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INTRODUCTION 

California ranchers and sportsmen are converting large acreages of
 
brush to grassland to increase forage for livestock and game. In many
 
cases this change in plant cover has resulted in an increase in spring
 
and stream flow. Our objective was to make quantitative measurements
 
of this increase and to observe the situations under which the increase
 
occurred.
 

This study was	 made chiefly in the foothills of 1Iadera County at N:" ~.~ 

".~)'.elevations ranging between 1,200 and 3,000 feet; one small segment 
of tbe study was made near Clear Lake in Lake County. Climate is ""f" 

typically :\Iediterranean, with precipitation falling principally in the 
"'inter and spring; the summers are long, hot, and dry. In the :Madera 
County foothills precipitation varies with elevation from about 15 to 
30 inches annually. Most of the soils are granitic with high infiltration 
capacity. 

The vegetation is woodland-grass (Figure 1). Trees and shrubs are 
most dense on north exposures and at the higher elevations where ... 

':a~'~.;;-'"moisture is more plentiful. The principal trees are digger pine (Pinus '~;"l",
 

sabiniana), blue oak (Quercus douglasii) , interior li.ve oak (Q. wis­

lizenii) , and buckeye (Aesculus californica). The buckeye leaves dry
 
in July prior to the time when moisture stress is greatest. Blue oak is
 
deciduous but the other species are evergreen. At the higher elevations.
 
California laurel (Umbellularia californica) and foothill ash (Fraxin liS
 

dipetala) are found occasionallY.
 
Principal shrubs are chaparr~l whitethorn (Ceanoth us lellcodermis) ,
 

buckbrush (C. c1weatus), :Mariposa manzanita (Aretostaph ylos mari­

posa.), bush lupine (LlIpinus albifrons) , redberry (Rhamnus crocea) ,
 
poison oak (Rhus diversiloba), and squaw bush (R. trilobata). The
 
shrubs are evergreen, except for the two species of Rhus. These begin
 
to dry in late July or early August.
 

The herbaceous plants are mainly annuals and are dry about the
 
first of :\Iay at 1,200 feet elevation and two or three weeks later at
 
3,000 feet. Summer weeds, particularly tarweed (Hemizonia rirgata),
 
are abundant in some years.
 

j Along stream courses the trees are chiefly white alder (Aln us rohm­
bifolia) , willow (Salix spp,), sycamore (Platanus occidentalis); shrubs 

1 Submitted for publication, Kovember, 1957. This study was done under Federal Aid
 
in 'Vildlife Restoration Project California W-5I-R, "Big Game Investigations."
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Typical woodland-grass vegetation an north exposure at 1,500 feet elevation in 

Madera County, California. 

are mule fat (Baccharisviminea), and button willow (Cephalanthus 
occidental is). All of these are deciduous exccpt mule fat. 

\Voody Yegetation has increased 011 the study area in recent years 
and ranchers hayc control-burned, or bulldozed and chemically treated 
from 10,000 to 20.000 acres of brush each year connrting to grassland. 
After the first control-burn in .July, 1949, water was obsen-ed to have 
increased in a creek adjacent to the burn. ThereaftE'r. the general 
procedure in the study was to measure spring' flow before and after 
plant cover manipulation. This was done by clocking the time required 
to fill a quart bottle, or by mE'asurillg the actual amount of water 
collE'cted ill Lj minutes or an hour. In some cases the springs were 
measured onl.,- onee or twice per day but in others every hour through­
out the day. An attempt was made to use water meters but those used 
were not "eushi'-e to small flows. 

A few studies have been reported showing the effects of brush 
remoyal on spring flow. Xumerous ones, howeYer, haye shown that 
the remoyal or reduction in brush or trees have increased the water 
ayailable for streamflow; others haye shown an actual increasc in water 
yield (1, 5, 7. ll. 14, 17) _ A study in San Benito COUllt~- showed a 
spring to inerease in flow aftcr the brush and trees were cut around 
the spring in a radius of about 100 feet (1:3). Some of the larger oaks 
were ehemicall~' treated 'with 2,4,5-T. Leonard and Han'ey (10) re­
ported that brush was successfully sprayed with chemicals to increase 
irrigation water. 

SPRING FLOW DATA 

This section will present the ease histories of the springs measured 
in )Iadera and Lake Counties oyer the past nine ~-ears. Three of the 
springs sen-ed as l'heeks to indicate trend in flo,y throughout the sum-

FIGURE 2. (Upper) Taken 
August 20th. (lower) Rep 
water and flaw in the ra 
during the interval. 
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EFFECTS OF YEGETATIO:" RE~IOYAL 

FIGURE 2. (Upper) TDken in Finegold Creek on Augu.t 17, 1949, before control-burn on 
Augu.t 20th. (lower) RephotogrDphed on September 14, 1949. The hole hDd filled with 
wDter Dnd flow in the rapid wa. the .ize of a man'. wriJl. Weather wa. clear and hot 
during the interval. 

I"

........
 
I 

"','­ ·i 
·"·l~ ­

..,,1'J. 
.1:\ ..... 

~.'<_ ~ , 
\,i.. " 

. /' 



214 CALIFOR;s"IA FISH A;S"D GA:I<rE 

mer without manipulation of plant cover. The springs were 
after some feature in the vicinity. 

Finegold Creek 

Finegold Creek lies between two control-burns made in the su 
of 1949, the first on July 17th. the second on August 20th. The b 
bordered the creek on each side for approximately one mile. The !J! 
burned and killed about 10 pereent of the riparian vegetation w 
consisted chiefly of white alder and mule fat. 

On the banks and above, the shrubs and trees consisted chief!. 
chaparral whitethorn, buekbrush, Mariposa manzanita, redberry, po" 
oak, squaw bush, bush lupine, digger pine, interior live oak, blue' 
and buckeye. These species were about 65 percent top-killed on" 
upper slopes but less so near the stream course where the fires were" 

One seep was found in the edge of the stream bed next to the see' 
burn; this was nearly dry before the fire. 

Following the first burn, water increased in certain places in' 
creek but no photographs were taken or definite measurements m 
before the burn. Three days prior to the second burn, photograp 
stations were established in the stream bed which was nearly 
except for depressions that had filled with water following the 
burn. These stations were re-photographed on September 14th, ab"" three weeks after the burn when water was flowing down the cr 
(Figure 2). One could not be sure how much of the increase in flow vi 
due to killing of the vegetation in the stream bed and on the slop 
or to the gradual decline in transpiration that occurs in the earl 
autumn before the leaves normally fall (15). Also, the days wei 
getting shorter. Cooler 'weather was not a factor since this period w . 
uniformly clear, hot, and dry. 

Grapevine Spring 

The watershed above this spring was 59 a~res. It 'Yas control-burned.,: , 
on August 20, 1949. Coverage of brush and trees before the fire w~JJ 
estimated as 50 percent. The reduction in transpiration area of th~: 
by burning was approximately 80 percent. ~ 

The spring produced 76 drops of water per minute before the :fire,'~. 
equal to 11 gallons per day; 24 hours after the fire it produced onet;E 
quart per minute, equal to 360 gallons per day. l\Ieasurements were~ 
made nine days and 24 days after the fire; the flow continued at aboudt 
one quart per minute. In addition. a seep developed about 50 yardsr' 
above the spring.' ';'. 

Measurements of this spring were continued during the summer of' 
1950. The flow on August 2-1th was about equal to that on the same date 
after the fire in 1949. On August 2-1th a large grapevine near the spring 
was cut (Figure 3). After this the flow increased b~' about 15 gallons 
per day. Before cutting, the difference in morning and afternoon flow 
amounted to eight seconds per quart. After cutting it amounted to only 
three seconds, which indicated that most of the increase carne from 
reduced transpiration (Figure 4). 

Five days after the grapevine was cut, on August 29th, six interior 
live oak, two blue oak, one digger pine, and two whitethorn chaparral 
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Tank Spring 

'I'h(' watf'rshed above this sprin~ WHS lon~ Hlal narrow and COve 
Hbont 2;j aeres. It was eontrol-bnrned 011 .\n~lIst !), 19;)0. The kill ht 
brush ami trf'f'S was ('xcf'llf'nt. The crO\\'11 eovpr of shrubs and trees "'_ 
estimated to be no Iwrcf'lIt. 1'lte specif's composition and top kill "'~ 
as follows: buckbrush 1;) percpnt, kill !J5 percent; whitethorn ehapartjJ 
10 percent, kill 95 percent; interior live oak 55 percent, kill 99 percent'~, 
California lau~el 5 pe!"cent, kill 9? percent; buckeye ~ percent, kill en 
percent; foothIll ash :J percent, kIll 99 percent; chanllse (A.denost~ 
lasc/culaturn) 2 percent, kill 75 percent. The kill was nearly 100 PI-~; 
cent for a considerable distance around the spring. ~ 

Tank Spring was shallow and seepage water came from the walls"> ", 
t~le clrain~ge above the spring or p~pe. outlet for a di~tance of .35 fe', 
Seppage ll1creased aftf'r the fire. Sprll1g flow followmg burnmg ",..' 
more than double that before burning, increasing from about 19$ 
gallons per clHy to 486 gallons (Figure 5). 
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FIGURE 5. Flow of Tonk Spring before and after control-burn on August 9, 1950. 

Pipe Spring 

The watershed above Pipe Spring was 10 acres in size. The area was 
control-burned on August 5, 1950. Crown cover of shrubs and trees was 
10 percent. The species and percentage top-kill were as follows: blue 
oak 25 percent, kill 60 percent; interior live oak 15 percent, kill 75 
percent; poison oak (dr~') 50 percent, kill 90 percent; buckbrush 5 
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~17Ef'FECTS OF VEGETATIO:-< RE:llOVAL 

,erecnt. kill 50 percen t j digger pine 5 percent, kill 50 percent. In addi­
fion, two small grapevines, t~\-O small interior live oaks, and two buck­
brush plants all near the sprlllg were cut by hand. 

Flow of the spring increased after burning and cutting for three 

~1. . 
".' 

,...<~ 

..... ,.
,"percent. The species composition and degree of top-kill were as fol­

lows: whitethorn chaparral 50 percent, kill 85 percent; buckbrush 15 
percent, kill 85 percent; digger pine 10 percent, kill 85 percent; in­
terior Iiye oak 15 percent, kill 90 percent; manzanita 3 percent, kill 95 
percent; blue oak 2 percent, kill 75 percent; buckeye 3 percent, kill 
90 percent; redberry 2 percent, kill 90 percent. 

The spring water comes from a crack down about 10 feet in solid 
rock. Seyeral years ago the spring furnished water year-long for a 
homesteader. IIoweyer, the ranch owner reported that in recent years 
it had gone dry each summer. 

I or four days but then the trend continued downward at a -rate equal 
to that before treatment (Figure 6). The net result was that the flow 
lI'as set ahead about 15 days.
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FIGURE 6. Flow of Pipe Spring before and after control-burn on August 5, 1950. ~." .. :" 
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Rock Spring "!f''''

~'Il",
This watershed was one of five acres. It was control-burned on Julv 

..... ho'22, 1950. The crown cover of shrubs and trees was estimated to be 65 ,

I Before the control burn the spring decreased rapidly in flow and, 
although the control burn produced an excellent top-kill, no change in 

I 
tr('nd of flow was found. Apparently the df'f'p-rooted trees and shrubs 
had already depleted the water at this tiIllf' (Figure 7). 

This spring was measllred several times in ] 9:') 1 betw('en Septembcr 

I 
] ~ and Odober 24, at the time of the first fall rain; also on August 8, 
1952, August 30, 19;'5;), and ..August 13, 1!J;j7. The flow data per day 
are shown in Table 1. 
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fiGURE 7. flow of Rock Spring before and after control·burn, July 22, 1950. 

TABLE 1 
Flow Data for Rock Spring 

Dale (;,,/10//8 
~,'pteI1l1IPr 1'~ 1fl3L 474 
~l'ptemher ~8. 1!:);)L ;)11 
Octoher 8. l!);,L 406 
October 24, 195L 408 
_-\.ugu"t S. l!l.,:! 840 
August :30, l!I:>., t>28 

If all me:.~u~;::u:::t:!~~:~l-~:l~l~I~~l~~:l~~~~l~-~l~~-:~I~~1~,-:1-a::2cachyear tJ 
,·ariatiou. no lloubt. wOllld Ita "e he('n small('!'. 1'1'I'cipitation for tht 
.,'ears of stud.,' was record('(l as follows for t 11(' ~all .Joaquin Experi­
mental Hangc. ahont ont' mill' aWily: l!J.+!I-;"jO. ]li illl']U'S; 1!l:jO-:.i1, 21.4 
inches; 19;')1-;')2. 24./ ilH'lIes; 1!/;"j2-'-):l. 1.1./ inl·hcs; 1!I;l:l-'l-+, ] ;lJi inches; 
19::>4-;,)5,16./ inchps: l!l.l.l-,l(j, 26 ..) inches; 1!J.l(j-.l/, H ..) inches. 

The watershed was l'ebul'ned on .July 26, 1!152. Its appearance on. 
.June 21, 19,)0, before bl1l'lling' and in _\l1g'usL 19;,)/, is sho"'n in Fig­
ure 8. 
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Mine Spring 

\Yithin 30 feet of this spring were eight button willows, t 
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il~terior '.ive oak clumps, three coffeeberry bushes, three medium_s~~ 
dIgger pIlles, and Olle blue oak. All of these were cut by hand Oil' 
July 11, 1950. The watershed above was not burned. :i-

Before the cutting was done the spring had been decreasing in floi 
rapidly as shown in Figure 9. Thereafter, the spring inc~eased itt. 
flow for about 15 days and then decreased and stopped flOwlllg aga'\'A) 
about six weeks after it went dry the first time. ' 
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Spring House Spring 

This served as a check spring with no manipulation of cover. It w . 
located about one-quarter mile from )Iine Spring. It was deep-seate 
the flow coming from beneath a large rock. Measurements were 
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be,rinning June 20th and ending September 1st (Figure 10). There
1\';8 a gradual decrease in rate of flow throughout this period. However, 
it was a little more rapid early in the season than later. This may have 
been due to drying of poison oak and buckeye on the slope above and 
lesS use of water by these plants after about mid-July. 

Cap Hill Spring 

This was also a check spring. Its watershed had few shrubs and 
trees, The rate of flow was gradually downward from July 15th to 
September 5th (Figure 11). The rancher reported that the spring 
flowed better than it did the summer before when he had to remove 
the cattle from the range pasture because of a lack of stock water. 
Rainfall in the winter and spring season of the year before was about 
four inches less than the year of measurements. This probably accounts 
for the difference in flow, 
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FIGURE 11. Flow of Cap Hill Spring. This served as a check, 1950. 

Willow Spring 

This spring was found within a few miles of Clear Lake in Lake 
County. It was surrounded by a clump of willows as shown in .B~igure 

12. The willows formCll a closed canopy about 35 feet in diameter and 
were 'T2Ieef't8:Iriirtlie cehter. The slJring was boxed, with sidings 
38 by 51 inches. Xo other woody vegetation was near the spring, but 
up the hill about 150 yards were a few blue oaks and 50 yards higher 
were blue oaks, manzanita bushes. interior live oaks, and poison oak. 
The watershed was estimated at 7 to 10 acres. 
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FIGURE 12. Clump of willows ot Willow Spring os it oppeored before cutting August 9, 19.50. 
Thirty minutes before cutting the rate of flow was sharply downward; 30 minutes 
cutting began the rate af flow was sharply upward. 
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FIGURE 13. Measurements of spring flaw, air temperature, ond relative humidity at Willow 
Spring before and after cutting willows in 1950. 

for fluctua tlOllS 
b,- the willows. 
}<~ig:ure 15. 

Each year, lllf: 

:2-!-hour periods: 
195~; aud Augu 

10~----­

19S1 

0.5 

0.0 L-~20-~..=---r-­
JUNE 

FIGURE 

F 



i 

Frsrr ..I.~D G..uIE 

I
 
I
 
I
 
I 

I
 
I
 
I 

n9 as it appeared before cutting August 9 1950 
Row was sharply downward; 30 minute~ ft' 

Jpword.	 a er 

\ 
\ .... 
\ .. 
\' f:\ / . 

'. ,I .'..... i , ...... , / 
"--/ 

11 11 Il PM 11 

"ug Ie 

r temperature, and reloti.e humidity at Willow 
cutting willows in 1950. I 

,	 ~.---Al 

EFFECTS OF YEGET..I.TIO~ HE~IOY.\L 

lje~'innillg' at 10 a.m. on .\ ng'nst 9. 1!);j0. l'p('ol'd" of sprillg' flow werp 
,blllilll'd PYPI',Y two hours ulltil 10 a.lll. tllp lll'xt da~'. Tellllwratilre ani] 
:,i1lnitlity l'I>(~Ol'd" \\,p)'e obtaillpd also. Thl' sPI,jllg- til"" alld "'I'atI1l'I' 
'!'('o['lls are showll ill Fil!url' 1:3. :-ipl'illl! tlow for til(' :2~ hOlll's amollnted
:0 H.!l g'allolls.•\t 1 p.lll. water ill tlw spring' box fell bplow the outlet 
'Hld ",as I]own olle and ol\l>-eighth indl at 6 p.m. It thell rasp to thl'pl'­
:,Ual'tPrs of all inch by 8 p.m. allll watpr callie from the outlpt at 
10.30	 p.llI. 

Sl'rillg flow records were agaill obtained eyery two honrs on •\ ngust 
l:Jth. For this day the flow amounted to :~n g-aJlons. The I]a~' was 
how'r allll ,lrier than August 9th. Flow from the spring' stopppd at 
1~ noon and be/-wn ag'ain :~o minutes past millnight. At (j p.m. watel' 
in the spring box had been one and three-quarters inch bl')o\\, tIw pipe 
outJrt. 

Aftpr the flow was measured for 2~ hours, cuttillg of tIl(' "'illow" 
[lPg-ali at 10 a.\II. on Augllst 16th. aile person remoyed thp willows in 
tll'O hOtll'S. Cuttillg the willows hall about the same etfpct on the sprillg 
!to,,' as opPlling the fancet on a garden hose. The flow began to increase 
almost imn1l'diatply and continued to increase rapidly until the cutting 
was finished. Thereafter the spring flow continued rather uniformly 
day alld night. The flo'" was nIPasured every hour ,luring' da.dight and 
<,,,ery two hours during night for ,18 hours after cutting. On the second 
day the spring produced ~allQns of water, in comparison with 
:11.;) gallons before the willows were reulOyed. Therefore, the clump of 
',,,illb,,'s'had bepn using at least 90.5 gallons of water per day. Other 
measurements taken on September' 5th, 11th, and 12th. showed the 
spring to incrpase b,v about another 20 percent as the area around 
the spring beeame recharged. 'Yhen this increase is figured against the 
decrease that "'ould normally occur with downward trend in ±low. 
the water use would amounLtq.about 12,1 gallons per day. 

The willows l;prouted shortly after cutting and further measure­
ments ,,'ere made periodically in 1951, 1952, and 195:3, as indicated in 
Figure 14. Gel1frall,'" the trend in spring flow was downward except 
for fluctuations "'hich cOITel;ponded with temperatures and water use 
by the ,,'iIIows. Sprout growth in 1951, 1952, and 1953 is shown in 
}-'igure 15. 

Each ypar, measurements of spring flow ,,'pre made hourly for two 
2-!-hour periods: ~\ugust 8-9 and 15-16, 1951; .August 11-12 and 18-19. 
193:2; amI .August 12-13 and 19-20, 19;):3. The results for one of the 
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FIGURE 14. Trend in Row of Willow Spring in 1951, 1952, and 1953. 
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I
Jeriods in eaeh year are shown in :F'igure ] 6. These were within three 

1!l1\'s of the same date, but the temperatures and humidity varied 
'.o;lsiderably, the temperature being lowest in 1952. If we use the 
~llaximum rate of flow which occurred at approximately 6 a.m. as 
the potential and then subtract the actual amount of water produced 
we obtain a partial answer to the amount of water used by the willows. 
The data for the three years are shown in Table 2. 
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FIGURE 16. Measurements of spring flow, air temperature, and relative humidity at Willow 
Spring for a 24-hour period for each of three years as the sprouts recovered in growth. 

TABLE 2 

Flow Data for Willow Spring Showing Use of Water by Willows 

Gallons per day 
An-rUlle 

.\ verage relativeYear temperature humidity 

ting in 1950: in 1951 (upper), 1952 (middle), 
Actual \VaterPotential 

flow used 

S3 after lower photograph was taken. 
flow 

-- ---_·_------,-----1----­
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l!l.-d ~ ~ _ ~ 188 29 
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144 44 84 
34191 41 77:1
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TIll' willows W('1'(' ('ut a seeoJllI time 011 .\ ug-ust 20. 19.')3. The trell.a 
ill tlow b('fort' aml after cutting' is shown in l<-'igure 17, The difl'eren 
in fiow for 24 hours before l'utting awl for 24 hours after cutti ~ 
amoun~ed to 6:3 gallons. This i~ 21 perc~nt greater than the. amo;: 
shown In Tabl~ 2. !ht; fiow_ COI~tln~led, to Incr:-ase for the re.maluder of 
the season as It did In 19;)0, llldlCatmg agam that the wIllows were 
using considerably more water than the amount calculated by sub­
tracting the fiow the day after from the day before cutting, 
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FIGURE 17. Mea.urements of .pring flow, air temperature, and relative humidity at Willow 
Spring before and after reculling willow. in 1953 
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FIGURE 18. Trend in flow of Buckeye Spring for each year of .tudy. Thi••erved a. a check 
to Willow Spring. Rainfall at the neare.t statian (lakeport) was a. follows: Sea.on 1949.50, 
21.9 inche.; 1950.51,34.3 inche.; 1951-52,36,7 inche.; 1952-53,31.1 inche•. 
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EFFECTS a}' VEGETATIO" RE)!OYAL 

Buckeye Spring 

This spring was located about one-half mile from \Yillo\\, ~pl'ing and 
,;en·ed as a eheek. The surrounding area was o1wn pxeept for one man­
t,anita bush and a bl\('keye tree nearby. Lpayps of the buekl''yt:' began to 

I
dl'.'· about mid·,July.

The trend in flow for this spring was dO"'nward for eaeh of the four 
,uunner seasons, as indieated in Figure 18. 

I 
DISCUSSION 

Springs are an iIllportant source of wa tcr in ea Ii forllia for game 
and liYestoek and for domestic use.•Just how plant-coYer manipulation 
etIedS them has been studied but little. rrhe results here indicate that 
in some cases the ft.ow might be increased markedly by removing or 

I
I (,hanging plant eowr. California is a good place for studies of this sort 

because of the long sUlllmer period when there is no precipitation to 
cOITIplieate matters. 

E"ery spring is different. There are differellees ill size of watershed, 
plant speeies and density of coyer au the watel'shed, type of soiL 
\!eological formation, whether or not the spriug is shallow or deep

I ~eated. and source of water. For some springs the water supply llla~' 
cOllie from outside of the loeal watershed. 

Where the spring ,rater is depeudent on the local ,vatershed, it is uot 
unreasonable to exped some increase iu flow as a result of manipulation 
of the plant coyer. Several principles are in"oh'cd (8, 9, It». Oue of 
these is changing from deep-rooted speeie" such as shrubs and trees to 
more shallow-rooted speeies, suc'h as grasses and shallow-rooted forbs. 
In this ease the moisture left in the soil below the depth of the shallow­
ruoted speeies is thcn available fa]' spring flow. This ehange in plaut 
coyer beeomes more signifieant ,\·here tht' gTusse:, and forbs are aunuals 
and are not usiug' water during the snlllmer. This "'as probably the 
ease with Rock Spriug which flo,ved watel' all summer long after the 
conversion from brush and trees to 1Il0re shallow-mated annual grasses 
aud forbs. 
~tudies br the California Forest and Range Experiment Station 

showed that the soils Uncll'l' shI'Ubs and piues, lost all the available 
moisture to e\'apo-transpiration during each summer dry season, 
whereas, under grass 10 inehes of water remained iu the soil (3). This 
was determined by the use of tysimeters extending dO\nl six feet. Field 
studies also sho,,-ed important differences ill evapo-transpil'ation loss 
1'1'0111 deep soils covered with oakbrush and annual grass (4l. The field 
plots were originally covered with dense scrub oak and other native 
hush, and in the winter of 1~;jl-i)2 two sets of plots were c()\wertell to 
aBnual ryegrass. The soil of the undisturbed brush plots was wet to 
fiel(l capacity throughout the 12-foot depth during: the first winter. 
when rain totaled 41 inehes. But during the next three winters rainfall 
"'as anI,,· 12, 25. alHl 20 inches, and the soil was "'et to field capaeity to 
(lepths of only 4, 10, amI 4.5 feet. Each summer evapo-transpiration 
(lI'ied the entire soil of these plots to near or below wilting point. and 
rain ,,-as insufficient after the first year to rewet it fully. 
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In the plots converted from brush to grass the story was d" 
H.ere, the soil was ~vet to field capacit~ thr~mgh its entire depth 
wrnter season. DUrIng summers the sOlI drIed below field capa" 
an average depth of only 7 feet and below wilting point to an a 
depth of 3.2 feet. Consequently, below the -1 foot depth under the 
there was a greater carry-over of water at the end of each summe 
there was in the brush where there was none. Thus, it may be se~? 
with low rainfall a grass-covered soil would be more likely to pi 
spring water than a brush-co\'ered soil where other things are eq 
somewhat similar studies Veihmeyer and Johnston (14) showed'; 
ings in water of two inches after converting from brush to grass. 
and Blaney (18) also point out the differences in water use by~ 

brush and grasses in southern California studies." 
In our studies roots of grasses, shrubs, and trees were excav~ 

the field to determine rooting depth. Soft chess (Bromus moll" 
found to penetrate the soil to a depth of 39 inches, and foxtail' 
(Festllca megalnra) to 23 inches. Both of these annual gra 
important components of the resident vegetation. Ryegrass, an'" 
commonly planted in this area on burned-over brushlands, exten' c roots to 42 inches. In other studies this species penetrated to 54 c' 
(12). Tarweed is deeper rooted than the grasses and during thos~' 
,,,hen abundant it depletes the soil moisture to a greater depth tIi" 
grasses. 

Roots of three five-year-old buckbrush plants were excavated 
were found to extend to a depth greater than 10 feet. The r 
ll-year-old ponderosa pine (Pinns ponderosa) were traced do' 

g; , 

I," 

feet but they went much farther, as indicated by the size of the ·w 

the 12-foot depth. Hellmers ct al. (6) in Southern California?' 
California scrub oak to extend down 28 feet, canyon live oak 24' 
and chamise 25 feet. In Texas, mesquite roots were found bela 
feet (2), and in the Suez Canal area salt cedar was down 90 fe . 

A second principle concerned with plant-cover manipulatioiL 
spring flow iIlYol...-es plants that have their roots in free water..... 
the tops of such plants are remo,·ed. more water may immed" 
become available for spring or creek flow. A common example is st 
bed vegetation. The roots of the:,€, plants may not necessarily be .' 
but neither may the water table. Less ,veIl-known is how upland pl .... , 
tap free water. The excavations of buckbrush gi,'e some indicatior{.c' 
this. As mentioned above, the roots of three of these plants extended" 
10 feet where they r€'ached granite and were beginning to grow hon. 
zontally. At this level they were in water flowing over bed rock. TlUl 
,,,as 011 April 29, 1952. Thus. in adtlition to the water removed from , 
soil it seems that these deeply rooted plants can sometimes tap un, 
ground flows of water. This ma~' be important as far as increase 
spl'ing flow immediately after brnsh removal is concerned. When' 
tops-transpiration surface-are removed by burning or cutting. 
water is then permitted to enter spring flow. This principle, we th 
accounts for the quick increase in flow in Finegold Creek, W' 
Spring, Grapevine Spring, and possibly in the others except ..... 
Spring. High rates of flow might be maintained permanently where 
vegetation is nonsprouting; on the other hand, regrowth of sprouts, 
gradually decrease spring flow to its former status. ;J 
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EFFECTS OF VEGETATIO:-.i RE~IOVAL 

A third principle that might apply in plant-COYer manipulation and 
pring flow concerns infiltration capacity. If the infiltration should be 

:1II"I:'red to the point where most of the precipitation is dissipated 
;'hrOngh surface runoff and is not permitted to enterthe soil, then spring 
.prinll flow might decrease or the springs might even go dry. This could 
.('snlt from creation of bare soil that becomes sealed. This situation was
\ot encountered in these studies. 
I The objective in range and wildlife management should be to main­
!Hill high infiltration capacity so water will go into the soil. This will 
Illtomatieally incrrase fOl'a(!t' and will gin> the greatest yield of water 
~hrongh spring and creek flow. 

SUMMARY 

Qnantitative measurements were made of the effects of brnsh removal 
and manipulation on spring and creek flow. In some cases the brush 
and trees were top-killed by control burning and the areas converted 
to grassland, in others the woody plants around springs were cut with 
;lll axe. Increases in flow resulted from these operations, in most cases 
almost immediately. 

The amount of increase in !-ipring flow that one could expect would " \W~
'1111'" _

I"ary considerably, depending on such factors as the size of the water­ ·:t,t
shed, density and kind of plants on the watershed, type and depth of ,

'1."b-,
soil, geologic formation, amount of rainfall, and source of water. ,;, 

Three principles govern spring and stream flow ehanges resulting tic: . 
~. 

;ifrom plant-cover manipulations: (1'\ conversion from deep-rooted spe­
I'ies. trees and shrubs, to shallow-rooted species, grass, makes the water 
in the deeper zones-below the grass roots-available for spring flow. 
(Tn onr studies the conver!-iions were largely to annuals which are dry 
,lnring' the summer months); (2) rrmoval of transpiring surface of 
plants whose roots are in free water results in immediate increases in 
spring' and stream flow; (:3) practices which decrease the infiltration .........
 
,'apacity of the soil rpsulting in high surface runoff may retard spring .... .,. ~ 

r
tlow or stop it altogether. 
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