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LETTER FROM THE GUEST EDITOR

by M. Kat Anderson

his double issue of Fremontia
is devoted to the rich subject
of California’s native geo-
phytes and their botany, ecol-
ogy, conservation, horticulture, res-
toration, and history of use.
Bursting into bloom in the spring
and then dying back to their under-
ground storage organs during the
drought of summer, our native geo-
phytes exhibit a distinctive strategy
of adaptation to California’s Medi-
terranean climate. Where similar cli-
matic regimes exist—such as south-
ern Africa’s Cape Region, and the
Mediterranean region itself—geo-
phytes are both diverse and abun-
dant (see Philip Rundel’s article).
With their typically showy flow-
ers, geophytes are part of the sea-
sonal wildflower displays that no
doubt delight all members of CNPS.
As abundant as species such as
Dichelostemma capitatum and Calo-
chortus albus can be in certain lo-
cales today, their populations and
those of other geophytes were far
larger and more widespread in the
past. In the 1890s, botanist Carroll
Dewilton Scott reported
“tens of thousands of laven-
der mariposa lilies, often
two dozen blooming on one
square yard” on the mesas
surrounding San Diego. As
late as 1921, Washington lil-
ies (Lilium washingtoni-
anum) were so abundant in
open Sierra Nevada forest
understories that Willis
Linn Jepson remarked that
the plant “fills the Yellow
Pine forest with a delightful
fragrance.” Taking advan-
tage of this abundance, hor-
ticulturists started harvest-
ing and marketing some of
these bulbs and corms as
early as 1879, turning this
endeavor into successful

businesses (see Dot Brovarney’s ar-
ticle).

Population growth and land
development after the Gold Rush,
however, took its toll on California’s
geophytes, as it did for much of the
state’s biodiversity. Due to habitat
destruction, competition from ex-
otic plants, agricultural plowing,
overgrazing by livestock, overhar-
vest of bulbs and flowers for the
horticultural trade, and fire suppres-
sion, geophyte populations all over
the state have diminished. Today,
many geophyte species are classi-
fied as endangered, threatened, or
rare (see Dieter Wilken’s article).

If we are to conserve the geo-
phyte populations that remain—and
begin to restore populations and
former ranges—we must consider
an important element of the repro-
ductive biology of many geophytes:
they can benefit from disturbance.
Geophytes evolved in the context of
predatory pressures from herbivo-
rous animals. Rather than defend
against herbivory by developing tox-
ins in their storage organs, many

Bowltube or ground iris (Iris macrosiphon) with visiting male
long-horned bee (Eucera sp.). All digital paintings in this article
are by Ames Gilbert based on photographs by Nancy Gilbert.

geophytes capitalized on herbivory
by evolving palatable and segmented
storage organs that increased the
chances of dispersal. A mature bulb
might be dug up and eaten by a
ground sloth or flat-faced bear (in
early California prehistory) or a
black bear, deer, ground squirrel, or
gopher (in more recent times), but
some of its scales would be shed in
the process, each growing into a new
individual.

Another disturbance of potential
benefit to geophytes is fire. Most
geophytes require at least modest
levels of sunlight and are suppressed
by dense understory vegetation.
Regular fires help keep habitats open
and amenable to geophyte growth;
they may also enhance nutrient cy-
cling and help soils retain moisture.
Geophytes often respond favorably
to wildfire, controlled burns, and
mechanical clearing (see the photo
spread by Michael Kauffmann in
the middle of this issue).

In his article, David Imper re-
minds us that because many of
California’s geophytes have evolved
with disturbance in the
form of herbivory and fire,
simple black-and-white
management solutions—
such as the setting aside
of wildlands and hands-
off protection of existing
populations—may not be
enough. To incorporate
both herbivory and fire into
conservation strategies for
geophytes, it may be neces-
sary to actively involve hu-
mans.

Management and con-
servation of geophytes
through direct human in-
teraction with the plants
begins with the recognition
that California Indians have
played a long and impor-
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tant role as consumers and
stewards of native geophytes.
Archeological research tells
us that bulb use by humans
goes back at least 10,000
years and coincides with the
earliest human arrival in
what is now California (see
the articles by Kristina Gill
and Eric Wohlgemuth). As
described in the article by
myself and Frank Lake, In-
dian harvest and manage-
ment practices, which in-
cluded both consumption of
large quantities of bulbs and
corms and regular burning
of geophyte habitats, allowed
geophyte populations to
thrive and left an enormous
bulb bank that remained well
after White settlement put
an end to those practices.

Gathering and harvesting
of geophytes—along with
other human-mediated dis-
turbances like grazing and
burning—must be carefully
calibrated to avoid causing
more harm than good. Ar-
riving at the appropriate bal-
ance point becomes easier if
we try to extricate ourselves
from the polarized thinking
that allows for only the two
extremes of over-use and no
use at all. In this, the Native
Californian belief that hu-
mans are an integral part of
nature provides helpful guid-
ance, as does Indians’ suc-
cess in harvesting and re-
planting of cormlets and scat-
tering seeds (see the articles
by Kristina Gill and Brock
Dolman).

Native management prac-
tices are not just echoes of
the past. In partnership with
NGOs, public lands agencies,

Brownbells (Fritillaria micran-
tha) and an early spring polli-
nator, striped mining bee (Adrena

sp.).
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St. Helena fawn lily (Erythronium
helenae).

and universities, tribes such
as the Amah Mutsun, Big Pine
Paiute, Karuk, Mountain
Maidu, and North Fork Mono
are bringing back steward-
ship practices in their tradi-
tional homelands, both to
provide foods and medicines
for their people and to dem-
onstrate the important ben-
eficial role of humans in long-
term geophyte restoration.
While the traditional eco-
logical knowledge of Califor-
nia Indians is an important
ingredient for building a geo-
phyte conservation and res-
toration agenda for the 21st
century, there is also a great
need for more scientific re-
search on geophyte repro-
ductive biology and habitat
requirements. For most geo-
phyte species, we know very
little about the recruitment
of seedlings, plant longevity,
flowering and fruiting phe-
nology, and seed production.
We are only beginning to un-
derstand geophytes’ impor-
tance to our native pollina-
tors (see Nancy Gilbert’s ar-
ticle), their role as food for
wildlife, and the part they
play in providing other eco-
system services. At larger
scales, we need studies that
help us understand the
modes of ecophysiological
adaptation of geophytes to
specific habitats and the re-
lationship of population
structure and size to differ-
ent kinds of disturbance.
With such knowledge, we
can more finely tune man-
agement to the ecological
requirements of the species.
Because so much wild
land and suitable geophyte
habitat is in private hands,
geophyte conservation de-
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pends on the public recog-
nizing the value and signifi-
cance of these plants.

Kathryn Kramer’s article
shows us that building a con-
stituency on behalf of one of
the rare geophytes—Lilium
parryi, in her example—is one
effective way of gaining citi-
zen allies. And in offering sug-
gestions for the propagation
and culture of drought-toler-
ant geophytes in the backyard
garden, Judith Lowry presents
another strategy for raising the
profile of California’s geo-
phytes.

Across from the State Capi-
tol in Sacramento, at the en-
trance to the Stanley Mosk
Library and Courts Building,
sits an enormous statue in
the image of Pomona—the
Roman goddess of fruit trees,
gardens, and orchards. The
cornucopia she carries sym-
bolizes food and abundance—

Henderson’s fawn lily (Erythronium hendersonii) growing in
Siskiyou County, CA.

for which California has be-
come known. Reminding us
that our cultivated fields are
part of a much greater en-
dowment of biodiversity that
includes our native geophytes,
the words Floral Wealth are
carved below her throne. Let
this special issue be an invita-
tion to you, the reader, to get
out this and every spring and
summer to the hills, prairies,
botanic gardens, and back-
country to witness and cel-
ebrate our great floral wealth,
especially as it is expressed
in our native geophytes. Be
part of a new era of garden-
ers, conservationists, artists,
researchers, gatherers, and
restorationists to grow, pro-
tect, paint, study, dig, and
restore native geophytes. No
other plant group, in my
mind, better encourages us
to restore our direct relation-
ship with the earth.

WHAT IS A GEOPHYTE?

by Philip W. Rundel and M. Kat Anderson

n the course of evolution, plant

species have developed a myriad

of adaptive morphologies that

help them survive environmental
stress. One such adaptation that has
evolved multiple times in diverse
lineages is the geophyte growth form
where an underground storage or-
gan allows the plant to die back to
the ground and go dormant during
unfavorable seasons for growth. Re-
newal buds associated with the stor-
age organs allow a new cycle of leaf-
ing and blooming when favorable
conditions return. Gardeners tend
to lump most geophytes as “bulb”
plants, but a broad definition of geo-
phytes would include a morphologi-
cally diverse group of herbaceous
species that have adapted differing
forms of storage organs to accom-
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plish the ecological role of survival
over unfavorable seasons.

If we think about global ecosys-
tems that experience seasonal
stresses where the geophyte growth
form may be successful, three biomes
come to mind where these plants
are conspicuous components of the
flora. The first of these are arctic or
alpine tundra with long cold win-
ters. Underground storage organs
allow plants to quickly develop veg-
etative tissues and flower in the short
growing season. A second example
can be seen in temperate deciduous
forests where the understory is
heavily shaded for the summer grow-
ing season. In these habitats, geo-
phytes can resprout and flower in
the late winter or early spring before
regrowth of the tree canopy above.

The global sweet-spot for geo-
phytes lies in the world’s Mediterra-
nean-type climate regions, where
there is a predictable summer
drought period when water is limit-
ing for growth. Under these condi-
tions, and with fire as a frequent
component of the disturbance re-
gime, the geophytic form of growth
provides a highly successful plant
strategy of survival. Mediterranean-
type climate regions arguably rep-
resent the highest diversity of geo-
phytes of any of the world’s biomes.

True bulbs are technically stem
tissue with succulent leaves or leaf
bases serving as the storage organ. In
function they have an upper and
lower orientation, with a flat basal
plate on the bottom that forms root
tissues and a meristem at the top that
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Ilustration of the different types of underground storage organs that are characteristic of
geophytes. Drawing by Claudia Graham. Illustration from Tending the Wild, 2005. Courtesy
of the University of California Press, Berkeley, CA.

produces new stem tissue. Meristems
on true bulbs also produce small bulb-
lets which develop into new plants. A
common example of a true bulb is an
onion, and familiar garden examples
include onions, tulips, narcissus, daf-
fodils, amaryllis, and hyacinth.

Corms are similar in appearance
to bulbs but are the basal tissue of
the stem itself. As stems, corms have
solid tissues in their internal struc-
ture, which distinguishes them from
bulbs with their layered fleshy leaf
bases. When a corm is cut in half, it
shows solid tissue, while a true bulb
is made up of layers. Typically the
tissue of the corm is metabolized for
aboveground growth and then re-
formed each year. Small cormlets or
cormels produced around the cen-
tral corm form a vegetative means of
propagating the plants. Examples of
geophytes with corms include many
of our familiar Mediterranean gar-
den geophytes such as brodiaea,
gladiolus, and crocus.

There are other kinds of storage
organs that can be found in herba-
ceous plants, and are variably in-

cluded as geophytes. Rhizomes are
underground stems that grow hori-
zontally just beneath the soil sur-
face and sprout stems and leaves
upward, and roots downward along
their length. Unlike bulbs and corms,
which are self-contained units, rhi-
zomes have many growing points
and can be propagated by cutting
them into sections. Examples of geo-
phytes with fleshy rhizomes include
calla lilies, cannas, and bearded iris.

Two final groups of plants are
technically geophytes but commonly
excluded in a practical sense. Tubers
are specialized underground storage
organs that may originate from ei-
ther stem tissues (e.g., tuberous be-
gonias, cyclamen, yams, and pota-
toes) or root tissues (sweet potatoes,
dahlia, anemone, and alstroemeria).
Taproots are characteristic features
of dicots, and in many species this
taproot forms a fleshy storage organ,
as in carrots, beets, and turnips.

All of this sounds easy, but as
with many things the devil is in the
details as to how to define geophytes
in a practical sense. Since most of the

plants in the world with true bulbs
and corms are monocots, many gar-
den books restrict the term to the
monocots, and more often the peta-
loid monocots as the geophyte group
most commonly considered in horti-
culture. However, this definition ex-
cludes a group of familiar garden
plants with fleshy rhizomes.

Many other questions arise at a
practical level. Terrestrial orchids,
being petaloid monocots, are some-
times included as geophytes but
typically utilize rhizomes or above-
ground pseudo-bulbs as storage or-
gans. Are these geophytes? Can a
geophyte be evergreen? An evergreen
geophyte would seem contrary to
the fundamental botanical definition
of using an underground storage or-
gan to survive unfavorable seasons,
yet several South African and South-
western Australian groups of geo-
phytes include evergreen species. A
familiar garden example with world-
wide distribution is Crinum with a
bulb, but the genus includes both
evergreen and seasonal species. Ex-
amples of true bulbs are very few
within the dicots, but one such case
can be seen in the independent evo-
lution of bulbs within Oxalis and the
globular root tubers in many species
of sundews (Drosera).

In the end, technical botanical
definitions aside, geophytes can be
defined in a number of practical man-
ners so long as the intent is clearly
stated. While underground storage
organs have evolved independently
in a number of morphological forms,
the ecological function and adaptive
strategy is much the same.

LEFT TO RIGHT: Calochortus tolmei, C. tiburonensis, and C. luteus—all with bulbs. Photographs by Morgan Stickrod.
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