:
the New Jersey Pine Barrens, the Coastal Plain of North and South Carolina, and the southeastern
Blue Ridge Province. Twelve populations from six regions within this range were examined for
divergence in morphology and allozyme frequencies. There is significant variation at the level of
region for seven of the 15 morphological characters examined and significant variation at the level
of population within region for 12 characters. Allozyme variation in L. buxifolium is lower than in
other long-lived, woody species, with H; = 0.118 * 0.022 (mean *+ standard deviation) and Hs =
0.108 = 0.062. On the other hand, the percentage of loci polymorphic is high (64.6 = 21.8). More
of the total variation in gene frequencies occurs among regions (Ggr = 0.075 = 0.059) than among
populations within regions (Gpz = 0.036 = 0.035). Multivariate analyses indicate that the Hanging
Rock region in the Piedmont of North Carolina is distinct based on morphology, but not based on
isozyme markers. No other region appeared to be distinct from the others either morphologically
or genetically. Leiophyllum should, therefore, be treated as a monotypic genus that, despite its high
degree of morphological variability within and among disjunct areas, cannot be easily split into

well-defined infraspecific taxa.

Patterns of genetic variation displayed by an
organism can play an important part in under-
standing its evolution and present-day ecology
(Gottlieb 1973b; Loveless and Hamrick 1988).
In addition, this information can aid in making
conservation decisions (Moran et al. 1988) and,
when coupled with ecological observations, add
to the growing body of data that identify factors
influencing genetic structure (dePamphilis and
Wyatt 1990; Guries and Ledig 1982; Hamrick
and Holden 1979; Loveless and Hamrick 1984).
Most studies of geographical variation in long-
lived woody plants have involved trees, es-
pecially wind-pollinated conifers (e.g., Guries
and Ledig 1982; Millar 1983; Moran et al. 1988;
Yeh and O’Malley 1980). Few studies of genetic
population structure have been carried out on
animal-pollinated, woody angiosperms, es-
pecially shrubs (dePamphilis and Wyatt 1990;
Sytsma and Schaal 1985).

Leiophyllum buxifolium (Bergius) Elliott is an
ericaceous shrub endemic to the southeastern
United States and New Jersey (table 1). Due to
its disjunct distribution and high degree of mor-
phological variability, L. buxifolium was exam-
ined for differences in patterns of morpholog-
ical and biochemical variation. Concordance
between observed spatial patterns of morpho-
logical and biochemical variation is not neces-

sarily expected, as these two suites of characters
may be under different selection pressures (Fer-
guson 1980). Nevertheless, several studies in
plants have found concordance between electro-
phoretically detectable genetic variation and
morphological variability (Knowles and Grant
1981; Knowles and Mitton 1980; Mitton 1978;
Mitton and Grant 1980). Other studies have
demonstrated the usefulness of macromolecu-
lar genetic markers in addressing interspecific
(Gottlieb 1973a; Kesseli and Jain 1984; Walters
1988) and infraspecific (Rieseberg et al. 1987;
Sytsma and Schaal 1985) taxonomic questions.

Due to its distribution ard morphological
variability, Leiophyllum has long been a subject
of debate and speculation about both its tax-
onomy and its evolutionary history (Copeland
1943; Fernald 1927). Following Wilbur and Ra-
cine (1971), we present three keys to the genus,
all constructed in the early 20th century to sum-
marize characters thought to be important in
delimiting the three taxa commonly recognized
within this complex:

Small (1903)

Leaves mainly opposite; blades oval or broadly
oblong; lobes of the capsules toothed on back
......................... Dendrium prostratum

Leaves mainly alternate; blades oblong; capsules
smooth or nearly so.
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TaBLE 1. Distribution and names used by different authors for the three purported taxa within the genus
Leiophyllum.
Authors
Distribution Small (1903) Camp (1938) Wood (1961) Wilbur and Racine (1971)
New Jersey Pine Dendrium buxifoli- Leiophyllum buxi- Leiophyllum buxi- Leiophyllum buxifoli-
Barrens um (Bergius) folium var. typi- folium var. buxi- um (Bergius) El-
Desvaux cum C. Schnei- folium liott

der
Atlantic Coastal
Plain; New Jersey
Pine Barrens;
Southern Appala-
chians; Piedmont

D. hugeri Small

Southern Appala-
chians

D. prostratum
(Loudon) Small

L. buxifolium var.
hugeri (Small)
C. Schneider

L. lyonii (Sweet)
Sweet

L. buxifolium var.
hugeri (Small)
C. Schneider

L. buxifolium (Bergi-
us) Elliott

L. buxifolium var.
prostratum (Lou-
don) Gray

L. buxifolium (Bergi-
us) Elliott

Leaf-blades 4-8 mm long; filaments nearly twice
as long as the petals; capsules about thrice
as long as the sepals .......... D. buxifolium

Leaf-blades 1-1.5 cm long; filaments about as
long as the petals; capsules about twice as
long asthesepals ................. D. hugeri

Small (1914)

Style slender, fully twice or thrice as long as the
ovary in anthesis; disk minute; petals oblong
to ovate oblong; pedicels glabrous ..........
................................ D. buxifolium

Style stout, less than twice as long as the ovary;
disk prominent; petals ovate to rhombic-ovate
or oval; pedicels pubescent.

Leaves mostly opposite; capsule-valves sharp-
tuberculate; depressed or diffuse shrub ...

................................ D. lyonii
Leaves alternate; capsule-valves muricate or
scabrous; erect shrub .............. D. hugeri

Camp (1938)

Leaves mostly alternate, longish and apiculate.
Pedicels eglandular .. L. buxifolium var. typicum
Pedicels glandular ..... L. buxifolium var. hugeri

Leaves mostly opposite, elongate-oval to orbic-
ular and apically rounded, rarely apiculate ..
.......... PN S 471061

Wood (1961) noted that the characters used
by Small (1903, 1914) to distinguish taxa within
Leiophyllum are unreliable, as are those used by
Camp (1938). In his treatment of the genus,
Wood (1961) recognized only a single, variable
species, L. buxifolium, which he divided into three
varieties. He discriminated among the varieties
using Camp’s (1938) characters, despite the fact
that he questioned their reliability.

In his treatment of Ericaceae, Ahles in Rad-
ford et al. (1968) omitted mention of the plants
restricted to New Jersey and treated var. hugeri
(Small) C. Schneider as the nominant variety.
In describing the species, Ahles stated that the
“characters used to delimit the two varieties are
so inconsistent that it might be better to rec-
ognize them as forms.” Wilbur and Racine (1971)
concluded that the genus Leiophyllum “should
be treated as a not particularly polymorphic
monotypic genus and species.” They examined
herbarium specimens for presence or absence
of glandular trichomes or pubescence on ped-
icels, as well as leaf arrangement.

Based partly on the current distribution of
sand myrtle and other members of the tribe
Phyllodoceae endemic to the southeastern
United States, Camp (1938) proposed that the
genus Leiophyllum originated during the Late
Mesozoic in the area that is now the Piedmont
of the Carolinas. During the Early Tertiary, the
ancestral stock of the genus migrated out of the
Piedmont in two directions: 1) east and north
along the Coastal Plain, which stretched un-
broken 1200 km north to the Hudson River Val-
ley, and 2) west to the Appalachian Moun-
tains. Later submergences during the Tertiary
wiped out populations between Cape May and
Cape Fear and preserved a northern habitat ca-
pable of providing refuge for many southeast-
ern Coastal Plain taxa in what is now the New
Jersey Pine Barrens. During these submer-
gences, the eglandular form of Leiophyllum was
isolated and preserved separately from plants
of the mainland, thus explaining the presence
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FiG. 1. The distribution of Leiophyllum (adapted from Wilbur and Racine 1971) in the southeastern United

States. The six pairs of populations used in this study are represented by squares, and their numerical

population designations are given.

of both forms today in southern New Jersey.
Finally, during climatic changes of the Pliocene
and Pleistocene, many mountain populations
became extinct or were reduced in size, frag-
menting this population system as well.

The portion of Camp’s (1938) scenario per-
taining to differences among Pine Barrens pop-
ulations is unlikely. Ice sheets formed during
the Pleistocene that reached as far south as New
Jersey would have eliminated any populations
present in the Pine Barrens at that time. The
population system currently presentin this area
most likely represents colonization from more
southern systems since the Wisconsin glacia-
tion.

Wood (1961) called for “population and eco-
logical studies” of Leiophyllum. To ascertain ge-
netic structure, level of variation, and degree
of divergence between population systems, we
used quantitative morphological traits and iso-
zyme markers. In addition, we looked for con-
cordance between morphological and isozyme
variation. An overriding goal of this study was
to answer questions about the evolutionary his-
tory of the genus using Camp’s (1938) scenario
as a working hypothesis.

MATERIALS AND METHODS

Pairs of populations 1-15 km apart were cho-
sen from six regions within the Southeastern
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and Middle Atlantic United States (fig. 1; ap-
pendix 1). This hierarchical sampling strategy
provided a means of partitioning variation in
this genus into three levels: among regions,
among populations within regions, and within
populations.

At most sites samples were collected random-
ly at points along a transect through the pop-
ulation. In two populations (1 and 2), all indi-
viduals were enumerated and samples were
chosen using a random number table. Where
possible, samples from at least 48 individuals
were collected from an area of 1-1.6 hectares in
each population.

Pollen was collected from plants in four pop-
ulations: 1, 6, 8, and 12. Flowers were collected
from population 12 in 1989 and stored at 4°C
for 36 hr prior to staining. Pollen samples from
the other three populations were collected in
1987 and stained in the field immediately upon
collection. Two anthers judged to be ready to
dehisce were selected from separate flowers on
each plant. Anthers were macerated on glass
microscope slides and stained with aniline blue
dissolved in lactophenol.

Flowers for morphological analysis were cho-
sen well past anthesis, in most cases with both
whorls of stamens fully exserted, but always
before the capsules had begun to expand. With
rare exceptions, at least one inflorescence was
chosen from each plant and preserved whole
in FAA. Approximately 25 cm of shoot tissue
was collected from each individual and pressed
for later analysis of foliar characters.

Material for electrophoresis consisted of first-
year leaves in all populations and flower buds
taken prior to anthesis in some populations.
Leaves and buds were kept on ice for a maxi-
mum of three days, at which time either the
enzymes were extracted or the tissue was trans-
ferred to a —70°C freezer for storage. Proteins
were extracted up to a year later.

Approximately 100 pollen tetrads were ex-
amined from each of the anthers. Each tetrad
fell into one of five categories based on the
number of inflated, stained, apparently viable
pollen grains it possessed. Diameters of four
pollen tetrads from each of 10 plants from the
populations used in the pollen stainability anal-
ysis were measured using a compound micro-
scope with an ocular micrometer. All continu-
ous characters were measured using a video
digitizing apparatus. Floral characters included
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petal length and width, sepal length and width,
ovary length and width, and style length. A
derived continuous character, density of glan-
dular trichomes on the pedicel, was calculated
by averaging the diameter of the pedicel at two
points, finding the surface area visible under
the microscope, and counting the number of
glandular trichomes that were visible. Leaf
characters included blade length and width
measured at three points equally spaced along
the length of the lamina. There were two or-
dinal characters measured for flowers: degree
of canescence on the pedicel and density of
glandular trichomes on the sepals. Both ranged
from 0-2. A final binary character, presence vs.
absence of an apiculus, was scored for leaves.

Enzymes were extracted from either fresh or
frozen tissue by grinding with a mortar and
pestle under liquid nitrogen and adding ex-
traction buffer before the resultant powder had
thawed. The extraction buffer was that used for
Camellia japonica by Wendel and Parks (1982).

Eight putative loci were resolved, all on a
histidine citrate discontinuous buffer system.
The gel buffer consisted of 0.005 M DL-histi-
dine-HCI at ph 7.0; the electrode buffer was
0.400 M citric acid (trisodium salt) at pH 7.0
(Soltis et al. 1983). The enzymes assayed and
loci resolved were malate dehydrogenase
(Mdh-1, Mdh-2, Mdh-3), 6-phosphoglucose de-
hydrogenase (6-Pgd-1, 6-Pgd-2), isocitrate de-
hydrogenase (Idh-1), and phosphoglucomutase
(Pgm-1, Pgm-2). Staining protocols followed
Werth (1985).

Several other enzymes, including phospho-
glucose isomerase, fluorescent esterase, colori-
metric esterase, aconitase, shikimate dehydro-
genase, triose phosphate isomerase, amino
aspartate transaminase, and menadione reduc-
tase, expressed activity but were not scored be-
cause they either did not resolve well or did
not exhibit consistent activity.

The categorical data collected for pollen
stainability were converted to percent pollen
stained per sample. This percentage was trans-
formed using an arcsine square-root transfor-
mation and analyzed by nested one-way anal-
ysis of variance. The pollen tetrad diameters
were analyzed by nested one-way analysis of
variance.

To determine at which level of the sampling
hierarchy variation occurred, one-way nested
analyses of variance were performed and vari-










































