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ABSTRACT 

The dam age potential , seaso nal fli ght acl i\·it\· and la rval development of 
Prio/i/l.s calijorniclI.\' were im'es tigated over fi ve \ 'ea rs in Id a ho hop \·ards. Hop 
plants were no t susceptibl e to o\'iposit ion a nd larval es tabli shment until after thei r 
second \-ear. Cro\\'T]s of severeh ' infested plan ts were reduced to masscs of frass and 
rotted areas. Majo r roots were frequenth' tunneled and girdl ed. First foliar S)'mp
toms \\ ere loss of vigor and often one or mOTe \\'ilted and vellowing shoots . Some af
fected plants d ied w ithi n a fe\\ ' months w hil e ot hers became less \'igorous O\'l' r 
several \·ea rs. T wo kinds of damage occurred: thc first wa.s from larvae that 
developed w ithin roo t S\'stems in established \'a rds; the seco nd \\'as root dama ge to 
new plantings from larvae left in the so il w hen the old \'a rd was taken out and 
replanted to hops. Reetl e fli ght occurred only during Juh \\ith da\ -to-da )' variatio ll 
at least pa rtiall \' rela ted to Illinimu m temperatu res and to prec ipitat ion. Young lar
vae \\'ere fo und almost ent ireh' in the vascular region of roots to a so il depth of 
about 200 mm . Older larvae \\'e re in both li ving and dead roo ts to a so il depth of 
about 500 Illm. Rased upon measu rements of 243 lan'ae taken from .50 hop root 
s\·stems. the life evele of t he species is usua lh' -1 \·ears. 

I;\lTROD UCTION 

Priolius ('([lijorT/il' IIS Mots. is w ideh ' distri buted in 
the Pacific slope of the Un ited Stat es and Rr itish 
Columbia (Doane eI 01 .. 1936). Oa k is the most 
co mm on and apparenth' preferred host , but the 
species has been recorded from th e roots of a \'a ri el\' 
of other broad lea \'c,d plants includ ing popl a r , alde ~ . 
apricot. eucalyptus a nd grape. and frum rools a nd 
sturn ps of se\'eral p ines (Pill us spp. ) . Douglas fir 
(Pseudo/suga III c lI .:: icsii ) . Sequoia. Abies and butts 
of red-cedar (1'1111;0 sp. ) poles (Doane et 01 .. 1936; 
Keen . 19.52). Essig (1926) reported tha t the larvae 
can feed on li\ing roots and frequentl v kill fr u it 
trees as well as nath'e host.s. I n New Mexico. E \'er 
(1942) found appl e trees to bc p referred over sey~rai 
ot her orchard fruits. 

Hop growers in Idaho have noticed damage frorn 
P. calijornicHs since a t least the 1930'.1 and their 
observat ions ind icate that the longevity of a severeh ' 
infested va rd ma\' be reduced b\' one half. The p ro
blem is compounded b\· the pract ices of concen
trating production in certain favourable areas and 
planting new hops in old \'ards without seve ral 
years' rotation of ot her crops. 

I-Iop production in Id a ho is centerecl in an a rea 
abOllt 150 km ' in the sout hwest part of the sta te . in 
3 rel a tiveh' disti nct areas near the comm un iti es of 
Wilder, G reenl eaf and Notus . T he p rincipal 
va riet ies are T alism an , Late C lusters and G al ena . 

C rawford and E\'er (1 928) and E yer ( 1 9~ 2) 

' Idaho Al!ricultural E Xpt' rl llH'1l1 St atioll Ht'.\earcl! Paper S:1'Il.') , 

studied the biology and control of 1'. calijorniclIs on 
apples in New Nl ex ico. Littl e information is 
available on other crops and apparenth ' there have 
been no studies on hops. The objectives of the p re
sent studv were: I. to assess damage potent ial of the 
species; 2. to obta in information on seasonal fli ght 
activity; and 3. on larval development; and 4. to 
assess control possibili ties. 

MATERI ALS AND METHODS 

General observat io ns on larval de\'elopment and 
damage were made from 1977 to 1982 b\· di gging 
around individual plants to expose crowns and up
per roots. Exposed pa rts were washed w ith water 
from a pressur ized sp rayer. \Vhen so il was replaced 
soon afte r examina t ion the procedure had little ef
fect on plant growth but was c1umsv and tim e con
suming. Detailed observations on size and locat ion 
of la rvae in root S\'stems required sacrificing the 
plants in order to thoroughl\' clean a nd dissect 
crowns and roots. 

To monitor night periods of the beetles light traps 
were placed in 7 to 9 hop va rds in each of 3 seasons. 
Traps were slightl)' modified from the Elliseo 
Genera l Purpose " Black Light" Trap (Ellisco [nc., 
Philadelphia, PAl . Traps were put out well in ad
vance of an ti cipatecl emergence and maintained un
til no beet les were ca ught for at least 2 weeki. Traps 
were sen 'iced every 2 to 3 da\s in 1980 and daih' in 
1981 and 1982. Weather re~ords reported in r~la
tion to the number of beetles trapped were from th e 
Southwc.st Id aho Research and Extens ion C enter , 
Parm a. Th e weather station was within 12 km and 
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250 m ele,'a tion of a ll light tra p sites, Each of the ,3 
periods of measu rable p recipi ta tion \\ 'as from 
general wea ther ,,,'stc'ms th a t a ffec ted thr en tir t' 
area, 

Data on measurement., of lan 'al len!-,rt h \\'ere 
anah'zed Ii sing the E\I al gorithm for no rmal 
popula tions as ou tlined b,' [,u itt and Hand (19S 1), 

Hi:.:SUL TS A:\ D DI SC USSI O :\ 

Damage 
T\\'o distinct kinds of dam age \\ 'ere obserwd, The 

first \\ 'as in , 'a rds older th an about 7 , 'ea rs a nd was 
caused b,' long. te rm infestations \\'h'ieh \\'eakened 
and eyentualh' kill ed plants, In se" ereh ' infested 
pl ants. e ro \\ 'ns were reduced to masses of fr ass and 
ro tt ed a reas. and ma jor roots were freq uenth' tu n· 
neled and girdled , Gp to 20 lan'ae were found in 
single roo t s,stems, Ea rh' fo li age symptoms were a 
lack of Yi go r. oft en 'I'ith one o r mo re w ilted and 
~'e ll o\\'in g shoots, Some plants obsen 'cd to be af· 
fected in ea rh' su m mer d ied la te r in the season or 
the following spring, Others simpII' lost "i go r OH' r a 
period of yea rs, Obsen 'atiom in se, 'eral seyereh ' in· 
fected , 'ards sho\\'cd a ll pla nts to hm'c some d~grec 
of da mage , Although indi\ 'id ual plants were 
sometim es repl aced . g ro\\'Crs t\'p icalh' rem m 'ed en· 
tire \ 'ards when infesta tions becam e suffi c ienJ h ' ex· 
tensil 'e to se riously depress " ields , ' 

O bserl'<lt ions on sc,'e ra l new pl a nt ings shO\\'(,d 
that plan ts were no t infested in the first or second 
, 'ear, This appa rent immunity could result beca usc 
crown areas of , 'ou ng pl an ts a ~c too smoot h to be ut 
tra('t ive fo r ovipos it ion, Doane (' I ai, ( I 9.3fi ) 
reported th a t eggs a rc depos ited in ere"ict's nea r the 
soil leve l. I t is also possible that lan'ae cannot 
bccome esta blished beca use of the intense " igor of 
yo ung plan ts, E\'Cf (19-1 2) fonnd th at \'igorollsh' 
growi ng "OLlng ap ple trees \\ 'e re not frequentl~ ' 
infested , ' 

The second !lve of da m age occlIrred ",he n old 
, 'a rd sites wE're replanted to hops, :\('\\' plants are 
usuall,' p laced in tht' sa me locations as those 
pre"ioush ' remoH'd to avo id cha nging the locat ion 
of trellises , Roots a nd crowns. therefore . arc subject 
to dam age from 1' , calijom iCl" larval' le ft in the 
so il. Youn g pl ants were sometimes completely cut 
off and died before the end of the first season , In 
yards examined the seco nd and th ird "car after 
plan ting. up to 20 c; of the root S\ 'st~ms were 
damaged, Potenti ul fo r dam age rem'a ins e,'cn if 
another crop is in rotation fo r one , 'car between hop 
plantings, In one case where the in ter im crop was 
potatoes. several la n 'ae wcre found feed ing on the 
tubers, onc on a cedar stake. and ot hers on pieces of 
hop roo ts left in the soil. 

Flight period and Activi tv of Adults 
Light trap catches during .3 yea rs sho\\'ed the 

fli ght period of p, calijorniclIs to be essent ia lh ' 
restricted to the month of Jull' (Fig, I ), Day·to·d a~' 
variation in num bers caught 'during 198 I ~nd 1982 
was generally rela ted to warm night tem pcratu res 

a, indicated I" , d a ih ' m inimu m tem pera tures (Fie;, 
I ), The onk other facto r iden t ified \\ 'a , prec ip it a· 
tion w hich a pparent h ' had an influ ence ,',c1 ush'C' of 
temperature duri ng thc Jul,' ·1·8 period . IDS I a nd 
on Juh' 28 . 1982, Peak numbers \\'c re t ra pped a bollt 
half\\ 'a,' through the annu al fli ght pcr iod eaci l "ear , 
Th is was el' identh- afte r Ill os t bcetl es had em erged 
but little Illo rtali h ' had occurred, Ann ual num bers 
of bee tl es per t rap site nHied f rOIll 0 to 1,.1 ovcr the 
.3 ,'cars, No bcetles \\'c re caught in t ra ps in the 
G reenleaf a rea bllt beetl es werc ca ught in CH'n ' 
tra p in the \ \ ' ilder a nd Not us a r('as each ",:ar, ' 

During d adight hou rs beetles were fOL;nd in thc 
duff a t the base of hop pl an ts \\ 'herc dt'nse e;rowth 
may' pro"ide req u ired shade and p rotect ion , 'RCd lcs 
confined to plant bases in ca ges li, 'ed fo r a bout 10 
da"s, 

A series of dis>ccted gra"id beet les co ntai ned from 
150 to 210 eggs, Eggs wcre not fo u nd in the fidd 
where the, ' are di ffi cul t to detect since the, ' a re 
sti ch ' a nd become eovcred wi th fine so il part iclcs, 
E\'E' r (1942). hO\"c,'e r. fou nd ege;s \\ erc deposited 
frolll ubout 12 to J7 mm below the soil sllf faee near 
the bases of applc trees in cage exper iments, 

Larval Developmcnt 
p, calijo rniCl/s lan'at' \\ e re f( 'nlO"cd from 'so root 

5"stems collected in April. 1082. from an A· "ca r·old 
mode ratel, ' in festcd hop , 'a rd, Size distr ib'u tion of 
the 2-1 ,3 la ryae rccOlwed (Fig, I ) suggested tha t the,' 
represcnted-l groups, T he first two wi th boundari,:s 
of .3 to 10 mm and J .1 · 2 1 111m re,' pecti H'h ' appcarl'ci 
d istinct. \\'hereas the th ird " 'ith bound arics of 2.3 to 
.35 111m and thc fo urt h madc' up of Ian at' la rger than 
.35 mm. werc less d ist inct. To test the h\'jJo thesis 
tha t the,sc size distri butions represented ~ popula· 
t ions we used the E\I algor ithm for norlllal popula· 
tions (E,'erit t a nd Ha nd , 19S1 ), 

For each of th e fo ur popu lat ions initial ,'a lues of 
the proportion of tha t part icular popula tion to a ll 
populat ions . pi. the \'ar iancc . ai , and the mean . II i. 
were esti mated , Assuming normal db tributiom . 
proba bili t ies for each of t il l' indi, 'idual 2·1.3 (l bsen'u· 
tions com ing from <'ach of the four h,'pothes ized 
popul ations were com puted. and nell ' t's timate" of 
pi. aj. a nd1ti\\ 'cre chosen h, ' tht' a lgori thm to Inax· 
imize the probab il it ies of iJt'longine; to the specifit'd 
groups, This process was itc rated un t il a reasona hle 
conve rgence was achieved , i:.:qua tions for tlw cun'es 
depicting the ~ h"l'othetiea l no rmal popula tions 
(Fi g, 2) wc re based on thc sixth and final iterat ion, 

The appropriate Z or t \'a lues \\ 'ere next 
calcula ted for each of the fOIlf popul ations \\'ith 
population boundar ies set at 1 ~, ,5. 2 1..5, a nd 37,.5 
mm respectiyeh ', Then the expected number of la r· 
val' in t'ach of these inten'a ls frolll each of the fou r 
populations w as computed, r o r example fo r thc 
first popula t ion (. 607) (2-1 .3) = 1-48 expected from 
the E M algorithm , 

The ga ins and losses from the h, 'pothes ized 
populat ions a long with their obsen'cd , 'a lucs are 
show n in Table I , A simpl e chi ·square cal cul at ion 
with three degrecs of freedom. , 'iclds a calcul a ted), ' 
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Fig.!. Relationship between temperature (da ily m inima) and precipitation (p) and light trap catches of 
Priollus califomicus in Idaho hop ya rds. 
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= ,IS , (p = .9S) which is much less than 9.·W which 
would bc need cd to reject the null h" pothesis at the 
,OS Ic,'e! of significancc , 

The close correspondence of thc hypothesized .) 
populations to obsen 'ed size groups (Fig, 2) ap
parentI\' supports the contcntion of Eyer (19.) 2) that 
the species usually matures in the fourth year , It 
seems probablc that la rvae represented by the 
distinct i" e populations 1 and 2 were essentialh' I 
and 2 "ca rs old respect ively , The size range of a 
third distinct group. the ma:ure lan'ae. ca n be 
generalh' approximated as between 60 and 76 mm. 
based on a max imu m la rva l sizc of 76 mm and 
about a 25 % size , 'ariation ollsen 'ed among trapped 
adults, Actual numbers in the 3 groups of 151. 38 
and 22 seem to represent a f(~ a'onabl e decli ne in 
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nu mbers through the de, 'elopmcnt period , But even 
under the relativch ' uniform environm ental condi 
tion of cultivation 'some variation in development 
time would be expected, Some larvae betwcen 20 
and 60 mm in length. therefore, could he dcstined 
for 5 , 'ea rs or longer in the larval stage. even though 
the group designated as the third popu lation pro
baill\' consisted mainh' of 3-vear-old larvae, 

All larvae smaller than ab~ut 10 mm were found 
in vertical tunnels in the vascular region to a soil 
depth of about 200 mm, None were found in dead 
tissues , Man\' larvae 10- 15 mm in length were also 
associated \~ith vascular tissues, but la rger larvae 
exhibited little preference for particular areas of 
roots or crowns, Those longer than about 40 mm 
were sometimes associated with essentiall, un-

Population 1 

Population 2 

Population 3 

Population 4 

o 10 20 30 40 

SIZE (mm) 

50 60 70 80 

Fig, 2, Actual numbers (bars) of Priolilis calijoTlliclIs by size class, from hop roots . and.) h,vothesized nor
mal populations based upon the same data using the EM algorithm for normal populations (curves), 
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TABLE 1. Expectcd and o bscrvcd num hers o f PriOllllS ca lijomiclis I> \ots. larvae in .j Il\ 'poth etica l popu la
tions calcul ated bv the E l\\ a lgorithm. 

Pop ulat i on 

2 

J 

4 

Number in 
Population 

148 

36 

37 

22 

24 :3 

Loss 

0 

2 + 2 

9 

1 

Cai n 

2 

9 

2 + 1 

Expected Number 
in Inte r val 

150 

41 

31 

21 

243 

Obse r ved Number 
in I nte rval 

151 

39 

31 

22 

243 
. ~~~------~-------~- --~-- .------~------

dam aged roots sho \\' ing the,' ca n move from one 
part o f a root s,'ste rn to anoth e r . These la rge r la n 'ae 
were occas ionalh' found a t dep ths to 50 cm . 
Control Considerations 

The presence of uninft'cted ho ps a t a local it,· 
\\ ' ithin 6 km of infected "ards suggests th a t sp read o f 
P. calijo miclls may bc limited w hen occurrence of 
the host is not continuo us, a nd that ro tation o f p ro
d uc tion between areas even relativek close toget he r 
would be an effecti, 'c control. Gnder those c ir 
cumsta nces it is highl v unlikeh ' that a serio us in 
festation would develop in the 15 to 20 vea r li fe ex
pecta ncy of a , ·ard . Losses could a lso be reduced b,' 
a llowing at least th ree Years between ho p plantings . 

E"er (HI4 2) found e.ggs to a max imum depth o f 37 
mm . In th e present stud, ' essen ti a lly a ll larvae \\'e re 
found well heIO\, ' this level . Therefo re applica tions 
of effecti ve soil insec ti c ides at pla n t bases a.s sug
gested b,' E" e r (1942) coul d p ro"idc co nt rol sincc 
ne\\'ly ha tched la r"'le \\'ould be ex posed as thcy 

migrated thro ugh the soil befo re ente r ing the c rown 
or a root. Under Id aho co ndi t ions a n insecticide a p
plication could be made beginning with 2-" ear-o ld 
ho ps on a hout Jul y 15 a nd repeated annualh- . 

Ever ( 1942) reported that P. calijorlliCIIs in New 
Mexico was most pre\'a lent in light loam a nd sandy 
soils. These so il t" pes a rc t\'pieal o f the weste rn 
Idaho hop produci ng area and ma" have con
tributed to the de"e!opment of P. ra lijomicli s as a 
se rious pro blem . 

No na tura l enemies were observed to att ack j '. 

calij omiclis in thi s stud y, but Leech (1947) has 
reported paras it ism of an adult fema le b,' the 
dipte ra n, Sarcopflaga capax ' Valk . 
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ERRATUM 
In Vo l. 80 , 1983 , in the a rticl e by Vernon a nd 

Houtman entitl ed , 'Evalu ation of ' spnl\'ed a nd 
gra nul a r aphic ides against the Europea n asparagus 
aphid . ... , the graphs from Figurc 2 sho ul d appear 
ab()\ 'e the ca ption o f fi gure .3 a nd vice versa. 




