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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. 
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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 
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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. 
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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 
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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 
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making it difficult to use them in a treatise that required a unified term
inology. Such terms as colony, society, and family are examples. The word 
colony, it would seem, by eliminating the differences in meaning, is worthy 
of a definite place in biotic ecological nomenclature. Its meaning in zoology, 
such as in ant colony, colony of bees, colony of rodents, and even colony of 
human beings, seems clearly enough established—a group of similar forms 
more or less isolated. This is practically equivalent to the term family in 
plant ecology as defined by Weaver and Clements (1929, p. 51). The term 
family has a very definite preoccupied place in the taxonomy of both plants 
and animals and should be ineligible for a different usage in ecology. Sim
ilarly the term society, if the definition of Alverdes (1927, p. 4) implying a 
mutual attraction or social instinct be accepted would be ineligible for plant 
groups. 

An attempt has, therefore, been made to provide a vocabulary of biolog
ical significance by drawing freely from both fields those terms which seem 
to be suitable to fit the concepts of the broader biotic field and to arrange the 
selected terms in series, designed to afford separate sets of terms for use in 
analyzing communities in different ways. The following terms appear to the 
writer to cover the more important concepts: 

I. ORGANIC ENTITIES 

A. Cell individuals—simple cells, Protophytes and Protozoans. 
B. Complex individuals—Metaphytes and Metazoans. 
C. Communities—groups of individuals of any rank, a general term denoting any 

sort of group organization. 
1. Associations or aggregations—communities held together primarily by 

the environment (habitat) , (Alverdes, 1927, p. 4) . 
2. Societies—communities held together primarily by mutual attraction of 

the members (social instinct), (Alverdes, 1927, p. 4 ) . 

I I . U N I T S OF QUALITATIVE VALUE 

A. Dominating forms—the organisms in control. 
1. Dominants—the organisms that control the habitat at any stage of devel

opment ; those that receive the full impact of the environment and so 
alter it as to affect the habits of their associates. They are usually plants 
on the land and animals in the water. 

2. Codominants—any of the equally dominant forms. 
3. Predominants—usually animals or parasitic plants of outstanding abun

dance or conspicuous influence which are effective in 
(a) giving aspect to the community, 
(b) altering the appearance of the habitat, or 
(c) conspicuously affecting, either temporarily or permanently the 

community or the environment. They usually affect the dominants 
in a conspicuous way. 

4. Seasonal predominants—predominants effective during the active open 
season only, including such forms as summer or winter residents, etc., if 
of sufficient importance. 
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5. Subdominants—organisms which affect or dominate only an appreciable 
part of their environment, usually under the influence of the real 
dominants. 

B. Suppressed forms—all other organisms not included in the dominant groups; 
those which are dominated. 

1. Influents—organisms that are usually effective in modifying the well-
being or the relative numbers of the dominant groups or of other influ
ents without changing the essential structure of the community. Their 
roles are generally shown as (a) benefactors, (b) competitors, (c) par
asites, or (d) predators. Their reactions may be shown by (a) planting 
seeds, aerating soil or other beneficial activity, (b) competing for food, 
space, light, moisture, etc., (c) destroying foliage or other parts of plants, 
(d) parasitizing hosts, or (e) destroying entire individuals. 

2. Subinfluents—organisms of lesser effect or shorter period of influence. 

I I I . COMMUNITY U N I T S 

A. Mores—the ecological units, ecpiivalent to species; groups of organisms in full 
agreement as to physiological life history. Mores may include more than one 
species, or species may include more than one mores, e.g. the larval, pupal, and 
adult stages of insects may consist of separate mores. 

B. Colony—a group or cluster of individuals of a mores or species living to
gether, whether of social or associational value; an extension of its zoological 
meaning into the field of ecology to replace the term family used in plant 
ecology (Weaver and Clements, 1929, p. 51) because of its preoccupied place 
in taxonomy. 

C. Clan—a group of organisms (individuals, mores or colonies) occupying a 
recognizable horizontal division of a unit area: similar in concept to a small 
association. It is to a horizontal division what stratum is to a vertical divi
sion. It is an adaptation of the term from plant ecology with its meaning 
shifted somewhat to fit this concept in the biotic field. The term as here used 
is almost ecpiivalent to the term colony as defined by Weaver and Clements 
(1929, p. 53), necessitated by the changed status of the term colony. 

D. Stratum—a group of organisms (individuals, mores or colonies) occupying 
a recognizable vertical division of an uniform (unit) area; ecpiivalent to the 
plant layer societies. It is to vertical divisions, what clan is to horizontal 
divisions. The chief strata may be listed a s : 

1. Aquatic 
(a) Subaquatic (subsoil) 
(b) Benthic (on the bottom) 
(c) Limnetic (free forms) 

Nekton (free-swimming forms) 
Plankton (drifting forms) 

(d) Neustonic (surface forms) 
(e) Emergent (projecting or attached thereto) 
( f ) Aerial 

2. Terrestrial 
(a) Subterranean 
(b) Sublithic (under rocks) 
(c) Surface 
(d) Ground litter 
(e) Herb 
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( f ) Shrub 
(g) Tree 
(h ) Aerial 

E. Association—the biotic unit; usually a group of lesser units; a biotic com
munity characterized by its essential homogeneity, at least with regard to its 
dominant groups, in 

(a) ecological structure 
(b) biotic composition 
(c) physiognomy, and usually 
(d ) habitat 

In this sense, it includes the developmental steps from initial to climax stages. 
F. Formation—the climatic unit of biotic communities, usually including a group 

of associations, which implies the inclusion of all developmental (successful) 
steps within its borders. 

G. Province—the geographic unit, usually including a group of formations. 
H. Region—the primary division of the earth, whether marine or terrestrial, 

usually including a group of provinces. 

IV. SUCCESSIONAL TYPES 

A. Sere—a developmental successional series of biotic populations ranging from 
bare areas (nudation) through the various stages of change and development 
to the climax (approximate stabilization). It is the unit succession. Seres 
may be classified: 

1. As to duration 
(a) Prisere—a sere beginning with pioneers on a primary bare area. 
(b) Subsere or secondary sere—a sere beginning on an area second

arily bare as a result of the removal of the biotic cover. The be
ginning corresponds to some intermediate stage of a prisere. 

2. As to beginning 
(a ) Lithosere—beginning on bare rock. 
(b) Psammosere—beginning on bare sand. 
(c) Halosere—beginning on a bare salty area. 
(d ) Etc. to fit the occasion. 

3. As to direction of development 
(a) Xerosere—a sere beginning with a bare dry area and developing to 

a terrestrial climax. 
(b) Hydrosere—a sere beginning with a bare wet area and developing 

to a terrestrial climax. 
(c) Aquatosere—a sere beginning with a bare wet area and developing 

to an aquatic climax. 

Under the heading of Spring Brooks (p. 178), an attempt has been made 
to show that certain areas of rock acquiring seeps and springs, gradually 
develop more and more water, thus passing through successive stages of 
springs, brooks and river. Thus, in addition to a sere beginning with a bare 
wet area and developing to a terrestrial climax, there is a sere beginning with 
a bare wet area and developing to an aquatic climax, for which the term 
aquatosere is here proposed. 
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V. DEVELOPMENTAL U N I T S (Successional Stages) 

A. Pioneers—those plants or animals which invade a primary bare area and per
sist upon it. They are usually hardy plants which can exist upon bare rock or 
animals whose food (excluding microscopic forms) comes to them from else
where. The pseudopioneers of a secondary bare area are equivalent to some 
subsequent stage of the developmental series. 

B. Developmental Series. 
1. Associes—the developmental group which produces an association when 

the climax is reached; an association in process of development; the 
biotic developmental unit. 

(a) Presocies—a morphological part of an associes characterized by 
the presence of one or more predominants, usually animals or 
parasitic plants. 

(b) Consocies—a morphological part of an associes characterized by 
the presence of a single dominant among the balance of the biota. 

(c) Subsocies—a morphological part of an associes characterized by 
the presence of one or more subdominants under the general in
fluence of the dominants. 

C. Climax Series 
1. Association—the biotic unit characterized by its essential homogeneity of 

structure, biotic composition and physiognomy, usually involving more 
than one dominant, but including the entire biotic population of a given 
habitat. 

(a) Presociation—a morphological part of an association character
ized by the presence of one or more predominants, usually animals 
or parasitic plants, e.g. deer, mistletoe. 

(b) Consociation—a morphological part of an association characterized 
by the presence of but a single dominant; the equivalent of an 
association containing only one dominant. 

(c) Subsociation—a morphological part of an association characterized 
by the conspicuous presence of one or more subdominants under 
the general influence of the dominants. This is the equivalent of 
and is proposed to replace the term society of Clements (1928, p. 
131) and of Weaver and Clements (1929, p. 48) but to be applied 
on a broader scale to the biotic field. If the definition of society 
given by Alverdes (1927, p. 4) be accepted, it is obvious that it 
would be ineligible for botanical use. 

2. Formation—the final stage of biotic development in climatic unit; it is 
the climax community of a succession, either plant or animal or both, 
which terminates in the highest life forms possible with the available 
biota in the climate concerned. It may include several associations. 

VI. CLIMAX TYPES 

A. Climatic climax—a climax in which climate is the controlling factor. 
1. Subclimax—an approximately stable community in which factors other 

than climate are the stabilizing factors. 
(a) Edaphic—in which soil is the controlling factor. 
(b) Aquatic—in which water is the controlling factor. 

VII . DISTRIBUTIONAL U N I T S 

A. Range—the geographic area of occurrence; the area included within the ex
terior boundaries. 
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B. Distribution—the geographic localities of occurrence within the area of the 
range. 

C. Habitat—the particular kind or type of area occupied including recognition of 
its modifying factors. 

D. Niche—the microhabitat or ultimate division of the habitat including recog
nition of its modifying factors, occupied by mores or species. 

T H E B I O T I C C O M M U N I T I E S 

As would be expected from the great diversity of the habitat conditions 
in Zion Canyon, there is also great diversity in the biotic communities occu
pying the habitats. One of the interesting features is the amount of contrast 
among the communities. The great masses of summer-green foliage occupy
ing the floor and the talus slopes stand out in striking contrast with the vivid 
vermilion-colored cliffs which for the most part are bare except for the dots 
of green where trees and bushes grow from crevices in the rock. 

If these communities be analyzed, it is found that the groups contain 
plants of very diverse character, such that they might be considered equiv
alent in latitudinal distribution to stages ranging from the coniferous forests 
of lower Canada to the desert shrub growth of the plateaus of Mexico (a 
thousand miles of latitude), or in altitudinal distribution to those investing 
the slopes of a nearby mountain from the lower coniferous forests down to 
the deserts at its foot (three to four thousand feet in al t i tude). The sur
prising thing about it is the aggregation of so many varied types in such a 
limited area—a canyon twenty miles in length with all of these diverse types 
represented between the altitudes of 3800 and 4500 feet. The boundary lines 
between the communities are usually sharp and distinct. They are largely 
determined by angles of slope or exposure or by the limitation of water sup
plied by springs or streams. 

The normal zonal arrangement of plants, while in general applicable in a 
broad way to the vegetation of the surrounding region, is, in the canyon 
itself, almost impossible of application. Plants ordinarily associated with 
three life zones, Lower Sonoran, Upper Sonoran and Transition are often 
telescoped or "scrambled" together, as illustrated by the occurrence of the 
desert scrub Yucca baccata Torr . , side by side with the Transition Zone tree 
White Fir, Abies concolor, Lindl., in a small area at the mouth of Refrig
erator Canyon (altitude 4800 feet). While the physical factors (climatic, 
soil (edaphic), moisture and physiographic) are of primary importance in 
determining the types of plants that can develop in a habitat, the biotic fac
tors are often paramount in determining which will survive and give the 
community its character, as in the competition of plants and the foraging of 
animals. 

The plants, of course, furnish the basic food material for all of the ani
mals, directly to the vegetarians, indirectly to the others, the carnivores, the 
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predators and the parasites. In addition to food, animals must have shelter 
or places of protection and suitable breeding places. The lack of any one of 
these factors may be crucial in determining whether or not they can persist in 
any community. However, there are cases in which these necessities are 
found in different habitats or different communities and the animals pass 
from one to another in seeking them, as in the case of the bats which find 
shelter and breeding places in the dark crevices of the cliffs and boulders and 
yet forage for food through the aerial stratum of almost all of the other 
communities. 

Sometimes these necessities are multiplied by different requirements at 
different stages of the life history, as in the case of certain insects where the 
larval, pupal and adult stages require distinct microhabitats. If any one of 
these essentials is missing, it may prevent the persistence of the species in that 
community. The larvae usually require food and shelter or protection; the 
pupae protection or shelter only; whereas the adults may require all three 
factors, food, shelter or protection, and suitable breeding or nesting places. 

The great diversity of the physical factors in the canyon affects the 
animals as well as the plants, although the effect is produced largely through 
the agency of plants. The terrestrial plants being the dominantly visible 
fixed forms of life that modify the landscape, receive the direct impact of 
these physical environmental factors and modify them in various ways, no
tably in the production of food, shade or shelter, or of building materials 
that are of value to the animals. The effect is to multiply the variations and 
produce many microhabitats or niches suitable for animals to occupy. 

The animals that thus make use of the plant products receive the impact 
of the environment as modified by the plants and modify it still further, thus 
providing additional niches which other animals may occupy. These addi
tional niches may provide hosts for parasites, shelter in the burrows or nests, 
secretions or waste products of digestion, or food for carnivorous forms. 

Thus it may be maintained that the physical factors (physiography, soil, 
moisture and climate) largely determine the type of dominants that can 
occupy an area. These dominants then, in conjunction with the physio
graphic and climatic factors, determine the type of niches that can occur under 
their influence. The niches thus provided definitely limit the types of organ
isms that can fill them and persist under the regulating influences controlling 
the niches. In this way, a definite series of relationships may be developed. 
Such a series definitely points toward the idea of community organization 
and distinct communities under distinct types of dominants. It may be in
ferred, that where dominants succeed one another in the serai development 
of communities, we might expect successively different trains of biotic occu
pants of the niches, or different recognizable communities. 

This expectation appears to have valuable support from actual observations 
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in the area under consideration. The various communities herein analyzed 
show high percentages of species limited to one particular community. The 
occurrence of species in more than one community may be explained upon the 
basis of similarity of niches developed under the influence of different dom
inants or upon the basis of the occupants being able to endure a wide range 
of environmental conditions. 

In attempting to classify the communities, I have followed the idea of 
development advocated by Clements and have attempted to apply it to the 
biotic field. The recognition of communities is based largely upon the size of 
area or importance in aspect, but rank is assigned in accordance with the 
serai stage of development. Five climatic formations are recognized, four of 
which correspond to formations of Weaver and Clements (1929, p. 425) but 
are here applied to the biotic field. The fifth is the Virgin River Formation 
with its attendant train of antecedent and consequent biota. The reasons for 
this are discussed in connection with the consideration of the communities 
concerned. 

The following tabulation shows the suggested classification of the biotic 
groups: 

T H E VIRGIN RIVER FORMATION 

Hanging garden communities 
Alga-snail associes 
Fern-columbine associes 

Spring brook communities 
Alga-tadpolc associes 

Pond and swamp communities 
Call' ail-rush-dragonfly associes 
Scdgc-msli associes 

Flood plain communities 
IVillow associes 
Cottonwood associes (subclimax) 

River communities 

Sncker-ininnow association 

CONIFEROUS FOREST—PETRAN-MONTANE FORMATION 

Pine-fir association 
DECIDUOUS CHAPARRAL FORMATION 

Lichen-moss pioneers 
Maple-ash associes 
Oak-sarvisbcrry association 

PYGMY FOREST FORMATION 

Lichen-moss pioneers 
Mansanita-lhc oak associes 
Juniper-pinyon association 

DESERT SCRUB FORMATION 

Lichen-moss pioneers 
Black-brush (Coleogyne) association 
Creosote bush (Covillea) association 
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BARE ROCK 

The discussion of this bare rock community deals with the cliffs and 
fallen boulders which are not modified by the ameliorating influence of 
perennially running water. Areas of bare rock covered by trickling water 
pass through the early part of a sere so rapidly that they soon develop a 
biotic cover. They are treated in connection with the next community. 

The various stages in the development of the bare rock areas may occur 
either on the faces of the cliffs or on the fallen boulders or rock fragments. 
One of the best illustrations that I have seen is a large boulder and its neigh
boring rocks along the old trail nearly to Emerald Pool. On south exposures, 
crustose lichens growing in isolated groups represent the initial stages of 
hardy symbiotic plants that attack the bare rock, disintegrating slight quan
tities to form soil. This is made possible by the nature of the symbionts, the 
lichen consisting of a fungus which absorbs and holds moisture when it 
rains and an alga which manufactures food. The exchange of food and 
water between the two makes it possible for the lichen to persist on the dry 
bare rock. 

On the north exposures and on the flat upper surface of the boulder, 
moss occurs. In places, it may be found associated with the lichens, indica
tion that the latter had provided sufficient soil and prepared the way for the 
moss to gain a foothold; and grow. In other places, the lichens have been 
entirely displaced by the moss (fig. 10). 

On the upper side of the boulder, the moss has almost completely covered 
the surface. Further disintegration of the rock, accumulation of dust from 
the air, and production of humus from dead moss has resulted in the produc
tion of a small quantity of soil, sufficient to give a growing place for certain 
seed-bearing plants. A cactus (Opuntia sp.) and some grasses have taken 
root and are growing on the upper surface among the moss. In contrast to 
the cactus, surrounding the boulder, is a dense stand of deciduous chaparral. 
The cactus evidently occupies a microhabitat impenetrable by the chaparral. 

The first stages, the lichens and mosses, are so adapted that they grow 
during the time that moisture is available, but go into dormancy during dry 
periods and can endure a great deal of dessication. The cactus, however, 
avoids dessication and dormancy by storing moisture in its succulent tissues 
protected from evaporation. 

The early stages of development may be avoided in some cases where soil 
collects directly from physical erosion, particularly in cracks and crevices and 
in cases where falling boulders pulverize. Under such conditions, fern spores 
or flowering plant seeds may secure lodging places and the young plants 
establish themselves without the aid of preliminary pioneers. I have seen 
examples of the following plants which are believed to have been established 
in this way: 
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Chcilanthcs cofillci Maxon Scaly Lipfern 
Pellaea suksdorfiana Butters Suksdorf Cliffbrake Fern 
Petrophytum cacspitosum (Nutt .) Rockplant 
Laphamia palmcri A. Gray 

A slope of loose sand made from the pulverized remains of a tremendous 
rock-fall in 1880 is now nearly covered by seed-bearing plants of many kinds, 
principally chaparral and smaller plants, although it has not yet reached the 
climax type which will eventually cover it. This is the slope below the Big 
Red Arch. A similar rock-fall from the south side of the East Temple in 
1929 produced a loose sandy slope or fan that is still bare and will afford 
opportunity to study the progress of its development. 

The animals inhabiting a bare rock community, excluding the microscopic 
forms, have little in common with the plants of that community and are 
practically independent of them. Whereas the principal problem of the plants 
is that of wresting moisture with its dissolved nutrient minerals from the 
xeric rock, that of the animals is much more complicated, involving questions 
of food, safety and reproduction. As a rule, the dry-rock plants of such a 
community furnish little if any, plant material available for food of the larger 
animals. Most animals must, therefore, obtain their food from other com
munities, either going after it or waiting for it to come to them. The animal 
life is, therefore, not a homogeneous part of the community, being dependent 
upon the proximity of other communities for its animal structure. 

Some animals use bare areas as transitory alighting places; others find 
shelter or protection among the rocks; some find suitable breeding places in 
addition to shelter; others find suitable feeding places where food comes to 
them; while still others spend their entire life cycle in this habitat. Typical 
of the latter is the black widow spider, Latrodcctus mactans (Fabr.). The 
female of this species spins its irregular web on some bare rock in front of 
a hole or crevice where she can find a retreat, attaches bundles of eggs in 
silken containers to the web usually in the shade and lies in wait for prey. 
The prey usually consists of insects of the first group in transitory movement 
over the bare rock. Spiders of the genus Tetragnatha often use bare rock 
for the construction of their regular orb-webs, but are limited to the vicinity 
of water, and do not require a hole or crevice as a means of retreat. 

Certain lizards are typical bare rock forms. The small insectivorous Uta 
levis Stejneger spends most of its time while seeking food or sunning itself 
on bare rock, retreating to shade when too hot or to crevices for protection 
at night, but no doubt, must leave the bare rock for nearby patches of soil 
to deposit its eggs. The Stejneger blue-bellied lizard, Sceloponis elongatus 
Stejneger, sometimes suns itself on rocks or boulders and catches passing 
insects but will also climb the trunks of trees and the walls of houses. The 
chuckwalla, Sauromalus obesus (Baird), will sun itself on boulders and se
cure safety and protection in cracks and crevices of the rocks, but being 
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vegetarian, it visits the neighboring plants for food and, no doubt, deposits 
its eggs in nearby patches of soil. 

Certain insects and birds use bare rock areas for nesting sites and bring 
food from elsewhere to feed the young. Some of the wasps of the genera 
Polistes and Vespula sometimes attach their paper nests to the underside of 
overhanging cliffs or boulders sheltered from sun and rain and bring pollen, 
nectar or other food from neighboring communities. The muddauber, 
Sceliphron caementarius Drury, will often plaster its nest of one to four 
mud cells to the underside of an overhanging cliff and fill the cells with 
paralyzed spiders brought from elsewhere for the young to feed upon when 
they hatch from the egg that is to be laid in each cell. 

Certain andrenid bees, Anthophora peribrinae Cockerell, excavate cells in 
the face of the cliffs where the sandstone is particularly soft and rear their 
young in these cells, often in large colonies. 

Colonies of barn swallows, Hirundo erythrogaster Boddaert, plaster their 
mud nests under overhanging cliffs or in concavities and gather their insect 
food from the neighboring air spaces above other communities. 

The water ouzel, Cinclus mexicanus unicolor Bonap., attaches its elaborate 
nest to the base of a cliff under an overhanging rock and gathers its food 
from the neighboring streams. I have seen a nest of the black-chinned hum
mingbird, Archilochus alexandri (Bourc. & Muls.), attached to the top of a 
small cave about ten feet back from the entrance. It undoubtedly gathers its 
food from the flowers of many other communities. 

The canyon wren, Catherpcs mexicanus conspersus Ridg., often perches 
on boulders or cliffs, builds its nests in cracks or crevices and gathers its 
food largely from arthropods that come to the bare rocks. 

Certain of the mammals, especially the bats and carnivores, inhabit bare 
rock areas, particularly holes and caves, primarily for protection, home-mak
ing or sleeping. The bats often congregate during the daytime in dark crev
ices, cracks or caves, emerging at night to garner their food from the 
replenished air spaces that the swallows had combed in the daylight. The 
cracks and crevices in the cliffs suitable for daylight refuge are legion and 
the bats are consequently scattered in small groups and not concentrated in 
great hordes as they are in certain caves elsewhere that are isolated. The 
following species are known from specimens to occur in Zion Canyon: 

Myotis subulatus melanorhinus (Merriam) 
Corynorhimts rafinesquii pallescens Miller 
Tadarida mexicana (Saussure) 

The cougar, Felis concolor hippolestes Merriam, is an important inhab
itant of the cliffs. It finds shelter from the weather, protection from human 
beings and suitable places to rear its young among the boulders or under 
overhanging cliffs, but it must seek its food elsewhere. The usual practice 
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is to leave its lair about twice a week and go out hunting. Ordinarily, each 
adult will kill two major game animals per week, usually deer, or if domestic 
stock are available, it will take sheep, cattle, or horses, preferably colts. With 
the coming of multitudes of people into the canyon to visit the national park, 
and with the reduction of numbers due to hunting, the cougars have prac
tically abandoned hunting in the canyon and the deer therein have been nearly 
unmolested for several years. 

From the standpoint of biotic interrelationships, this community is a 
heterogeneous mass, but since it is so large and so important in its succes-
sional effects, I have deemed it prudent to treat it as an independent unit. 
Bare rock is found in larger or smaller amounts throughout all of the other 
areas or communities, even in the aquatic ones where boulders often project 
above the surface of the water. The ultimate development of the bare rock 
depends upon its location, usually being incorporated into the formation in 
which it occurs, except upon the faces of the retreating cliffs which con
stantly maintain their bare surfaces. 

T H E HANGING GARDENS 

HYDRIC BARE ROCK COMMUNITIES 

Wet (hydric) bare rock communities are produced where water seeping 
from the face of the cliff, trickles down the rock. The presence of water, 
ameliorating the xeric conditions of bare rock, hastens the disintegration of 
the rock surface and its colonization by plants. The first stage, instead of 
lichens, consists of algae. The presence of algae aids the establishment of 
moss. The presence of both aids the establishment of ferns and seed-bear
ing plants. All of these stages just mentioned may be seen in such com
munities along the Narrows Trail. 

In those wet areas where travertine limestone is being deposited, the algae 
and moss are often coated with the deposit, and are undoubtedly the agency 
causing the deposition, although in some cases, it may occur as a result of 
evaporation. The process is essentially as follows: 

Rain falling through the air, absorbing small amounts of carbon dioxide, 
and falling upon the limestone overlying the sandstone walls of the canyon, 
dissolves small amounts of calcium carbonate in the form of calcium bi-car-
bonate, Ca (HCO.{)2, pure calcium carbonate being nearly insoluble in pure 
water. The solution passes downward into the porous sandstone, helping to 
swell the underground supply which feeds the seeps and springs that emerge 
from the face of the cliff. The seeping water trickling down over the algae 
and moss, restricting their supply of carbon dioxide from the air, furnishes a 
supplemental source which is readily available from the dissolved limestone. 
The plants extract the extra molecule of carbon dioxide contained in the 
soluble calcium bicarbonate thus leaving plain limestone (Calcium carbonate) 
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FIG. 11. Travertine formation among the hanging gardens, built up by deposits 
of limestone around the bodies of algae and moss where they force the precipitation 
of the lime from the trickling water. (Photo by U. S. Nat. Park Service.) 
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which is insoluble and is thrown down as a deposit. This deposit is usually 
built up around the plants, thus producing cases around them that sooner or 
later cause death. New generations build up on the surface of the old ones. 
In some places, deposits several feet thick have thus been accumulated on the 
face of the vertical cliffs. 

The deposit of travertine aids greatly the advancement of the sere, for 
ferns and seed plants can readily get a foothold where it occurs. I have 
watched seedlings of columbine establish themselves and grow to maturity 
under such conditions. With the establishment of ferns and seed-plants, the 
moss and algae are often restricted and in some cases crowded out. 

The plants found in such communities include several species each of 
algae, moss, ferns and seedbearing plants. Representative of more than 
twenty genera of algae are known to occur in Zion Canyon and many of 
them are found among the hanging gardens, of which, species of the genera 
Cocconema and Suriella are abundant. The larger plants of such commun
ities are listed below: 

FERNS 

Adiantum pedatum aleuticum Rupr Maidenhair Fern 
Adiantum capilhts-vencris L Venushair Fern 
Filix fragilis (L.) Brittle Fern 
Filix bulbifera (L.) Bulblet Fern 

SEED-BEARING PLANTS 

Vagnera amplexicaulis (Nutt.) False Solomon Seal 
Vagnera liliacea (Greene) False Solomon Seal 
Serapias gigantea (Dougl.) Orchid 
Aqnilegia rubieunda Tidestrom Red-spurred Columbine 
Aquilegia tlialictrifolia Rydb Yellow Columbine 
Heuchera lithophila Heller Alum Root 
Dodecatheon pauciflorum (Durand) Shooting Star 
Mimulus rnoschatus (?) Dougl Red Monkey Flower 
Lobelia spleitdens Wild The Splendid Lobelia 

This type of community is more or less temporary. With the drying up 
of water, it passes into the dry bare rock type or with additional accumula
tion of water, it passes into the small stream stage. 

The animal members of this community, in contrast with those of dry 
bare rock areas, are in most cases, more or less directly controlled or limited 
by the plants of the community. The algae growing in the trickling water, 
being dominant in the first stage of development, furnishes a direct source of 
food for the Zion Snail, Petrophysa sionis (P i l sbry) , which is a predominant. 

The presence of the flowering plants furnishes food for certain leaf-eat
ing and certain flower-visiting insects. Typical of the latter group are the 
insects which visit the columbines during their profuse early-summer bloom. 
These include the flying adults of several species, conspicuous among which 
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are species of Bremidae or bumblebees (Bremus occidcntalis (Greene), B. 
hunti, and B. Sonoriensis) and the sphinx moths Pholus achemon (Drury) 
and Cclerio lincata (Fabr.). Their breeding places are located elsewhere 
and their visits to this community are mostly in the nature of foraging 
expeditions. 

Certain spiders, notably of the genus Tetragnatha, spin their orb-webs in 
clear places above the water and lie in wait for their prey. Certain birds, 
particularly the canyon wren and song sparrow, sometimes visit the area in 
search of food. I have often watched them alight on the vertical cliff and 
search among the scanty vegetation. 

In all probability, certain mammals such as mice of the genus Peromyscus, 
also frequent such areas even though most of them are on vertical cliffs. The 
larger mammals would, of course, be excluded. 

SPRING BROOKS 

SMALL STREAMS AND POOLS 

Where the water from seeps and springs collects together below the cliffs, 
the resulting small streams flow down the slopes to the river, ameliorating 
the dry conditions of the talus. There are some twenty to twenty-five such 
small streams flowing into the river from the sides. They may or may not, 
depending upon their future progress, be regarded from the ecological stand
point as a step in the development of a river. Certain ones may become dry 
whereas others may eventually develop into larger streams or river. 

There is a good deal of evidence to indicate that as the canyon has moved 
forward, new springs have been encountered in the headward erosion and 
that those farther down have, in the majority of cases, dried up and dis
appeared. Travertine formations hanging on the face of the cliff where no 
water now flows serves to substantiate such a belief. 

On the other hand, certain of the springs which have persisted and have 
worn back their courses into side-canyons until they have developed drainage 
enough to make larger streams, appear to be in process of development to
ward a permanent river. There are many side-canyons that are in various 
stages of development. These may give the key to the development of 
streams and the stages of succession so much sought in aquatic ecology. 
Here, then, is a basis for the study of the serai development of a river. 

As the headward erosion of the main stream opens new channel through 
the rock strata, it cuts into underground reservoirs of water held in the 
porous sandstone. The water drains out of the cliffs at appropriate places 
and trickles down the walls often making thin sheets of water which pro
duce the hanging gardens. These are usually near the foot of the cliff. 
Gradually these waters concentrate and develop into small channels. The 
small channels are the antecedents of small streams. These are usually lined 
with algae and the consequent train of biota. 
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The cliffs are usually undermined where this water emerges. Other 
things being equal, the larger the trickle, the faster this undermining occurs. 
This is redundant: as the undermining of the cliff proceeds, more of the 
water from the underground reservoirs is drained into the enlarging channel. 
The water thus concentrated is withdrawn from seeps formerly draining out 
elsewhere. With increase in the size of the stream, a wider channel is 
formed, which, in the early stages of development, may support growths of 
algae or some aquatic ferns or seed-bearing plants, especially along the 
margins. 

With the headward retreat of such side-streams, the surface drainage 
into it from storms is increased and it becomes subjected to larger and larger 
periodic floods following heavy precipitation. Such floods act as scouring 
agents and produce bare areas along the floor of the streams by removing 
the algae and attached bottom plants. 

Continued extension and development of the drainage system brings into 
the tributary continually increasing amounts of water both as surface drain
age (floods) and subsurface drainage (springs). These tributaries then 
compete with one another in the headward development of their drainage 
systems. Some work faster than others due largely to strategic position, 
quantity of drainage water, and type of material to be eroded. The domi
nant streams continue working headward into the mountains, eventually de
veloping a branch or fork of the main river. 

The smaller tributaries eventually dry up or become obliterated in the 
process of erosion by which the canyon moves headward and gives way to 
the desert plain in its wake. This is accompanied by a recession of the under
ground reservoirs, due to their drainage farther upstream where the deep
ening canyon provides new outlets. Thus, of necessity, the stream bed is 
lengthened headward to take care of the increased drainage upstream. 

This is a slow geological process, beginning with bare rock and develop
ing a river with its attendant biota. Manifestly the river will continue to 
flow as long as the present climate lasts, barring geological changes that 
might affect its flow. The indications are that the biota will develop a climax 
formation, even though, because of the nature of the medium and the mobil
ity of the dominants, it may not be so evident. This agrees with the hypoth
esis of Shelford and Eddy (1929, p. 382). 

Under existing conditions, the small spring brooks are periodically sub
jected to occasional drastic floods following heavy precipitation. These 
usually occur in early spring or late summer and usually carry sand and silt. 
These muddy outbursts affect the water biota adversely by scouring with 
sand, smothering with mud, or sweeping them downstream with the added 
force of the current. In many of the cases, the major part of the flood 
water comes from hanging canyons which pour their periodic floods over 
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high cliffs making waterfalls. The falling water gouges out holes at the 
base of the cliff, which, between floods, are kept filled with clear water from 
the seeps and springs. Smaller pools are also developed here and there by 
other means, so that the small streams usually consist of alternating runs 
and pools. 

The floods often scour the streams and especially the pools, making them 
visibly clean. During intervals between floods, they are usually re-stocked 
with algae. Sometimes other plants, and animals. The stages of succession 
in such development may be illustrated by a typical example. 

In August, 1926, I watched a flood waterfall scour out the pool in the 
"Stadium," leaving a clean sandy floor. By September, the pool was begin
ning to show signs of the green algae that had begun to grow in the clear 
mineral-laden water, which maintains an almost constant temperature of 
72°F. It has not since been scoured clean (1931) . In the summer of 1927, 
two visible types of algae were present; one loose floating either, Zygnema 
or Spirogyra, the other attached to the bottom, Chara. During 1928, a cat
tail (Typha ) made its appearance—just a few scattered blades. The next 
year, 1929, watercress (Sisymbrium) gained a foothold. 

Likewise, animal life followed. The presence of algae furnished food for 
the development of tadpoles of the western tree frog, Hyla arenicolor Cope. 
Large numbers have developed each year since. A small waterbug, Ambrysus 
mormon Montd., is also of common occurrence among the algae, although 
probably feeding on other things. On the surface the water strider, Gorris 
rufosciiteUatis Latr., and the whirligig beetle, Gyrinus plicifer L e e , are often 
found. These are all common forms that have migrated into the bare area 
from adjacent neighborhoods. 

This observed series, however, includes but a fractional part of the biota 
occurring in the small streams and pools. The following lists of algae ap
plies to the waters of Zion Canyon, some in the trickling water, some in these 
small streams and some in the river. (Compiled from lists furnished by 
J . W . Harrison, Dixie College, V. M. Tanner , B. Y. University, and L. A. 
Woodbury, University of Utah. ) 

Blue-Green Algae (Cyanophyceae) 
Merismopedia sp. Oscillatoria sp. 
Anabcna sp. Plwrmidium sp. 
Rivularia sp. Lyngbia sp. 
Scytonema 2 sp. 

Green Algae (Chlorophyceae) 
Spirogyra sp. Tribonema bombycina agardh. 
Zygnema sp. Cladophora glomerata (L.) 
Vaucharia sessilis (Vauch.) Chaetophora sp. 
Vaucltaria gemmata (Vauch.) Scenedesmus sp. 
Ulothrix aequalis (Kiitzing) Oedogonium sp. 
Ulothrix zonata (Web. and Mohr.) Chara sp. 
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Diatoms (Bacillariaceae) 
Epithemia sp. Navicula sp. 
Diatoma sp. Stauroncis sp. 
Cocconema sp. Cymbella sp. 
Suriella sp. Gomphonema sp. 
Synedra sp. 

In addition to the algae, the following plants occur in certain places, 
growing in the water : 

Typha latifolia L Wide-leaved cattail. 
Typha angustifolia L Narrow-leaved cattail. 
J uncus regelii Buch Royal Rush. 
Sisymbrium nasturtium-aquaticum L Watercress. 
Berula erecta (Huds.) Water Parsnip. 
Samolus ftoribundus H. B. K Brook-weed. 
Veronica amcricana Schwein American Brooklime. 

Other characteristic plants growing along the stream margins may be 
listed: 

Epilobium adenocaulon Hauskn Epilobium. 
Mimulus gut tat us D. C Yellow Monkey Flower. 
Lobelia splendens Willd The Splendid Lobelia. 

The following list of small animals (compiled by L. A. Woodbury, Univ. 

of U t a h ) are common inhabitants of the s t reams: 

Protozoa 
An unidentified stalked protozoon (Vorticcllidae) in small pool in Birch 

creek. 
An unidentified motile ciliate on rock in river. 

Rotifera 
An unidentified form, found in pool in Court of Patriarchs and also in pool 

in Birch creek. 
Crustacea 

Cyclops sp. found in pool in Birch creek. 
Arachnida 

Water Mites (Hydrachninae) pool in Court of Patriarchs. 
Insecta 

Diptera 
Simulium sp. larvae in Birch creek. 

Trichoptera 
Hydropsyche sp. larvae in Birch creek. 

Ephemeridae 
Larvae in Birch creek. 

Odonata 
Larvae in Birch creek. 

The tadpoles of the tree frog, Hyla arenicolor Cope, occur almost uni
formly in the small streams wherever the algae are present for food. Less 
common are the tadpoles of Bnfo compactilis Wiegmann, and rare are those 
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of Ambystoma Hgrinum (Greene). Among the Chara, a caddis fly, Helico-
psyche sp. with a case resembling a snail shell is common. In a few stream 
channels not scoured too much by flood action, watercress, brookweed, brook-
lime, or cattails may choke the stream in places, affording lodging places for 
aquatic insects and crustaceans. The crustacean, Gammarus limnacus Smith, 
is abundant among watercress particularly where Ulothrix sonata (Web. and 
Mohr.) is present, probably feeding upon both living and dead organic mate
rial. Mosquito larvae also occur in such places where the stream is sluggish. 
The larvae of dragon and damsel flies are usually found in company with the 
mosquitoes, which undoubtedly provide a large percentage of their food. The 
ferocious predator, Corydalis cognata Hagen, is found in more open parts of 
the streams. A list of Odonata of the streams and ponds is given in the dis
cussion of the ponds and swamps and while all of the species listed occur 
more or less in both places, there appears to be a preponderance of certain 
forms in the streams. The two most conspicuous along the stream are the 
red-spot damsel fly, Hctacrina americana Fabr. and the large yellow-ringed 
dragon fly, Cordalegastcr diadcma Selys. These inveterate predators comb 
the aerial stratum above the streams. 

Some of the common predaceous insects of the pools are listed below. 
These not only feed upon aquatic forms, but some of them make use of the 
terrestrial forms that fall into the stream. 

Gcrris rufoscutcllatis Latr Water strider. 
Ambrysus mormon Montd Water bug. 
Deroncctes striatellus (Lee.) Dytiscid beetle. 
Gyrinus plicifer Lee Gyrinid beetle 
Tropisternus ellipticus (Lee.) Hydrophilid beetle 

Two Lycosid spiders, Pardosa lapidicina Emerton and P. sternalis (Thor-
ell), are often abundant on the water or on the nearby shore. Spiders of the 
genus Tetragnatha, as in the two preceding communities, spin welts across 
small streams or pools and thus occupy a low aerial position. 

In most of the streams, the minnow, Opocope oscula (Girard), abounds, 
especially in the pools and open spaces among the vegetation. In the larger 
tributaries, the suckers Catostomus insignis B. & G. (record by Tanner) and 
Notolepidomyzon ntahensis Tanner are common forms. Often, the young 
of the suckers may be found in company with the minnow in the small pools. 
None of these fish are found in the side streams above the waterfalls. Ac
cording to studies made by Tanner (letter, Feb. 5, 1931), the minnow is 
largely insectivorous, feeding largely upon dragon fly naiads, aquatic bugs 
and aquatic beetles or their larvae. One stomach showed the presence of 
plant leaves, so that it is probable that it takes a small amount of vegetation. 
The sucker, on the contrary, is almost exclusively a feeder upon algae and 
sludge from the bottom of the pools or streams, the detritus and sand yielding 
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about 9 3 % of the stomach contents, the other 7 % consisting of species be
longing to such genera a s : Diatoma, Navicula, Cymbella, Gomphonema, 
Merismopedia, Zygnema, Ulothrix, and Cladophora, and a few beetle larvae. 

The wandering garter snake and the water ouzel both find an abundant 
supply of food in such streams. 

Thamnopliis ordinoides vagrans (B. & G.) Wandering Garter Snake 
Cinclus mexicanus unicolor Bonap Water Ouzel 

The food of the snake consists principally of fish and tadpoles, but the bird 
feeds largely upon aquatic insects and other arthropods although it may take 
some of the fish and tadpoles. 

P O N D S A N D S W A M P S 

The river continually shifting the actual course of the water, due pri
marily to the periodic floods, leaves rock-strewn or sand-covered flood plains 
of irregular contour. Seeps and springs arising in the depressions of these 
flood plains, especially where the depressions are deep enough to reach the 
surface of the subterranean water, make sluggish streams or ponds that in 
some cases develop swampy conditions. They are, of course, more or less 
temporary in na ture ; they may either he re-occupied by the stream when 
some flood changes its course or eventually be filled up with silt or talus and 
thus constitute a stage in a terrestrial sere. 

These sluggish streams and ponds give rise to a distinct biota, chracterized 
by cattails, rushes and sedges among the plants and mosquitoes, odonata, 
amphibians, garter snakes and blackbirds among the animals. In the deeper 
ponds, the following plants constitute the greater part of the vegetation: 

Typha latifolia L Common Cattail 
Typha angustifolia L Narrow-leaf Cattail 
Scirpus validus Vahl Great Bulrush 
Scirpus paludosus Nels Prairie Bulrush 

Skirting the edges of the ponds where the water is shallower, and in the 
small sluggish streams, the following plants may he listed: 

Scirpus microcarpus Presl Small-fruited Bulrush 
Carex occidentalis Bailey Sedge 
Carex festivella Mackenz (or affinity) Sedge 
Juncus balticus Willd Baltic Rush 
J uncus mexicanus Willd Mexican Rush 
Juncus brunnescens Rydb Rush 
Agrostis verticillata (from Europe) Grass 
Ranunculus cymbalaria Pursh Desert Crowfoot 

Areas where seepage is not sufficient to form a stream, but evaporates 
from the surface leaving heavy concentrations of soluble salts, are often 
occupied by the salt grass, Distichlis spicata ( L ) . 
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Bordering the ponds on the land, but still within reach of the soil water, 
willows and cottonwoods often abound. Back farther on drier ground, 
almost any of the components of the deciduous forest may be found. 

The slow sluggish streams and ponds with much decaying organic mate
rial afford favorable opportunity for many of the lower forms of life, such 
as algae, bacteria and protozoans to grow. In places, masses of algal growth 
are conspicuous. 

These sluggish streams are mostly unsuitable to the life of fish, but occa
sionally the minnow and the young of the sucker enter them from the river. 
However, they furnish suitable habitat conditions for such forms as mos
quito and dragon fly larvae and the tadpoles of the amphibians, the leopard 
frog, Rana pipiens Shreber, and Sonoran toad, Bnfo compactilis Weigmann. 

In one of the ponds, the worm-like flat snail, Gyraulus vermkularis 
(Gould) , occurs among the algae. In the mud at the bottom, tabanid fly 
larvae find a suitable habitat. On the surface of the water, the water strider, 
Gems ntfosctttcllatis Latr., occurs in colonies and the lycosid spiders, Pardosa 
stcrnalis Emerton and P. lapidicina (Thorel l ) , are often very numerous. The 
wandering garter snake, T. o. vagrans (B . & G.) , hunts for food among the 
swamps, particularly for amphibians, either tadpoles or adults. 

Above the water, the dragon and damsel flies use the cattails and rushes 
as perching places and seek their food on the wing through the air above the 
ponds and streams. The following species (list by V. M. Tanner ) occur: 

Hetaerina americana Fabr Ruby-spot Damsel Fly 
Archilestes grandis Rambur Grand Clear Wing Damsel Fly 
Sympetrium. corruptum Hagen Corrupt Toper Dragon Fly 
Libellula nodisticta Hagen Blue-spot Dragon Fly 
Libelhda saturata Uhler The Big Red Skimmer 
Cordulegastcr diadema Selys.'. Yellow-ringed Dragon Fly 
Erythemis sp. (either collocata or simplicicollis Say) 

A colony of red-winged blackbirds, Agelaius phoeniceus subsp. ? nested 
among the cattails in the swamp near the Lodge. In 1930, there were seven 
pairs. They not only seek food among the swamp plants but also in neigh
boring communities. I have often observed them perch in the trees over
hanging the swamps and dart from their perches after insects visiting flowers 
on the neighboring banks. 

T H E V I R G I N R I V E R 

A Q U A T I C DESERT 

The Virgin River may be considered an aquatic desert because of its 

paucity of life forms. I t appears that no plants of any kind, except thal-

lophytes grow in the stream. The work of tremendous periodic floods seems 

to keep it scoured clean. The algae and diatoms have difficulty in maintain

ing themselves in the water because of this scouring action. They do, 
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FIG. 12. A peaceful stage of river development. Scene on the river near the old 
Wylie camp. River banks lined with protecting vegetation. (Photo by U. S. Nat. 
Park Service.) 
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however, develop in pools and eddies during the interim between floods. 
Historical evidence obtained from early settlers, seems to indicate that the 
disturbance of the soil cover by the grazing of domestic stock since the white 
man settled the region (1863) has produced an increased scouring action of 
the floods. 

The animals of the stream consist principally of fish and aquatic insects, 
particularly larvae which furnish considerable food for the fish. The fish 
are represented in the area under consideration by the suckers, Catostomus 
insignis B. & G. and Notolepidomyzon utahensis Tanner, and the minnow, 
Apocope oscula (Girard), which are very common forms. It is probable that 
Gila seminuda Cope & Yarrow may also occur here as it has been taken at 
Virgin just above the Hurricane Fault by Tanner (personal communication, 
1931). Trout occur in the headwaters of the stream on the slopes of Cedar 
Mountain, and sometimes descend the stream as far as Zion Canyon, espe
cially during early summer when the water is clear, but they usually disappear 
when the late summer floods begin. The suckers and the minnow represent 
the dominant forms in this section of the stream. They meet the full impact 
of the environment, the critical features of which are the muddy floods which 
they survive while trout and tadpoles of the smaller streams usually disappear, 
as a result of them. The suckers occupy niches in which they feed upon the 
algae and sludge of the pools, whereas the minnow depends largely upon 
insect life. 

On the surface of the water, the water strider, Gerris rufoscutellatis Latr., 
is commonly numerous on the eddies and pools near the shore. 

On the shore in the area kept wet by the irregular rise and fall of the 
stream, the beetle, Omophron oblitcratum utense Casey, plows its way. mak
ing small tunnels in the wet sand in its search for food. 

In moist sand, just beyond the reach of the ordinary stages of the river, 
the larvae of three tiger beetles have their burrows; Cicindela tranqiiebcrica 
Hbst., C. vibex mvena Fall, and C. oregona Lee. During the summer, these 
emerge as adults and inhabit the sandy areas along the shore but may utilize 
the surface and aerial strata as well as the burrows. 

Along the flood plains and the margins of the stream, two lycosid spiders, 
Pardosa stemalis Emerton and P. lapidicina (Thorell), are numerous in sea
son as in the two preceding communities. The adults of the Sonoran toad, 
Bufo compactilis Wiegmann, are also common along the flood plains, espe
cially the moister situations. The wandering garter snake, T. o. vagrans 
(B. & G.) is a freely mobile form that frequents the pools of the river as 
well as the smaller streams in its quest for fish and amphibians for food. 

Two birds are of common occurrence. The water ouzel, C. m. unicolor 
Bonap., gets most of its food of fish and insects from the stream. The 
spotted sandpiper, Actitis macnlaria (L.) , searches the shore line, seldom 
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FIG. 13. The river at work; undercutting its bank, destroying the deciduous forest 
cover, and leaving bare areas of flood plain on the opposite side of the stream. Scene 
near the Lodge in 1929. Remains of an old peach orchard on the bank in the fore
ground. (Photo by U. S. Nat. Park Service.) 

FIG. 14. A profuse growth of Arizona wild grapevine growing over trees and 
holding them in subjection. Near the narrows. (Photo by U. S. Nat. Park Service.) 
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going above high water mark and sometimes alights on boulders projecting 
above the water of the stream. 

DECIDUOUS FOREST 

RIVER FLOOD PLAINS AND VALLEY FLOOR 

The river is only the visible overflow of an underground stream of water 
which saturates the soils and gravels of the valley floor down to bedrock and 
furnishes an abundant supply of soil water to the roots of the plants growing 
along the banks of the stream or along the floor of the canyon. Streams 
flowing from side-canyons also represent the overflow from similar under
ground streams. 

Undoubtedly, the soil greatly retards the flow of this subterranean water. 
The effect is more nearly that of an underground reservoir with very slow 
movement thus producing a consequent uneven surface. Often this surface 
is higher on the sides of the canyon floor than it is at the river due to influx 
of water from the talus slopes. 

The presence of the river water is an ameliorating influence in the lives 
of plants and animals, not only by furnishing moisture directly to the air by 
evaporation thus producing better humidity conditions than the normal climate 
provides, but also by furnishing an abundant supply of soil water for plants 
and by providing moist soil for subterranean animals. This subterranean 
source of water is directly available to those plants whose roots penetrate to 
its depth and is indirectly available to shallower rooted plants through capil
lary movement of the water up through the soil. This makes possible the 
normal functioning of plants having a rapid stream of transpiration. 

It is not surprising then that the typical plants along the stream margins, 
valley floor and other places where this abundant supply of moisture is 
available are broad-leaved deciduous trees whose leaves, being flat and thin, 
have large areas of surface exposed to evaporation. There appears to be a 
correlation between the required amount of soil moisture and the area of the 
leaf surface. 

It seems feasible to divide this forest group into two series upon the 
basis of soil moisture requirements; those whose roots normally penetrate the 
underground reservoir, and those which can survive in ordinarily moist soil. 
The former are usually found fringing the stream or on the flood plains, the 
latter on those higher and drier flats where silt has been accumulated to con
siderable depth above the water. These plants do not seem to be limited by 
soil texture. That the presence of water is the primary controlling factor is 
evidenced by the fact that these broad-leaved trees are growing on certain 
steep rocky talus slopes where springs furnish the necessary soil moisture 
and also by the occurrence of many of them along the water courses for hun-
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dreds of miles out into the desert, where a plentiful supply of soil water is 
available to their roots. 

The plants requiring soil water at their roots include the following: 
Popubis fremonti S. Wats Fremont Cottonwood 
Salix caudata (Nut t ) Narrow-leaved Black Willow 
Salix laevigata Bebb Wide-leaved Black Willow 
Salix exigua Nutt Water Willow 
Salix lasiolepis Benth Willow 
Acer interius Britton Boxelder 
Fraxinus vclutina coriacca Jepson Leather-Leaf Ash 
Vitis arizonica Engelm Arizona Grapevine 
Betula fontinalis Sarg Water-birch 

The cottonwoods and willows are primarily flood plain forms. They act 
as pseudopioneers on the bare areas left by floods, where the roots of the 
seedlings can quickly penetrate the soil water. The willows grow faster at 
first and produce dense masses of vegetation which are eventually suppressed 
by the cottonwoods when they grow tall enough to overtop them. This veg
etative cover shifts with the movement of the river, being destroyed where 
the current strikes it, and growing afresh on the newly abandoned flood 
plains. 

The second group, seemingly limited by soil moisture and evidently not 
dependent upon their roots reaching the underground reservoir, include the 
following: 

Quercus gambelii Nutt Gambel Oak 
Celtis m. reticulata Sarg Western Hackberry 
Robinia ueomexicana A. Gray New Mexican Locust 
Rhus trilobata Nutt Tbree-leaved Squawbush 
Acer grandidcntatum Nutt Big-toothed Maple 
Fraxinus anomala Torr Single-leaf Ash 

This deciduous forest is located principally along the floor of the canyon, 
which is the primary physiographic highway for the movement of man and 
animals in the canyon. It produces great quantities of vegetation distributed 
through many strata and provides a maximum number of individual habitats 
or niches for animals to occupy. It is not surprising then that it is the most 
important community of the canyon. In many places, there is a comparatively 
broad area of intergradation between this community and the deciduous chap
arral and there are a goodly number of wide-ranging species that are com
mon to both communities. 

This is the community that has been most affected by mankind and his 
domestic animals. It was here that the early-day settlers (1863-80) cleared 
areas for farming and built ditches for irrigation; and it was here that domes
tic livestock did most damage in pruning plants, killing the vegetative soil 
cover, making trails and dust beds by trampling, and competing with the 
native animals. 
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It is in this community that most of the recent improvements for the use 
of visitors to the national park have been made. The road and trail up the 
floor of the canyon, the hotel and cabins, the public camp ground, the swim
ming pool, and the museum building all occupy areas taken from it. Many 
of the bare areas formerly created by human agency have been allowed to 
develop a cover, and all stages of successional development from secondary 
bare areas to climax may be found. 

VEGETARIANS 

The vegetarian animals of this community are included principally within 
the groups mollusks, millipedes, insects, birds, rodents and ungulates. The 
mollusks and millipedes are found almost exclusively among the ground litter 
consisting of organic remains, mostly leaves, stems and trunks of plants. The 
presence of moisture is a critical factor limiting the activity of these animals. 
The ground litter aids greatly in maintaining a moist habitat. The snails 
usually come out to feed during storms or humid weather and the millipedes 
descend into the soil to avoid drouth. The following species are found: 

MOLLUSCA 

Vallonia gracilicosta Reinh Gracefully-ribbed Midget 
Pupoides marginal us (Say) Plain-margined Snail 
Papilla syngcncs syng'cncs (Pilsbry) Left-banded Columnar Snail 
Papilla s. dc.rlrovcrsa (Pils. & Van.) Reversed Columnar Snail 
Agriolima.v campcstris (Binney) Tbe Native Slug 

MILLIPEDES 

Parajulus paiutus Chamberlin Small Millipede 
Tylobolus utahensis Chamberlin Large Millipede 

Many of the insects are obligate vegetarians, being limited to definite 
hosts. In such cases, the obligates are definitely limited by the distribution 
of the hosts. These are mostly leaf-eating or wood-boring forms although a 
few inhabit flowers. Some of these obligates pass their entire life cycles on 
the plants. The larvae feed on the leaves, the pupae transform on them, and 
the adults are found in copulation on them—one niche for the whole cycle. 

In other cases, different niches are occupied in different stages of the life 
history, as in the case of the grapeleaf miner moth, probably Antispila 
voraginella Braun (Microlepidoptera, family Hcliozelidae), which feeds upon 
the Arizona wild grape, Vitis arizonica Engelm. The larvae dig out mines 
between the epidermal coverings of the leaf, eating the green cellular mate
rial thus gradually enlarging the mine, and leave a characteristic brown spot 
nearly filled with the waste products. There may be several in one leaf. 
When grown, a larva cuts out an oval shaped piece about one-eighth inch 
long from each surface of the leaf, fastens them together around itself with 
silk threads, thus fashioning it into a bivalve case with an opening at the 
head end, through which the fore part of the body may be extruded when 
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the legs are needed to he used in crawling. It then descends to the ground 
by means of a silken thread which it spins as needed and pupates in the soil. 
Upon transformation of the pupae into adults, they emerge from the soil and 
follow an aerial existence. 

In some of the woodboring forms, the parasites or the predators usually 
follow the host insect into its burrows. This is illustrated by the case of the 
pigeon horn-tail, Tremex columba (L) , which in the aerial adult stage ovi
posits in the wood of various species, including the grapevine, Vitis arizon-
ica Engelm., and the Cottonwood, Populus frenwutii S. Wats., as I have 
observed. The larvae tunnel through the wood using the borings as food. 
The adult of the ichneumon, Mcgarhyssa lunator (Fabr.), lays its eggs in 
these burrows by means of its long woodboring ovipositor. The larvae live 
in the burrows feeding on the horn-tail larvae. Both forms pass through 
the pupal stage and transform to the adult before emerging from the tunnels. 

In cases where different niches are occupied during different stages of the 
life cycle, the host plant becomes only one out of several factors which may 
be critical in determining the persistence of the species. The multiplication 
of niches, while affording great advantages in the way of meeting seasonal 
incompatibilities and tiding over adversities, certainly multiplies the number 
of critical factors to be met or avoided. In each such niche, these factors 
include the climatic, biotic, and (if in soil) edaphic or (if in water) aquatic 
conditions. 

Among the less obligate vegetarians, food from various sources and of 
many types may be used. This is illustrated by the wasps, Chlorion penn-
sylvanicum (L.) and C. ichncumonicum (L.) , both of which in the adult 
stage visit several kinds of flowers, notably Thelypodium integrifolium 
(Nutt.), in search of pollen and nectar, but collect and paralyze by stinging 
the angular-winged katydid, Microcentrum rhombifolium (Saussure), upon 
which its eggs are laid and upon which the larvae feed after the eggs hatch. 

Many of the butterflies and moths feed upon leafy vegetation as larvae, 
pupate in the soil, and sip nectar from the flowers as adults. The sphinx 
moth, Celerio lineata (Fabr.), is a good example of the wide-ranging type, 
whose larvae feed upon leaves of many kinds of plants and who in the adult 
stage visits many kinds of flowers. 

Insect social groups are also represented, especially among the ants, 
wasps and bees, but also among the termites. The wasps are represented by 
a single species of Mischocyttarus and several species of Polistes, all of which 
make paper nests devoid of any covering envelope and suspended by a pedicel 
from above; also by one species of Vespula, locally called yellow jackets, 
which make large paper nests similarly suspended but surrounded by pro
tective covering envelopes, sometimes several in number one outside the other 
and sometimes with several stories of comb. The larvae of these wasps are 
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cared for by a system of progressive feeding instead of mass provisioning, 
thus providing a direct contact between the adults and the succeeding gen
eration, so often missing in the non-social forms. The food consists prin
cipally of nectar, pollen or insects. A new colony is started each spring by 
the overwintering females. 

The social bees are represented by several species of bumble bees of the 
genus Bremus, which feed almost exclusively on pollen and nectar gathered 
from a great variety of flowers. These, like the wasps, also develop new 
colonies each year from the overwintering fertilized females (queens), feed 
their young by a method of progressive provisioning, and have contact be
tween adult and offspring, but they have a greater and more varied develop
ment of morphological form to correspond to their more specialized division 
of labor. 

Among the carnivorous or predaceous insects, there are many variations 
in habit and structure for capturing prey. Some lie in wait in flowers, as in 
the case of the bugs of the family Phymatidae; some burrow in the soil and 
feed upon an underground fauna as among the larvae of the robber flies and 
the bee flies; some seek their prey by flight as in the sphex wasps; some run 
over the surface of the ground searching among the ground litter as among 
the ground beetles, Carabidae; while parasitic insects usually pass the larval 
stage within the host as in the tachina flies, Tachinidae. 

The vegetarian birds are few in number. Occasionally the western mourn
ing dove is found among the cottonwoods but it is much more numerous 
farther down the river. The black-chinned hummingbird, Archilochus alex-
andri (B. & M.), and the broad-tailed hummingbird, Selasphorus platycercus 
platycercus (Swains.), both take nectar and insects from many kinds of flow
ers. A few seed and berry eaters also occur but most of them take a consid
erable proportion of insects in their diets, especially in the spring. The 
following are some of the common vegetarians of this type: 

Hedymeles melanocephala papago Oberh Rocky Mountain Grosbeak 
Spinus psaltria hesperophilus (Oberh.) Green-backed Goldfinch 
Spisclla passerina arisonae Coues Western Chipping Sparrow 
Melospisa melodia fallax (Baird) Desert Song Sparrow 

The rodents are primarily vegetarian, although it is likely that some of 
them consume some animal products. The gray rock squirrel, Otosperm-
ophilus grammurus grammurus (Say), has been suspected of robbing bird 
nests and some of the mice no doubt use insects in the diet. 

It should be remembered that this is a very open type of forest and that 
there are many clear spaces between the clumps of trees. This coupled with 
the fact that it occupies a physiographic highway, brings together some or
dinarily widely separated forms. The Englehardt marmot, Marmota flavi-
ventris englehardti Allen, and the western porcupine, Eritheson epixanthmn 
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epixanthum Brandt, are normally higher altitude forms, yet here they have 
descended to an altitude of 4300 feet. About 1925, a colony of marmots was 
established near the road just above the lodge and increased considerably dur
ing the next few years. With the construction of loose-rock basket levees 
along the banks of the river by the National Park Service, the marmots seem 
to have found suitable dens and breeding places where they bid fair to persist. 

The gray rock squirrel normally inhabits a more open type of habitat, yet 
here it is one of the most successful and most conspicuous of the mammals, 
making itself at home among the open forest and even among the dense 
chaparral on the talus slopes. Its burrows may be found among rocks on the 
sidehills, on the edge of exposed banks of soil, or even among the roots of 
chaparral or trees on the sidehill slopes. The burrows form an anastomosing 
network (Zion-Bryce Nature Notes, Aug. 1930) with the nest located at 
some convenient intersection and usually lined with leaves and paper if the 
latter is available. The food includes roots, berries (squawbush and sarvis 
berries included), acorns, and pine nuts. They often make separate caches 
of food outside the burrows. 

The Hopi (?) chipmunk, Eutamias quadrivittatus hopiensis Merriam ( ?), 
is of common occurrence sometimes although its numbers fluctuate a great 
deal from year to year. I saw one eaten by a gopher snake. Being smaller 
than the rock squirrel, they probably fall much easier prey to snakes. 

The pocket gopher, Thomomys perpallidus aureus (Allen), finds admirable 
situations among the open type of forest with many types of roots to feed 
upon. Even on the shady talus slopes where not too rocky, it abounds. I 
have observed it pull green stalks four or five feet long of the white sweet 
clover, Melilotus alba Desr., into its burrow for food. 

The chief ungulate is the Rocky Mountain mule deer, Odocoileus hem-
tonus macrotis (True), which finds much of its food of weeds and browse 
among the open areas and finds shade and shelter among the clumps of trees. 
It also occupies the chaparral slopes as they also furnish suitable food, shel
ter and breeding places. 

INSECTIVOROUS ANIMALS 

Among the insectivorous forms are some dozen or two species of spiders 
distributed among as many different niches where insects may be caught. 
Following are some of the common examples: 

Eurypclma steindachncri Ausserer Tarantula 
Physocyclus tanneri Chamberlin 
Aranea gemma McCook 
Linyphia litigiosa Keyserling 
Linyphia tau-phora Chamberlin 
Xysticus versicolor (Keyserling) In bark of trees 
Misumena vatia (Clerck) In flowers 
Tibellus—three species 
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Agalena naevia Walckenaer 
Agalena curia McCook 
Olios fasciculatus Simon 
Lycosa gosiuta Chamberlin 
Phrurolithus woodburyi Chamberlin 

Those of the genera Misumena and Tibellus lie in wait for insects in flow
ers of many different kinds, particularly those of the mustard and caper 
families. Xysticus forms are usually found around the cracks or crevices of 
bark. Lycosa and Olios chase their prey. The tarantula goes hunting at 
night or in the cool of the morning or evening, hiding in holes in the ground 
when hot. Aranea and Linyphia spin webs among the trees or brush, the 
former making large regular orbs and the latter small, irregular webs. 

Two insectivorous lizards are of very common occurrence along the floor 
of the canyon and a third one is sometimes found. The Stejneger blue-belly, 
Sceloporus clongatus Stejneger, is the common form usually occupying the 
rocks and tree trunks or sides of buildings. It usually stalks its insect prey 
by creeping carefully and slowly in a straight line until within range when a 
lightningstroke with the jaws finishes the capture. 

The striped race-runner, Cnemidophorus gularis Baird & Girard, is the 
common form occupying the flat open spaces, collecting its food by hunting, 
chasing, or even by slight digging into the ground litter. I have never known 
one to invade the realm of the blue-belly by climbing tree trunks or boulders, 
but the reverse is often true when the blue-belly is on the ground between 
the rocks or tree trunks of its characteristic position. 

The desert scaly lizard, Sceloporus magister Hallowell, is a partly aboreal 
form usually occupying the brushy or wooded portions of more open desert, 
but here at the edge of its range, it appears to invade heavier forest than 
normal. It feeds largely upon insects which it catches on the tree trunks or 
on the ground nearby. It has the curious habit, when disturbed, of keeping 
on the opposite side of the tree trunk from the observer. 

The birds show the largest group of insectivorous forms. Many of them 
merely pass through during migration whereas others remain for the breed
ing period or for the summer. A few of the more common forms of the 
latter group may be listed: 

Colaptes cafer collaris Vigors Red-shafted Flicker 
Sayornis sayus sayus (Bonaparte) Say Phoebe 
Cyanocitta stelleri diadcmata (Bonap.) Long-crested Jay 
Turdus migratorius propinquus Ridg Western Robin 
Virco gilvus sivainsonii Baird Western Warbling Vireo 
Dendroica aestiva morcomi Coale Western Yellow Warbler 
Geothlypis trichas occidentalis Brews Western Yellow-throat 
Icteria virens longicauda Lawrence Long-tailed Chat 
Molothrus aler artemisiae Grinnell Nevada Cowbird 
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There are usually several pairs of Say phoebes in the canyon each sum
mer. I have observed two nests and broods in one season and several over a 
period of years. During the seasons of 1927 and 1928, a pair (presumably 
the same both years) nested over a door leading into the Lodge where people 
were continually passing in and out. One of the bell-boys at the Lodge 
trained the female to take insects from his fingers. During the second season, 
the female disappeared when the young were about half-grown. The bell
boy reported that he saw a hawk take her. The male continued to care for 
the young but would not take proffered insects. After the young birds could 
fly, the male parent was still with them for at least two or three weeks. On 
one occasion, I saw him dart out at a passing butterfly and bring it to the 
young, two of which pulled it to pieces in their fight for its possession. 

The next season, the site was abandoned, but again in 1930, a pair (pre
sumably different) nested at the lodge but in a different place. These birds 
forage in the open space in front, among the trees nearby or in the tops of 
the heavy oak chaparral on the sidehill behind the Lodge, either catching in
sects on the wing or descending to the ground in their search. The young 
were ready to fly by June 20. 

A pair nesting under the eaves of the warehouse at the administrative 
headquarters during 1930, were building the nest on May 25 and the young 
were ready to fly on June 28. 

During the summer of 1930, three pairs of long-crested jays were observed 
in the upper part of the canyon at widely separated points. Several pairs of 
the western robins were found. A nest near the museum was first observed 
on June 10 when the young were about half grown. They were ready to fly 
on June 20. Young Nevada cowbirds first appeared near the museum about 
July 6. 

CARNIVOROUS A N I M A L S 

The principal carnivorous forms are found among the snakes, birds and 
mammals. Most of the carnivorous birds visiting this community are wide-
ranging species such as those of the hawks and owls which usually nest else
where and use this community as a part of their foraging area. Little is 
known of their occurrence here as members of this community. However, a 
young western horned owl just learning to fly was found near the museum. 

The more common snakes of this community include the following: 

Masticophis iaeniatus taeniatns Hallowell Western Striped Racer 
Pituophis catenifer deserticola Stejneger Great Basin Gopher Snake 
Lampropcltis getulus boylii B. & G Boyle King Snake 
Crotalus confluentus lutosus Klauber Great Basin Rattlesnake 

Less common species include: 

Diadophis regalis regalis Baird and Girard Thimble Snake 
Hypsiglena o. ocbrorhynchus Stej. & Barb Spotted Night Snake 
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FIG. 15. Boyle king snake, Lampropeltis getulus boylii (B. & G.), eating a 
young Great Basin rattlesnake, C'rotalus coiiflucntosus lulosus Klauber. This 
king snake probably takes any available snake that it can overpower. (Photo 
by author.) 
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The striped racer feeds upon lizards, mice and probably upon young birds 
or eggs. I once found one climbing through the branches of a small tree 
where I suspected that it was hunting for bird nests largely because it was 
the object of warning cries of nearly a dozen birds. At another time, I 
watched one chase a striped race-runner lizard, Cnemidophorus gularis, B. 
& G.. and catch it by the tail. The lizard, temporarily halted, quickly de
tached its tail leaving it in the mouth of the snake to be leisurely swallowed 
while the balance of the lizard scampered to safety. Its habitat appears to 
include the brush and small trees, particularly on the talus slopes but it also 
hunts around the floor of the canyon among the smaller plants or occasionally 
among the larger trees. 

The gopher snake feeds principally upon rodents, consisting mostly of 
gophers, mice and chipmunks, but probably it also takes bird's eggs or young 
since it will take them in captivity. It is known to descend into the 
dark underground tunnels of gophers in search of prey. It occurs prin
cipally around the flat areas on the floor of the canyon. 

The Boyle king snake undoubtedly acts as a check upon the increase in 
numbers of other snakes. I have definite evidence to indicate that it preys 
upon at least the three other common species, the striped racer, the gopher 
snake and the rattlesnake. It probably takes any available snake that it can 
overpower. It also feeds on rodents. 

The rattlesnake inhabits principally the wooded or brushy talus slopes 
where there are rocks or ground holes for shelter, but it also occurs in the 
more open or brushy spots among the deciduous forest particularly around 
rocky outcrops. I t feeds primarily upon rodents. 

The carnivorous mammals are but little in evidence and knowledge of 
them has come largely through tracks and occasional specimens. I have 
actually seen specimens of the following: 

Bassariscus astutus nevadensis ( ?) Miller Ring-tail or Bassarisk 
Mephitis occidentalis major Howell Great Basin Skunk 
Taxidca taxus berlandieri Baird Badger 

The ring-tail is an omnivorous feeder and nocturnal in its foraging. At 
Grand Canyon (Sturdevant, 1928) in captivity, young ones preferred a meat 
diet, ate mice readily, refused fish, and relished grapes. Its diet includes 
some vegetation, probably tender herbage and wild fruits, insects, birds and 
mammals of certain kinds. Its dens are probably among the boulders or in 
crevices in the cliffs, but one pair was known to inhabit the boiler room at 
the Lodge. 

The skunk is much more common. Its presence is often made known by 
its odor and it is frequently seen on the roadways at night. Insects appear 
to furnish the main part of its food although other small animals and perhaps 
some vegetation are also included. During the last few years with access to 
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a new source of food supply in the garbage from tourist camps, it has he-
come very numerous. During the summer of 1930, a total of twenty-five 
were found around the tourist camp after a poison bait campaign. 

I have known of only one badger in the canyon. It was captured by hand 
by some workmen where they had it cornered against a ledge, but its tracks 
and burrows are not uncommon. 

T H E CONIFEROUS FOREST 

This community is the equivalent of the Petran montane forest of 
Weaver and Clements (1929, p. 425). It occurs within the canyon only as 
isolated patches, typically in the narrow sheltered part or in areas of equiv
alent protection. These patches are the representatives in the canyon of the 
more extensive forests that occur on the plateaus above the walls and on the 
lower slopes of Cedar Mountain. The chief components of this forest are 
the following trees: 

Piniis brachyptcra Engelm Rocky Mt. Yellow Pine 
Pscudotsuga mucronata (Raf.) Douglas Fir 
Abies concolor Lindl White Fir 

The quaking aspen, Populus aurca Tidestrom, occurs in this type of for
est but does not descend to the floor of the canyon as do the conifers. Its 
only occurrence is in a small side canyon just off the West Rim trail about 
half-way up at an altitude of 5,900-6,000 feet, protected by high cliffs on the 
south and west and furnished moisture by subterranean springs. 

The three conifers occur all together in the Grotto near the public camp 
ground, in a humid nook on a steep north slope protected by cliffs on the east 
and south and having a sunlight period during midsummer from 11 a.m. to 
4 p.m. 

Small areas containing pure stands of the white fir occur in several places, 
notably in the narrows where the sunlight periods range from two to four 
hours per day, in Refrigerator Canyon under similar conditions, and at the 
northeast foot of Angel Landing sheltered on the east, south and west by 
high cliffs. 

The Douglas fir is associated with the white fir in several of the more 
sheltered nooks where the conditions of humidity are the more favorable, 
whereas the yellow pine is associated in some of the less protected nooks 
where the situations are slightly less humid. Pearson has shown (1930, p. 
158) that the lower altitudinal range of these trees in the southwest is deter
mined by deficient soil moisture. It appears here that the limit is reached 
first by the Douglas fir, second by the white fir and last by the yellow pine. 
There are some areas occupied by the yellow pine which appear to be too dry 
for either of the others. 

Undoubtedly a fauna of certain types, particularly wood-boring beetles, 
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FIG. 16. A clump of white fir trees, Abies concolor Lindl., in a protected nook at 
the foot of the Angel Landing and near the bottom of the canyon. Deciduous forest 
below, near the river which is faintly shown in the foreground. (Photo by U. S. 
Nat. Park Service.) 
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follow these small groups of forest trees, but the areas covered by the trees 
being negligible in size, scant attention has been paid to faunal relations in 
such small communities. 

DECIDUOUS CHAPARRAL 

The talus slopes, in general, do not have such a copious subterranean 
water supply as is found along the canyon bottom. Whatever soil water 
comes to the talus, quickly percolates down the slopes to help swell the under
ground supply below. The soil moisture retained in the talus appears to be the 
limiting factor determining the type of vegetation occurring thereon, although 
several other factors are probably of auxiliary or accessory importance. 

As previously pointed out, the effect of the walls in shortening the sun
light period and the effect of the slopes in deflecting and dispersing the sun's 
rays produce a modification of the temperature, evaporation and humidity. 
On those protected slopes where the habitat conditions are ameliorated in the 
direction of lowered summer temperature, lessened vaporation, and greater 
relative humidity, a cover of deciduous chaparral is maintained. This occurs 
mostly on the northerly slopes. The southerly slopes are occupied by the 
scrub conifers of the next community. 

In some cases, there is considerable intergradation between this chaparral 
and the soil moisture group of trees of the deciduous forest. In general, 
however, there appears to be this distinction between the two: that whereas 
the forest trees supply the transpiration stream from a plentiful supply of 
soil moisture, the chaparral is forced to adapt itself to a lessened supply of 
soil moisture by adopting a habitat where a lessened stream of transpiration 
is required. 

The principal components of the chaparral are: 
Quercus gambclii Nutt Gambel Oak 
Amclanchier pallida Greene Pallid Sarvisberry 

The Gambel oak intergrades between this group and the deciduous forest, 
often producing a fair-sized tree under favorable conditions. On the more 
exposed and drier slopes where it occurs, it is invariably shrubby. There 
seems to be a correlation between size and type of soil or soil cover, but this 
in turn appears to be correlated with what is the real limiting factor, the 
quantity of soil moisture available at critical times of the growing season. 

Under some of the more ameliorated chaparral situations, such shrubs as 
the following occur: 

Disporum trachycarpum (S. Wats) Fairybells 
Actaea arguta Nutt Baneberry 
Atragene pseudoalpina (Kuntze) Virgin Bower 
Philadelphus microphyllus A. Gray Mock Orange 
Edwinia americana (T. & G.) Edwinia 
Ribes montigenum McClat Sickly Berry 
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Scricothcca dumosa (Nutt) Rock Spirea 
Rubus leticodermis Dougl Whitebark Raspberry 
Rosa gramtlifera Ryd Wild Rose 
Toxicodendron rydbergii (Small) Poison Ivy 
Aralia bicrcnata Woot & Standi Aralia 
Garrya flavescens S. Wats Silk-tassel Bush 
Cornus stolonifera Michaux Dogwood 
Symphoricarpus utahensis Rydb Snowberry 

On the other extreme, with much less shade and moisture where the 
amelioration is much reduced, approaching the border line where the chapar
ral gives way to the scrub conifers, such forms as the following may occur: 

Quercus tnrbincUa (?) Greene Live Oak 
Clematis ligusticifolia Nutt White Clematis 
Arctostaphylos pun gens HBK Manzanita 
Fraxinus anomala Torr Single-leaf Ash 

While the floor of the canyon occupied by the deciduous forest is the 
strategic topographic highway for the movement of animals and the dis-
seminules of plants, the chaparral slopes border that highway for long dis
tances and occupy a great deal of contiguous territory lying between the 
floor and the base of the cliffs. The scrub conifers also occupy considerable 
territory between the floor and the cliffs but on a different aspect—the 
southerly slopes. The vegetation of the scrub conifers is much less dense 
and the niches suitable for animals to occupy are fewer in number. 

The chaparral furnishes a great deal of palatable food of considerable 
variety suitable for a good many vegetarian animals. The leafy foliage is 
productive of much shade as well as palatable forage. The shade combined 
with the northerly slopes helps to prevent excessively high temperatures in 
the habitats. The niches that animals occupy are not only numerous but also 
approach optimum living conditions in the summer time but have the opposite 
effect in the winter when they are cold, damp and shady. 

VEGETARIANS 

The vegetarian animals of this community fall principally in the same 
general groups as those of the deciduous forest, namely mollusks, millipedes, 
insects, rodents and ungulates. Many of the mammals of both communities 
are identical species with ability to endure conditions of both. The niches 
for mammals are very similar in both habitats. 

The millipedes of the chaparral are identical species with those of the 
deciduous forest, but the presence of larger areas of moist ground litter gives 
better chance for development of numbers. 

Among the mollusks, the more humid conditions of the moister ground 
litter has its sequel in a separation of species between the two communities. 
The differences in moisture content of the ground litter seems to be sufficient 
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to restrict different species to each community with but little overlapping. 
The following species are found among the chaparral on the protected talus 
slopes where there is a deep layer of ground li t ter: 

Oreohelix ';o-jperi (W. G. Binney) Cooper Land Snail 
Cochlicopa luhrica (Muller) The Fusiform Snail 
Vitrina alaskana Dall Glassy Alaska Snail 
Glyphyalinia indentata (Say) Indented Leaf Snail 
Euconulus fulvus alaskensis (Filsbry) Conical Leaf Snail 
Zonitoides arborea (Say) The Tree Snail 
Agriolimax campestris (Binney) The Native Slug 
Gonyodiscus c. cronkhitei (Newcomb) The Cronkhite Snail 
Succinia avara Say Variable Snail 

Among the insects, there are some obligate vegetarians such as the beetle, 
Baltosus ruber ( W e b . ) , which appears to be obligate upon the foliage of the 
Gambel oak and limited by its distribution. I t was very numerous in May, 
1923. Other vegetarians, such as the prionid beetle, Prionus californicus 
Mots., are less obligate to individual species of plants. This beetle is very 
common each year during late summer, but occurs in both deciduous forest 
and chaparral communities. The larvae feed upon the roots of dying or dead 
oaks as well as upon the roots of cottonwoods and perhaps other deciduous 
trees. 

Many of the flower-visiting insects, especially the wide-ranging species, 
such as the moths, butterflies, wasps and bees, may be identical species in 
several communities. The yellow jackets (hornets) or vespid wasps some
times make their envelope-covered paper nests in the oaks. 

The ground beetles, Carabidae, are an outstanding group of predaceous 
insects of considerable importance among the ground litter of the chaparral. 
The larvae are very delicate and sensitive to the absence of moisture. The 
adults, however, with their heavier armor of their exoskeletons, are able to 
endure drier situations and consequently range over larger areas of ground 
litter than the larvae. 

INSECTIVOROUS AND CARNIVOROUS A N I M A L S 

Among the insectivorous forms, there is a conspicuous absence of am
phibians. The more important species are found among the spiders, lizards, 
birds and carnivorous mammals. The spiders are in many cases, identical 
species with those of the deciduous forest, but there are a few species that 
are quite characteristic of the chaparral. 

In general, the spiders will take almost any type of insect that they can 
entrap or overpower if it be not too heavily armoured. Since the habitats of 
these two communities are similar in many respects, it is not surprising that 
many species are identical. The agalenids, the linyphiids, the araneas pre
viously listed and Cyclosa conica (Pal las) are some of the more common 
forms of the chaparral. 
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The important lizard is the sagebrush swift, Sceloporus graciousu gra-
ciosus (Baird & Girard), but the Skilton Skink, Eumeces skiltonianus (Baird 
& Girard), is sometimes found. The former is a brush inhabiting species par
ticularly among the more open stands, whereas the latter is a partly burrow
ing form, probably deriving a large part of its food supply from subterranean 
or ground litter inhabitants. 

In general, the heavy chaparral with its dense shade is not a popular hab
itat for lizards. In comparison with the other communities the lizard popula
tion here is small although the insect food supply is large. The dense shade 
and the low temperatures may be the excluding factors. 

There are certain birds that are very characteristic of this community. 
The spurred towhee, Pipilo maculatus montanus Swarth, occupies a niche in 
which it searches the ground litter for insects, scratching and turning over 
leaves with its feet. It is habitually a ground form among the densest thick
ets although it does not hesitate to ascend to the tops of the brush. It even 
nests on the ground in the shelter of the chaparral. It is one of the most 
numerous of the canyon birds. On July 5, a brood of five were beginning to 

%. . 
The western gnatcatcher, Polioptila cocrulea amoenissima Grinnell, occu

pies a niche in a higher stratum of the dense thickets nearer the top of the 
chaparral. It is far less numerous than the towhee. Several pairs were ob
served in the canyon in one breeding season. 

The Baird Bewick wren, Thryomanes bewickii eremophilus Oberholser, is 
also an inhabitant of the chaparral. On July 27, a brood of five just learning 
to fly, were being escorted by their parents. When disturbed, they scattered 
and hid among the brush. 

One pair of the ash-throated flycatcher, Myiarchus cinerascens cineras-
cens (Lawrence) was observed in the brush in 1930. It occupies a niche at 
the top of the brush, collecting its food chiefly from the air. 

The long-tailed chat, Icteria virens longicanda Lawr., is a common inhab
itant of the thick chaparral. It is much wider ranging than the gnatcatcher 
and hunts through the limbs and foliage for insects. I have observed it take 
squawberries on occasion. 

The snakes of the canyon floor sometimes ascend the talus slopes, par
ticularly the striped racer and the rattlesnake. While the rattlesnake does 
not usually inhabit the dense chaparral, yet it does occur in the open sections 
or around the rocky areas. The striped racer hunts throughout the brushy 
areas and is probably the most characteristic reptile of the chaparral. 

Of the mammalian carnivores, the ring-tail and the Great Basin skunk, 
both range throughout the chaparral on the talus slopes as well as along the 
floor of the canyon. 
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FIG. 17. A sheltered talus slope hearing deciduous chaparral consisting principally 
of Gambel oak and pallid sarvisberry. Note the heavy cover in contrast to the wide 
spacing of scrub conifers as shown in other pictures, ( l 'hoto by U. S. Nat. Park 
Service.) 

FIG. 18. Scrub conifers—a typical stand on an exposed talus slope. Note the wide-
spacing of the trees, in contrast with the heavy cover of chaparral communities a 
small area of which is shown in the left hackground in the shelter of a cliff. The 
light spot on the face of the cliff ahove indicates the spot from which an enormous 
mass of material fell in the spring of 1926. (Photo by U. S. Nat. Park Service.) 
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P I G M Y F O R E S T 

T H E SCRUB CONIFERS 

On those talus slopes that are but little protected by the canyon walls, 
particularly the southerly slopes, stunted forests of juniper and pinyon repre
sent the typical cover; in marked contrast with the deciduous chaparral of 
the more protected slopes. The critical factors limiting the distribution of 
the two types are probably concerned with the available soil moisture during 
the critical periods of the growing season coupled with a climate producing 
rapid evaporation, In those situations where the soil moisture is sufficient to 
maintain the transpiration stream for the broad-leaved forms, they dominate. 
Below this limit, the scrub conifers with their smaller leaf surfaces are the 
dominant forms. 

Within the range of those scrub conifers, those situations with greatest 
soil moisture usually produce the larger individuals and the denser stands. 
On the drier slopes, the plants are widely spaced and often stunted in size— 
indicating that soil moisture rather than heat units is the controlling factor. 
While precipitation is fairly uniform over both the chaparral and the scrub 
conifers within the confines of the canyon, yet the effects of cliff protection 
and of the angle of slope and exposure seem to be auxiliary factors pri
marily responsible for controlling the amount of available soil moisture, the 
southerly exposures removing it much more rapidly than the northerly ones. 

The principal dominant trees of this group a r e : 

Juniperus utahensis (Engelmann) Utah Juniper 
Pimis monophylla Torr. & Fremont Single-leaf Pinyon 

Two other scrub conifers occur in the upper, moister or more protected 
situations and are not common in the low altitudes of the canyon. These 
are the following: 

Juniperus scopulorwn Sargent Rocky Mt. Red Cedar 
Finns edulis Engelmann Pinyon Pine 

The list of species given in the discussion of the deciduous chaparral as 
intergrading with the scrub conifers should be considered in this connection. 
In some cases, the live oak and manzanita may be regarded as predecessors of 
these pigmy conifers as is evidenced by many examples of such trees grow
ing up through the brush and displacing it. 

There are certain other shrubs which occur occasionally among these 
scrubby trees, but which do not (within the confines of the canyon) occur in 
extensive stands. These include : 

Ephedra torrcyana ( ?) S. Wats Mormon Tea 
Cowania stanshuriana Torr Cliff Rose 
Cercocarpus ariconicus Jones Arizona Mt. Mahogany 
Lcpargyrea rotundifolia (Parry) Silver Berry 
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This formation receives far less amelioration from the intrinsic desert 
climate that pervades it than either the deciduous forest or chaparral that it 
adjoins. The vegetative cover is much sparser, the foliage less conspicuous, 
and there is much less shade as well as less leaf litter upon the ground. Its 
habitats may be characterized as much hotter and drier than those of the 
other two communities mentioned hut less so than those of the desert forma
tion. The niches occupied by the animals are correspondingly more hostile 
than the former two and less so than the latter. The animals which inhabit 
such hostile niches must either he prepared to resist such unfavorable con
ditions or avoid them. 

The vegetarian animals are, by comparison with the other terrestrial 
communities, few in number. The climate permits the development of a 
type of forest the foliage of which is unpalatable to most animals, hut which 
produces juniper berries and pine nuts of great nutritive value. The ground 
litter is so sparse and dry that the snails, millipedes and ground beetles are 
practically excluded. 

Among the vegetarian insects, the majority derive their food supply 
largely from the annual plants of spring and late summer or from under
ground sources, largely live roots or fungi growing on the roots of dead 
plants. The cicadas of the family Cicadidae, which spend their larval stages 
underground for periods usually ranging over several years feeding upon 
live roots are very conspicuous when they transform to adults and become 
singing inhabitants of the tree-tops. I have found the larvae four feet 
underground. The tenebrionid beetles of the family Tencbrionidac, whose 
larvae are largely subterranean fungus feeders, are conspicuous groups of 
the surface when they transform into adults. 

Among predaceous forms, some of the insects are subterranean, e.g., the 
free-ranging larvae of the robber flies, Asilidae, and the bee flies, Bombyliidae. 
Some of the arachnids, particularly the scorpions and centipedes, seek shelter 
under rocks in the daytime and range out in search of insect prey at night. 
The scorpions usually secrete themselves under large rocks or boulders; the 
centipedes utilize smaller rocks in a similar fashion; whereas the tarantulas 
usually use holes in the ground. The following forms are characteristic of 
this community although by no means confined to it. Some of them occur 
in other communities wherever rocks or trash are available for shelter. 

CENTIPEDES 
Lamyctes pinampus Chamberlin 
Otocryptops sc.vpinosus (Say) 

SCORPIONS 

Hadrurus hirsutus Wood Large Scorpion 
Vaejovis punctipalpus Wood Small Scorpion 

TARANTULA 
Eurypelma sleindachncri (Ausserer) Tarantula 
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A good example of those animal's that avoid the hostile conditions of the 
environment is the desert toad, Bufo punctatus B. & G. Its life history re
quires water for the development of the eggs and tadpoles, but in contrast 
with the other amphibians of Zion Canyon, the adults occupy a much drier 
habitat, and the larvae seem able to develop in seepage water or perhaps in 
standing pools of intermittent streams. Storer remarks (1925, p. 198) in 
comparing this form with the tree toad, Hyla arenicolor Cope, that "areni-
color requires actual running water, whereas punctatus seems to be content 
with mere seepage, a later stage in the history of a regressive stream." I 
have taken eggs, tadpoles and the copulating adults from seepage pools hav
ing a temperature that felt warm to the hand. Undoubtedly the high tem
peratures induced in such shallow water hastens the larval development and 
confines it to a shorter period. I have taken an adult specimen from the 
petrified forest of Zion National Park among the scrub conifers some two 
to three miles from the nearest living water. It was, however, close to a 
wash where intermittent or temporary streams in early spring and late sum
mer left standing pools which might have been the source of larval develop
ment. This adult was found under a large rock in moist soil during the first 
week in July and at a time when the summer extremes of heat and drouth 
were most critical. 

The reptiles probably represent the most characteristic group of animals 
that meet the hostile environment and are active during the daytime. Their 
moisture-preserving armour of scales and their adjustment of temperature 
to that of the surrounding medium with a consequent increase in activity as 
the temperature rises to an optimum which in some lizards is extremely high, 
seems to fit them to cope with drouth and high temperature. But even these 
animals with all their adaptations usually retreat to shelter during the hottest 
parts of the summer days. The more important reptiles of the scrub coni
fers are the following: 

Crotaphylus collaris baileyi (Stej.) Ring-neck Lizard 
Uta stansburiana stansburiana B. & G Brown-shouldered Lizard 
C ncviidophorus tessellatus tessellatus (Say) Desert Whiptail Lizard 
Masticophis flagellttm frenatus (Stej.) Red Racer Snake 
Crotalus conftuentus lutosus Klauber Great Basin Rattlesnake 

The lizards of this list are all insectivorous, but the ring-neck is, in addi
tion, cannibalistic and preys on other lizards. It is an inhabitant of rocky 
slopes or foothills sometimes extending down onto the flats, but is more or 
less confined to rocky areas since it is under the rocks that it usually retreats 
to shelter. Such shelter usually consists of small excavations under large 
rocks or boulders of such size that considerable amelioration from the desert 
climate is provided. 

The brown-shouldered lizard is a ground-dwelling form which usually 
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occupies brushy, rocky or scrub forest-areas. When disturbed, it usually 
runs into a bush, a hole or behind a rock before stopping. The desert whip-
tail lizard is a ground dweller of the open scrub forests or desert areas. It 
is not a climbing form either of rocks or trees, but has great speed in 
running. 

The red racer is a wide-ranging form which occupies a niche at a slightly 
lower altitude and slightly warmer climate than the striped racer of the chap
arral. The latter is an inhabitant of the lower mountain slopes while the 
former covers the foothills and valleys below. Its food is much like that of 
the striped racer and consists principally of lizards, bird eggs or young, and 
small rodents. The rattlesnake is a common inhabitant of all the terrestrial 
communities except the conifers and is probably the most common form 
found in the pigmy forest. 

Of the birds, perhaps the long-crested jay, Cyanocitta stelleri diadcmata 
(Bonaparte), is the most conspicuous and colorful inhabitant. Several pairs 
are usually present in the canyon each season. While one pair usually occu
pies a position just below the narrows where the canyon is not wide and 
where the vegetation is a composite of deciduous forest, chaparral, and scrub 
conifers all "scrambled" together, other pairs occupy positions in the scrub 
conifers farther down the canyon where pine nuts and perhaps juniper berries 
furnish part of the food supply. Less common is the Woodhouse jay, 
Aphelccoma ivoodhousei (Baird). 

The Rocky Mountain black-headed grosbeak, Hedymeles melanoccphala 
papago Oberholser, although primarily a deciduous forest inhabitant, often 
visits the scrub conifers near by in search of insects and probably pine nuts 
or juniper berries. The small inconspicuous western chipping sparrow, 
Spizella passcrina arizonae Coues, is one of the most common forms of the 
ground stratum. The Say phoebe, Sayornis sayus sayus (Bonaparte), in one 
case at least, nested under the eaves of a building among the pinyons and 
junipers where it searched for its insect food either on the wing or on the 
ground. 

Among the mammals, the gray rock squirrel, O. g. grammurus (Say), 
finds an abundant supply of pine nuts in the fall of the year which it stores 
away in caches. In building roads and trails, the caches have sometimes been 
uncovered, some of them containing as much as two bushels of nuts (Zion-
Bryce Nature Notes, Vol. 2, No. 3, Aug., 1930). 

The wood rat, Neotoma lepida monstrabilis Goldman, judging from its 
conspicuous nests scattered throughout the scrub conifers, the desert scrub 
and even among the deciduous forest, is a very widespread and successful 
member of the rodent group. Its fare is undoubtedly much varied. I have 
had it take Cooper land snails and extract the bodies from the shells through 
a hole nibbled at the base of the first whorl. 
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The Rocky Mountain mule deer, 0. h. macrotis (True), often ranges 
during the winter time through the scrub conifers. 

DESERT SCRUB 

Biotic forms now living on the desert plain off below the mouth of the 
canyon, receive the direct impact of the desert climate with but little, if any, 
amelioration. During the critical drouth period of the summer growing sea
son when the supply of soil moisture is far too small to serve the needs of 
the transpiration stream of more mesophytic plants, the desert plants are 
subjected to the extremes of the habitat with reference to intense light, in
tense heat (high temperatures, often over 100° F ) , rapid evaporation (far 
exceeding the precipitation), and low relative humidity (often as low as 
10-20%). 

In addition to the desert plains below its mouth, there are certain situa
tions in the canyon itself subjected to similar conditions. These consist 
principally of south-facing cliffs and slopes, especially in the lower altitudes, 
and occupy extensive areas around the mouth of the canyon where the walls 
fall away and great areas are exposed to the sun, but lesser areas may be 
found scattered here and there in many places. 

Plants that are successful in this desert habitat are adapted in various 
ways to meet its adversities or peculiarities. Certain annuals avoid its ex
treme adversities by growing during the periods when moisture is available, 
either early spring or late summer and fall. A few perennials store food in 
bulbs and do likewise—i.e., grow when moisture is available, as does the sego 
lily, Calochortus nuttallii Torr. & Gray, which passes through its cycle of 
growth and reproduction in the spring. 

Most of the perennials, however, cannot avoid these critical periods. They 
must meet the conditions as they exist. In general, they are plants that have 
more or less control over the transpiration stream, otherwise they would per
ish during the critical drouth period when the soil moisture had been reduced 
to the point where they could no longer extract water from the soil. There 
are a few desert plants which avoid this danger as in the case of the follow
ing whose roots usually reach an underground source of water and are thus 
able to keep the transpiration stream fully supplied: 

Strombocarpa odorata (Torr. & Frcm) Screwbean Mesquite 
Prosopis glandulosa Torr Bean-pod Mesquite 
Rhus utahensis Gooding Utah Squawbush 
Pinched scricca (Nutt.) Arrow-weed 

Such a source of water helps to alleviate the unfavorable desert conditions, 
but in those areas where no such help is available and the plants depend 
directly upon rainfall for their soil moisture, other methods of meeting the 
situation are used. Some store water in the plant body when it is available 
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FIG. 19. A clump of the elephant-ear cactus, Opunlia tcnuispina Engelm, growing 
on an exposed talus slope. (Photo by U. S. Nat. Park Service.) 
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(succulent type), others reduce the surface from which evaporation may take 
place (thorny type), while still others are coated with hairy structures or 
waxy substances that tend to prevent evaporation. 

The chief component of this type of desert flora in the area under con
sideration is the black brush, Coleogyne ramosissima Torrey, which is wide
spread over the flats between the mouth of the canyon and the Hurricane 
Fault, but there are occasional clumps of the more typical Lower Sonoran 
creosote bush, Covillea tridentata (DC), in various places on the desert plain 
•—the upper edge of its range. The important components of this desert 
group of plants include the following: 

Ephedra torrcyana ( ? ) S. Wats Mormon Tea 
Yucca angustissima Engelm Narrow-leaved Yucca 
Yucca baccata Torr Thick-leaved Yucca 
Odostcmon fremontii (Torr . ) Weump Berry 
Coleogyne ramosissima Torr Black Brush 
Kramcria glaudulosa N. & P Krameria 
Paroscla johnsoni (S . Wats.) Desert Beauty 
Cozdllea tridentata (D. C.) Creosote Bush 
Opuntia echinocarpa Engelm Little Tree Cactus 
Opuntia basilaris Engelm Spineless Cactus 
Opuntia crinacca Engelm Red-spined Cactus 
Opuntia tdnuispina Engelm Elephant-ear Cactus 
Opuntia rubrifolia Engelm Red-flowering Cactus 
Echinoccrcus coccincus Engelm Cactus 
Echinoccrcns cngelmanni (Pa r ry ) Cucumber Cactus 
Echinoccrcus octacanthus (Muhl) Cactus 
Lycium sp. 
Colcosanthus longifolius (S . Wats.) Long-leaved Coleos 

Animals have similar problems to meet—that is, they must either be able 
to meet the extremes of the desert environment or avoid them. Those which 
cannot are eliminated. The fauna is consequently highly specialized in vari
ous ways and much restricted in numbers when compared with the more 
prolific formations. The paucity of faunal life in the desert is very evident, 
but it is more apparent to a casual visitor than real. Much of the fauna is 
engaged in avoiding the extremes of the climate. During the summer, they 
are usually hidden during the day and abroad at night when conditions are 
not so unfavorable and consequently are seldom seen. Those that are active 
during the daytime usually operate during the morning or evening, and slow 
down or cease activity (some of them estivate) during the middle of the day. 

The desert produces a much more varied flora than occurs among the 
scrub conifers, and the vegetation is, in general, more palatable to animals, 
particularly the insects. Living plant roots and fungi growing on dead roots 
furnish a large source of food supply to certain groups of insects, particularly 
in the larval state. The root-feeding larvae include members of the cicadas, 
Cicadidac, and June beetles. Scarabeidae, the species often being different 
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from those of the other communities. The free-ranging larvae of the bee-
flies, Bombyliidae, and of the robber-flies. Asilidae. are important members 
of the underground fauna of predaceous insects. 

Other insects find food above ground. There is a large group of leaf-
eating larvae, notably among the moths and butter-flies, Lepidoptera, which 
feed upon the annuals in the spring and transform to adults later in the 
season. Other insects find food within the stems of plants where they are 
more or less protected from the vicissitudes of the weather. These are well 
represented in the wood-boring beetles, both the round headed, C'erambycidac, 
and the flat headed, Buprestidae. Monilema shantzi Casey which lives in the 
stems of the cactus is a good example of the former and Aenicodcra varicgata 
Leconte which sometimes occurs in the stems of mesquite is a good example 
of the latter. 

The ground litter being very sparse, snails and millipedes are practically 
excluded. Scorpions and centipedes that find shelter under rocks and prey 
upon insects are successful in the desert. The species are identical with those 
listed for the pigmy forest. The tarantula and black widow spider also occur 
here. 

Among the vertebrates, the fauna consists principally of reptiles, birds 
and mammals, the fish and amphibians being excluded by lack of water. 
There may be an exception to this exclusion in the case of the desert toad, 
Bufo punctatus B. & G., which might be expected to occur in the vicinity of 
small streams from seepage that furnish ponds suitable for the development 
of the larvae. 

The principal desert reptiles of the region below the mouth of the canyon 
are the following: 

Coleonyx varicgatus (Baird) Banded Gecko 
Sauronialus obesus (Baird) Clnickwalla 
Crotaphytus collaris baileyi (Stej) Western Collared Lizard 
Phrynosoma platyrhinos Girard Desert Horned Toad 
Heloderma suspectum Cope Gila Monster 
Cnemidophorus t. tessellatus (Say) Desert Whiptail Lizard 
Crotalus confluentns lutosits Klauber Great Basin Rattlesnake 

The banded gecko is a nocturnal form, hiding in the day time under stones 
or rocks and coming out to collect its insect food at night. The chuckwalla is 
associated with the large rocks or boulders, adapted by its flat form to fit into 
the cracks or crevices for protection, but must leave such shelter to seek its 
food consisting of vegetation. The desert horned toad inhabits the flats or 
open slopes, feeding upon insects and depending upon the shelter of bushes 
for protection. 

The niche of the Gila monster is not so fully known. It appears to be 
associated with the rocky areas and is probably carnivorous, perhaps feeding 
upon the eggs of birds or reptiles or perhaps upon the young. The checkered 
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race-runner or desert whiptail lizard is a denizen of the open spaces where it 
seeks its insect food and where it has a chance to preserve itself from its 
enemies by running. 

Many birds inhabit the desert either permanently or seasonally. Only a 
few of the more typical or characteristic forms will be listed: 

Lophorlyx gambeli gatnbeli Gambel Gambel Quail 
Geococcyx californianus (Lesson) Road Runner 
Salpinctes obsolctus obsolctus (Say) Rock Wren 
Amphispiza bilincata dcserticola Ridgw Desert Sparrow 

The Gambel quail is a vegetarian, feeding largely on seeds and fruits. I t 
is usually limited to brushy areas within reach of water. Although primarily 
belonging to the ground stratum, it will fly short distances in alarm and will 
enter bushes in search of fruits or seeds or will perch on bush tops or fence 
posts as look-out points. 

The road runner is another ground stratum bird, but is much more 
mobile than the quail and utilizes an entirely different type of food, being 
carnivorous and feeding largely upon insects and reptiles, two of the out
standing desert groups. Its conformation and aggressive habits are in marked 
contrast with the protective adaptations of the quail. 

The rock wren occupies a niche around boulders and rocky outcrops. 
Being insectivorous, it gets its food largely from insects that come to the 
rocky areas. The desert sparrow, also insectivorous, occupies a niche in the 
shrub stratum. 

Of the mammals, the desert wood rat, Neotoma lepida monstrabilis Gold
man, is widespread in the desert. It is nocturnal and omnivorous. In contrast 
stands the diurnal and vegetarian antelope ground squirrel, Ammosper-
mophilus leucurus cinnamoneus (Mer r i am) . 

S U C C E S S I O N 

Of the various kinds of succession, two have been chosen for primary 
emphasis here, topographic and biotic; topographic because of its probable 
parallel development with the movement of the canyon thus indicating his
torical sequences of the communities and pointing towar/1 an understanding 
of present day conditions upon the historical background; biotic because of 
its immediate interest in connection with the interpretation of community 
relationships. By topographic succession, we may refer to those major biotic 
changes that have occurred as a result of the shifting of the topography—the 
movement of communities. The term biotic succession may be used to in
dicate successive significant changes that occur in the biotic organization of 
communities. 

TOPOGRAPHIC SUCCESSION 

The evidence for the historical topographic succession is largely and pri
marily geologic in its nature. It rests fundamentally upon the assumption 
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FIG. 20. Temporary stream following a heavy shower. It stopped flowing within 
two hours after the rain ceased. Scene along the Zion-Mt. Carmel highway. (Photo 
by U. S. Nat. Park Service.) 
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that the homologous rock strata of the region were at one time continuous 
in a practically horizontal position and that land elevation, displacements and 
erosion have been the principal agencies involved in changing the original 
conditions. 

With this assumption, it is logical to conclude that with the land elevation 
of the region, the river early sunk its channel downward faster than the other 
forces of erosion widened it, beginning at some point much farther down
stream than its present location. This is a matter of relative rates of erosion ; 
the deepening depending primarily upon fall but also upon quantity of water, 
the widening largely upon local climate. That plenty of fall has been available 
is quite evident from the amount of the land elevation. This, however, would 
again be affected by the rate at which the uplift occurred. 

The matter of local climate during the period of uplift is largely con
jecture. In all probability, the rising mass presented a higher and higher 
front to the prevailing winds from the southwest and thus secured more and 
more precipitation on the higher parts, probably slowly increasing the size 
of the stream. Otherwise the local climate may have changed but little. The 
uplift ended with a climate which produced a coniferous forest on its summit 
and a desert at its foot. 

That the river began deepening its channel at a point much farther down
stream there can be little doubt, for there are mesas flanking the desert 
plains below the mouth of the canyon that are evidently the remains of re
treating walls (Fig. 3). The evidence clearly points to a developing canyon, 
beginning many miles below and working headward toward its present posi
tion. The evidence for this is largely derived from the present condition of 
the canyon—deep and narrow at the head, gradually widening helow until 
finally obliterated leaving the desert plain in the rear. 

The origin of the biota of the general region is beyond the scope of this 
work. As the landmass arose and developed the several diverse belts of 
existing vegetation and their trains of animal life incident thereto, the various 
forms became available as components in the development of communities in 
the canyon. The canyon communities are in many ways duplicates of these 
belts, but brought together in sharp contrast with one another in such a way 
as to emphasize the important factors limiting or controlling the development 
of each type. The topographic succession deals with the way in which these 
various communities have shifted with the topographic headward movement 
of the canyon. 

The first gorge that was cut by the river many miles downstream must 
have produced bare areas of cliff which have continually receded both laterally 
and headward toward the present positions that they now occupv. The river 
must also have developed along its bed. an aquatic sandy desert which has 
extended its source farther and farther into the mountains, but whose course 
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FIG. 21. A small temporary waterfall coming from a hanging canyon. Temple 
of Sinawava. There are many such falls following heavy showers, sometimes much 
larger. Very effective in erosion. (Photo by U. S. Xat. Park Service.) 
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has remained practically constant except for minor lateral shiftings back and 
forth and for its vertical movement through degrading or aggrading its bed. 

The biotic communities have undoubtedly moved in conformity with the 
changes affecting the factors which determine their distribution. Considering 
land elevation alone, its net effect would be to push a definite climatic com
munity downstream. Considering stream degradation alone, its net effect 
would be the reverse—to push a climatic community upstream. Assuming 
that at some stage in the development of the canyon, that the different com
munities present there today somehow entered it and have moved largely in 
conformity with the changing topography as a result of degradation, we can 
follow the theoretical movements of the communities. 

The river and the bare areas of cliff were the beginning. The stream was 
undoubtedly stocked with living organisms but the bare walls of the gorge 
must have been practically devoid of life at first. In all probability, seeps 
and springs emerged from the cliffs where the subterranean reservoirs had 
been opened by the gorge. No doubt, life forms developed in the trickling 
water. As the canyon widened and the walls receded, a successional series 
of development must have followed, leading through the stages now repre
sented in the hanging gardens and the small stream (spring brook) stages 
and ending with an extension of the river. With the movement of the gorge 
headward, fresh seeps and springs emerged farther upstream and older ones 
dried up below. Those which persisted below were consolidated into larger 
tributaries which pushed their drainage areas farther back into the mountains. 
Thus, the beginnings of the aquatic sere were continually transferred farther 
and farther upstream with the retreat of the canyon. 

The original narrow gorge was, no doubt, comparable to the present gorge 
at the head of the canyon, since it was cut through the same stratum of rock. 
It was undoubtedly characterized like the present gorge by short sunlight 
period, low or moderate temperatures during the growing season, low rate 
of evaporation and high relative humidity. The bare rock would, under 
such conditions, likely lead to the development of a sparse community with a 
climax of coniferous forest. With a widening of the gorge and the letting 
in of more sunlight, climatic conditions would change and become unsuitable 
for the conifers. They would, however, still find suitable habitat conditions 
in the narrower part of the gorge where it had been cut further upstream. 
The net result would be a migration of this community progressively farther 
upstream keeping pace with the movement of the narrow gorge. 

The movement of the deciduous chaparral and scrub conifers may be 
explained upon the same hypothesis. As the gorge widened into a canyon, 
it presented exposed and protected slopes to longer periods of sunshine. The 
chaparral on the northerly and the scrub conifers on the southerly exposures 
followed the advancing gorge as it opened out and let in the sunshine. 

As the resulting canyon finished widening out and became obliterated, it 
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FIG. 22. Potholes worn by intermittent streams that flow only following heavy 
precipitation. They show results of stream action. (Photo by U. S. Nat. Park 
Service.) 
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FIG. 23. Water-worn gorge in Pine Creek, showing the perched potholes of stream 
origin on the sidewalls, as viewed from a window in the Zion-Mt. Carmel Tunnel. 
(Photo by U. S. Nat. Park Service.) 
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exposed the biotic occupants to the full rigors of the desert climate by exclud
ing the ameliorating aid of the canyon walls. The chaparral and scrub conifer 
biotic groups thus gave way to the desert community which followed on the 
lengthening stretch of desert plain. . . 

The deciduous forest along the margins of the river has had a different 
history. At present, the trees of this group do not grow in the narrows with 
the conifers. Their range begins where that of the conifers ends. Some of 
them, especially the cottonwoods, occur all the way down the flood plain of 
the river to its junction with the Colorado. This community, then, has not 
moved bodily forward as have the other terrestrial communities, but has 
simply extended its area headward, following in the wake of the widening 
gorge. 

To summarize the topographic succession, the various communities of 
Zion Canyon probably had their origin in a similar canyon much farther down
stream and have moved forward with the retreating canyon in a successive 
series of changes, correlated with successive changes in physical conditions. 
The communities designated as bare areas, hanging gardens, small streams, 
coniferous forest, deciduous chaparral, and scrub conifers have moved bodily 
forward giving way in the rear to other types. The balance of the com
munities, the river, the deciduous forest, and the desert persist after the 
others have moved forward. They simply extend their areas by advancing 
in the rear of the former without giving up any of their own areas. 

CORRELATION OF STAGES 

GEOLOGIC PHYSIOGRAFHIC 

River and plain 

Gorge 
Cliffs 
Crevices 
Seeps and springs 
River 

Wide canyon 
Cliffs 
Talus slopes 
Talus slopes 
Small streams 
Ponds and swamps 
River 
River littoral 

Mature valley 
River 
River littoral 
Arid borders 
Talus slopes 

Desert plain 
River 
River littoral 
Arid plain 

ECOLOGIC 

Unknown—probably desert 

Bare areas 
Coniferous forest 
Hanging gardens 
River Biota 

Bare areas 
Deciduous chaparral 
Scrub conifers 
Small stream biota 
Pond and swamp biota 
River biota 
Deciduous forest 

River biota 
Deciduous forest 
Desert scrub 
Scrub conifers 

River biota 
Deciduous forest 
Desert scrub 
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TOPOGRAPHIC SUCCESSION 

HISTORICAL MOVEMENT OF COMMUNITIES 

FIG. 24. Single arrows indicate the normal historical course of development. 
Double arrows indicate that there may have been a shifting back and forth due to 
physiographic changes. 
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BIOTIC SUCCESSION 

SUCCESSIOXAL DEVELOPMENT 

While the various communities have, no doubt, been continuously distinct 
entities since their initial establishment in the canyon, yet they are scarcely 
of equal rank from the developmental standpoint. Some of them are fore
runners of others. The communities have been named from their primary 
outstanding characteristics and only those of obvious importance or influence 
have received recognition. 

When analyzed from the standpoint of successional development, some of 
the larger important communities must be subordinated in rank to smaller 
less important ones. With such development implying successive stages from 
bare areas (nudation) through the various steps to approximate stabilization 
(climax), it is obvious that the bare cliffs which are so conspicuous in the 
landscape form the beginning for all of the primary seres that lead to all 
five of the formations. 

The four terrestrial formations, coniferous forest, deciduous chaparral, 
scrub conifers, and desert scrub are derived directly from the bare areas of 
cliff through successive stages of soil formation and colonization. The type 
of development depends upon the location with reference to the amount of 
amelioration given the local climate by the river and the protecting walls. 
That with the greatest amelioration develops the conifers. Next to it stands 
the deciduous chaparral. This is followed by the scrub conifers or pigmy 
forest. Lastly comes the desert scrub with the amelioration reduced to its 
lowest point. 

The river formation develops by an entirely different method, depending 
primarily on the presence of water. The river is merely enlarged or extended 
by the development resulting from the trickling water and the small streams. 
Some of the springs and small streams dry up and disappear; others get 
larger and make tributaries or forks. The river stream shifts back and forth 
over its flood plains leaving ponds and swamps here and there, which either 
pass through a hydrosere and eventually fill up and pass into a terrestrial 
formation or are reoccupied by the stream. Deciduous forest develops along 
the floodplains. If the river shifts its position, it may inundate parts of 
this forest and may leave other parts high and dry, in which case, these 
exposed portions may be encroached upon by the adjacent formations. Thus 
the deciduous chaparral, scrub conifers and desert scrub may each receive 
small additions by such encroachment upon the deciduous forest, but such 
areas are usually compensated by similar losses from the opposite side of the 
river. The important point is that the deciduous forest is a constant accom
paniment of the ever-shifting floodplains. 
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SERAL DEVELOPMENT 

SUCCESSIONAI. DEVELOPMENT OF COMMUNITIES 

FIG. 25. Single arrows indicate the normal course of development. Double 
arrows indicate that there may be shifting back and forth due to physiographic 
changes. 
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CYCLICAL SUCCESSION 

RHYTHMICAL PHENOMENA 

The various physical rhythms or rhythmical phenomena that affect the 
biotic elements produce marked cyclical responses. The cycles to be given 
primary attention here are those resulting from the march of the seasons 
producing temperature alternations, from the diurnal sun rhythm producing 
day and night, and from precipitation rhythms producing wet and dry periods. 

The temperature cycle ranges from optimum conditions in the spring up
ward through the summer to critical and often prohibitive temperatures of 
more than 100° F, and from optimum temperatures in the fall downward 
through the winter to temperatures far below freezing, often to the neighbor
hood of 10° to 15° F. 

The principal adjustments to this cycle are the lessened activities or the 
dormancy of the plants and most animals (excluding some of the warm
blooded species) during the winter, the general recrudescence of growth and 
activity of both in the warm weather, and perhaps estivation of some forms 
during hot weather. These adjustments may be modified by either or both 

„of the other two cycles. The day and night rhythm, producing both heat 
and light or the reverse, may accelerate or retard the seasonal march. The 
recurrent wet and dry periods may provide optimum growing conditions or 
cause an adjustment to adverse conditions or critical limits. 

The winters are relatively short and mild when compared with the inter-
mountain region. The mean monthly temperature does not reach the freezing 
point, but the mean minimum descends several degrees below that figure. 
Actually, however, short periods of severe freezing weather do occur, during 
which time, the soil may be frozen to a depth of two to ten inches. 

The summers are comparatively hot, the maximum temperature sometimes 
reaching as much as 105° F, although the mean maximum is only 96° F and 
the mean summer temperature is less than 80° F. 

These figures do not register the actual conditions in the habitats but they 
indicate something of the critical temperatures of the extremes that the plants 
and animals must either meet or avoid. They undoubtedly are effective in 
excluding forms which cannot meet or circumvent these restrictions. 

The mean spring temperature of 50° F which occurs in March, approx
imately coincides with the period of renewed growth and activity at which 
time, a majority of the plants develop new foliage and dormant animals such 
as insects and lizards become active. The diurnal rhythm must be taken into 
consideration in this connection. The mean maximum at this period reaches 
65° F and the mean minimum 36° F, indicating that the days are warm and 
the nights are cold, with a consequent speeding up of growth and activity in 
the daytime.when light is available for plants and a slowing down at night. 

The spring may be characterized by normally moist soil with a tendency 
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to increasing dessication as the season advances; by gradually increasing 
temperatures; and by strong contrast between day and night, the day tem
peratures and the light ranging in the neighborhood of the optimum for growth 
and activity, and the nocturnal temperatures usually descending to points 
much below the optimum, often in the neighborhood of the critical limit 
which prohibits growth and activity, and occasionally to freezing. 

P L A N T CYCLE'S 

As the season advances toward soil dessication and higher temperatures, 
the biota must adjust its further development to both factors. A large group 
of annual plants complete their life cycle before the intense heat and critical 
drouth period of June. This group includes species of the genera Eriogonum. 
Claytonia. Delphinium. Lepidium. Maleomia, Lotus, Petalostemon, Erodium 
and Phlox. Undoubtedly many plants that cannot develop seed before this 
critical period are thereby excluded. The fore part of the season with mean 
temperatures ranging around 45° to 60° F usually correspond to the vegetative 
period of growth whereas the latter part of the period with higher mean 
temperatures usually around 60° to 70° F is correlated with the reproductive 
period—the development of seeds. 

The recurrent moist period is the signal for rapid development of a new 
group of annuals. These are usually favorably located with reference to soil 
moisture or else early develop root systems that enable them to survive the 
early summer drouth. They usually begin development later in the season 
when the mean temperature is much higher than the spring annuals. Some 
of the more conspicuous of these may be listed: 

Salsola pcstifcr A. Nels Russian Thistle 
Brassica cam pest ris L Rutabaga 
Brassica juncca (L) 
Cleomc lutca Hook Yellow Beeflower 
Gayophytum ramosissimum T. & G. 
Physalis fendlcri A. Gray Ground cherry 
Solatium nigrum L Black nightshade 
Hclianthus annuus L Sunflower 

The late summer moist period is also the signal for the establishment of 
certain biennials which survive the winter and bloom the next season. Estab
lishment at this time of the year permits them to develop sufficiently large 
root systems to enable them to withstand the winter cold and the June drouth. 
The majority come into bloom in late summer the next season, coincident with 
lowering summer temperature, shortening daylight, and late summer moist 
period. The following are some of the conspicuous members of this group: 

Thelypodium intcgrifolium (Nutt.) 
Streptanthus longirostris S. Wats 
Melilotus alba Desr .' White sweet Clover 
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FIG. 26. The sacred datura. Datura nicteloides D. C, in bloom. One of the 
plants that bloom at night in midsummer. The flowers close when the sun strikes 
them in the morning. (Photo by U. S. Nat. Park Service.) 



April, 1933 BlOTIC RELATIONSHIPS OF ZlON CANYON 227 

Oenothera longissima ( ? ) Rydb Yellow evening Primrose 
Phacelia heterophylla Pursh. 

The perennials, adapted or adjusted in various ways to tide over adverse 
conditions, are less limited by the moisture cycle, although even here its effects 
are apparent in some cases. In those situations where subterranean water 
ameliorates the soil conditions, there is less evidence of the effects of the 
cyclical periods in precipitation, consequently it is among the xerophytic 
types that the greatest responses occur. Most of these plants are either pre
pared to store moisture when available or resist dessication during drouth, 
but carry on their principal growth and flowering in the spring when soil 
moisture is still available. Seed production may be carried over into the 
drouth period since there is at that stage less danger of water loss. One 
exception among the plants listed as desert scrub is that of the long-leaved 
coleos. Colcosanthus longifolius (S. Wats.), which blooms in the fall, Sep
tember-October. 

Other perennials, like the early annuals, grow, bloom and produce seed 
before the summer drouth. This group is well illustrated by several species 
of the genus Penstemon and by species of the genera Allium, Dichelostemma, 
Fritillaria. Calochortus, Abronia, Astragalus, and Sphaeralcea, some of which 
are bulbiferous. 

In general, the development of those perennials supplied with larger quan
tities of soil moisture, is regulated primarily by temperature and light condi
tions in conjunction with the inherent characters of the various species. 
Many of them grow vigorously and bloom in the spring and take the task of 
seed production more leisurely. Examples of these are the oaks, maples and 
ashes. 

Early summer is characterized by a conspicuous group of night-blooming 
plants, mostly perennials (one biennial), as well as a conspicuous absence of 
the day-blooming forms. The temperatures at this period are extremely high 
in the day-time, often reaching more than 100° F. The heat rigor developed 
by such high temperatures is probably sufficient to account for the absence of 
bloom under such conditions. The nights, however, approach optimum con
ditions, the minimum temperatures usually ranging between 60° and 80° F. 
With the exception of the four o'clock, which opens in late afternoon, the 
flowers listed below all open about dusk. They usually close next morning 
when the sun strikes them. On cloudy days or in shady situations, they may 
persist much later in the day. In fact, I have observed datura flowers in the 
narrow part of the canyon on cloudy days last over until the second night. 
The controlling factor is probably temperature although moisture loss may 
be associated in control. Following are the important night-blooming species: 

Tradescantia scopulorum Rose Spiderwort 
Quamoclidium tnultiflorum Torr Four o'clock 
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FIG. 27. A diagrammatic representation of the cyclical volume of activity of cer
tain ecological groups of plants with special reference to blooming period, showing 
the main periods of activity and the way in which they harmonize the life cycle with 
rythmical phenomena of light, temperature and precipitation. 
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Oenothera longissima (?) Rydb Yellow evening Primrose 
Onagra pallida (Lindl) White evening Primrose 
Datura meteloides D. C Sacred Datura 

There are a few minor exceptions to this general rule, but they are not 
numerous. The large elephant-ear cactus, Optmtia tenuispina, opens its bloom 
in the middle of the day but its blooming period is usually over by early July. 
The blazing star, Mcntzclia multiflora ( N u t t . ) , opens its flowers in the bright 
sunlight. 

Late summer and fall is a period characterized by profuse bloom nearly 
equal to that of the spring period. The following list gives some of the more 
striking and more important members of the group, many of which belong 
to the family Compositae. 

Geranium frcmontii Torr Wild Geranium 
Mimulus moschatus (?) Doug Red Monkey Flower 
Cueurbita foctidissima HBK Wild Gourd 
Lobelia splendens Willd The Splendid Lobelia 
Coleosanthus grandiflorus (Hook) Grand-flowering Coleos 
Colcosanthus califamicus (T & G) California Coleos 
Solidago trincrvata Green Golden-rod 
Aster sp Aster 
Artemisia dracunculoides Pursh Linear-leaved Sage 
Artemisia mexicana Willd Mexican Sage 
Senccio ambrosioides Rydb Senecio 

The cyclical succession of plants may be briefly summarized: 
A large group of annuals arise from seed in early spring and pass through 

their life cycles before the summer drouth arrives. Similarly, a large group 
of perennials, mostly growing in xeric areas, put on vigorous growth and 
pass through the blooming period and much of the seed production period 
while the spring moisture is still available. 

Another group of perennials with slower development in the spring, be
coming night-blooming, are characteristic of the hot dry period of early 
summer when day temperatures are extreme and day-blooming flowers are 
rare. 

A second group of both annuals and perennials develop more slowly 
through spring and summer and come into bloom during late summer or 
fall coincident with the late summer moist period, lowering temperatures, 
and shortening daylight period. 

A conspicuous group of biennials establish themselves during the late-
summer moist period, endure the cold of winter and the drouth of early sum
mer, and bloom the second season concurrently with the fall groups of 
annuals and perennials. 

A N I M A L CYCLES 

The recrudescence of plant growth in the spring with its near optimum 
conditions of temperature and moisture, is followed by a big wave of animal 
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life. Many hibernating insects come forth in search of food and suitable egg-
laying sites. Overwintering eggs hatch and the larvae begin feeding. Hidden 
pupae emerge as adult insects. There is thus a sudden increase in the insect 
population with the opening of spring. This wave reaches higher proportions 
in Zion Canyon than in much of the surrounding region. 

Arachnids, amphibians, lizards and bats arouse from their dormancy and 
find a plentiful supply of insect food which enables them to recuperate rapidly 
from their hibernation and prepare for the reproductive season that is to 
follow when temperature and moisture conditions are suitable or when their 
life histories provide. Insectivorous birds find an abundant supply of insect 
food and in the northward migration, they flock into Zion Canyon as if into 
a funnel. 

All through the spring, amphibian eggs are deposited in the ponds and 
streams and develop into tadpoles. Terrestrial snails feeding among the 
ground litter find optimum conditions during the spring before the litter dries 
out too much. When too dry, they retreat into their shells for protection 
from dessication and spend long periods in rest. The millipedes also find 
optimum conditions during the spring while the litter is moist, but descend 
underground when dessication threatens. 

Not only do the visible plants and animals of the surface take on this 
spring recrudescence, but also a subsoil flora and fauna. The moist soil 
and optimum temperatures provide suitable conditions for subsoil fungus 
growth upon dead roots of plants extending long distances down into the 
soil. This fungus growth furnishes a suitable supply of food for certain 
groups of insect larvae, notably of the beetles of the family Tcnebrionidae 
and of the fungus-eating flies of the family Mycclophilidae. Larvae of the 
beetles of the family Staphylinidae follow these flies as predators into their 
underground haunts. 

Species that feed upon live roots are also numerous. Such forms include 
ten known species among the click beetles, Elateridae, one species of Lu-
canidac, fourteen species of the June beetles Scarabeidae, and five species of 
Cicadidae. Predaceous forms also occur, outstanding groups of which are 
the larvae of the Asilidac, (robber-flies), and the Bombyliidae (Bee-flies), 
which are free ranging subterranean feeding upon the other subterranean 
forms, particularly the vegetarians. 

With the arrival of the summer drouth, the passing of the annual plants 
removes their roots as a source of food supply for live-root feeding larvae. 
The parching of the soil, together with high soil temperatures produces ad
verse conditions for the subterranean fungus growth. With this diminution 
in the supply of subterranean food, many of the insects go into pupation. 
Some of them, notably the Tenebrionidae (some of them take more than one 
year), soon emerge as adult insects and add to the already numerous popula-
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tion. Others, notably the Scarahcidac. await the arrival of the summer rains 
and emerge when moisture arrives to aid the transformation. This adds 
another wave to the insect population, and helps to bring it to the high peak 
of the season in late summer. 

FOOD CYCLES—FOOD SUCCESSION 

It is a well known fact that (with possible slight exceptions) the green 
plants are the manufacturers of the basic foods for all the rest of the biotic 
organisms. The main currents of food succession (food cycles) are also 
pretty definitely determined. It remains to be pointed out here the particular 
routes of the important cycles as they occur in the area under consideration. 

The main currents go, as usual, from the green plants to the vegetarians 
and thence to the carnivorous forms and the parasites. The green plants in
clude more than twenty species of algae and some 340 species of higher 
plants, involving a great variety of types and forms, and furnishing an 
abundant variety of basic food suitable for many different kinds of animals 
and parasitic plants. The known parasitic plants, exclusive of the fungi, are 
of hut small significance as compared with animals. The known forms in
clude the following: 

Comandra pallida A.DC A root parasite 
Phoradendrum junipcrinum Engelm Juniper Mistletoe 
Razoumofskya divarcata (Engelm.) Pinyon Mistletoe 
Two species of Cuscuta Dodder 
Orobanchc coopcri (Gray) Broomrape, parasitic on oak roots 

The remains of plants, particularly dead logs and leaves, which may be 
referred to collectively as ground litter, furnish a source of nutriment to a 
group of snails including 14 species, to millipeds of three species, to one 
crustacean, the pillbug, and to fungi of several kinds. The snails show con
siderable variability in their humidity requirements, ranging from moist 
shady conditions with little or no danger of dessication to conditions of 
moderate drouth and considerable dessication among dry leaves that are 
moistened for short periods only during times of precipitation. Under these 
conditions, the dessication resistance of the various species appears to be the 
limiting factor of distribution among those areas where the proper food is 
available. They are almost entirely restricted to the communities of the 
deciduous chaparral and deciduous forest, being practically excluded from 
the scrub conifers and desert scrub. 

The millipedes are also restricted by moisture requirements. They are not 
found where too much dessication occurs and consequently are limited to 
those areas containing enough ground litter to insure a perpetually moist 
environment. During dry spells, they often descend considerable distance 
into the soil to secure the proper moisture equilibrium. 

The algae as a group are the primary source of food supply for certain 
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MAIN CURRENTS OF FOOD SUCCESSION 

FIG. 28. The arrows indicate the direction of food transfer. No attempt is made 
to show food relationships within each group, nor the lesser currents of food transfer. 
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groups of aquatic animals. These include two crustaceans, the larvae of 
certain aquatic insects notably mosquitoes and caddice flies (Helicopsyche), 
two species of snails, the tadpoles of five species of amphibians, and one or 
two species of fish. The algae are limited to aquatic situations and are 
greatly restricted by the scouring action of floods in the larger of the water
courses, so that the chief sources of algal growth are in the water trickles, 
the quiet pools and the small streams in which the scouring action is small. 

These algae feeders are distributed in the aquatic habitats largely in 
accordance with their ability to resist the movement of water currents. The 
Zion snail, Petrophysa zionis (Pilsbry), inhabits the trickling water situations 
on the faces of the cliffs where it has a firm substratum to which it may cling 
to resist the movement of the trickling water and occasional floods. Certain 
of the insects, the crustaceans, and the snail, Gyraulus vermicularis (Gould), 
are pond occupants where there is little danger of movement of water cur
rents. The tadpoles occupy pools or slowly moving streams whereas the fish 
occupy all of the longer streams with stronger currents. In those small 
streams where both fish and tadpoles abound together, I have seen floods 
clean out the tadpole population but leave the fish. 

The insects represent by far the most numerous group, both as to species 
and numbers represented in the canyon. The list of beetles alone (Tanner, 
1928) contains 248 species. While this is the only order in which anything 
like a comprehensive list is available, a conservative estimate would indicate 
a total of not less than 1000 species of all kinds, perhaps many more than that. 

Among the vegetarian insects which have great diversity of form, func
tion and habit, may be found types that feed upon practically every species 
of plant and that utilize practically every part—roots, stems, leaves, flowers 
and seeds. They represent by far the most important group of animals that 
transform vegetation of practically all kinds into animal products. 

These are the forms that are so damaging to vegetation when, released 
from strict natural control, they multiply rapidly and become too numerous. 
Examples are not wanting of devastation caused by abnormal numbers. In 
1928, 29, 30, and 31, great damage was done to the ash trees, Fraxinus 
corwcea S. Wats., by the caterpillar of an undetermined moth, which evidently 
reached its climax about 1929-30 when many of the trees were completely 
defoliated soon after the trees reached their first full foliage. Here, as else
where, there is the ever present menace of the outbreaks of plagues of 
vegetarian insects. 

The vegetarians are preyed upon by the predaceous and parasitic insect 
forms, which add much to the already great diversity among the species and 
help to keep numbers limited. However, these are not sufficient to control 
the vegetarians. The whole group furnishes a nutritious and abundant 
supply of food for certain other groups of animals, many of whom depend 
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almost entirely upon insects for their food supply and aid in keeping the 
numbers reduced. This group includes spiders, scorpions, centipedes, fish, 
amphibians, lizards, birds, bats, rodents and carnivores. 

The spiders and their relatives, the scorpions and centipedes, are almost 
exclusively insectivorous, but some of them, in turn, fall prey to certain of 
the insects, notably the spider wasps, Psammocharidae, the muddaubers, 
Sceliphron, and wasps of the genus Chlorion. There are some fifty to sixty 
species of spiders divided among thirteen families known to occur in Zion 
Canyon (Chamberlin & Woodbury, 1929). Those of the sedentary spiders 
that spin webs and lie in wait for their prey to fall into these traps, depend 
for food upon those insects that chance brings to their restricted domain of 
web. These include members of the families Dictynidae, Theridiidae, and 
Linyphiidae which mostly spin small irregular webs among the brush, the 
family Argiopidae which spin regular well organized orb-webs, and the family 
Agalcnidae which build funnel webs that are used primarily as indicators of 
the approach of prey rather than as traps. Certain of the crab spiders, 
Thomisidae, lie in wait without webs in flowers and seize flower-visiting 
insects. 

Many of the balance of the spiders seek their prey by stalking or chasing, 
some of them (Lycosidae) being very active and possessing good vision. The 
group includes the families Lycosidae (wolf spiders), Salticidae (jumping 
spiders), Gnaphosidae, Theraphosidae (tarantulas), most of the Clubionidae, 
the subfamily Philodrominac of the family Thomisidae, and others of lesser 
importance. 

The centipedes (five species) and the scorpions (two species) are pri
marily nocturnal surface feeders upon insects and usually hide during the 
daytime under rocks, logs or trash. 

The adult amphibians (five species) are almost entirely insectivorous, even 
though the tadpoles are nearly exclusively algal feeders. The leopard frog 
and the tree frog inhabit situations close to the water so that they feed largely 
upon aquatic insects or those brought near the water from other sources. 
The two toads and sometimes even the salamander are found among the 
terrestrial vegetation feeding upon terrestrial insects. 

Among the lizards, eleven species are primarily insectivorous but also 
take spiders when available (Gertsch, W. J. & L. A. Woodbury, 1930). A 
twelfth species, the chuckwalla, Sauromalus obesus (Baird), is herbivorous. 
Certain of the insectivorous species may vary the diet by taking other forms 
of food occasionally, e.g., the ring-necked lizard, Crotaphytus collaris bailcyi 
(Stejneger), which is sometimes cannibalistic. The lizards usually have a 
restricted range of a few rods or more, depending largely upon the species, 
in which they hunt or chase their food and thus depend for their food supply 
upon the insects that happen to be in their particular localities. 
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The bats, being nocturnal and aerial in seeking their food supply, feed 
largely upon those insects that are abroad in the air at night. They evidently 
obtain a rich harvest in the canyon, for the bats are, relatively speaking, very 
numerous on a summer evening. 

Among the birds, the majority of the ninety species listed as occurring in 
Zion Canyon, are either chiefly insectivorous or use insects to form a consid
erable part of the diet. Their extreme mobility makes possible the occupancy 
of a great variety of habitat niches so that they hunt for their food in almost 
every conceivable place where insects occur, except underground below the 
reach of the bill. They even visit the faces of the cliffs where many of the 
other vertebrates are excluded. The numerous species and the many niches 
occupied together with the fact that they consume immense numbers of insects 
makes the birds as a group of foremost importance as reducers of insect 
numbers. 

The complications arising in the consideration of the problem of food 
succession among the birds makes the analysis difficult, not only because of 
the great variety of food, coupled with their migratory habits hut also because 
of successive changes in food habits at different seasons of the year. The 
role of the vegetarian bird in Zion Canyon is very meagre in the spring and 
summer when seeds are scarce and insects very abundant, e.g., the Rocky 
Mountain black-headed grosbeak which takes a considerable proportion of 
insects at this time of the year. Later in the season, when more seeds and 
fruits develop, even some of the insectivorous forms occasionally utilize them, 
e.g., the long-tailed chat which I have observed take the berries of the squaw 
bush, Rhus trilobata Nutt. 

The mammals are better represented among the vegetarians. There are 
nine species of rodents and two species of ungulates which may be placed in 
this group. Tbe rodents are probably second in importance to the insects as 
transformers of vegetation into animal products. They thus furnish an 
abundant supply of food for certain carnivorous groups, principally snakes, 
carnivorous birds, and the carnivores among mammals. Some of the rodents 
(gophers) are subterranean, feeding largely upon the roots of plants although 
they sometimes utilize other parts by cutting off the root and pulling the 
entire plant into the burrow. The majority of the rodents, however, use 
underground burrows for retreats and breeding places and forage for their 
food above the surface. They feed largely upon fruit, seeds and tender 
vegetation. The exception here is the porcupine which, having a protective 
armor of spines, has little use for burrows. It feeds largely on browse from 
shrubs and bushes and seldom resorts to the bark of conifers in the canyon 
where there is little snow to cover up other food. 

Of the two ungulates, the mountain sheep, Ovis c. canadensis Shaw, 
occurs principally among the rough cliffs and rocky areas at the top of the 
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walls and seldom descends into the canyon depths. It is therefore of little 
importance in the area under consideration. The Rocky Mountain mule deer, 
O. hemionus macrotis (True), however, although few in numbers but large 
in size, is one of the important users of the plants as a direct source of food. 
Many of these animals range here the year round, although a few probably 
climb out of the canyon onto the plateaus in the summer and return for the 
winter. There have been counted at one time, 78 deer in the canyon and it 
has been estimated that there are about 200 living in the vicinity. They feed 
principally upon tender herbage, the browse from shrubs and bushes and 
fungi. 

The snakes derive their food from at least six different source groups and 
in turn fall prey to certain carnivorous birds and are parasitized by nema
todes. A part of the food consists of vegetarian animals from such groups 
as tadpoles, fish and rodents, but they also derive a large proportion from 
insectivorous animals, largely amphibians, lizards and birds. From this latter 
standpoint, they may be considered as secondarily carnivorous. 

The mammalian carnivores, although few in species and few in numbers, 
are nevertheless of considerable importance in the food succession current, 
both because they approach the end of the series and because they are im
portant in regulating the numbers of certain vegetarians, notably the rodents 
and the ungulates, the latter of which form the important food of the cougar. 
Insects also supply food to them. 

Internal parasites, particularly nematodes and tapeworms are undoubtedly 
of considerable importance in the food successions but are little studied in 
this area. I have found nematodes in both lizards and snakes. L. A. Wood
bury has found the nematode, Physaloptera retusa Rud., of the super-family 
Spiruroidea, in 5 out of 53 specimens of the lizard, Sceloporus g. graciosus 
(B. &G.) . 

The external parasites are more commonly observed. They are of com
mon occurrence among the birds and mammals but I have found mites at
tached externally to lizards. 

When animals die, especially the vertebrates, unless otherwise disposed 
of, their bodies are nearly always utilized for food by other animals, chiefly 
carrion birds or carrion insects. Thus the edible material of the bodies is 
largely returned directly to the food chain cycle. 

The actual complexity of the food problem in nature is, of course, much 
more complicated than appears from this discussion or from the accompany
ing diagram. The main currents of food succession as outlined here deal 
primarily with the relations of the larger groups to one another and not to 
the relationships existing within the groups. If one should select a series 
showing the longest possible route of the food chain through successive groups 
of living organisms, seven steps might be shown, as illustrated by the fol-
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lowing series: (1) green plants, (2) insects, (3) spiders, (4) lizards, (5) 
snakes, (6) carnivorous birds, and (7) parasites. 

BIOLOGICAL EVIDENCES 

There are certain biological lines of evidence which seem to be of sig
nificance in interpreting the theoretical history of the canyon, particularly 
when considered in connection with the geological evidence already pointed 
out. The geological evidence rests largely upon the relative position of the 
rock strata with reference to the breaks at the fault lines and the gaps where 
stream erosion is still at work. The evidence for the stream erosion origin 
of the gorge rests largely upon the potholes of stream origin perched upon 
the faces of the cliffs above the stream bed. The evidence for the trans
portation of materials from the canyon is found in the carrying capacity of 
the river today interpreted in the light of our knowledge of modifying fac
tors. The evidence for the widening of the canyon comes from the under
mining activity of springs near the foot of the cliffs and from the various 
"successive steps" in the lengths of side canyons which become successively 
longer down the stream basin. 

Most of the springs issuing from the foot of the cliffs are found either 
in the narrower part of the main canyon or concentrated in side canyons. 
Many of these springs, especially those in the narrows, spread out over areas 
of rock, thus providing those situations suitable for the plant growth of the 
hanging gardens. The Zion snail, Petrophysa zionis (Pilsbry), occurs in 
such situations in the narrows. It is not known to occur in any other place. 
For a distance of approximately three miles at irregular intervals where con
ditions are suitable, it may be found on the faces of the cliffs in the small 
streams of trickling water, feeding upon the algae that grow there. 

It is in just such situations that the active travertine deposits are being 
built up, and the snails often occur among the algae that are being coated by 
the limestone. The area inhabited by the snails extends from some undeter
mined point in the extremely narrow part of the gorge downstream as far as 
a point known as the stadium, a half-mile below the narrows. That they 
formerly inhabited similar situations farther down stream is clearly indicated 
if not proven by the occurrence of dry travertine masses farther downstream 
still hanging on the faces of the cliff or in various stages of disintegration 
by erosion, at points where springs no longer flow. These definite records 
of former algal growth clearly point to the past presence of habitats essen
tially similar to those occupied today. It is reasonable to conclude that they 
were occupied by the snails. 

Since the snails do not now occupy similar habitats farther down in the 
sunnier, more open and less humid parts of the canyon where seepages do 
occur, it seems reasonable to conclude that they have been associated with the 
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narrow shaded part of the gorge, at least during the latter part of its develop
ment. This implies the movement of the snails upstream, keeping pace with 
the headward retreat of the narrows. 

This in turn leads to a question of origin, the answer to which must nec
essarily rest largely upon speculation with certain definite evidences to guide 
the trend of thought. Here is a Physoid snail much different in certain 
structural characters from any of its near relatives (Pilsbry, 1925). The 
foot is proportionally much larger and the spire much smaller than any of 
its kin. In fact, the spire is so small in proportion to the last large whorl 
that it is scarcely noticeable, so that its general appearance in its habitat is 
that of a hemispherical black dot about one-eighth inch in diameter. 

Hypothecating an ancestor of normal physid proportions living in the 
small stream before the uplift occurred which resulted in the formation of 
the canyon, a theoretical explanation of its development may be constructed. 
This theory which dovetails with and is supported by the theory of canyon 
development derived from geological evidence, is of significance in inter
preting the roles of isolation and natural selection in relation to the larger 
theory of organic evolution. 

With the development of the original gorge resulting from land uplift, 
the hypothetical ancestors were subjected to swifter stream action which 
carried abrasive sand and swept its algal food from the stream bed. The 
development of seeps and springs on the faces of the cliffs and the consequent 
algal growths, produced a substitute source of food supply and opened the 
way for them to climb onto the cliffs and abandon the sandswept river bed. 

The new habitat furnished an abundant supply of food, but subjected the 
snails to new dangers—that of falling from the cliff or being swept away by 
swift trickling water following the periodic downpours of rain. It is prob
able that those with the larger area of foot were better able to cling onto the 
wall and that those with the smaller spires were less often caught by trash 
or debris of the floods. The development of larger foot surface, necessitated 
larger shell to cover it when in retreat in the shell. The reduction in spire 
proportion would of necessity follow the enlargement of the foot provided 
that the extra size of foot was attained in the later stages of development. 
With isolation in a thus very specialized habitat and this sort of natural 
selection, there would be an active culling which would leave a larger and 
larger proportion of those with larger foot and smaller spire to reproduce 
and pass on those characters to the offspring. No attempt is made to ex
plain the origin of the variations which must have developed in this direction. 

The disproportion in size of the spire and foot may have been accom
plished by the excessive enlargement of the last whorl radially rather than 
axially in the late stages of development. Assuming that this enlargement 
originally developed in the adult stage and produced a ballooning of the last 
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FIG. 29. A cliff formerly undermined by seeping water, practically dry now. At 
tbe left is a mass of travertine hanging on a dry wall. Indicative of the former 
presence of hanging gardens. (Photo by U. S. Nat. Park Service.) 
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whorl, gradually restricting the primitive character to a progressive shorter 
and earlier period, we have an explanation to account for the extraordinary 
proportions and a suggestive method of adaptation by which the snails evolved 
to fit the conditions under which they were living. 

SUMMARY 

Zion Canyon had its origin in a deep narrow gorge first cut by the Virgin 
River some miles farther downstream during the early stages of uplift of the 
Markagunt Plateau. Land elevation totaling 6600 feet east of the Hurricane 
faultline gave the impetus necessary for the river cutting. Erosive forces 
widened the gorge below while headward erosion continued to produce new 
gorge upstream, resulting in a slow movement of the canyon headward and 
leaving in the rear an ever-lengthening stretch of desert plain cut lay the river 
and its fringing forest of deciduous trees. 

The evidence for such history of the canyon is largely geological. The 
differences in elevation of homologous strata on opposite sides of the fault 
are indicative of uplift. Gaps in homologous strata may be explained upon 
the basis of erosion. Evidence for the stream erosion origin of the gorges 
is found in the potholes perched on the face of the cliff above the stream 
bed. The weathering of the cliff faces and the intermittent falling of bould
ers indicate lateral recession. Springs at work at the base of the cliffs shal-
ing off disintegrated material thus undermining the cliff and forming arches 
that eventually work their way to the top, when considered together with the 
successive elongation of side canyons farther down the stream basin, furnish 
models of successive steps in an unique method of side-canyon development. 

With the movement of the canyon headward, new sources of underground 
water are tapped and the underground reservoirs drain out farther upstream, 
thus withdrawing water from springs below, causing them to dry up. Springs 
are also concentrated in side canyons in a similar manner. Competition 
among side-canyons results in dominance of some which may ultimately be
come larger tributaries to the river. Thus the idea of development so much 
sought in aquatic ecology may be applied in the case of this young and de
veloping river system. This leads to the idea of a biotic river formation 
equivalent to the terrestrial formations. 

The terrestrial formations are of four climatic types depending upon the 
amount of amelioration given to the local intrinsic desert climate bv the walls 
of the canyon. That with most amelioration in the narrows produces con
iferous forest. In the more open parts of the canyon on protected slopes, 
next in amelioration, the deciduous chaparral is dominant, whereas on ex
posed slopes with little protection, the pigmy forest or scrub conifers are 
typical. On the plain below the mouth of the canyon, with amelioration re
duced to its lowest point, the desert scrub has possession. 
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These formation communities have been analyzed from the biotic stand
point in an attempt to discover the factors which control the niches of various 
types of organisms. The physiographic and climatic factors largely deter
mine the types of plants which can develop on an area. The dominant plants 
in conjunction with these climatic and physiographic conditions largely deter
mine the type of niches which animals may utilize. Different types of dom
inants are usually accompanied by distinctly different biotic trains. The ex
ceptions may be accounted for upon the basis of similarity of niches under 
different dominants or the ability of organisms to endure a wide range of 
conditions. 

In attempting to deal with biotic communities, difficulty was encountered 
in finding terms of biotic significance. Drawing freely from the fields of 
botany and zoology, nomenclature suitable for the wider field was suggested. 
This includes sets of terms suitable for use in analyzing communities from 
several different standpoints. 

Applying to the biotic field the idea of development advocated by Clem
ents (1928) for plants, it was pointed out that some communities are fore
runners of others and thus of different rank. The bare cliffs are the begin
ning from which the various formations develop toward a climax, and the 
communities are classified in accordance with the position occupied in this 
scheme of development. The various factors producing bare areas were 
discussed. 

The movement of the canyon headward has caused a movement of the 
communities while keeping pace with the topography. Assuming that the 
formation communities first developed in the original canyon when the proper 
topographic conditions were evolved, they would then retain the same relative 
position in the canyon as it moved forward; coniferous forest in the narrows, 
chaparral and scrub conifers in the wider parts of the canyon on protected 
and exposed slopes respectively, desert scrub on the plain in the wake, and the 
river with its auxiliaries, especially its fringing deciduous forest, along the 
floor. 

Rhythmical phenomena of light, temperature and precipitation produce 
marked cyclical responses among the flora and fauna. Certain annuals, bien
nials and perennials fit their blooming periods into the moist periods of spring 
and fall. Most of the perennials that bloom during midsummer are night-
blooming forms that thus avoid the intense heat of the summer sun. Many 
perennials well-supplied with subterranean water fit normally into the tem
perature cycle. 

The principal animal cycles, especially the vegetarians, follow those of the 
plants. Most forms adjust to the winter cold by dormancy or migration 
(exceptions among the warm-blooded animals). The spring wave of vegeta
tion is correlated with a wave of insects both terrestrial and subterranean 
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and these in turn with the revived activity of many dormant insectivorous 
forms such as lizards, spiders and bats and the return of migratory birds. A 
similar wave occurs in the fall before the insectivorous forms become dor
mant or migrate to the south. The drouth in summer is correlated with a 
reduction in numbers of birds by migration to the north. 

Since the food supply is one of the important items in determining the 
distribution of organisms, the main currents of food transfer between the 
larger groups were pointed out. While the food of green plants is derived 
from inorganic materials, all the balance of the biota must depend, either 
directly or indirectly, upon the organic products manufactured by them. The 
currents of the food transfer from organism to organism are very complex. 
Selecting the longest route through which the food passes from the plants 
through the various groups to the ultimate parasite, it was shown that seven 
successive steps are possible. 

The case of the Zion Snail, Petrophysa zionis (Pilsbry), was cited as an 
example of a form whose theoretical history corroborates the geological ev
idence for the parallel movement of communities with the headward move
ment of the canyon, and which shows strong theoretical probability that it 
has evolved to fit its new habitat on the canyon walls through the agency of 
natural selection. 
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