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ABSTRACT

An inventory of the Makoshika State Park flora was compiled.
Approximately 200 plant species were collected and pressed; 160
have been identified. Distinct communities were defined by soil
type, moisture requirements, and degree of human intervention. The
ecological affects the environment exerts on vegetaton and the
vegetations alterations of the environment were considered. The
study reveals that the harsh habitat of Makoshika State Park

supports diverse plant populations.
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INTRODUCTION AND LITERATURE REVIEW

Located just east of Glendive, Makoshika State Park (MSP) is
Montana's largest state park. It is decorated by a kaleidoscope of
colored buttes and bluffs, grasslands, and natural sandstone
sculptures. MSP is nature's masterpiece: sculpted hills painted
with vibrant bands of blacks, reds, grays, and browns, and grassland
frescoes of green dappled with white, reds, blues, yellows, oranges,
and purples. The rugged terrain of this "maco sica", bad earth, has
been in the making for millions of years and provides a diversity of
habitats supporting an abundant flora (4).

MSP was born of an inland sea which extended from the present
day Gulf of Mexico to the Bering Strait. As the sea receded, massive
deposits of sediment remained. These fertile soils, rich with
calcium from crustacean artifacts and nurtured by a tropical
climate, bore the evolution of early plants and animals. Gradually,
river sediment built up, depositing great expanses of sands. The
inland sea returned and again receded, leaving in its wake a final
deposit on the river sediment. The Ice Age then left its mark on
MSP. The melting glaciers released fine, windborn silt, called loess,
which settled into deposits several meters thick (4).

With the rise of the Rocky Mountains in the west and the
Appalachian Mountains in the east, the central plains buckled. MSP
and its strata of sediment were thrust up into what is now the Cedar
Creek Anticline. Thus elevated, the layered deposits fell victim to
the molestation of wind and water. Thousands of years of erosion

have created what is today MSP. Erosion continues to reshape and



mold the landscape into new, intricate, and beautiful architectural
designs (4).

The evolution of MSP to its current state has occurred over
several millennia. Enroute, the populating species have radically
changed. Oceans were replaced by swamps, swamps by tropical
forests, and forests by today's prairies and badlands (4).
Daubenmire defines each of the floral populations as communities,
"complex aggregate of plants" which interact with one another (1).
These communities are a mixture of distinct and repeatedly
associating species. Their associations are controlled by
environmental conditions: climate, soil, precipitation, and
predators.

One combination of environmental variables will create an
environment which a specific variety of species prefers, while a
completely different mixture of species favors another combination
of factors. Different environmental conditions within a given area
form microenvironments.

The composite of all microenvironments constitute a much
broader landscape. The encompassed communities are defined and
named by the species which most influence the landscape's general
features. Grasslands are a mosaic of species, both grasses and
forbs, which define the community and brand it with distinct
characteristics. The prominence of grasses distinguishes the major
properties of these communities. Therefore grasses are the
dominant species and the namesake (2). Forbs and shrubs, though an

important contribution to the uniqueness of the plains, could be



removed without affecting the overall character other than the
aesthetics. They are keynote species (2).

The zone or boundary where two distinct communities merge,
where the microenvironments change, is called an ecotone. Ecotones
assume two common forms. They may be gradual with a blending of
species from the two communities; or they may form an abrupt edge.
The delineations between floral communities may exist with no
noticeable difference in microenvironments, yet they are maintained
with only minor invasions (1).

Geologic features create microenvironments by determining
water availability, which is often the limiting factor of many
communities. Without water, communities simply will not develop.
The more plentiful the water, the greater the diversity of species.
Annual precipitation, however, is not the only concern in procuring
adequate water supplies. Just as important is the availability of
water during critical periods of development. Providentially, soils
have the potential to store a great deal of excess precipitation for
use during dry seasons (2). At MSP, the seasonal drought ordinarily
occurs from late June through early August (7).

Soils potential for water storage is contingent upon the
composition. Porosity is the ability of soil particles to retain water
in small pores on their surfaces. Highly porous soils, such as clays
and loams, readily hold moisture; low porosity soils, like sands, are
unable to retain water. A second soil quality is permeability, the
extent to which soils allow water to pass through a network of
spaces between particles. Moisture penetrates great depths in

highly permeable soils including sands and loams. Clay soils have



low permeability, water is unable to infiltrate the particles. So
despite their high porosity, clays are poor soils for water storage.

Soil scientists (7) compiled soil profiles of MSP determining
the clay, sand, silt and loam content. The surveyors named the soils
according to standard procedures based on soil composition and
horizon depth; they determined that MSP is composed of five
dominant soil types.

MSP's most prevalent soil type is the Badlands soil, highly
eroded soils composed of clays, loams, sands, and silt. A prominent
feature of Badlands soil is extreme slopes which range from 15% to
over 100%. These soils are radically unstable, prone to mass
erosion, and are a poor source of nutrients and moisture. As a
matter of course, vegetation is sparse and diversity minimal. The
soil survey (7) estimates that 75% of these soils are barren.

Benz-Tremble soils (7) are characteristic of the valley
extending from the MSP Visitor Center to the base of the
switchback. Comprised of sands and loams, this soil is relatively
fertile and well drained. However, high alkalinity limits the floral
diversity to alkali tolerant vegetation. This valley is relatively
level with a maximum slope of 15%. However, the soil is highly
erodible as is evident by the deep, chasmic flood channels dissecting
its congruity. These channels may exceed 10 ft in depth.

The third major soil type is the Blanchard-Dimyaw complex (7).
Composed of sand and loam, Blanchard soils have the water retaining
benefit of loam, but also the rapid absorption of sands. This

combination is critical because the slope of these soils ranges from



8% to 80% grade and water runoff would be too rapid for absorption
otherwise.

Dast-Blanchard complex soils (7) form half of the high grass
plain adjoining the switchback. In contrast to the Benz-Tremble
grasslands, these are unblemished by the gaping wounds of water
runoff. The soils are remnants of weathered sandstone, enriched by
loam, but predominantly sandy. They therefore have the
permeability benefits of sands and the porosity of loams.

Dimyaw soils (7), opposite the Dast-Blanchard, compose the
remaining half of the high grass plains. These plains are indistinct
from the Dast-Blanchard plains as far as landscape is concerned.
Likewise, the vegetation is not distinct; the ecotone is gradual and
both environments support many of the same species. Clays and
loams adequately sustain water availability, preventing formation
of a crusty clay seal and maintaining adequate aeration for
proficient plant growth.

Plant cover is as important as soil composition in regulating
water availability. Harper (2) notes that in sparsely covered soils
higher concentrations of moisture can be retained than in vegetated
soils. Rapid evaporation of moisture from the soil seals the surface
with an impenetrable crust preventing further evaporation.

Plants promote water loss from the soils by serving as wicks. Roots
absorb water from the soil and transport it up the stem where
evaporation releases it from the leaves into the atmosphere, a
process called transpiration. It follows, that dense plant growth

escalates water loss from the soil. This is particularly true of



mixed plant communities in which root systems penetrate different
depths, tapping separate water sources.

Ironically, Harper (2) points out, ground cover also facilitates
water conservation. |If a canopy develops, leaves and branches shade
other leaves and neighboring plants, reducing light radiation and
subsequent evaporation; thus moisture is recycled.

In addition to controlling water potential, floral diversity
reduces mass wasting and erosion. It also creates new
microenvironments fostering further diversification through a
process called "seral development (2)."

Plant communities evolve over millions of years through seral
stages, the replacement of one community by another. It begins in
an environment void of all life and progresses through a sequence of
communities. The first organisms to establish residency are
considered the pioneer community. Over time, as these pioneers
alter their habitat, other species will invade and replace them. Each
succession results in greater diversification of species and more
complex interactions between them. Finally, the environment
obtains relative permanence and stability. The last community to
evolve retains supremacy and is called the climax community. It
reigns until catastrophic changes occur and the process begins anew.

Landslides are such cataclysmic events with the potential to
reinitiate seral development. Daubenmire (1) points out that the
initial talus of the slide is composed of large clots of earth exposed
on most sides. This exposure makes them vulnerable to evaporation
and consequently they are a poor water supply. As a result pioneer

communities must be drought resistant and have deep or extensive



root systems in order to survive. Pioneers are usually sparse and
leave the debris exposed to erosion. Eventually wind and water
erode the talus heap creating a smooth slope or washing the heap
away entirely. Reduced gradient of the embankment provides a more
habitable environment for vegetation. It is slowly populated,
reducing the rate of erosion and encouraging further settlement,
ultimately re-establishing a climax community.

Through seral development biotic communities alter the
environment and create conditions favorable for other plants.
Intimate plant interactions develop. Certain species are unable to
survive in the absence of other species. The tryst between species
may be a mutual dependency or a parasitic condition. An intriguing
example of the latter is clustered broomrape. Inconspicuously
hidden amongst sagebrush, this small, purple and white-flowered
plant entirely lacks chlorophyll and is thus photosynthetically
defunct (8). To compensate its inadequacy, broomrape parasitically
acquires its nutrients from sages. Without sagebrush broomrape
would perish.

Species interaction also includes competition with neighbors
for water, nutrients, space, and sunlight. To maintain self
interests, plants have developed an arsenal of strategies to cope
with vegetative competition.

Harper (2) explains several strategies adapted for passive
coexistence. For instance, the ability of roots to occupy different
soil zones enables plants to obtain nutrients from separate sources,
circumventing unnecessary competition. Also, plants may utilize

alternative resources. For example, legumes avoid competition for



nitrates by maintaining associations in which microorganisms fix
atmospheric nitrogen in the plant roots. Finally, species sharing
common niches may develop temporal separations of growing
seasons. Temporal alternatives to species competition most
prominently occur during periods of flowering and seed production
when the greatest demands on nutrients are made.

An alternative to passive coexistence is active vengeance of one
species against another to eliminate competition. Some plants, such
as spotted knapweed, have the capacity to release toxic chemicals
targeted at surrounding vegetation (9).

Despite individual precautions to prevent competition and
conserve resources, overpopulation does occur when the density of
individuals surpasses the environment's potential to support them.
The consequence is that competition develops not only between
species, but also within them. Overcrowding hinders optimal
development of individuals, decreasing size, reproductivity, and
growth rate. However, Harper (2) points out that a density-stressed
individual is not simply a miniature version of its unstressed
counterpart. For example, normal plant size may accompany reduced
seed production or even sterility; or stunted growth may stimulate
increased progenation.

Although competition and overpopulation decrease the potential
of individual organisms, a more ominous problem is the loss of an
entire species. Once climax communities have developed and
established competition mechanisms, they must struggle to
maintain their dominance. Non-native species are a particular

threat to established communities. These invaders compete with



native species for desired habitats, replacing non-aggressive
natives (9). Humankind introduces many alien plant species into
natural communities. Modern transportation has particularly
increased the rate at which new species are introduced.

Consider the nemesis, leafy spurge. Native to Eurasia, leafy
spurge was unintentionally introduced to North America (9). Free
from natural predators and resistant to herbicides, spurge growth
and dispersal is uninhibited. Capable of projecting its seeds up to
15 ft without mechanical aids (9), spurge capitalizes on the added
influence of wind, water and animal carriers to transport its seeds.

However, there are sites which spurge and other invaders have
not contaminated. "Habitat Islands" (2) are communities separated
from other plant populations by environmental or geological
obstacles. They are secluded tracts of land accessible only to birds
and the wind. Wilson (10) estimated that the diversity of species on
an island is directly proportional to the fourth root of the island's
area. That is, the larger the island, the greater the number of
species it can support.

Soil, moisture, and vegetation define conditions suitable for
floral diversification. In addition, evolution of floral diversity
through seral development is influenced by competition, invasion,
and interdependence on other species. The rugged, variable terrain
of MSP provides unlimited combinations of environmental factors
which promote diverse and intriguing populations of floral species.
This present study focuses on the flora of MSP in an attempt to
understand the interplay of factors determining the flora and its

distribution.
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MATERIALS AND METHODS

Higher plants of MSP were identified and collected. Their
locations, habitats, and common associations with other plants were
recorded. Because of the immensity of MSP, distinctive landscapes
supporting varying communities were targeted, and representative
floral samples gathered from each. These major environmental
habitats included disturbed areas such as washes, sedimentary
deposits, sink holes, and landslides. More stable landscapes were
also compared and contrasted, including north and south facing
slopes, grass plains, sagebrush steppes, and wooded areas.
Particular attention was paid to habitat islands, anticipating that
these virgin soils may support unique species.

Identifications of the floral species were based on photos and
written descriptions from a number of sources (3, 5, 8, 9). Species
were identified and recorded before they were collected to ensure
that rare and endangered plants were not disturbed. \Whenever
possible, entire plants were obtained, including fruits and roots.
Identifications were made by examining the color and structure of
the flowers, fruits, and root systems. Once plants were identified
and collected, they were pressed and permanently mounted. Species
identifications were then confirmed by the Lewis and Clark County
Soil Conservation Service and Dr. John Christenson of Carroll

College.
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RESULTS

The following tables (Tables 1-4) present the results of the
study and demonstrate the floral diversity of MSP. Table 1 and Table
2 present all floral species with the exception of grasses. Table 3
and Table 4 list the grass species separately. Plants listed in the
first and third tables are arranged alphabetically by scientific name.
Those in the second and fourth tables are arranged alphabetically by
common name.
"Soil" heading designates significant soil types which species

commonly prefer. However, species are not limited to these

soils. Abbreviations of soil type are based upon taxonomical

soil names defined by the Soil Conservation Service (7).

1.) Ba (Badlands)--Highly eroded soils with 15% to 100%
slopes.

2.) Bt (Benz-Trembles)--Soils composed of sand and loam
with 2% to 15% slopes.

3.) By (Blanchard-Dimyaw)--Soils composed of sand, loam,
and a small percentage of clay having 8% to 80% slopes.

4.) Db (Dast-Blanchard)--Soils composed of sand and loam
with 2% to 8% slopes.

5.) Dc (Dast-Blanchard)--Soils composed of sand and loam
with 8% to 25% slopes.

6.) Dm (Dimyaw)--Soils composed of silt and clay with 9% to
26% slopes.

"Moisture" is the average water content of the soils. Basing my
observations on moisture at the time the plant was collected, |
considered also the time elapsed since the most recent

rainfall.
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"Abundance"” estimates frequency of appearance of individual
species throughout the park. Estimates are relative, loosely

setting silver sage as the standard.

° R--Rare
O--Occasional
A--Abundant
VA--Very Abundant
L--Localized to a certain region with abundance estimated
for that location only.

"Origin" denotes whether the species are native to the park, or
introduced. The sources used for identification provided these
data.

N--Native
I--Introduced
NA--Information not available.

"Season" is the approximate flowering season of species based on
their earliest and latest appearance at Makoshika.
E (Early Spring)--Late April through mid-May.

ES (Early Summer)--Late May through mid-June.

S (Summer)--Late June through mid-July.

LS (Late Summer)--Late July through September.
®
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DISCUSSION AND CONCLUSIONS

The conglomeration of microenvironments created by the variety
of soils and landscapes at MSP supports a diversity of floral species.
Slope and soil type apportion the park into four broad divisions
supporting unique floral communities. Badland soils compose the
most extensive division. These steep, eroded hills support little
vegetation. Big and silver sagebrush, greasewood, and Nuttall
saltbush are the predominant settlers of this inhospitable habitat.
Clustered broomrape, persistent grasses--particularly bunch
grasses--and an occasional miner's candle contribute to the sparse
and limited diversity. Most spectacularly, beautiful gumbo lilies
survive this harsh environment. There is very little interaction
between individuals because of vast separation, so complex
microenvironments do not develop. Where the slope is more gentle,
however, sizable stands of these species may form developed,
interactive communities.

Benz-Tremble soils extend from the Visitor Center to the
Switchback and support a flora quite distinct from Badlands soils.
Grasses are the dominants. Breaking the monotony, silver sagebrush
form prominent stands; big sagebrush is absent from the valley.
Broom snakeweed and rubber rabbitbrush are also prominent keynote
species. In addition, an abundance of flowered forbs freckle the
lawn's green complexion. Most prominent are varieties of lupine and
milkvetch which bloom throughout most of the spring and early July.
Gumbo Lilies provide a constant and abundant splendor through most
of the growing season. The flaming yellow golden pea and

Microserus appear for a short time in early spring. Late spring
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displays the ominous foothills death camus. Intriguingly, this
prolific native to MSP is found only in the meadow opposite the
Visitor Center. Summer is announced on these soils with the
appearance of a few scattered mariposa lilies and numerous cacti.
In greatest abundance are prickly pear cacti; but an observant and
fortunate visitor may behold the magnificent and rare beauty of the
pincushion cactus. With the close of summer, the rubber
rabbitbrush, broom snakeweed, and goldenrods burst into vibrant
flames of yellow.

A descent from the Benz-Tremble meadow to the bottom of the
gaping washes reveals frequent colonies of prairie onions,
particularly in sedimentary sand and gravel accumulations.

Assent up the two-hundred foot switchback at the western apex
of the Benz-Tremble meadow reveals an unexpected progression of
vegetation. The brazen grasslands suddenly give way to the third
division of MSP's landscape: forests of ponderosa pines and rocky
mountain juniper. The sudden appearance of trees, though seemingly
out of place, is the effect of Blanchard-Dimyaw soils. The
prevalence of the trees creates a unique environment of shade and
moisture which supports a variety of species absent from the
grasslands. Keynote species include grasses and a variety of floral
species. Mushrooms, mosses, lichens, and even an occasional fern
take advantage of the humidity. In early spring, pasque flowers, also
known as crocuses, are the first forbs to appear. With that, they
remain the entire summer, only they are disguised in seeded
costumes of smoky-black mop heads. Blue-eyed grass is a common

feature of the gentler wooded slopes. Technically not a grass, its
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narrow leaves and short stature give it that appearance. However,
its bright, sky-blue flowers of late spring betrays the grass-like
camouflage. Harebells and pussy-toes (everlastings) are also
prominent. They are, however, confined to the woods, whereas blue-
eyed grass and pasque flowers frequently venture out onto the open
slopes.

Just as abruptly as the woods began, grasslands repossess the
territory on the tabletop summit. These prairies are composed of
Dast-Blanchard soils and support a species combination similar to
Benz-Tremble soils, but there are striking distinctions. Grass
varieties are similar, as are the presence of milkvetch and lupines.
However, the distinctive yucca and big sagebrush take advantage of
the soils sandy constitution to make their debut. Gumweeds and
clovers contribute to the diversity as do vibrant scarlet
globemallows and yellow umbrella plants. In early summer,
mariposa lilies carpet these meadows.

The final division, Dimyaw soils, also contribute to the high
grass plain. A gradual, inconspicuous ecotone characterizes the
junction of the Dimyaw soils with the Dast-Blanchards, and
vegetation is not distinct.

The ability of distinct communities to exist in such close
proximity is the result of soils varying abilities to retain water.
The badlands of MSP provide a poignant example of the importance of
water. As a result of steep slopes and direct exposure to the sun,
south facing slopes are extremely desiccated and consequently

vastly barren.
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In contrast, north slopes support a much greater population of
species and a multiform of microenvironments. Shaded for the
greater part of the day, moisture is high and allows a diversity of
plants to take advantage of the available water. Extensive
vegetative cover, particularly grasses, reduce erosion caused by
rapid runoff, maintaining a gentle slope and holding organic debris
for soil enrichment and species diversification.

Wetlands complete the demonstration of the importance of
water, and continue to show how soils define floral communities.
On the Dast-Blanchard grasslands, a man-made dam supports a
community of cattails and willow trees. Near the Visitor Center, a
marsh created on Benz-Tremble soil sustains cattails, sedges, and
creeping spike rushes. And a natural wetland south of the Visitor
Center, over "Witch's Hat" and slightly east supports the only
population of Olney's bulrush located in the park. In each case, the
original terrestrial flora readily recovers dominance at the ecotone.

Nature's recovery of the landscapes on the edge of the wetlands
demonstrates the effects of seral succession in MSP. Another
example is nature's repossession of slumps--sheer slopes collapsed
under their own weight--which upset established communities on
their surfaces and in their wakes. New environments devoid of life
are consequently created. Kochia and Russian thistle are often the
pioneer community. On badland soils, snakeweed, rabbitbrush, or
greasewood inevitably constitute the secondary sere, replacing the
pioneers. On other soils, grasses will replace the weeds, and
finally, forbs will grow. Eventually, the climax community will be

reestablished according to the soil type.
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MSP also provides an opportunity to observe the ecological
succession of sand dunes. Most of the sand dunes are temporary;
they meet rapid demise by fast downhill water flow. However, sand
commonly accumulates on the inside curves of waterways, producing
barren, new habitats for seral development. Early inhabitants
include American wild licorice, prairie sandreed, and yellow
gromwell. These pioneers stabilize the soil and accumulate organic
material which encourages other species to invade, ultimately
replacing the pioneers and surrendering to the climax community.

As climax communities develop, competition arises between
individuals. At MSP, the most prominent mechanism for coping with
competition is temporal separation of growing seasons between
species. This phenomenon is evident in that several species coexist
in their leaf stages, but flowering occurs in succession. Microserus,
prairie onions, and golden pea are prominent spring blossoms which
ripen quickly and then surrender to summer flowers such as
mariposa lilies, varieties of milkvetch and lupines, clovers, and
Gumbo Lilies. Last to flower are yuccas, broom snakeweed,
rabbitbrush, and goldenrods whose foliage was apparent since early
spring.

In contrast to passive coexistence, spotted knapweed advocates
the use of toxins to actively eliminate competitors (9). Knapweed's
noxious threat against natural communities requires immediate
steps of irradication. As a result, knapweed's presence in the park
is minimal and its effects obscure.

In addition to competition between species, individuals of the

same species may compete for nutrients when they become

29



overpopulated. The most prominent example of overpopulation in
MSP is amongst western yarrow. Sinkholes create a
microenvironment optimal for western yarrow, moist shade.
However, the protective sides encircling the shallow depression
severely reduce seed dispersal by preventing wind-born
transportation. As a result, the trapped seeds accumulate in the
moist paradise and upon germination compete with one another for
resources. Here, the limiting resource is soil nutrients, not water.
The result is a plush carpet of fern-like, underdeveloped leaves and
a few, stunted flowers.

Through evolution, natural communities adapt to competition
and overpopulation. However, non-native species with invasive
advantages upset this delicate balance. As a result of human
expansion, many non-native species are commonplace occurrences in
MSP. Crested wheatgrass, introduced for human benefit, is a
reminder of human attempts to alter nature's progress for human
advantage. And downy brome is an unintentional introduction which
overruns native grasses and forbs. Other alien species also plague
the park, destroying natural environments and replacing native
vegetation. The most aggressive and uncontrolled infestation is
leafy spurge.

As a result of animal carriers, especially deer, spurge has found
its way to the summit of the steepest hills and to some of the most
remote areas of MSP. The inaccessibility of the terrain, the
herbicidal resistance of spurge, and the continued spread of seeds

promote uncontrolled proliferation of this noxious species.
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With the exception of spurge, the most visible indicator of
human contamination are roadsides. Roadsides support a plethora of
non-native species. Stowaways on road construction equipment or
automobiles, seeds take advantage of the disturbed roadside soils to
invade. As invaders of disturbed locations, these weeds are actually
the pioneer community and are a menace only if they do not submit
to the predetermined climax flora.

Showy species common to the roadsides which are non-
threatening to native communities include the pink bee plant, prairie
sunflowers, blue lettuce, bull and wavy-leaved thistles, and a
variety of milkweeds. Native species such as the coneflowers--
yellow, brown, and purple--are also common inhabits.

Introduction of foreign species to roadside development may be
intentional to reduce the effects of rapid runoff from the road.
Areas disturbed during construction were seeded with a monocrop of
yellow clover. However unnatural, this ground cover is effective. It
is so effective in fact, and so dense, that it discourages the growth
of nearly all other plants, and is a monument to human impact on
natural development.

Grass mats, crowning vertical earthen columns, are monuments
of undisturbed tracts of land. Unable to be scaled, they are victim to
foreign plant species introduced only by birds and wind. These land-
locked islands have the potential to develop distinct species and
species mixes. However, because the columns are seldom more then
a few feet square, there is very little diversity. In fact, the island

community which | investigated was composed of a single species of
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grass. There is the possibility, however, that rare and endangered
species may be preserved on these isolated areas.

The floral ecology of Makoshika State Park is defined by a
combination of microenvironments ranging from desert to near
tropics. The condition of these microenvironments is controlled by
soil composition, plant diversity, and water availability. Vegetation
establishes communities in accordance with the environmental
conditions. Seral progression establishes the climax community.
The climax reigns until catastrophe upsets the environment or
invaders replace them. Natural phenomena continue to alter the
landscape of Makoshika State Park, establishing new communities
and upsetting old ones, providing a laboratory to study a prolific
diversity of species and their interaction.

This study was designed to catalog the diversity of floral
species present in the park. The extent of that diversity and the
factors contributing to it were presented. Continued investigation
may reveal additional species which emerge from prolonged
dormancy under different environmental conditions. A statistical
analysis is now necessary to reveal frequency (how often the
species occurs throughout the area), abundance (number of individual
per area), and commonality of associations (what species are
commonly found together). This investigation was based only on
observations of these factors, not methodological calculations.

It is believed that adequate and accurate information has been
portrayed here. The results offer an understanding of the diversity

of the flora and the complexity of factors controlling their
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development. Furthermore, this study is conceivably a cornerstone

upon which further investigation can build.
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