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UNACCEPTAB IL ITY OF CLLTI\'ARS OF H I GI-I BLSH 
BLUEBERRY BY ADLLT BLACK \, I ~E WEE\,ILS 

(COL.:CLRCLLIO~ I DAE)1 
W . T . CRAM 

ABSTRACT 

When isolated adults of the black vine weevil , Otiorhynchus 
(Brachyrhinus) sulcatus (F.), we re fed hi ghbush blueberry foliage at 
consta nt 20 ' C and 16 hours photope ri od , the rela t ed cu lti vars Cahot and 
Weymouth we re unaccepta ble, whe reas Je rsey, Rancocas, .June, Pemberton , 
Bluecrop, Rubel, Dixi and Stanley were acceptable, judged mainly on weight 
gains, feedin g rates, fecundity , and surviva l. The presence of a feeding 
deterrent is indica ted in t he two unacceptable culti vars but other poss ibili ties 
are a lack of some necessa ry nutrient (s) or a n imba la nce or una va ila bilit y of 
nutrients which may invoke the response o f inadeq uate feeding. Adults a ppea r 
to die from st a rvation. 

INTRODUCTIOl\ 
Th e bla ck vin e weevil. Otiorhynchus 

(BrachyrhinLLs) su /callls IF.I. IZimmerman. 19681 . 
a parthenogenetic European species. occurs on many 
species of plants a nd is a major pest on several 
economic crops. and many ornamenta ls such as 
strawberry. cranberry. blueberry. yew. cyclamen. 
and aza lea. 'lllcse plants a re obviously different in 
many respects and represent a broad range of ac
ceptability by the pest. I n earlier studies on the 
acceptabi lity of plants found in pea t bogs where 
highbush blueberry is bTT'm\'1l. Cram and Pearson 
11 9hS J found that excised leaves from ('{'rta in IH,,·d ;; 
were more efficient sources of food fo r the adults 
than blueberry itse lf. 1l1ese results led to 11 "tndy of 
the acceptability of leaves from sel'eral highbll,;h 
blueberry cultivars bTT'own in peat bogs near \ '1In

couver. British Cohm1bia. 

MATERIAL" AND I\1ETHODS 
' 1111' general methods wNe thl' SHm!' as those 

dl'scribed f'arli (' r I Cram and ('earson. 19(,:; J. Bf'sides 
collecting newly emerged adults in the field. mature 
larvap were coll<>cted from ,o il und pr bluebf'rry 
bushes in lat (' ,\1ay. and plm·pd singly in holes made 
lI'ith a planting board in a standard gn-cnhous(' fl a t 
conta ining pea t soil from the m llection site. TIlt' 
holes 1\'I're covered lightly. the soil was wa tered as 
r{'(wired. and the larvae II'(' rf' allowf'd to pllpate and 
the adults to pmerge in the la boratory . In this way 
adllits \I'Pre obtained which had never ff'd on foliage. 
Adlllts were prf'Vf'nted from f'scaping fmm t1lf' open 
flats by stapling a strip of polyethylpn(' film arollnd 
the olltside of the flat. This strip extendf'd abollt 2 rm 
above the top "f the flat and tlIP insid(' surface \HIS 

. ( 'nntr ihuti4JIl ~o . I "';:~ . He:O-l'clrdl :--;tation . (',\lwei;) :\g:rind t tm·. 
(1, jiiO N. \\", :--'la rinl' I )ri\"C'. \ ' n l H"IJU\' l'r ,..;. H ril i~h ( 'nlllmbia. 

mated \lith filion ' applied with a swab of plasti c 
foam . 

Bccently an improved mf' thod was devised for 
measuring the relative area of leaf consllmed. After 
feeding a leaf was placed on 11 glass plate over graph 
paper with dots marked at alternate millimeter 
intersects. The arf' ll of leaf consumed was determined 
by collllting the dots that were visible within the 
feed ing notches. Each dot was eqllivalent to 4 sq. 
nm] of leaf arf'll . i::xcrt'tion was rated by examining 
the relative amollnt of frass in the vials. All ex
IX'rinH'nts wen' ,·ond llct .. d in commercia l bench-top 
rearing- l'abillet s ' at 11 "Ollsta nt 20' C and 16-hour 
photopt' ril,d. 

Studies ill 1966 
"'t'w l ~ emerged adll lts and a ll billebf'rry foliage 

In'rp ('" II f'c tf'd from the samf' farm. 1111' cllitivars 
tf's ted. tl ... nIt' an II l'ight gain in 3 weeks. mortality. 
ane! tilt' nlt'an " I' \ iabl,> eggs from 10 I\'I-evils each for 
13 \\'l'l'ks a pp .. ar ill Table I. TIIP ad llits lost Iveight 

T ahk 1. Hesr",Il,-" of adllits of the black yinf' 
wl'evi l fpd ('xci.",-d I,' a \'ps from highbush blueberry 
cultivan; at com'tant 21J' C and I (,-hollr photoperiod 
for I:l wt'eb . 

:Vi ran \It M ean 
g-ain Inlg l :'\io, surviving viable 

ClLitivar in ;\ weeks to oyiposit/ 13 eggs 

Weymollth -.>.4 0 0.0 
Jersf'Y 14. 11 12 :lOH.7 
Hanc(lras 14.4 12 3 13. 1 
Jlme 13,,> 12 :\47,(, 
Pemhf' rton 111,0 13 39::.:1 
BhlE'Crop 17.6 J:) 44lJ .O 

. F luon i~ a pol:detrafiuoroPlhyl('n{' di ~ pt'P.'i ()1l 1ll;Jllufanllrrd 
by Impc' ria i ( ' ht'lIlical Ill dll=,trie~. \r(,I\\' \ ' !l (;Hrckn ( 'i t v. Hert !-o. 
( ·. K . . . 

l\ l i.1llllfa('! ured hy :-ihf.lfl1r-(; it ll't r. '\ lar:-.h:11 1. .\' il'hig: lll . l .. :--i .• \ . 
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and died even before egb'S could be laid when they 
were fed on Weymouth. but the other cultivars were 
all acceptable and there were no significant dif· 
ferences in the weight gains or f'ggs laid. 

Table 2. Hesponse of adults of the black vine 

weevil fed excised leaves from highbush blueberry 
cultivars at constant 20 ' C and 16-hour photoperiod 
for 10 weeks. Leaves from 4 farms to offset any local 
effects. 

Cultivar Farm 1 

Weymouth A 
Weymouth B 
Weymouth C 
Weymouth IJ 
Cabot A 
Cabot D 
Rubel A 
Rubel B 
Rubel C 
JlUl!' C 
JII11e n 
Dixi C 
Stanley D 

M ean wt M ean 

gain Imgl N o. surviving viable 
in 3 weeks to oviposit/l3 eggs ' 

--'---=-=--
-4.6 0 0.0 a 
-4 ,,~ () 0.0 a 
-2.4 I 29.4 ab 
I.:Z :1 2.7 a 

-6.4 0 0.0 a 
-i'c) 0 0.0 a 
9.6 10 229.9 d 

14.2 11 101.4 bc 
15.4 12 171.1 cd 
11.4 12 239.5 d 
13. 6 12 176.9 cd 
1.').:\ 13 230.4 d 
[S.U 12 247.0 d 

I A Er ickson: B II Ii :;; (' Blue Boy: I) Maka ra . 

- Mean of JO ra ndomly sele('f cd survivors. Mea ns sh clf i n ~ the 
same let tN a rc no t sig'n ifica nll y d iffe rent (p ~ .0;:)). 

Studies in 1967 
TIlt' prf'liminary r('sults of 1<)66 stinlldated in

tpn'st in othf'r (·ltltivars. especially any that wcrp 
genetieally related to W(,ymouth. The elLiti var Cabot 
is onl' parent of Wt'ymouth . JILlW is the other a nd 

Rubel is a grandparent (Moore. 1<)661 . In 1967 
newly emerged adults from the fields and leaves from 
the different cltltivars were collected from more than 
one farm to offset any loca l climatic or soil effects. 
The mean weight gain in :1 w('eks. the number of 
laying Pggs. and the mea n of viable egb'S for 10 
randomly selectpd w('evils for 10 weeks appear in 
Table 2. TIll.' IUlacceptable nature of Weymouth was 
again evident and its parent Cabot also produced a 
simi lar response. Leaves from different farms did not 
alter this response significantly. 'nle clLiti vars Rubel. 
June. nixi and Stanley " ere all acceptable on the 
basis of the parameters mpasured. 

Another series was observed to show the response 
to Cabot and Stanley using adults that had fed on 
strawbprl)' fuliage sinee pnwrgence. These were all 
ovipositing at a high rate. Ten individuals were then 
fed on Cabot. on Stanley or eontinued on strawberry 
I Northwest I. Those on strawberl)' and Stanley 
continupd to oviposit at normal. comparable levels. 
",herpas there " 'as a sharp reduction in oviposition in 
those on Cabot 1Table :.I i. 

Studies in [969 
To darify and substantiate the earlier findings . 

studies Wf'rp concentrated on une acceptable cultivar. 
Stanley. and IlIlP unacceptable cultivar. Cabot. 
l£avps from both were collf'eted at the Makara faml. 
All adults Wpft' from larvae collected in the fie ld and 
allowed to pupate anel emerge in the la bora tol)'. 
Emphasis was on tlw w('ight change. amolUlt of 
f""din /! and fat conl"nl of individual adults fed for 2. 
:1. 1 and ,; weeks a t a ('lInstant :W °C and at a 16-hnur 
photIlPt'riod. When the adults emerged from the soil 
they were weighed. and assigned to a cultivar and a 
timp p<'riod. I n this 'my :14 unfed adults from eve I)' 

datp " 'ithin the I O-day ('nlPrgence period were in
dudpd in p'l<'h tinlP ppriod. Adults were fed at weekly 

Taill. · :i. Hpsponsf' of 13 actively IIvipositing 
adult s of the blaek vine weevil fpd at first on 
strawbf'rl)' tlwn ehanged to tl](' blueberl)' cllitivars 
Cabot IIr Stanl .. " or ('ontimJ('d on slrawberl)' at 
constant 20 C and I ()-hour photlipPriod. 

Blueberry 

Cahot 

Stanl.>y 

Strawbt'rry 
Northwt'st 

/1.9 

40.7 

1:1.2 

Mean viable t'/-(/-(s / m ·ek 

W"eks aft"r chang.' 
.J 4 . ) 

14 .H ,;.0 2.11 (1.:\ :!./I 

1:3.2 211..'i :\2. :\ 2(J.:! :\I.B 

30.3 4 t1 .l) :\4. 1 .-)2 .B :\7.S 

I:l..'i 

:lH.4 

2B.7 

Mpan eggs 
/ ",,'ek 

Il.:i 

:ltI. 2 

:l:I. t) 
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intervals as before. When their assi!,rned time period 
had elapsed they were weighed , killed in ethyl aceta te 
vapour. weighed again. dried at 90· C for at least 48 
hours. weighed. extracted, dried, and finally 
weighed. The ex traction was similar to the method of 
N ijholt (1967 ) and was accomplished by placing a 
single dried adult with its mmlbered label in a small 
extraction thimble which was stoppered with a loose 
plug of glass wool. N ine thimbles were placed in a 
large soxhlet extractor and extracted with petrolelml 
ether for at least 7 hours. T ests revealed that longer 
periods did not result in further extraction of 
petrolelIDl ether solubles. 

Si!,rnificant differences (p = .05 1 between the 
cultivars were recorded for weight changes. feeding. 
excreting. moisture and fat contents (Table 41. After 
5 weeks 3 1.4 %of the weevils were dead on Cabot but 
only 5.7'1, on Stanley. TIle effect of Cabot was 
evident within the first 2 weeks of feeding when a ll 
pa rameters but fa t content were si!,'1lificantly dif
ferent. TIle fat contents after 2. 3, 4 and 5 weeks on 
Cabot were significantly lower tha n after only :3 
weeks on Stanley. TIle effect of Cabot appears to be 
related to the presence of an lmknown feeding 
deterrent. since feeding. although nomlal at first. 
soon changes to an atypical small notching or tasting 

of the leaf edge ra ther than the nomla l. deep a nd 
la rge notching observed on acceptable cultivars. 
Under the conditions of these experiments even the 
Cabot foliage tha t was consumed was: not sufficient 
to susta in the normal growth of the fa t body and the 
in1l11a ture reproductive system (Cram. 1958 ); or all 
the necessary nutrients were not present ; or they 
were present in a form that was not readily available 
to the weevil ; or they were present in unbalanced 
concentrations. Gordon (1 96 1) says that in general. 
nutrit ionally adequate foods induce feeding a nd 
inadequate foods do not. Therefore, in this instance, 
there may not be a chemical deterrent but rather the 
negative response might be due to nutritional 
inadequacy. The exact cause of the unacceptability 
of Weymouth and Cabot has not been found despite 
many attempts to establish a qua litative or quan
titative difference in the chemical composition of the 
lea ves. 'The effect of varying the temperature regimes 
sheds some light on these observations (Cram, 
1970) . 
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Table 4. Response of adults of the black vine weevil fed excised leaves from the blueberry 
cultivars Cabot or Sta nley for 2. 3. 4 or 5 wcpks at constant 20 ' C and l6·hOllf photoperiod. 

Mean fpeding 
No. Weeks of M ean \\1 week 

Cultivar adults feeding gain Imgl ' I Sq n1l11 of JeaIl 

Cabot 34 2 -5.:1 a 182.0 a 
3 1 :\ ·6.6 a 158.2 a 
.3 1 4 -6.:1 a 144.0 a 
24 ;) -6.7 a l 3il.1l a 

Stanley 34 2 6.4 b 346.6 b 
35 .3 8.8 bc 324.1 b 
3 1 4 11. 2 c 335.2 b 
33 5 IU) c 3 18. 7 b 

I Mean:.; ~ha rillg the same iener are no t significan tly different (p =- .O,~). 
~ Rated as amou nt of frass in vial. 

l\i!'an f rass 
week ' 

1.3 a 
1.(, b 
1.4 ab 
1.6 b 
2.4 (' 
2. 'j d 
2.2 c 
2.5 c 

1 Petroleum ether solubles . Mean of 34 freshly t ransformed adults was 5.;J'd. 

Refe rences 

Mean 'ii Mean 'if 
moisture fat" 

16.8 a 8.4 ab 
16.6 a 6.8 a 
74.8 ab 8.1 ab 
73.5 b 8. 5 ab 
68.6 c 13.0 be 
64.2 d 15.8 c 
57.7 e 17.6 c 
55.8 e 18.3 c 

c · 
/ ( 

M orta lity 

5.6 
13.9 
8. 6 

3 1.4 
5.6 
0.0 
2.8 
5.7 
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ACCEPTABILITY OF CULTIVARS OF HIGHBLSH 
BLUEBERRY AT VARYING TEMPERAT URES BY ADLLT 

BLACK VINE WEEVILS (COL. :CURCULIONIDAE)l 

W. T. CRAM 

ABSTRACT 
Adults of t he black vine weevil , Otiorhynchus (Brachyrhinus) 

sulcatus (F .), fed and oviposited at norma l, expected rates when fed excised 
foliage of the acceptable highbush blueberry cultivars, June and Stanley, in 
varia ble temperature regimes of 7 to 15, mean 10; 12 to 19, mean 15; a nd 16 
to 29, mean 22· C . Howeve r, on the unacceptable cult iva rs, Cabot and 
Weymouth, they la id some eggs at t he high a nd very few eggs at the medium 
regimes, whereas in ea rlier work they laid no eggs at a constant 20·C . These 
results indicate t hat Ca bot and Weymouth provide barely adequate nutrition 
to the weevils and that environmental stresses such as a constant 20· C demand 
more nutrients than the unacceptable cul tiva rs can provide. Variable condi
t ions, probably due to a lower turn-over rate during t he cool periods, allow 
the insect to obta in the nutrients necessa ry for fat body development and some 
oviposition. 

INTRODucnON 
A clear pattern of unacceptability of the highbush 

blueberry cultivars Cabot and Weymouth to adults 
of the black vine weevil, Otiorhynchus (Bra
chyrhinLls) sulcatus I F.I, was shown at the constant 
laboratory conditions of 20"C and 16 hours 
photoperiod ICram. 1970 1. Further tests at three 
variable temperature regimes were conducted to see 
if this response also occurred in somewhat more 
natural environmental conditions. 

MATERIALS AND METIIOOS 
The general methods were the same as those 

described earlier I Cram and Pearson. 196:) I. One 
half of the adults in each series was collected in the 
field. the rest were collected as mature larvae and 
allnwed to transform to adults in the laboratory. T en 
adults per treatment were observed .lor 13 weeks. 
The cultivars tested were the unacceptable Cabot 
and Weymouth. and the acceptable June and Stanley 
ICram. 19/()). All foliage was collected from the 

I Cont ribut io n ;-..i o . 184. Hescarch StaLion. ('a nad<.l A g: ricliit u re . 
6660 N.W . Marine Dr:ve, Vancouver 8, British Columbia. 

Makara farnl. 
The temperature regimes were selected to ap

proximate a cold . a cool or a hot summer. 'The 
regimes were atta ined by setting the electronic 
probTJ'ammer on three bench-top 6TJ'owth cabinets 
(Sherer-Gillett. Marshall. Mich .. U.S.A.) to hourly 
settings which produced acceptable temperature 
curves with daily temperatures of 7 to I S. mean 10; 
12 to 19. mean I :); and 16 to 29. mean 22 · C. The 
photoperiod was kept at 16 hours. From six ran
domly selected survivors per cultivar per regime, 
data were collected on weight change in three weeks, 
preoviposition period. numhcr ovipositing and 
Illullbers of total and viable eggs after eight weeks 
from the first egg. 

'nwS(' data were analyzed by computer and the 
egg data were fOl Uld to be highly heterogeneous often 
with si6'll ificant interaction betwpen regimes and 
cultivars. thereby invalidating the very highly 
significant differences between the thrpp regimes and 
between the two sets of cllltivars. For this reason. 
si/..'llificant differences are not 6';ven in T able I. but 
examination of the means indicates the trends. 




