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FIG. 1. The Great White Throne—one of the chief scenic features of Zion 
Canyon. Nearly 2.000 feet of solid rock above the river. (Photo hy U. S. Nat. 
Park Service.) 



BIOTIC RELATIONSHIPS OF ZION CANYON, UTAH 
WITH SPECIAL REFERENCE TO SUCCESSION 

INTRODUCTION 

If one could have viewed the Zion Canyon region in southwestern Utah 
from some high aerial position continuously during the past fifty million years 
and preserved a record of the slow geological changes occurring below by 
taking a moving picture with one exposure say every thousand years, there 
would have been recorded in such a picture remarkable changes and trans­
formations which led to the production of the now deep and narrow gorge, 
Zion Canyon. The net result of these changes and transformations and the 
striking feature of such a picture would be the movement of the canyon, plow­
ing its way for 15 miles into the forest covered plateau with an ever-lengthen­
ing stretch of desert plain cut in two by the river and its fringing forest of 
deciduous trees following in its wake. 

This movement produces interesting consequences. The river cutting into 
the solid rock creates bare areas. Biologically speaking, nature abhors a 
bare spot. These bare areas are invaded by plants in an effort to gain a 
foothold, or may also be utilized by certain animals. The pioneer plants 
attacking the bare rock, accumulate a little soil making it possible for other 
plants to gain a foothold and crowd out the pioneers. As the rock crumbles 
and more soil accumulates, successive types of plants establish themselves 
and crowd out their predecessors until a climax formation is reached where 
the occupants cannot be displaced under normal conditions. 

The presence of plants, furnishing basic food, makes it possible for veg­
etarian animals to exist. Coincidental with the successive changes in the plant 
development, come successive changes in the vegetarian animal life. The 
presence of vegetarian animals, furnishing the basic food transformed into 
animal products, makes it possible for parasites and carnivorous animals to 
exist. 

As the canyon moves inexorably forward, the plant and animal communi­
ties of a given place pass through a series of stages from the coniferous forest 
on the plateau above through successive types represented in the canyon and 
finally reach the desert plain stage trailing in the wake. The problem of this 
work is to piece together the historical picture as a basis for understanding 
present conditions. The physical contour, the operative principles and the 
effective forces that exist as heritage from the past, all give clues which with 
proper interpretation and due allowance for modifying factors, should lead 
to a rational explanation based upon natural law. 

In this paper an effort is made to outline the natural history data of Zion 
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FIG. 2. A view of the lower part of Zion Canyon looking down stream. Great 
White Throne at left. Xote comparative relationships of hare areas of cliff, talus 
slopes, and canyon floor marked by the river and its flood plains. (Photo by U. S. 
Nat. Park Service.) 

FIG. 3. The desert plain with its flanking mesa in the background following in 
the wake of Zion Canyon. The distance is about 5 miles to the foot of the mesa. 
The principal component of the vegetative cover is the black brush. Colcogyne 
ramosissima Torr. (Photo by U. S. Nat. Park Service.) 
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National Park, Utah that has accumulated since 1925 during my work as 
naturalist at that place. I am indebted to Drs. Joseph Grinell, C. L. Camp, 
E. C. Van Dyke, J. M. Linsdale and E. R. Hall of the University of Cal­
ifornia, to Drs. R. V. Chamberlain. M. S. Johnson and W. P. Cottam of 
the University of Utah, to Dr. V. M. Tanner of Brigham Young University, 
to Messrs. E. T. Scoyen, George Grant, Ansel F. Hall, and Dr. Harold 
Bryant of the U. S. National Park Service, to Dr. H. A. Kelly of Baltimore, 
Maryland, to my wife and my son Lowell, and to others, too numerous to 
mention, who have assisted in many ways. 

T H E PHYSICAL SETTING 

Zion Canyon is a gorge of mammoth proportions and vivid colorings. 
It is located in the extreme southwestern corner of the state of Utah, about 
45 miles from Nevada and 15 miles from Arizona. It was carved by the 
north fork of the Virgin River (Mukuntuweap River), which descends the 
steep slopes of the south face of the Markagunt Plateau, dropping down 
rapidly within 40 miles from altitudes of 10,000 feet on Cedar Mountain to 
7,000 feet on the plateau through which the canyon is cut and to 3,500 feet 
on the desert plain below the mouth of the canyon. Many small tributaries, 
flowing in from the sides, dissect much of the surrounding region into chasmic 
grandeur. 

The canyon is about 20 miles in length, running in a general direction 
slightly west of south. It varies in width from a slit just wide enough for 
the river in the narrows, gradually widening downstream to a mile or more 
across the floor near the mouth of the canyon where the town and fields of 
Springdale are located. It also varies in depth from one-half mile in the 
slit-like narrows to 3,800 near the mouth, a distance of 12 to 15 miles. 

The canyon walls in general appear practically perpendicular, although as 
a matter of fact, there are very few places that are not actually sloping. In 
the wider part of the canyon, the walls have a talus slope at the foot leading 
down toward the river, due to accumulated material fallen from the cliff 
above. In the narrows, the fallen material is swept away by the river, thus 
preventing the accumulation of talus. In general, the farther down the 
canyon the longer is the talus slope. 

EROSION 

The canyon is the resultant of the relative rates of erosion of two sets of 
forces; the river deepening its channel, thus extending the gorge farther and 
farther upstream and the weathering forces tearing off the sidewalls and 
slowly pushing them backward, thus widening the canyon and obliterating 
the older part below. 

The forces at work tearing off the side walls and widening the canyon 
may be considered principally under the categories of precipitation, tern-
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ST. CF.OBGF. 
Altitude 2800 feet. Means of years 
1890 to 1930 59.2 deg., 8.55 ins. 

SPRINGDALF. 
Altitude 3900 feet. Means of years 
1904 to 1930 59.2 deg., 15.24 ins. 

FIG. 4. Hythergraphs of four stations in southwestern Utah made by plotting the 
mean monthly temperature and mean monthly precipitation as coordinates. Note the 
general agreement of the curves for each half of the year, the first half becoming 
progressively warmer and drier and culminating in a hot drouth period in June, the 
second half starting with a moist period and becoming slightly drier as winter is 
approached. 

KANAB 
Altitude 4925 feet. Means of years 
1899 to 1930 52 deg., 12.72 ins. 

MODEKA 
Altitude 5466 feet. Means of years 
1901 to 1930 47.6 deg., 10.14 ins. 
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1928 
Mean temperature 61.2 F. Precip­
itation 9.75 ins. 

1904 TO 1930 
Mean temperature 59.2 F. Mean 
precipitation 15.24 ins. 

1927—Mean temperature 60 F, precipitation 19.87 ins. 

FIG. 5. Hythergraphs of the Springdale station for different periods. The monthly 
means of temperature and precipitation for the years 1927 and 1928 are plotted for 
comparison with the mean. Note the irregularity of the curves for a single year. 
The 1927 curve shows no drouth for June and the 1928 curve no dry period for 
November. The precipitation of 1927 is twice that of 1928. 
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perature, and biota. Rain is important; it hastens disintegration by solution 
in penetrating the porous rock, by the trickling of accumulated water carry­
ing abrasive sand grains, especially during heavy downpours, and perhaps by 
expansion and contraction due to absorption and drying. 

The effects of changing temperature are important both as heat in the 
summertime and cold (frost) in the winter. The repeated expansion and 
contraction, due to diurnal changes in temperature, widen the cracks and help 
to break off rock fragments; and that due to freezing and thawing of the 
surface rock, especially where moisture is present, may help disintegration 
noticeably. 

The roots of vegetation penetrating cracks and crevices in the rock not 
only exert an expansive force which helps to widen the crevices and break off 
pieces of rock but also disintegrate the adjacent rock by chemical means 
thus forming soil around themselves. Surface animals are often effective in 
loosening soil by trampling and subterranean species by burrowing. 

SOIL 

The soil is composed almost uniformly of disintegrated sandstone from 
the cliffs, mixed in varying proportions with organic remains, except along 
the floor of the canyon, where deposition by the river has resulted in adding 
silt from shale and limestone brought from the higher reaches of the river 
and humus from the forest covered slopes near the head of the stream. 

The faces of the cliff contain very little soil, small amounts accumulating 
in cracks and crevices and around the roots of plants. On the talus slopes 
below the cliffs, a shallow covering of soil of varying depth has accumulated 
among the rock fragments and boulders fallen from the cliff. Many of the 
side canyons have a deeper accumulation, sometimes many feet in depth, the 
result of small stream deposition. The deepest soil occurs along the floor 
of the canyon, where it has been filled with rocks and sediment from the river. 
The soil appears to be suitable for normal plant growth even without the 
addition of organic material. 

T H E PHYSICAL ENVIRONMENT 

The physical setting of the canyon modifies the factors of sunshine, pre­
cipitation, air and gravity in various ways, breaking up their effects so that 
they are applied unevenly in different parts. The sinuosities of the canyon, 
the varying exposures and slopes of the cliffs and talus, and the depth of 
the gorge all tend to their diversification. The role of sunshine in the pro­
duction of (a) light, (b) heat, and (c) evaporation and that of precipitation 
in the production of (a) runoff (floods), (b) soil water, and (c) humidity 
are much modified in the different parts of the canyon. The effect of air 
movement (wind) is closely controlled by the guiding influence of the gorge. 
Air density, of course, varies with altitude. Gravity is continually at work, 
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pulling down rocks from the face of the cliffs, thus modifying the phys­
iographic features, but is of par t icular importance to the biota on the steep 
slopes or vertical cliffs where plants have difficulty in clinging and animals 
in climbing. 

C L I M A T I C FACTORS 

A basis for est imating the role of tempera ture and precipitation may be 
obtained from the Uni ted States Weather Bureau records. These are avail­
able for a station at Springdale in the mou th of the canyon since 1904 and 
for several o ther stations in the su r round ing region for varying periods of 
t ime. In the accompanying hythergraphs (F ig . 4 ) , the mean monthly tem­
pera ture and mean monthly precipitation have been plotted as coordinates. 
T h e result ing curves for four stations indicate close agreement as to general 
t rend of the climate measured in this way for each half of the year, the first 
half with its winter and early spring moist period becoming progressively 
wa rmer and drier culminat ing in a hot drouth period in June , the second half 
beginning with a moist summer period and becoming slightly drier as winter 
is approached. Th i s indicates a double cycle of al ternat ing wet and dry 
periods, the wet periods occurr ing ( 1 ) in winter and early spring, and (2 ) in 
late s u m m e r ; the dry periods occurr ing ( 1 ) in late spr ing and early summer, 
and (2) in late fall. 

These figures, however, give but slight idea of the actual conditions, for 
in general, the annual cycle does not tend to follow the mean. Hythergraphs 
of the Springdale station for two different years have been prepared for 
comparison with the mean (Fig. 5). The years 1927 and 1928 were chosen 
because they represent extremes in precipitation, the former with 19.87 inches 
of rainfall, the latter with 9.75 inches. These are indicative of the way the 
mean may be entirely upset, the year 1927 having no drouth in June and 1928 
no drouth in November. The important point is that the precipitation is 
very irregular. The mean is no definite indication of what is bound to occur, 
and is ordinarily not the critical period of tolerance or the limiting factor in 
the distribution of organisms. The critical period is the extreme which often 
goes much beyond the limits indicated by the mean. 

In this connection, it should be noted that the mean temperature does not 
descend to the freezing point. This does not mean that frost does not occur. 
The mean minimum temperature curve (Fig. 6) descends below the freezing 
point during December, January and February. Frosts, however, occur over 
a much longer period, the mean frostless season reaching from April 10 to 
October 23, a period of nearly 6 1-2 months, but the mean growing season 
for plants usually begins in March, sometimes as early as February. 

The precipitation occurs mostly in the form of rain with but very little 
snow in the winter time which does not usually last more than a few days 
at a time. Farther up the canyon above Springdale, it sometimes accumulates 
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FIG. 6. TEMPERATURE CURVES FOR SPRINGDALE 

Showing the mean maximum (upper) , the mean (middle), and the mean minimum 
(lower) for the period 1904 to 1930. Note the abrupt rise in the curves between 
May and June. 

FIG. 7. PRECIPITATION CURVES 

Showing the yearly distribution over a period of years for stations at St. George, 
altitude 2800 feet, and Springdale, altitude 3900 feet. 

April, 1933 
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FIG. 8. TEMPERATURE AND RELATIVE HUMIDITY CURVES 

A diagrammatic representation of relationships showing approximately the average 
condition of the daily rhythm through a hot dry period from June 2,3 to July 2, 1929 
(upper) and through a stormy period from July 15 to 31, 1929 (lower). Xote the 
extremes during the drouth period. 



April, 1933 BlOTIC RELATIONSHIPS OF ZlON CANYON 159 

to a depth of one foot or more, especially in the narrow part where the walls 
keep out the sunshine for a large part of the day. 

The accompanying graph (Fig. 7) showing the yearly distribution of 
rainfall at Springdale and other nearby stations is indicative of the fact that 
much of the rainfall is local in its distribution and that stations fairly close 
together may receive greatly varying quantities of rainfall during similar 
periods. Especially is this true of the summer thundershowers which are 
often extremely local in application and often the fall is so rapid that a large 
percentage goes off in the form of floods. The intensity of extreme showers 
or cloudbursts is illustrated by a storm which occurred on August 5, 1929 
when an inch of rain fell in 18 minutes and literally thousands of small water­
falls came pouring over cliffs to unite in the river to produce a tremendous 
flood. 

The only humidity data available are from personal observations of 
relative humidity made with a sling psychrometer during the summer of 
1929. From these data, I have plotted diagrammatic curves (Fig. 8) showing 
the relation of temperature and relative humidity at the museum where the 
canyon is medium in width, during two periods of the summer, one hot and 
dry, the other warm and stormy. Observations at the "Stadium" where the 
canyon is much narrower, at 11 a.m. and 5:40 p.m. indicate very definitely 
that the temperature is much lower and the relative humidity much higher 
in midsummer in the shade of the cliffs, especially in the vicinity of running 
water. 

INITIAL CAUSES OF BARE AREAS 

There is little doubt that the bare areas are due primarily to land elevation 
and its consequent stream degradation. However, there are many modifying 
factors, important among which is climate. A humid climate would hasten 
the destruction of the walls perhaps to the extent of keeping pace with 
degradation and greatly facilitate the covering of the rock with soil. The 
semi-arid climate of Zion Canyon has the opposite effect. Many auxiliary 
factors enter into the actual operations producing the bare areas. These may 
be grouped as (a) geologic, (b) climatic and (c) biotic. 

Two types of bare areas may be distinguished; the first type primarily 
bare as the result of exposure of solid rock or raw soil devoid of organic 
remains; the second type only secondarily bare as a result of the removal 
from the soil of its living cover. These two types may be modified by the 
presence or absence of water producing wet (hydric) or dry (xeric) areas, 
and may or may not merge into one another so that the distinction is not 
always clear cut. 

With the headward movement of the main gorge toward the mountains, 
primary bare areas are exposed on the sides. Side canyons also retreat head-
ward in a similar manner digging lesser gorges which also produce bare areas 



160 ANGUS M. WOODBURY 

FIG. 9. Landslide, a short distance above the river bridge. One of the initial 
causes of bare areas, by removal of the biotic cover in toto. (Photo by U. S. Nat. 
Park Service.) 

FIG. 10. View of a boulder showing different stages of serai development. lichen 
pioneers, moss successors, and grass, phacelia, fleabane, and cactus getting a foothold 
among the moss. (Photo by Joseph Dixon.) 

Ecological Monographs 
Vol. I l l , No. 2 
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on the sides. The walls or cliffs thus exposed being subjected to the erosional 
activity of rain, temperature changes, wind, vegetation, gravity, seeps and 
springs, the combined effect of which disintegrates the face or tears off 
rock masses, dropping the material so loosened to the foot of the cliffs where 
it builds up talus slopes. The effect is a slow recession of the cliffs—a 
movement of the bare areas. 

The talus material which is built upon solid rock underneath is composed 
of boulders, rock fragments, and disintegrated stone (soil) which is soon 
mixed with organic remains (humus). The rocks and rock fragments still 
constitute bare areas in smaller proportions. The talus moves slowly down 
the slope toward the river. This may be accomplished by means of hillside 
creep from expansion and contraction due to changes in temperature, by 
landslides, or by means of floods carrying sediment and making washes. 

The hillside creep may or may not cause bare areas, but landslides and 
washes nearly always do so. They may be of either primary or secondary 
origin. As the talus moves downward below, fresh material falls from above, 
usually more than compensating for that lost. Thus the talus slope tends to 
lengthen, keeping pace with the recession of the bare areas of cliffs above. 

As the talus reaches the river, the stream picks up the material and trans­
ports it downstream, particularly during floods, leaving deposits of silt along 
flood plains which are left bare when the floods subside. Such floods also 
eat at the alluvial banks in the outer curves of its meanders, allowing the 
vegetative cover to fall into the stream, thus gradually moving the stream bed 
from side to side and creating secondary bare areas which are continually 
shifting with the movement of the stream. These bare areas are created by 
the undermining of the banks. As the stream bed thus shifts, bare areas 
follow on the inner side of the meander curve. 

The modification of dry bare areas by water may produce hydric bare 
areas. Seeps and springs emerging from the face of the cliff, trickle down 
the wall covering the bare rock with water. Such water collecting into small 
streams and running down the talus slopes makes hydric bare areas along 
the beds of the streams. These flow into the river which represents the 
largest area of this type in the canyon and may be considered as an aquatic 
desert of sand. The river at ordinary stages varies from 25 to 50 feet in 
width but the flood plains cover areas often several hundred feet in width. 
In some of the abandoned meanders of the stream, small ponds persist and in 
some places, springs arise on the abandoned flood plains. 

Salt conditions occur in limited areas in one or two places where seepage 
water evaporates from the abandoned flood plains of the river, leaving a 
precipitate of soluble minerals in excessive quantity. Certain of the springs 
and seeps contain excessive quantities of mineral in solution, especially 
calcium. This is deposited in the form of travertine limestone in many places, 
building up deposits on the face of the sandstone cliffs. 



1 6 2 A N G U S M . WOODBURY Ecological Monographs 
Vol. I l l , No. 2 

Wind may pick up loosened sand grains and pile them into dunes. Such 
bare areas are, however, of very limited extent in Zion Canyon where winds 
are usually more or less controlled. 

Fire as a result of lightning has never been known to occur in the canyon, 
the lightning bolts being stopped by the high points on the sides or rims, 
where such fires are of frequent occurrence. Secondary bare areas occa­
sionally result from man-made fires burning off the vegetative cover. 

They also result from biotic means. Ant hills, gopher mounds, squirrel 
and marmot holes, and the holes of fossorial insects are examples. These 
are usually numerous but small, seldom more than a foot in diameter and 
usually quickly covered by vegetation upon abandonment by the animals. 

Bare areas created by man and his satellites are much more conspicuous. 
Such things as roads, trails, tunnels, houses, and reservoirs may be considered 
as more or less permanently bare. Gravel pits, rock quarries, and pipe lines 
are sources of bare areas more or less temporary in nature. 

Lumbering, clearing and cultivation in the pioneer days of the canyon, 
produced a profound influence on the biota according to evidence collected 
personally from old time pioneers. Many of the cottonwood trees formerly 
growing along the floor were at one time cut and made into shingles. The 
log roads have long since been obliterated. The pioneers found hard work in 
tearing out the thickets of willow, squawbush, wild rose, and trees that 
originally covered the cultivable tracts. Cultivation of such tracts of land 
maintained bare areas except for cultivated crops and weeds, during a period 
of many years, ranging from about 1863 up to 1915. 

The grazing of domestic livestock, particularly cattle and horses, in the 
canyon has probably had a more profound influence upon the biota than the 
cultivation. The two have gone on, more or less, side by side since earl)' 
pioneer days, and stock were finally excluded from grazing in the canyon 
about 1916. The production of bare areas has resulted from the trampling 
of the stock, making (a) trails thru the vegetation, (b) large bare spots on 
bedgrounds, and (c) from overbrowsing certain plants thus actually killing 
them. I recall the time about 1907 when the floor of the canyon outside of 
the enclosed cultivated fields was trampled so badly as to produce dust beds. 
Practically all of the smaller plants, except unpalatable weeds, were eliminated 
by grazing and trampling, leaving principally the trees and larger bushes 
which were trimmed by the grazing animals as high as they could reach. 

The talus slopes that were rough and rocky where stock had difficulty 
in climbing, fared better, although even there, trails were made in many places 
and the brush was heavily pruned. During heavy showers, the bare trails 
facilitated the run-off of water, which picked up loose silt and sand, thus 
aggravating the erosive action of the floods. 
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THE HABITATS 

The effect of the interaction of the physical setting of the canyon and the 
climate is to break the region up into a great many different habitats for 
plants and animals to occupy. This produces a pronouncedly complex system 
within a very limited area. And yet, the effect usually consists of sharp 
contrasts with but little intergradation between the various units. This sharp 
separation of the distinct habitats helps to simplify the analysis of com­
munities by producing sharp boundary lines to the range of some organisms, 
but on the other hand, increases the complexity in such cases as the mobile 
organisms which may range temporarily into adjacent habitats of different 
type because of contiguity. 

The climatic records of Springdale previously discussed are indicative of 
conditions on the floor of an open part of the canyon where the full impact 
of the sunshine, is received during the major part of the day, the cliffs on 
the east and west shutting out only the extreme early and late sunshine, 
which because of its low angle of incidence, is of but little vital effect. During 
the critical summer growing period, this results in (a) almost normal sun­
shine period; (b) intense light; (c) intense heat; (d) rapid evaporation; 
(e) great decrease in relative humidity. When these conditions are com­
bined with drouth, they produce critical limits beyond tolerance for certain 
types of organisms. 

Ascending the canyon, as the walls become closer and closer together, 
the sunlight period for similar situations is gradually restricted by the canyon 
walls cutting off successively more of the early morning and late afternoon 
sunlight, until, when the extreme narrows are reached, the sunlight period is 
limited to an hour in the middle of the day. In fact, there are places in the 
bottom of the gorge where the sun never shines. This results in restricting 
the role of sunshine as it affects light, temperature, evaporation and relative 
humidity to a shorter and shorter period during the day; i.e. in ameliorating 
the summer climate. 

On south-facing cliffs and slopes receiving the sunshine for a long period, 
the effects of the sunshine are enhanced and intensified to extremes beyond 
the tolerance of most organic forms. On the other hand, the physical setting 
is such that cliffs and slopes face in all directions. The more they are directed 
away from the sun, the more the sunshine received is deflected and dispersed. 
At the extreme, particularly on the north or northeast exposures, the effect 
of the sunshine is much reduced on this account. Where this condition is 
coupled with the narrow gorge, the net result may be stated as: (a) short 
sunshine period; (b) diffused light; (c) moderate temperatures; (d) slower 
evaporation; (e) higher relative humidity. It should be remembered that 
north slopes alone (if steep and deep enough) or narrow gorge alone may 
produce equivalent results and that between these two extremes may be 



1 6 4 A N G U S M . WOODBURY Ecological Monographs 
Vol. I I I . No. 2 

found practically all intermediate effects of light, temperature, evaporation 
and humidity due to the various combinations of exposure and sunshine 
period. 

Rainfall, if heavy or long continued, produces runoff streams (floods). 
Water from light storms is often completely absorbed both in the sandstone 
and in the soil without producing runoff. The sandstone, however, becomes 
saturated at the surface much sooner than the soil during a storm. Much 
less of the total precipitation is absorbed in the areas of bare rock than in the 
soil covered areas. 

Solid rock absorbs less water than the soil, but due to better capillarity, it 
holds what it does absorb much better. According to measurements made in 
drilling the Zion-Mt. Carmel tunnel, the solid rock, a short distance back 
from the surface, constantly maintains approximately 7 to 7)/2% moisture 
by volume or 3 to 3)4.% by weight (Finch, 1931). Such water is held by 
capillarity. Additional water entering the rock from the surface, settles by 
gravity until it reaches an impervious layer, where it collects until the rock 
is saturated (about 12% of its own volume) forming an underground lake. 
Where erosion cuts into such underground lakes, water oozes from the faces 
of the cliffs making seeps, or if emerging in well defined channels, springs. 

The water from seeps and springs collecting together makes small streams 
(creeks) which flow into the river, a much larger stream arising higher in 
the mountains. Pools and ponds occur in various places, especially in 
abandoned ox-bows of the river. All of the aquatic situations produce 
distinctive habitat conditions. 

The adverse climatic conditions of summer are due largely to lack of mois­
ture at critical periods. The presence of water acts as an ameliorating influ­
ence. Within the sphere of influence of the water, such critical conditions 
are largely reduced or eliminated, providing a plentiful supply of water for 
the needs of more mesophytic plants and animals than the desert climate 
alone can supply. 

Soils, though for the most part, composed principally of disintegrated 
sandstone, are particularly variable in depth and are modified greatly by 
local temperature and moisture conditions. Except along the floor of the 
canyon, where the soil may be of great depth, it is a comparatively shallow 
covering over bedrock or boulders composed of the same sort of material. 
Even on bare rock, small amounts of soil have collected in the cracks and 
crevices and afford a foothold for growing plants. 

NOMENCLATURE 
In attempting to deal with biotic communities, difficulty was encountered 

in finding terms of biotic significance. Many of the terms of both botanical 
and zoological nomenclature were restricted in meaning or usage, often apply­
ing to one field only. Others of use in both fields had divergent meanings 


