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were found to a maximum depth 
of 103 inches compared to 90 
inches for the heavily grazed 
plants. The majority of the roots 
from both treatments were found 
to be restricted by a compacted 
clay layer at about five feet. The 
few roots from each plant that 
penetrated the layer were used 
for maximum depth measure- 
ments. 

Summary 
Root systems of seacoast blue- 

stem plants were examined in 
the Nueces fine sand of the 
Texas Coastal Prairie during the 
summer of 1961 in order to ex- 
amine the effects of grazing 
under actual conditions. 

Three groups of plants were 
used to represent intensities of 
grazing. Ungrazed plants were 
sampled from exclosures that 
had received no grazing for four 
years. “Wolf plants” or plants 
showing little evidence of graz- 
ing were selected as lightly 
grazed plants. Heavily grazed 
plants were those having no seed 
stalks or old dry foliage and 
ample evidence of heavy grazing. 
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Design Criteria for Rainfall Catchment Areas 
for Watering Wildlife and Livestock 

JOEL E. VERNER 
Lands Examiner, Bureau of Land Management, Rock 
Springs, Wyoming 

As a rule the design of areas 
for the collection of rainfall is 
based on the average rainfall for 
a given area. This creates a prob- 
lem because the figure does not 
give a true picture of rainfall 
distribution (Wisler and Brater, 
1959). To partially demonstrate 
this, rainfall data for 1915, 1916 
and 1924 through 1962 from the 
Eden Project in Eden Valley, 

Wyoming are presented here. 
For proper evaluation at least 
thirty years of rainfall data 
should be required (Wisler and 
Brater, 1959). 

The data were first grouped 
into eleven class intervals for 
ease of computation (Table 1). 
The class intervals are of equal 
size and eleven groups, in de- 
scending order are shown, so that 

correct computations can be ob- 
tained (Remmers, Gage and 
Rummel, 1960). The arithmetic 
mean was computed at 7.48 
inches and occurred in the 61 
percentile rank. 

The formula for determining 
the percentile rank (Remmers, 
Gage and Rummel, 1960) of the 
arithmetic mean is: 

Where: 
x=Arithmetic mean. 

L’= Lower limit of interval in 
which arithmetic mean oc- 
curs. 



40 VERNER 

C’=Class interval size, in this 
case 0.99. 

f=Number of frequencies in 
the interval in which x oc- 
curs. 

cf = Cumulative frequency up to 
and including the interval 
occurring just below the x 
interval, 

N=Total number of occurrences. 
Occurrence of the average rain- 

fall in the 61 percentile rank 
means that rainfall equal to or 
less than the average should 
occur 61 percent of the time 
(Remmers, Gage and Rummel, 
1960). If the catchment areas are 
designed according to average 
rainfall, water shortage should 
not be a problem in at least forty 
out of every 100 years. In the 
case of watering devices that 
rely on catchment areas there 
could be inadequate water as 
much as sixty percent of the 
time, which could result in costly 
water hauling to keep the de- 
vices filled. All this would then 
be erroneously attributed to “so- 
called” drought years when actu- 
ally it would be the result of bas- 
ing a design on a 61 percentile 
ranked average. 

Next, how aften can water be 
hauled to these devices econom- 
ically and how often can the 
water supply be allowed to be- 
come inadequate? If the answer 
is ten percent of the time, then 
for convenience, we determine 
the ten percentile ranked rain- 
fall. The same procedure can be 
used for five, 15,20, 25, 50 or any 
other percentile ranked rainfall 
that is desired. Table 1 was used 
to determine the ten percentile 
ranked rainfall which was com- 
puted to be 4.52 inches. 

The formula for determining 
the ten percentile (Remmers, 
Gage and Rummel, 1960) ranked 
rainfall is: 

(N x %) _ cf’ 

K--YJ 

100 
C, + L” = Per- 

f’ 
centile rank 

Where: 
%=Percentile rank that is to 

be determined. 

cf’=The cf of the next lower 
interval to that interval 
that contains the cf as de- 
rived from N x % ~- 

100 
f’=Number of occurrences in 

the interval that contains 
the cf as derived from 
Nx% 

100 
L”=Lower limit of the inter- 

val in which f’ is found. 
Once the desired percentile 

ranked rainfall is determined 
then it is possible to determine 
the size of the collection area. In 
order to do this it is necessary to 
know the capacity of the stor- 
age area in gallons. Theoretically 
twelve inches of rainfall falling 
on an impervious surface will 
yield 7.48 gallons of runoff per 
square foot (Humphrey and 
Shaw, 1957). However, the per- 
centile ranked rainfall is usually 
less than twelve inches; there- 
fore, the percentile ranked rain- 
fall is divided by twelve inches 
and then multiplied by 7.48 gal- 
lons per square foot to give the 
gallons of runoff yield for each 
square foot of the percentile 
ranked rainfall. 

To determine the area needed 
for collecting rainfall to fill a 
known storage capacity it is 

necessary to divide the storage 
capacity gallons by the gallons 
yielded per square foot. How- 
ever, storage requirements are 
dependent on the number of days 
and the daily requirements of 
the kind and number of animals 
that are to be watered (Hum- 
phrey and Shaw, 1957). 

These calculations for catch- 
ment areas do not take evapora- 
tion into consideration. With 
covered storage areas evapora- 
tion is negligible, but with open 
storage, the collection area must 
be increased to compensate for 
this loss. With an evaporation 
loss of 20 percent the collection 
area would only provi%ie 80 per- 
cent of the storage capacity; 
therefore, the area would have to 
be increased 25 percent. For a 
33 percent evaporation loss, a 50 
percent increase would be neces- 
sary and for a 25 percent evapo- 
ration loss the area would have 
to be increased 33 percent. If the 
evaporation loss is determined in 
percentage the necessary in- 
crease of the catchment area can 
be obtained by the following for- 
mula: 
Percent increase of catchment area - 

loss percentage 

100 - Evaporation 
loss percentage I 

Table 1. Rainfall intervals and their frequencies, Eden Valley, Wyoming. 

Class intervals X’ f cf fx 

13.00-13.99 13.50 2 41 27.00 
12.00-12.99 12.50 1 39 12.50 
11.00-11.99 11.50 3 38 34.50 
10.00-10.99 10.50 2 35 21.00 
9.00- 9.99 9.50 2 33 19.00 
8.00- 8.99 8.50 4 31 34.00 
7.00- 7.99 7.50 4 27 30.00 
6.00- 6.99 6.50 10 23 65.00 
5.00- 5.99 5.50 7 13 38.50 
4.00- 4.99 4.50 4 6 18.00 
3.00- 3.99 3.50 2 2 7.00 

Sum 41 306.50 

1x = Midpoint’ of the class interval 
f = Number or frequency of occurrences within each interval 

cf = Cumulative frequency 
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Discussion 

The percentile rank for aver- 
age rainfall at a given location 
provides a good basis for design 
of catchment areas. These may 
be most economical for water 
availability and at the same time 
decrease the need for hauling 
water. In some instances a 
smaller collection area than that 
originally specified may be pos- 
sible. This would result in lower 
construction costs. An overflow 
from the storage area is needed 
for years that have higher rain- 
fall than that for which the col- 
lection area was designed. 

In some cases seasonal rainfall 

can be used as a base instead of 
data for the whole year. A very 
dry period or one of heavy use 
might well be such a case. In 
this situation only rainfall data 
for that particular season would 
be used for the catchment design 
and percentile rank. At least a 
thirty year record is needed. 

Another use of the percentile 
rank of rainfall average is in ag- 
ricultural or livestock operations. 
The fifty percentile rank, usually 
called the median, is a more use- 
ful rainfall figure for a farming 
or livestock operation. With the 
median figure all rainfall equal 
to it or less should occur fifty 
percent of the time and any rain- 

fall above the median should oc- 
cur the other fifty percent of the 
time. This gives a more realistic 
approach to the evaluation of 
rainfall data as a basis for an 
agricultural operation. 
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Zonation of Understory Vegetation 
Around a Juniper Tree 

JOSEPH F. ARNOLD1 
Director, Watershed Management Division, Arizona 
State Land Department, Phoenix, Arizona 

The effect of one-seed juniper 
(Juniperus monosperma) on the 
composition of understory of pe- 
rennial grasses, forbs, and half- 
shrubs was indicated by a de- 
tailed study of the vegetation 
around a tree near Show Low, 
Arizona. The tree selected for 
this study was 18 feet tall and 
had a crown diameter of 19 feet. 

Oriented along the four cardi- 
nal points of the compass, four 
50-foot line transects were 
stretched from the base of the 
tree to establish limits of four 
vegetation zones (Figure 1). Then 
within each zone, four ten-foot 
transects were centered and 
placed perpendicular to the 50- 
foot lines. The lengths of the 
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transects were adjusted to fit the 
inner zone. Measurements of 
vegetation were made according 
to the line intercept method of 
Canfield (1941). Perennial 
grasses and forbs were clipped 
within a four-inch strip along 
each transect to determine herb- 
age yields. 

As shown in the tabulation 
in Figure 1, the zone immedi- 
ately surrounding the base of the 
tree had no herbaceous vegeta- 
tion. This zone comprised 91 
square feet. It received the least 
light of the four zones, and be- 
cause of stemflow, presumably 
the greatest amount of moisture 
(Johnsen 1962). 

The second zone from the cen- 
ter of the tree, elongated towards 
the north, included an area of 
154 square feet. It contained 
several species of which snake- 
weed (Gutierrexia sarothrae) 
had the greatest cover and west- 
ern wheatgrass (Agropyron 
smithii) was second. Snakeweed 

showed a fairly high canopy in- 
tercept. Western wheatgrass, a 
cool-season species, occupied 
about twice as much space in 
this zone as did blue grama 
(Bouteloua gracilis) , a summer 
grower. This zone produced 293 
pounds of air-dry perennial grass 
and forb herbage per acre. 

The second zone was elongated 
toward the north because the 
tree’s shadow was cast in this 
direction for the major part of 
the year and influenced soil 
moisture. Since lateral roots of 
the tree were generally large in 
this zone, there were few root 
hairs to absorb soil moisture. 
Moisture conditions in this zone 
were evidently more favorable 
to the growth of western wheat- 
grass and snakeweed than in the 
third zone. As shown in Figure 
2, rings of snakeweed, represent- 
ing the second zone, are com- 
monly found where scattered 
juniper trees are removed by 
control practices. 

The third zone from the cen- 
ter of the tree covered 1,879 
square feet. In contrast to the 
second zone, blue grama here 
occupied three times the area oc- 
cupied by western wheatgrass. 
No snakeweed was found in the 
transects, although there were a 
few plants in the zone. This zone 


