
ljecm a factor i n  retarding t h c .  postwean. 
ing growth of the late castrate-. There 
was considerahle difference in weigh1 
gains associated w i t h  dietliylstil},c..trol. 
Postwcariing weight gains of thc im. 
planted ca.trates were 29 ltiq greater than 
the controls. 

-. ~~~~1 

Sam Thurher is Ftrrm, Adcisor, Agri .  
cultural Ex~erisior~ Service, 1:riiversiry 01 
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County; arid Dean Smith is Farin Ad-  
visor, Inyo-Mono county ofi.ce. Alex 
Shockley, statistician, condueled the sta- 
tistical anrrlysbs for d i i s  study. 

SUMMARY OF PREWEANING GROWTH RATE 
OF INTACT BULLS VS. CASTRATED CALVES 

Calves 
i n  Init ial Gain Daily 

Tests treat- weight per calf gain 
ment 

(Number) (Averages in Ibs) 
Test 1. 
Albaugh Ranch, 
McArthur--192 days 
April 2 k N o v .  2, 1965 
Bulls 19 
Early castrates 19 
Test 2. 
Strong Ranch, Deep 
Springs Colleg- 
153 days 
May 25-Oct. 22, 1965 
Bulls 9 
Early castrates 10 
Test 3. 
Barnwell Ranch, 
Bridgeville-May 6- 
Sept. 15, 196% 
131 days 
Bulls 14 

Test 4. 
Beck Ranch, Miranda 
May 25-Sept. 15, 
1 9 6 S 1 1 2  days 
Bulls 16 

Test 5. 
Feorrien Ranch, Loleta 
June 16Sept. 15, 
1 9 6 5 9 0  duys 
Bulls 19 

Early castrates 10 

Early castrates I 1  

Early castrates 11 

129 
118 

102 
84 

184 
213 

273 
276 

387 
382 

317 
304 

229 
218 

239 
219 

161 
145 

146 
146 

1.65 
1.59 

1.50 
1.42 

1 .82 
1.64 

1.44 
1.30 

1.62 
1.62 

EFFECT OF AGE AT CASTRATION AND 
DIETHYLSTILBESTROL (DES) O N  POSTWEANING 

GROWTH RATE (163) DAYS 

14 

3 .5 M I  7 
I 

t 6 . 7  M I .  

Dispersal 

R R A  
L L  A 

GROWERS h a w  p1ilritc.d black- GY” err!. thicket.5 near their vinc.yards ir i  

:witral atid southern San Joaquin Vallry 
in  a n  experimental &ort to e d ) l i s h  sea- 
sonal refuges for Anngrtts c p s ,  an egg 
parasite of the grape k a f h ~ ~ ~ p p ~ r .  Doto 
reportcd here. suFgesting thr  dimcbnsions 
3f the arra which rnaj- he directly arid 
beneficially influr~nced hy .such a piir- 
)osely established ocerwintrring refuge. 
wtare ol)tained in thc spring of 1966. 

I h e  reason for encouraging these: tiny 
parasitic wasps is that they attack and 
iill the eggs of t t ic  grape leafhoppcxr, rc- 
;ulting in a sul~stantial decrease in riurn- 
hers of this grape pest diiriiig the grow- 
:iig scawn. Lnlike thcir host leafhopper, 
which norinally overwinters in thc vine- 
yards, these tiny ’ g g  parasites survive the 
winter only by Iirccding in the eggs of a 
lifferent leafhopper spericls-a noneco- 
.iorriic form, Dikrrlla crtrc’ritala, which 
ives thro~ighout the year only on tdack- 
Jerries i R z h s  spp.) . If such a black- 
serry refuge is riot availahle near a vine- 
p r d .  thp parasites must first overcome a 

r 7  

Sketch of parasite activity gra- 
dient emanating from an over- 
wintering refuge of black- 
berries. Figures in circles rep- 
resent numbers of parasites in 
samples. 

t 
N 

I M I L E  
- 

An overwintering refuge for egg parasites 
of grape leafhoppers showed a marked 
effect in vineyards at a distance of 3.5 
miles and its influence could be traced 
over 4 miles, according to preliminary 
surveys. 

I)arrier of time and spa(-(’ Iwforr t h q  call 
reach the grope Ieafhoppc*r populations 
in thy spring. The resultiri~ delay in 
reaching a distant vine!-ard h y  i d ! -  

April often pr(~(.ludes the parasite’s attack 
o 1 1  thr first eggs dcpwitecl on the vines I)y 
the overwintering adult grape Irafhop- 
pus .  I his seriously handicap  ttic para- 
sites that l v o u l d  otherwise ha\-e mcasur- 
ably reduced the first leafhopper gcnera- 
tion hy killing a proportion of the eggs. 
An cxarly appearance oi  the parasites in a 
vineyard is particularlj- iniportant since 
each egg attacked by Aizagru,s rrsults in 
another parasitv instead of a leafhopper 
nymph. The increase of the parasite popu- 
lation is therehy accelerated, permitting 

r 7  
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GRAPE LEAFHOPPER 
PARASITES from a 
blackberry refuge 

the parasites to achicbve their maximum 
effectiveness in suppressing grape leaf- 
hoppers. 

The plan for intentionally plantirig 
blackberries to serve as refuges for Anu- 
grus i:. hasctl on an ancient ecological 
system discovcrcd in the course of re- 
search on in tcgra td  control of grape 
pests (Agricultural Expc.riment Station 
Project 2013). It is now belic.ved that the 
grape leafhopper and its e g g  parasite are 
nati\ t’ insects evolving from prchistoric 
timcs along the stream ant1 river areas in 
northern and ccntral California. 

The wild grape (Vi t is  cali/ornica) and 
wild blackberries (Rubi i ,~  spp. i oct.urrcd 
naturally together and in very c1os.c as- 
sociation. The grape leafhopper was 
prcw-nt hut not abundant and was com- 
moril!- attacked by Anagrus which over- 
\viritt.red on ttic alternative leafhopper 
host foiind on the wild blackberries. Thus. 
thv 7rowc.r 1)ractic.c of plant i tig the. hlack- 
Iwrries is a delilierate attempt to rees- 
tahlish this naturally functioning grape- 
I~irbu.~-parasite-lcafhopper system near 
c,c~)mmerc:ial planlings and. through this 
manipulation of the \,iricyald environ- 
ment: to achieve suppression of a serious 
grape pcst. This utilization of parasite 
refuges is an appropriate part of the con- 
cept of in tegra td  control, and i s  an es- 
cellent example of an cm)loyically lmed 
control techniqiic h i n g  applied to man- 
age an agricultural pcst. 

The distance over which such a func- 
tioning refuge is effective was the first 
question to he consid(md in testing this 
procedure. To measure the area of in- 
fluence of a r e f y e  the following environ- 
mental conditions were needed: (1) a 
deliberately cstahlish~d and functioning 
refuge of hlackbcrries containing inter- 
acting populations of Dikrella and Ana- 
grus  through the winter i n  proximity to a 
large vineyard area, but, at a consider- 

able di5tance from any othcr blackberry 
thicket; ( 2 )  a sampling technique for 
parasitized leafhopper eggs repeated at 
increasing distances froin the refuge and 
conducted only at the 1)rief period of the 
J ear lwtw<wi t h  datc TI hrti tht .  o\ t ,Irtin 
tering Frapv Icafhoppc.rs deposit thrir 
first eggs and the datc of emcrgcnce of 
the fir>t Anagrus from such I d h o p p c r  
e g s s ;  and ( 3 )  the alxwncc of any dis- 
turbing insecticidal applicalion to the 
\ineyard or surrounding area. ( Fortu- 
natcly. thc. applications of sulfur for mil- 
dew control apparemtlj do rint disturb 
Anogra5.i 

These expcrirnc n tal rtquircmc~rits ex- 
isted in the spring of 1966 at a refugc of 
hlackherries, roughh one-fifth of an acre 
in area. planted at thc  edge of the Mer- 
zoian Vine! ards near Terra Bella. Tulare 
Count). A 1963 sui\r! of the area 
showcd there Mere no Anugri is  prcsent in 
these \ inei ards. S u ~ ~ - c q u c n ~ l \ .  the black- 
herlies were planted and ptqwrl)  irri- 
gated and fertilizcd to forcc growth. 
‘ h e ?  ~ e r c  tlicii inoculated ~i th Dikrclln 
to  esta1,lish Lhc altcrriatr host. I,atc,r, at 
the proper timc. the) N ( * I ~ *  iiroc~iilate(1 
with the pir,isite to cs1alili.h t h t .  func- 
tioning sjctem of inI(*r‘i(,Iing host-parasite 
popiilations described aboi t’. Tltc parahite 
bred on Dikrella throughout the wintvr 
of 19651966 and exhihited its charar- 
tcriitir annual pattern of enorniou1 in- 
crease in pop~ilation during the earl? 
spring on this host on 1)lackherries. A 
synchrony of dc~e lopmmt  exists in thew 
largv parasite numbers on blackberries 
with the de\clopment of eggs and first mi -  
position by the o\crwinter irig grape leaf- 
hoppers in the T ineyards. ‘hi .  rcsults in 
a dispersal of parasites from blachheri ies 
at the precise time that grape 1eafhoppc.r 
eggs first appt’ar in  the vineyard. Thiq 
first oviposition hy g r a p  I d h o p p e r  OC- 

curred on April 4, 1966, at Terra Bella, 

and the parasite at  that time was dispers- 
ing from the relugc,. It moved into the 
vineyards and parasitizcd thc ncwly laid 
leafhopper eggs. These parasitizcd leaf- 
hopper eggs soon turned red, providing 
the diaracteristic ficld itillex for el-aluat- 
ing parasitc. activity in vineyards. The 
samples were taken on April 20 and 21 
when these red eggs were abundant, hut 
before any Anugrus had emerged or any 
Icafhoppcr nymphs had hatched. 

The vineyards adjacent to the refugc 
showed heavy parasite activity through- 
out. and a series of samples (each con- 
sisting of 30 leaves taken from 3 0  sepa- 
rate vines in  a hlock) wert’ repeated at 
increased distances from the refuge. ‘Hie 
riunihers of parasitcss found in eac.h such 
sample are shown in the circ1r.s in thc 
sketch. The distances from the refuge arc’ 
also shown, and theFe data indicate a 
gradient of parasite activity decreasing 
as the distanre from the refiiFe increased. 

These data suggest that this particular 
refuge was very effective for a distanccl 
of 3.5 miles, and that its influence could 
be traced as far as 4 . 2  milrs in a direct 
line From ttic refiigv. A similar result was 
found by- measuring parasitv artivity 
froin another refitge near Edisori in Ktlrn 
Countv. Tf these distances are considered 
as radii, thcv the arva inflii~~nced by this 
single rcbfuge is thevretically calculated 
as being over 38 square miles. While the 
figurcs art’ promising they  should riot be 
accepted as necessarily representing the 
actual influcnc:e of h e  refuge system un- 
til they are fully suhstantiated h y  results 
of repeated survej-s in future years. 

Richard 1.. Doutt is Pro/~.s,sor and 
Ch airnt an, D iois ion of Hinlogiccil Control 
arid Entomologist in th?e Experinzeiit Stu- 
tion, Berkeley; John Nakata arid Frank 
b,’. Skinracr are Laboratory Techn.icians, 
Dii:lslon o/ Biological Control, Berkeley. 
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