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Abstract

 

To more thoroughly understand the ecological effects
of harvesting geophytes for food by American Indi-
ans, an investigation of the ethnobotany and popula-

 

tion dynamics of 

 

Dichelostemma capitatum

 

 (blue dicks),
an attractive source of nutrition to many California In-
dian groups was undertaken. Some cultural groups
harvest the corms and replant the cormlets, spare
plants, and harvest after seeding to ensure replenish-
ment of seed. Some Indian elders equate judicious
harvesting with the maintenance and enhancement of
field populations of this geophyte. A field experiment
was conducted to determine the degree to which dif-
ferences in intensity and timing of harvest, with and
without replanting of cormlets, have any effect on
corm and cormlet production. We found that harvest-
ing at 100% intensity, through digging up all plants
and corms, and without replanting cormlets at the
seed stage, significantly reduces numbers of corms
and cormlets compared to the controls (no harvest).

However, harvesting at 50% intensity, through dig-
ging up half of all plants and corms at the flowering
or seed stages, without replanting cormlets, was not
significantly different from the controls (no harvest).
The results suggest that harvesting blue dicks corms
with a digging stick in the latter way could yield a
sustainable level of harvest. Indigenous harvesting
and management regimes may offer some of the best
examples of long-term uses and management of the
regional flora without detriment to its biodiversity.
Restorationists are urged to study and experimentally
mimic indigenous disturbance regimes and their eco-
logical effects known to occur historically in various
ecosystems. In some cases, areas will greatly benefit
from the reintroduction of management and harvest-
ing regimes that authentically simulate ancient indig-
enous interactions.

 

Introduction

 

A

 

s lands continue to be set aside for wilderness, na-
ture preserves, national parks, and other pro-

tected areas, a complex and urgent question remains:
how do we restore and manage these areas to maintain
biodiversity values? Protection often is not sufficient to
maintain a diverse array of plants and animals because
many of these plant communities have coevolved with
disturbances such as fire, herbivory, and flooding that
are no longer present. In some cases these disturbances
may have to be reintroduced to maintain natural diver-
sity and the structure and function of the plant commu-
nity (Noss & Cooperrider 1994). One such disturbance
that has been swiftly and widely removed from plant
communities across North America is the digging of
bulbs, corms, and tubers of geophytes for foods, medi-
cines, dyes, and other uses by American Indian women.
Geophytes are defined as the vascular plants that die
back to underground storage organs during unfavor-
able periods for growth (Rundel 1996).

From the Northwest to the Southeast, subterranean
plant parts, also called “root-crops” or “Indian pota-
toes,” formed a staple food in almost every region of
the United States. For example, the Navajo dug 

 

Calo-
chortus aureus

 

 (golden sego lilies) in open forests of
ponderosa pine in Arizona (Mayes & Lacy 1989); the
Lakota pried 

 

Allium canadense

 

 (wild onions) from the
prairie soils of the Midwest (Kindscher 1987); and
the Northern Paiute dug the tubers of 

 

Lewisia rediviva

 

(bitterroot) in the sagebrush plains of eastern Oregon
(Fowler 1986).

The huge quantities of geophytes gathered, and dis-
tinct harvesting and management strategies such as re-
planting cormlets and burning areas, combined with
long-term visits to traditional gathering sites suggest
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that these gathering systems created widespread eco-
logical consequences at the species, population, com-
munity, and landscape scales (Anderson 1997). Today,
there are numerous rare and endangered geophytes in
different vegetation types of the United States (Rundel
1996); this decline may be tied not only to habitat loss
and fragmentation, but also to the absence of former in-
digenous disturbance regimes (Anderson 1992; Ander-
son & Rowney 1998).

This paper looks in depth at this Indian-plant interac-
tion, through the case study of one of the most widely
used and widely distributed geophytes in California,

 

Dichelostemma capitatum

 

 (blue dicks). Our approach was
to gather ethnobotanical information about the particu-
lars of indigenous harvesting strategies and disturbance
regimes with blue dicks and other geophytes. This in-
formation was then examined further through a series
of controlled experiments that objectively assessed the
ecological effects of indigenous digging practices on their
productivity and abundance.

Blue dicks is an herbaceous perennial in the Liliaceae,
occurring from sea level up to 2100 m (Keator 1993). It
inhabits a wide variety of plant communities including
vernal pools, coastal strand, mixed evergreen forest,
chaparral, valley grassland, desert scrub, coniferous
forest, oak woodland, montane scree, and the fringe
of coastal salt marsh and redwood forest (Keator 1992).
It is found throughout most of California extending
north into Oregon, southeast into New Mexico, Arizona
and Sonora, Mexico, and south halfway into the Baja
peninsula (Keator 1989). It reproduces both from seed
and vegetative means in the form of corms. A corm can
be defined as a swollen, much compacted underground
stem (Pate & Dixon 1982). The cormlets are attached to
the parent corm by stolons or are sessile, produced in
the axils of the old leaf bases on the mature corm (Nie-
haus 1971; Keator 1992). Blue dicks thrives in open, dis-
turbed environments and it frequently occurs on inven-
tory lists as a common post-fire successional species in
chaparral studies (Sweeney 1956; Armstrong 1977; Kee-
ley et al. 1981). Yet it appears that it does not colonize
the area by seed after fire, but rather is a permanent res-
ident all along, occurring in an inconspicuous corm
bank in the soil throughout mature chaparral, and often
not flowering until an appropriate disturbance occurs
(P. Rundel, personal communication 1997). With fire,
plants are released from unfavorable shaded environ-
ments with brush competition, and vigorously flower
in open environments with increased soil nutrients
(Keator 1992).

 

Blue Dicks Corms and Herbivory

 

Plant interactions with predators and herbivores are of
critical importance to the course of succession in a plant

community (Connell & Slatyer 1977; White 1979). One
such significant and often widespread biotic distur-
bance is the uprooting of the underground swollen
stems and leaves of geophytes by both small and large
mammals such as 

 

Ursus arctos

 

 (grizzly bears), 

 

Ursus
americanus

 

 (black bears), 

 

Odocoileus hemionus

 

 (mule
deer), 

 

Sus scrofa

 

 (wild pigs), and 

 

Thomomys

 

 spp.

 

 

 

(pocket
gophers) (Chestnut 1902; Storer & Tevis 1955; De Nev-
ers & Goatcher 1990; Hunt 1992), which may strongly
influence vegetation patterns at the species, population,
and community scales. The method of persistence and
recovery after this disturbance is frequently vegetative
regrowth in the form of cormlets or tuberous root frag-
ments (Cattelino et al. 1979). Once dislodged, cormlets
may take less time to reach flowering size. This type of
disturbance may act as a selective force in determining
species’ reproductive strategies, affecting the course of
plant evolution (Pickett 1976; White 1979).

The corms of blue dicks are highly desirable to pocket
gophers and other vertebrates, and it appears that some
corms are sacrificed to corm-eating animals as a price
for the dispersal of others. The late James Roof put forth
the hypothesis that pocket gophers had a symbiotic re-
lationship with blue dicks plants. He wrote that the go-
pher was scattering the cormlets and thinning the beds,
which was an effective safeguard against overpopula-
tion and consequent nutrient depletion (Roof 1981).
Work (1995) observed areas where wild pigs had rooted,
and the corms, a year or two later, “are thicker than
they ever were.”

While the relationship between mammals and blue
dicks may be mutualistic, it is non-obligatory because
vertebrate diets are not solely dependent upon blue
dicks corms, and cormlet dispersal is also achieved
through other means. To our knowledge, mammal dis-
persal relationships with the vegetative reproductive
parts of blue dicks and other geophytes of California
have not been studied in depth. Most studies that inves-
tigate mammal-plant dispersal relationships have been
confined to the mammal role in seed dispersal (Herrera
1985; Pirozynski & Hawksworth 1988). Such research is
basic to an understanding of ecosystems, because the
relationships between plants and their herbivores struc-
ture all higher-level interactions in ecosystems (Gilbert
& Raven 1975).

Studies in South Africa, in Mediterranean ecosystems
similar to California, have shown that geophytes thrive
in disturbed environments. Certain animals such as

 

Bathyergus

 

 and 

 

Cryptomys

 

 spp. (mole rats) feed on the
highly nutritious bulbs or corms of geophytes such as

 

Micranthus

 

 spp. (Bennett & Jarvis 1995), appearing as
“the enemy” to these plants. However, detailed studies
disclose that the animals are, in fact, effective dispersal
agents—detaching the tiny corms as they go, aerating
the soil, preparing the seedbed, and thinning the plant
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population. Studies show that some species of geo-
phytes not only tolerate mammal disturbance, but may,
in fact, require periodic disturbance for long-term sur-
vival. In other words, they have coevolved with their
consumers (Lovegrove & Jarvis 1986).

Although their status is linked by and large to habitat
fragmentation and loss, the large number of rare and
endangered geophytes in California may also be dwin-
dling because of the absence of small and large mam-
mal disturbance. There are 66 species and 102 taxa of
monocotyledonous geophytes that are classified as rare
and endangered, an usually high proportion compared
to the California flora as a whole (Skinner & Pavlik
1994; Rundel 1996).

 

Indigenous Harvesting Methods and
Horticultural Practices

 

It has been reported (Hudson 1900; Bean & Saubel 1972;
Heffner 1984; Fowler 1986; Timbrook 1993) that the
corms of blue dicks were used as food by approxi-
mately one-third of California Indian tribes (e.g., Chu-
mash, Cahuilla, Owens Valley Paiute, Southern Valley
Yokuts, Pomo, and Hupa). This figure almost certainly
underrepresents the much wider historical use of this
plant as a food because anthropologists often did not
identify blue dicks to the species level—frequently
lumping it under the generic heading “brodiaeas”—
and thus, its usage remains unknown for many tribes.
Given its wide distribution, its prolific nature, and the
agreeable flavor of its corms, it is feasible that at least
three-quarters of the tribes in California ate the corms
of this plant.

Oral interviews conducted by one of the authors,
(Heffner 1984) and others confirm that blue dicks corms
are still harvested today by handfuls of gatherers in dif-
ferent tribes. California Indians dug and continue to dig
the corms before flowering, during flowering, and after
seeding, depending upon the tribe and individual fam-
ily (Peri et al. 1982; Heffner 1984; Anderson 1993

 

a

 

; Tim-
brook 1993). Among all tribes, harvesting corms was ac-
complished with a hardwood digging stick, often fire
hardened for additional strength. Traditional gathering
sites were visited annually over long periods of time
and there are references to gathering tracts of different
kinds of geophytes specifically owned and maintained
by particular families (Kroeber 1925; Pilling 1978). Blue
dicks were gathered in large quantities and the long-
term importance of blue dicks to the subsistence econo-
mies of tribes was probably substantial. For example,
large Chumash roasting ovens, six feet square, uncov-
ered by archeologists on Santa Cruz Island, at one time
were filled with large numbers of blue dicks corms
(Timbrook 1993).

If blue dicks corms were harvested in large quantities
and from the same gathering sites, does it follow that
this resource would have become exhausted over the
years? An intriguing hypothesis is that the historic lev-
els of corm production achieved at well-known subsis-
tence grounds may have been mediated by human in-
tervention (Anderson & Nabhan 1991). If this is true,
gathering geophytes with a digging stick may have
been a mutualistic relationship, whereby both the gath-
erer and the plant are symbionts. There are five major
types of indigenous management activities conducted
in California that were designed to ensure future bulb
and corm production at traditional gathering sites: (1)
conscious replanting of cormlets; (2) sparing whole
plants; (3) harvesting after plants have gone to seed; (4)
burning areas; and (5) irrigation.

The conscious population management of geophytes
has been documented to a limited extent in the histori-
cal literature. The Owens Valley Paiute practiced ditch
irrigation on the east side of the Sierra Nevada. A host
of native plants was artificially watered to increase their
productivity and abundance, including blue dicks (Law-
ton et al. 1993). Peri et al. (1982) reported that the Clo-
verdale and Dry Creek Pomo cultivated corms in the bro-
diaea complex (

 

Triteleia

 

, 

 

Dichelostemma

 

, and 

 

Brodiaea

 

spp.) and other root crops by loosening the earth with
their digging sticks, thus, mixing surface nutrients into
the ground, improving drainage and allowing better
absorption of moisture during the growing season. In
turn, the growth and abundance of bulbs and corms
were enhanced. Digging corms may in fact have been a
form of tillage that increased the size of the gathering
tract, aerated the soil, lowered weed competition, and
prepared the seedbed, resulting in increased seed ger-
mination rates (Peri 1985; Anderson 1990).

According to J. P. Harrington’s field notes, the Chu-
mash gathered their corms after the plants had died
back, taking only the corms and leaving the seedheads
behind, thus, ensuring seed remained at the site (Tim-
brook & Hoover in press). The Cahuilla Indians in south-
ern California gathered the mature corms of blue dicks,
being careful to replant the cormlets (Bean & Saubel
1972). The late Stanley Castro’s (Southern Sierra Miwok)
mother used to pick large corms of a bluish flower
(probably in the 

 

Brodiaea

 

 complex) to eat but would leave
the babies that were attached to the mature corm in the
soil to make more (S. Castro, personal communication
1990). This practice is still adhered to today by contem-
porary gatherers of the Yokuts, Sierra Miwok, Western
Mono, and Hupa tribes for different kinds of geophytes
(Heffner 1984; Anderson 1993

 

a

 

). For example, a North
Fork Mono elder states: “We harvest the large bulbs of

 

Panowe

 

 and leave the small bulbs behind so they will
grow larger” (Anderson 1993

 

b

 

). Elders further assert
that judicious harvesting is good for the plants and
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helps maintain field populations of geophytes, while if
the plants are left alone they disappear.

In addition to population management, habitats were
manipulated with deliberately-set fires. Areas were
burned to reduce plant competition, facilitate gather-
ing, recycle nutrients, and increase the size and number
of corms (Peri et al. 1982; Anderson 1993

 

a

 

, 1997). Roger
Raiche (R. Raiche, personal communication 1988) has
suggested that corms and bulbs sit for a decade or more
and wait for fire or other favorable environmental con-
ditions before breaking ground. The Chumash, Miwok,
Western Mono, and Pomo burned areas in the fall of the
year to promote the growth of plant species in the
brodiaea complex, to lower plant competition, and keep
woody vegetation from encroaching. Suppression of fire
may cause increased shade and plant competition and
decrease population numbers of blue dicks. Southern
Sierra Miwok elder Jim Rust laments the loss of this in-
digenous tradition and its beneficial ecological effects:
“Brodiaeas, mariposa lilies, and sunflowers hardly come
up now. There are too many weeds, grass, and brush.
They used to come up in the spring after a fire” (J. Rust,
personal communication 1989).

Little is known as to what extent populations of blue
dicks were influenced by indigenous digging. There-
fore, this study moves beyond the descriptive stage to
the development of hypotheses to objectively assess the
potential impacts of indigenous harvesting practice on
the abundance and productivity of blue dicks populations.
Through experimental harvests, designed to mimic in-
digenous horticultural practices, our goal was to dis-
cover the number of corms and cormlets that could be
harvested sustainably from the population. If geo-
phytes require periodic disturbance to maintain and in-
crease their populations, could indigenous harvesting
regimes mimic small or large mammal herbivory suffi-
ciently to maintain wild populations? Through experi-
ments like this one, an optimal level of disturbance can
be discerned. The results of this research could have im-
portant application for the management of habitat for
this plant species, as well as provide useful information
to government agencies in their efforts to create sensi-
tive policies on harvesting.

 

Methods

 

This experiment tests hypotheses regarding the possi-
ble anthropogenic effects of the indigenous cultural
practice of digging blue dicks corms on the abundance
of future corm and cormlet production. The study was
undertaken at the Gill Tract, an experiment field station
of the University of California at Berkeley in Albany,
California. The main objective of the experiment was
specifically to determine the degree to which differences

in intensity and timing of harvest, with and without re-
planting of cormlets, affect corm and cormlet production.

This experiment was set up as a 2 

 

3

 

 2 

 

3

 

 2 factorial in
a randomized block design. Each block comprised a to-
tal of eight combined treatments plus a control, and
thus contained nine plots (Fig. 1). There were a total of
five blocks. Each plot, the experimental unit, was 35 cm
by 40 cm and planted with 20 corms in a grid pattern
(Figs. 2 & 3). The plots were spaced 60 cm apart; the
blocks were separated by 120 cm. Only mature, flower-
ing-size corms were selected for the experiment. All
corms were planted in late September, 1989 and each
plot was weeded regularly when the weeds were small
so as to minimally disturb the corms. Plots were only
watered when the rains were insufficient to maintain
the plants. During the third year, one of the plots which
had received one of the combined treatments was
destroyed.

In each block, each of the eight treatments and the
control (0% harvest) were allocated at random to a dif-
ferent plot. The corms were dug with a 

 

Cercocarpus betu-
loides

 

 (mountain mahogany) digging stick, which is the
standard indigenous practice of corm removal (Fig. 4).
The corms that were equal to or less than 3 mm were
designated “cormlets.” The treatments comprised facto-
rial combinations of three treatment components, each
involving two intensities, times, or methods of applica-

Figure 1. Layout of one block of experiment design of Dichel-
ostemma capitatum field experiment. Each circle is a corm 
planted; each rectangle is a treatment combination.
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tion (Fig. 1): (1) Harvest intensity—50% (medium inten-
sity) attempt to remove half aboveground plants and
associated corms with a digging stick and 100% (high
intensity) attempt to remove all aboveground plants
and associated corms with a digging stick (intensity of
harvest only refers to corms); (2) Time of harvest—at
flowering stage or seed stage; (3) Replanting versus no
replanting of cormlets at the time of harvest. In the plots
assigned “cormlets replanted,” the cormlets were bro-
ken off from the parent corm and replanted. Addition-
ally, during the digging process, cormlets that were al-
ready detached from the parent were left in the soil and
purposely not harvested. As mentioned earlier, this is a
technique that is practiced by individuals in certain Cal-
ifornia Indian tribes. Those plots subjected to the treat-
ment “no cormlets replanted” were harvested without

regard for corm size. Corms and cormlets alike were
harvested. All treatments were applied in 1991, two
years after planting. For the control (no treatment), all of
the aboveground plants and corms and cormlets were
left undisturbed until the end of the experiment.

 

Data Recorded and Analyses

 

In 1992, one year following the treatments, all plots
were dug up completely and all corms and visible
cormlets were removed. This is referred to as “final
complete harvest.” The number of corms per plot, num-
ber of cormlets per plot, weight of corms per plot, and
weight of cormlets per plot were recorded (Table 1).

The differences in the responses to treatment were as-
sessed using 2-way analyses of variance and related sta-
tistical tests for the final harvest. The null hypotheses
tested were: (1) there is no difference in the mean num-
ber of corms/cormlets produced per plot among the
nine treatments; (2) there is no difference in the mean
weight of corms/cormlets per plot among the nine
treatments. The means and variances for the eight treat-
ments and control were calculated and Bartlett’s test for
homogeneity of variances was performed. The vari-
ances were not significantly different.

Given a significant difference (

 

p

 

 

 

5

 

 0.05) among the
eight treatments and control, the differences between
individual means were assessed using Tukey’s HSD
test (Table 1). Also, individual paired tests were con-
ducted to compare the means of the three treatment
components with the mean response to no treatment
(control), using numbers of corms and cormlets and
weight of cormlets. Paired comparisons also were made
between the two alternatives of each of the three treat-
ment components. These comparisons utilized the ex-

Figure 2. Initial planting of Dichelostemma capitatum corms in 
plots at the University of California, Berkeley experiment sta-
tion in Albany, California. (Photo by T. Toland.)

Figure 3. The experimental layout of the Dichelostemma capi-
tatum plots in the flowering stage. (Photo by K. Anderson.)

Figure 4. Harvesting Dichelostemma capitatum corms in the 
flowering stage with a digging stick, mimicking indigenous 
methods. (Photo by K. Anderson.)
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periment-wide error term for calculation of an F value,
and the significance of the differences was determined
by the Bonferroni test (Miller 1981) for an experiment-
wide probability of error of 0.05.

 

Results and Discussion

 

A noteworthy outcome of the experiment is the demon-
stration of blue dicks’ tremendous fecundity (Fig. 5).
While individual plots were planted with 20 corms, by
the end of the experiment, these plots on average,
showed a fivefold increase of corms. Cormlets, of which
there were none initially, soared to an average of 517.
The highest number of corms produced in one plot over
the three year period amounted to 160, while the high-
est number of cormlets produced in one plot reached

839. These results might partly explain why blue dicks
was widely used. It appears that they have life history
traits that allow easy division and propagation. Accord-
ing to Sauer (1952) an individual plant with strong veg-
etative reproductive mechanisms might be divided and
multiplied indefinitely. The replacement sequence of
edible corms may have been reproducible (Noble &
Slatyer 1980) through the annual recurrent disturbance
of California Indians.

 

Comparison of Combined Treatments in the Final

Complete Harvest

 

The combined treatment that consistently produced the
greatest number and weight of corms and cormlets was
the 50% harvest with cormlet replanting, harvested in

 

Table 1.

 

Dichelostemma capitatum

 

 harvest experiment. Means and standard errors for each treatment (

 

n

 

 = 5) for final complete 
harvest in 1992. Means with the same letter are not significantly different (Tukey’s HSD test, 

 

p

 

 = 0.05).

 

Harvest
Intensity
(%)

Replant
Cormlets

Plant
Stage

Corms
No. se

Cormlets
No. se

Corms,
weight
(gm) se

Cormlets,
weight
(gm) se

 

100% no Seed 38.6

 

a

 

13.03 259.6

 

a

 

37.95 51.6

 

a

 

21.75 34.6

 

a

 

5.50
100% yes Seed 51.4

 

ab

 

9.90 434.4

 

ab

 

60.32 61.4

 

a

 

11.77 61.8

 

ab

 

11.67
50% no Seed 73.8

 

ab

 

10.67 447.8

 

ab

 

44.94 95.6

 

a

 

15.15 63.4

 

ab

 

9.82
50% yes Seed 74.2

 

ab

 

13.28 470.4

 

ab

 

65.66 96.6

 

a

 

19.10 63.2

 

ab

 

10.35
100% no Flower 64.8

 

ab

 

5.29 469.0

 

ab

 

53.26 73.8

 

a

 

 7.33 71.4

 

ab

 

9.81
100% yes Flower 67.3

 

ab

 

12.93 586.3

 

b

 

92.21 72.0

 

a

 

16.66 83.0

 

b

 

14.85
50% no Flower 82.8

 

ab

 

9.82 543.4

 

b

 

81.84 102.0

 

a

 

15.88 76.8

 

b

 

12.64
50% yes Flower 90.0

 

ab

 

17.45 613.0

 

b

 

81.18 109.4

 

a

 

25.94 84.4

 

b

 

12.58
0% (Control) 93.0

 

b

 

10.03 541.6

 

b

 

54.37 110.2

 

a

 

12.84 75.2

 

b

 

7.89

 

Note: Sample size = 4 for “100%, no, Flower” treatment (one plot destroyed).

Figure 5. Tremendous num-
bers of corms and cormlets of 
Dichelostemma capitatum har-
vested from one plot (flower 
stage, 100% harvest, with no 
replanting of cormlets), show-
ing the prolific nature of the 
plant.
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the flowering stage (Figs. 6 & 7). The mean for numbers
of cormlets for this combination is higher than that of
the control plots, although this difference is not statisti-
cally significant (

 

p

 

 

 

5

 

 0.05).
These results indicate that this medium-intensity

combined treatment does not have a negative impact on
population numbers in the short-term, and if used as a
harvesting strategy at traditional collection sites, could
produce sustained yields of corms. By sparing half of
the plants and corms, and replanting cormlets, enough
parent corms and the total progeny are left to perpetu-
ate the population, and through thinning and soil aera-
tion, this may enhance the growth and reproduction of
the remaining plants. Furthermore, 50% of the plants
are left to produce seed, keeping the population geneti-
cally diverse.

The most intensive treatment, 100% harvest and no
cormlet replanting at the seed stage, consistently, per-
formed the poorest with regard to all variables (Figs. 6
& 7). The order of means suggests that 100% harvest, seed
stage, and no replanting are the least efficient methods
for producing a sustained yield of corms and cormlets.

The flower-stage harvesting consistently outpro-
duced seed-stage harvesting. The order of means sug-
gests that flower-stage harvesting is most effective at
producing cormlets. The flower-stage harvest with ei-
ther medium intensity and no replanting, or high inten-
sity with replanting, as well as medium intensity with
replanting, gave high biomass production of cormlets.

Surprisingly, when comparing the 50% intensity har-
vest with the 100% harvest with cormlet replanting,
there was no significant difference in weight or num-
bers of corms or cormlets. This may mean that blue

dicks beds could be harvested intensively at the 100%
level if cormlets are either replanted or not selected, and
the site would still continue to adequately produce in
the long-term.

Another important outcome is the resiliency of the
plots that were harvested at maximum levels (100%
with no replanting of cormlets, in the flowering or seed
stage). It was our intention in these treatments to try to
eliminate blue dicks from these plots, yet the plants did
not succumb to extreme harvest pressures. The corm-
lets are well designed with varying shapes and sizes,
some too small to notice. Additionally, the brown coats
surrounding the corms blended in with the dry soil and
acted as an effective camouflage. Those cormlets at-
tached to the mature corms by stolons were also easily
knocked off in the digging process, demonstrating that
the digging stick effectively prevents complete extin-
guishment of the population.

 

Paired Comparisons

Harvesting Intensity.

 

Harvesting at the 50% intensity
level versus the 100% level resulted in a greater number
of corms (80.2 versus 54.9) and cormlets (518.6 versus
429.4), and higher cormlet weights (71.9 g versus 61.6 g)
in the final complete harvest. However, combining the
effects of the other treatments (time of harvest and re-
planting) reduces the mean differences and increases
variability; the resulting differences were not statisti-
cally significant.

 

Time of Harvest.

 

Harvesting at the flowering stage com-
pared to the seed stage resulted in greater numbers of

Figure 6. Corm means with standard errors, final year (1992) 
counts, by stage of treatment harvest (seed or flower), 50% 
versus 100% aboveground plants and corms harvested, and 
cormlet replanting or not. Bars with the same letter are not 
significantly different (p 5 0.05).

Figure 7. Cormlet means with standard errors, final year 
(1992) counts, by stage of treatment harvest (seed or flower), 
50% versus 100% aboveground plants and corms harvested, 
and cormlet replanting or not. Bars with the same letter are 
not significantly different (p 5 0.05).
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corms (76.7 versus 59.5) and cormlets (551.2 versus
403.1), and higher cormlet weights (78.6 g versus 55.8 g);
the results were statistically significant (

 

p 5 0.05) for
numbers of cormlets and weights of cormlets. Like
other genera in the brodiaea complex, Dichelostemma
corms wither each autumn as their starch is rapidly me-
tabolized by fall growth activities. Each spring a new
corm starts to grow and matures right before flowering
and, thus, before or during flowering are probably opti-
mal times to harvest blue dicks corms from a predation
standpoint.

One would think that harvesting at the seed stage
would aerate the soil and provide an excellent seedbed
for the seeds released from the plants as they are har-
vested. On the other hand, harvesting during flowering
should eliminate the possibility of corms ever develop-
ing by seed. Because cormlets from seed can be minute
at one-year old and, therefore, not reflected in the
counts, the additional cormlets developing from seed
would not show up in a short-term experiment. A long-
term experiment might show that harvesting corms at
the seed stage would be optimal for the production of
new corms and cormlets, given a ready seed source that
is partially buried in the digging process. Again, it may
be beneficial to continue the harvest cycles for several
more seasons to more readily determine long-term effects.

Cormlet Replanting Versus No Replanting. In comparing the
treatment component of cormlets replanted with corm-
lets not replanted, the differences between final harvest
means were higher but not significant (p 5 0.05) for
number of corms (70.9 versus 65.0), number of cormlets
(523 versus 430), and weight of cormlets (72.6 versus
61.6 g). This is an interesting indication of the resilience
of blue dicks to attempts by the harvester to remove all
corms and cormlets from plots.

Treatment Components Versus Controls. The mean values
of each of the treatment components, harvest intensity,
time of harvest, and cormlet replanting versus no re-
planting, were found to be not significantly different
from the controls in the final harvest for all variables.
Again, combining the effects of the other treatments ap-
pears to reduce the mean differences from one treatment
enough to prevent differences from being significant.

Controls

The no-treatment plots started with a small number of
corms (20) and within three years produced an average
of 93 corms, over a fourfold increase. Cormlets in-
creased from zero to an average of 541.6 (Table 1). Some
scientists speculate, but have not proven, that blue
dicks overpopulate if they are not disturbed, producing
hundreds of tiny cormlets. Eventually, if they are not

broken up, these layers upon layers of corms will run
out of nutrients and die of overpopulation (Roof 1981).
Again, to prove or disprove this scenario would require
a multi-year study to discover if the number of corms
and cormlets in a given area peak and then decline
when a certain density and/or nutrient deficiency is
reached. If, indeed, periodic thinning is necessary for
long-term survival of blue dicks patches in wildlands,
then human harvesting could be a conservation strat-
egy for sustainable maintenance of population stands of
this plant.

Conclusions

While the mutualistic relationship between humans
and their domesticated crops is a long-established one,
many other kinds of manipulations with wild plants
may also have changed humanity’s relationship with
nature from herbivory to mutualism. The preliminary
results of this study suggest that the human harvesting
of geophytes may in fact be a mutualism, whereby both
blue dicks populations and human populations benefit
from the interaction. While many corms are sacrificed
to harvesting by California Indians, the result may be
that indigenous people are in fact aiding blue dicks
in vegetative reproduction, and increasing population
numbers and densities. Digging may also have selected
for specific genotypes that hold up well to, and perhaps
even thrive under, human harvesting regimes. The
elimination of American Indians as mutualists may
lead to unforeseen ecological consequences in other flo-
ristic settings.

One possible scenario for the ability of California In-
dians to harvest repeatedly from the same blue dicks
collection sites is that the cormlets remain suppressed
(through the formation of auxin) until they are de-
tached from the mother corm. Digging, like gopher ac-
tivity, would sever the tiny ones, activating their
growth. The results of this experiment refute this expla-
nation and indicate that the “undisturbed” controls
produce cormlets just as (or more) prolifically as the
harvesting treatments, at least over a two-year period.
In this experiment, the controls may have been dis-
turbed to some extent when the plots were weeded—
perhaps knocking many of the cormlets off from the
parent corms. This question is worth investigating fur-
ther in controlled experiments. Another possibility is
that they would overpopulate and run out of nutrients
if not broken up and thinned (Roof 1981).

Our field experiment with blue dicks shows that after
one year, harvesting in the flower stage has little effect
on the number of corms compared to unharvested con-
trols. However, to recommend optimal harvest levels
and harvest season for gathering, in order to meet in-
digenous cultural needs on a sustained basis, at this
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time is premature. It is not known if consecutive year
harvests would produce similar results, or if the popu-
lation would dwindle in a few years with repeated har-
vesting. Therefore, a multi-year study is suggested to
discover if repeated harvests at different frequencies
and intensities will sustain productivity of blue dicks,
as well as which harvesting schedule(s) are most effi-
cient under different site conditions.

Indigenous harvesting and management regimes
may offer some of the best examples of sustainable uses
and management of California’s flora without detri-
ment to its biodiversity. In restorationists’ attempts to
recover the biological diversity of different ecosystem
types, a major component is restoring the historic plant
species composition. Particularly valuable is the tradi-
tional ecological knowledge of American Indian elders
gained through oral interviews, coupled with unpub-
lished and published ethnobotanies of different tribes.
This information is important for environmental and
cultural reconstruction, and for assessing present-day
ecosystem health. Historic indigenous influences on eco-
systems should be regarded as an essential aspect of
their ecology. In restorationists’ efforts to restore differ-
ent areas to pre-European settlement conditions, it may
be necessary to reintroduce indigenous harvesting and
management regimes that shaped the model commu-
nity (Anderson 1996).
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