The Strange Range of Seaside Alder
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lant species exhibit considerable variation
in their native ranges. Some species, such
as the North American white oak (Quercus alba), are abundant and have a continuous
range across half the continent. Other species,
like the dawn redwood (Metasequoia glyptostroboides) in China, are rare and natively
restricted to a small location in the wild. In
addition to being rare, some species exhibit
disjunct, or widely separated, populations. Disjunct populations can arise either by unusual

dispersal events, or can be remnants of a formerly more widespread range that has since
retracted. Disjunct populations of a given species are often highly isolated from one another,
which can reduce the likelihood of pollen and
seed dispersal (and thus gene flow) among populations. Consequently, isolated populations are
more prone to inbreeding and random selection, which, over time reduces genetic diversity
and a population’s ability to adapt to environmental change. Therefore, studying disjunct
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Seaside alder (Alnus maritima) comprises three small, widely disjunct populations in Maryland, Georgia, and Oklahoma.
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populations is important for
understanding how habitat
fragmentation affects biodiversity and species’ long-term viability, as well as for helping to
assess conservation strategies
that maintain genetic diversity.

Introducing Seaside Alder:
The Alder That Does Not
Grow by the Seaside
Seaside alder is among the
most disjunctly distributed
tree species in North America, with major populations so
widely separated that they are
recognized as distinct subspecies. Alnus maritima subsp.
maritima occurs on the Delmarva Peninsula, specifically Foliage and catkins of Alnus maritima.
along tributaries and streams
of the Naticoke, Pocomoke, and Wicomico
Alnus maritima and other members of the
Rivers of Maryland’s Eastern Shore, as well
birch family (Betulaceae, 230 species worldas along rivers, ponds, and dammed creeks in
wide) are recognized by their distinctive floral
Delaware. Alnus maritima subsp. oklahomencatkins and conelike infructescences. Stamisis is restricted to four populations on the Blue
nate (male) inflorescences are elongate catkins
River and two of its tributaries in south central
that hang loosely at the tips of branches, typical
Oklahoma, while A. maritima subsp. georgienof trees that disperse pollen by wind. The tiny,
sis occurs along opposite sides of a single pond
apetalous, pistillate (female) flowers sit above
in Bartow County, Georgia. What historical,
woody, scalelike leaves (bracts), arranged as a
ecological, and physiological factors caused this
spike in the leaf axils. At maturity, the woody
disjunct distribution? How genetically diverse
bracts on the “cones” spread apart to release the
are each of the regional subspecies and how
water-dispersed seeds. Unlike birches, which
might this affect their long-term viability?
have deciduous three-lobed bracts, alders’ fiveAlnus maritima is a large shrub or small tree
lobed woody bracts persist well into the folthat tends to grow in spreading, multi-stemmed
lowing season, yielding an attractive display of
clumps in wet soils along banks of ponds,
inch-long spent “cones” in winter.
streams, and even fast moving rivers. Seaside
Eight species of alder occur in North America.
alder’s roots can tolerate partial submergence in
Flower-to-seed development of most of these
water and, similar to legumes, have a symbiotic
species requires a full year. Floral buds initiate
relationship with bacteria that assimilate atmoin summer, go dormant over winter, open for
spheric nitrogen. Despite its name, A. maritima
pollination the following spring, and disperse
doesn’t occur on the seaside and is intolerant
their seeds in late summer and autumn. Alnus
of saline soils. Individual trunks are usually 10
maritima, however, initiates floral developto 13 centimeters (4 to 5 inches) in diameter,
ment in spring, opens for pollination in late
5 to 7 meters (16 to 23 feet) tall, and covered
summer to early autumn, and releases seeds in
in smooth, light gray bark. The simple, alterlate autumn or early winter of the same year.
nate leaves are narrowly elliptical to obovate in
This phenological sequence (supported by more
shape, with a lustrous surface, leathery texture,
recent genetic data) delineates the alder suband singly serrated margins.
genus Clethropsis, a clade that A. maritima
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Investigating the Causes and Consequences
of the Disjunction
Schrader and Graves (2002) classified the three
regional populations of seaside alder as three
subspecies. Subspecies are a taxonomic ranking used to distinguish geographically isolated
populations of species that often have unique
morphological features and specialized adaptations to local environments. Alnus maritima
subsp. oklahomensis is the most distinctive of
the three subspecies, with narrower leaves and
larger trunks and canopies compared to the Delmarva (A. maritima subsp. maritima) and Georgia (A. maritima subsp. georgiensis) subspecies.
A. maritima subsp. oklahomensis also occurs
in more phosphorus deficient and alkaline soils
than the other subspecies.
Alnus maritima subsp. maritima was the
first population recognized in the early nineteenth century. Seaside alder’s strange distribution was first noted when Elihu Hall discovered
populations along the Blue River in the Indian
Territory during his exploration of the region in
1872. Was this the result of a dispersal event or
the remnant of a formerly broader range? John
Furlow (1979), in his comprehensive monograph of American alder species, proposed that
the Oklahoma population was a relict of range
retraction, noting the fossil evidence of related
species further west. Virginia Stibolt’s (1981)
study of seaside alder distributions suggested
the Oklahoma population might be the result
of dispersal by Native Americans, as the Delaware Indians were forcibly relocated to the
Indian Territory several decades before Hall’s
discovery. However, Stibolt herself expressed
skepticism about this hypothesis, and there is
no ethnobotanical or historical reasoning for
Native Americans to have intentionally or
inadvertently dispersed seaside alder seeds. The
discovery of the Georgia population in 1997
further undermined the dispersal hypothesis.
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shares with the Himalayan alder (A. nitida) and
the Formosan alder (A. formosana). This means
that seaside alder’s nearest extant relatives are
in southern Asia (Chen and Li 2004).

Alnus maritima subsp. oklahomensis has narrower leaves and
larger trunk and canopy size than the other two subspecies of
seaside alder.

Population Genetics as a Research Tool
Population genetics, the study of genetic diversity within and among populations of organisms, has further clarified the nature of seaside
alder’s present disjunct distribution. Additionally, using population genetics techniques can
help conservation biologists assess the genetic
health of the population. Namely, how diverse
and genetically distinct are the existing populations, are those populations highly inbred, and
how much do populations contribute to overall
species diversity?
To measure population diversity and health,
population geneticists compare frequencies of
alleles (variants of genes) and frequencies of
heterozygosity (possessing two alleles of a gene

Facing page. Charles Edward Faxon’s illustration of Alnus maritima in Charles Sprague Sargent’s Flora of North America, 1890. In
the entry for this species Sargent wrote, “Its brilliant foliage and its bright golden staminate aments [catkins], hanging in September from the ends of the slender leafy branches, make it at that season of the year an attractive ornament for parks and gardens.”
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in a single individual) relative to homozygosity
(having the same alleles of a gene in a single
individual) to estimate degree of inbreeding in a
population. Historically, rather than analyze the
DNA of alleles of genes, geneticists compared
the ultimate product of genes: proteins and
enzymes, and their variants called allozymes.
This form of analysis is simpler to perform and
more cost effective compared to contemporary
DNA amplification technologies. James Hamrick, Mary Jo Godt, and others developed and
compiled large data sets of allozyme population
genetic data for many plant species of diverse
growth forms, pollination and seed dispersal
methods, geographic ranges, rarity, habitats,
and taxonomic status. These data allowed other
researchers to compare the population diversity
and structure of their species of interest to the
“average” for a particular life history trait, e.g.,
wind-pollinated woody perennials, and have
been a great benefit for developing appropriate
conservation strategies.
Gibson et al. (2008) conducted the first comprehensive allozyme-based study of seaside
alder population genetics. The study compared
the structure and diversity of seaside alder populations with that of hazel alder (Alnus serrulata), a common and widespread species with a
range covering the eastern third of North America. Hazel alder shares similar habitats with
seaside alder, and even co-occurs with seaside
alder in Georgia and the Delmarva Peninsula.
Hazel alder is restricted to the eastern third of
Oklahoma, east of the A. maritima subsp. oklahomensis populations. Aside from the differences in phenology, hazel alder persists in both
shady and sunny areas, whereas seaside alder
only occurs in full sun. Comparing these otherwise similar species with dramatically different
ranges allowed Gibson et al. (2008) to determine
how geographic isolation and rarity affected the
genetic diversity of seaside alder. Additionally,
the genetic data could clarify whether seaside
alder’s distribution was the result of anthropogenic dispersal or range retraction. If the former, the Oklahoma and Georgia populations
would show very low genetic diversity relative
to the Delmarva populations as the result of the
genetic bottleneck from limited sampling from
the putative source population. Further, Geor-
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Leaves and immature infructescence of Alnus maritima subsp.
georgiensis in Bartow County, Georgia.
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Collecting specimens from the Alnus maritima subsp. georgiensis population required some swamp wading.

gia and Oklahoma populations would share
many alleles with the Delmarva populations.
However, if seaside alder’s present distribution
is the result of range retraction, then populations in Delmarva, Georgia, and Oklahoma
would show similar levels of diversity and possess unique alleles.
As expected, the isolated and narrowly distributed seaside alder regional populations
exhibited lower levels of diversity and higher
levels of inbreeding than the common and widespread hazel alder. Both species showed similar
levels of genetic differentiation (genetic divergence) among Delmarva, Georgia, and Oklahoma populations, but overall genetic diversity
values were higher than observed in other rare
and widespread species, respectively. Gibson et
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Simple Sequence Repeat Microsatellites:
High Definition Population Genetics
Microsatellites (also known as Simple Sequence
Repeats, or SSRs) are regions of repeated
sequences of DNA (e.g., GAGAGA) that do not
code for proteins or enzymes. Such genes may
serve some regulatory functions, but are often
colloquially considered to be “junk” DNA.
Their repeated sequence motifs lend them to
a type of regular, neutral mutation that makes
microsatellites particularly useful molecular
marker for population genetic studies. Although
more expensive and time consuming to develop
and analyze, microsatellites offer much greater
variability than allozymes and allow for finerscale genetic analyses.
My own thesis work (Jones and Gibson 2011,
2012) used microsatellite markers to corroborate
population genetic characteristics observed in
J. PHIL GIBSON

al. (2008) suggested the alders’ perennial, multistemmed, clonal growth habit and ability to
sprout new shoots after disturbance and damage promote greater gene flow (movement of
pollen or dispersal of seeds) and maintenance
of genetic variation within each region. Additionally, genetic variation within regions might
be maintained by extensive gene flow among
populations within regions. In other words,
although the vast distances among seaside alder
in Delmarva, Georgia, and Oklahoma severely
limit the exchange of pollen or seed, more localized gene flow seems to occur among networks
of populations within regions. However, allozymes lack sufficient variation (or resolution)
to detect differences among populations within
regions, or among subpopulations within those
populations. To test this hypothesis, more variable genetic markers are required.
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A colony of Alnus maritima subsp. oklahomensis grows along the Blue River in Oklahoma.
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the earlier allozyme-based study,
as well as to examine population
dynamics within each subspecies
to explain past and present gene
flow. As hypothesized by Gibson
et al. (2008), where subdivisions of
regional populations occur (Oklahoma and Delmarva), significant
genetic divergence (genetic differentiation) among subdivisions
persists, indicating past gene flow
occurred primarily among local
population networks that preserved the high genetic diversity
within regions.
This research required new field
sampling of seeds and leaf tissue
for DNA extraction. Sampling The puzzlingly rare occurrence of Alnus maritima subsp. oklahomensis seedAlnus maritima subsp. georgien- lings like these in the wild is the subject of ongoing research.
sis was particularly memorable,
as it required accessing private property (with
arise from mating (pollination and fertilization)
official permission) in rural northwest Georgia
with other individuals (outcrossing) relative to
where the lone population occurs. With echoes
the proportion of pollination and fertilization
of hunting rifles in the distance, my graduate
by the same individual (selfing). Alders produce
advisor Phil Gibson and I waded through waistseparate male and female flowers on the same
deep Drummond Swamp with caution. After
individual (monoecy). Further, alders’ highly
collecting most of what we needed, and thinkreduced, non-showy flowers indicate pollinaing we had made it without problems, a local
tion by wind. Wind pollinated plants tend to
in a pick-up truck stopped along the side of the
have long distance and highly dispersed potential pollen movement. Considering these facroad and approached us suspiciously. Without
tors, one would expect most offspring to have
missing a beat, Phil stated that we were collecting samples from a species with potential
arisen from mating of two individuals. Indeed,
medicinal value, a simple, if not quite accurate,
we found over 94% of offspring from trees in
explanation for our presence that seemed to satboth Georgia and Oklahoma (Delmarva popuisfy the man, who then went on his way.
lations were not sampled) had microsatellite
alleles different than their maternal parents and
Who’s Your (Pollen) Daddy?
were, therefore, highly outcrossed.
Because the leaf tissue analyses compare the
Additional analyses enabled us to assign
alleles among established individuals, they
potential pollen parents and determine the proportion of offspring sired by the same pollen
only suggest past gene flow. How, and to what
parent on a given tree, the so-called correlation
extent, is gene flow occurring at present? This
of paternity. We found higher correlations of
can be determined by comparing microsatellite
paternity (more offspring sired by fewer pollen
alleles of existing individuals in a population
parents) in the more geographically separated
with the alleles of their offspring. Alleles of
Oklahoma populations than in Georgia overoffspring can be determined by extracting the
all, and, in Georgia, slightly higher correlations
DNA from the embryonic tissue in the seeds
of paternity from trees on the west side of the
before they are dispersed from the mother
pond, where trees occurred in notably denser
plant. A plant species’ mating system considers flower structure and pollination syndrome
stands. We concluded that vegetation and other
to account for the proportion of offspring that
geographic barriers between the sampled trees
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reduced the uniform dispersal of pollen clouds,
a common phenomenon affecting the mating
systems of wind-pollinated species. However,
while these barriers tended to favor siring by
fewer local pollen parents, we were able to identify potential individual pollen parents located
some distance from the mother tree. In Oklahoma, some offspring collected from the main
Blue River population were potentially sired by
pollen parent trees located 5 to 7 kilometers (3
to 4 miles) away in nearby creeks. In Georgia,
identified pollen parents were located on both
sides of the pond. This means that gene flow via
movement of pollen is possible among populations within each subspecies.
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But How Did It Get There?
Both the allozyme and microsatellite genetic
data strongly suggested the three regional seaside alder subspecies are the result of range
retraction, not dispersal. Each population
showed comparable levels of genetic diversity
and each contained alleles unique to the region.
What then, made seaside alder’s range retract
so much, and why was it so previously widespread? Why is a species like Alnus serrulata
widespread, but Alnus maritima rare?
Alnus maritima and Alnus serrulata share
many ecological features well suited for coloniz-
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ing disturbed riparian sites, including tolerance
of wet soils, the ability to fix nitrogen, and a
robust multi-stemmed growth habit. However,
A. maritima has been observed to only inhabit
areas with full sun, whereas A. serrulata can
inhabit both sunny and shady niches. Schrader
et al. (2006) investigated the photosynthetic and
growth characteristics of both alder species and
found seaside alder to have lower chlorophyll
concentrations, greater seedling growth rates
in full sun, and lower seedling survivability in
shade compared to Alnus serrulata. Therefore,
while seaside alder would be more successful
on relatively open, early-succession habitats,
as the ecosystem matures, later succession species establish and develop canopies that shade
seaside alder and reduce its competitiveness. It
would eventually succumb to other shade tolerant species, including hazel alder. Schrader et al.
(2006) proposed that the late Pleistocene, a time
of significant climatic instability characterized
by cycles of glacial advancement and retreat
and changes in the locations of drainage basins,
would have provided many opportunities for
seaside alder to colonize and establish a broad
range across the continent. Once the climate
stabilized, however, those disturbance events
stopped, and with it seaside alder’s chance to
thrive and spread. Stability brought on ecological succession, and seaside
alder was gradually outcompeted by other species, except
in its present range.

Alders bear persistent, conelike infructescences. Those of the widely adaptable hazel
alder (Alnus serrulata) are seen here.

Conservation Implications
The distinct genetic identity of each subspecies and
the gene flow among populations within each region
means that it is important
to protect all populations to
conserve the genetic diversity and long-term viability
of the species. The Georgia
and Oklahoma subspecies are
now both classified as “critically imperiled,” the most
threatened conservation status according to state conservation agencies. Recent
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tions, seedlings in the wild consistently
die early in development, rendering the
relatively diverse seed pool irrelevant in
creating new individuals and maintaining the long-term viability of the species.
Seaside alder appears entirely dependent
upon producing new clonal shoots to
spread and maintain their genes, Should
a larger scale flood or other widespread
disturbance occur, few new individuals
from seed banks or dispersal could reestablish a population. Researchers at the
University of Oklahoma are currently
investigating the possible environmental
causes of seedling establishment failure,
focusing on the role of fire regimes and
soil conditions.
Though seaside alder’s native range
is restricted to USDA Hardiness Zone 7
(average annual minimum temperature
10 to 0°F [-12.2 to -17.8°C]), field trials
conducted at Iowa State University suggest the species could survive winters
as cold as Zone 3 (average annual minimum temperature -30 to -40°F [-34.4 to
-40°C]). Seaside alder might also show
horticultural potential in nitrogen-poor
and water saturated soils, though it can
also thrive in well-drained sites. The
same Iowa State University lab has also
registered a cultivar derived from an A.
maritima subsp. oklahomensis called
‘September Sun’ for possible future horticultural use.
Much of seaside alder’s current limThese specimens of Alnus maritima subsp. oklahomensis along the Blue
ited
distribution seems to have been
River are resprouting from the base following a fire.
caused by natural competition in maturfloods have nearly wiped out one of the Oklaing riparian habitats. It nonetheless serves as
homa populations sampled in the microsatellite
an interesting study species for the potential
study. Should reestablishment of populations
genetic consequences of high isolation and
by conservation agencies become a viable confragmentation within a tree species, a phenomservation strategy, seeds should be sourced from
enon that might be increasingly common in the
local populations to preserve potential local
future because of global climate change.
adaptability and overall genetic diversity.
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A five-year-old hedge of Alnus maritima ‘September Sun’ shows off glossy foliage and golden fall-blooming staminate catkins.
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