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SEASO:\AL HI STO RY OF THE BALSA'I "OOLL Y APHID 
1:\ COASTAL BRITISH COLLi;\1 BIA I 

L. H , M c M U LLEN AND J, p, SKOVSGAARD 

ABSTRACT 

Studies of t he balsam wooll y aphid at four locations in south-western 
B ritish Columbia showed that there were basically two generations per yea r , 
Ilthough onl y a partial second generation may occur at high elevations and a 
par tial third gene ration at low e levations in some years, The initiation of spring 
development occurred as ea rly as February in t he moderate climatic sites and 
as late as May in the more severe ones, The first craw lers appeared in late 
April , with initial peak abundance occurring from la te May to the firs t half of 
,July , depending on location, Therea fte r crawlers were prese nt during the 
rema inde r of the season , even into December at low elevations, with peaks 111 

abundance occurring thro ughout August, September a nd October, 

INTROD LCTION 
Th e balsam \\'oo lly aphid . Adelges piceae 

IHatzeb uqrl, a nati \'<' o f Europ,>an \\'hite fir 
IAbies ulhu Mil l('rl. is ('a pable of a tta c king all 

t.rue firs I A bies spp,l , [t ha s b et'n introdll ced to 
both coas ts of ;'II orth Ameri ca . probably 
through 11l0v(' nH'l1 t of l1urs(' ry s to ck I Balch , 
I<) ,~ :n 

T he in s('c t \\' as first fo und in Briti sh 
Co lumbia in I () ,,)B IS il ve r and Ro ss , I lJ.')91 and 

is prps(' ntly d is tribllted o \'(' r 1 700 square mil es 

of tllf' s Ollth\\,(':;tern mainland and Van couvpr 
1:;land IMolnar ('/ al" 19701, Amabilis fir 
I A 1,,'(' -, illllHbilis I DOllgla s I Forbes I h as s lIf

fpred hc a\'y mortality. and g rand fir 1 A . 
W ill/dis I D o ugl a;; I Lindley I, although m ore 
rp,; i:;t ant to injury by til(' inspct. ha s s uffe rpd 

1ll'pn'('iablp mor tality and dpformity , Al p in (' fir 

lA, lil siocwpil IHook('rl i\Utlalll also SUffpT;; 

h .. a\ \' mortality but th r in "pd is not ",id('ly 
di , lriiJul('d in s tand s of thi s sper ies , F llrth ('r 
spread of th p Hphid threa tpns th e alp in (' fir 

st a nds in tl1(' int e rior of the provin ce and 

'1l1lahi lis fir s ta n d" on th e coas t a n d \'anco lI \'(' r 
Island, 

A k n (l\\kdge of the seaso n a l h islory IS 

importan t in ass('ssing th e hazard of fllrth.'r 
sprl'ad , Th e ap hid is a minut f' , pa rth enogf'n l' ti r 
ill;;e c t . Ihf' li f., cyri l' co n s is tin g o f fiw s tages: 
pgg , fir;;t-in s tar nymp h I\\' hi ch in c ludp;; all 
a('tiyp ('raw l('r and a set t lpd " Il Ptls is tf' n ,," I, 

';('(' I)IHI- a nd third - instar nymph ;; and adult. 

\X ill gl'd form s "e ld om OCC' llr and th e only 
motile s tag(' i, tilt' cnm lpf , Th p aphid llsllally 

0 \ (\rwillt f-'r:-- in th e l1('OSiS t Pll s s ta ~(l. rl'he 
nll mlH'r of gf'll('ratio n s pl'T y,'ar \'ariN' \I'ith 
climati( ' ('o lldit ion", I II F: as tl'rn C an ada , 0I1p 

('cllltnhutlon frolll l 'iU'L1lt Fon' .... t Ht' .... t ·;HCh ('t'llirl :11)1; \\\.-.\ 

Hurrbldt, HOf'ld. \ ' tcton, l , IU 
:1 Tn't'T:lll; . .d(· jllol 1.l el.. (;r ,lIld (-{"pld .. , i\1 1Chl;!,111. 

genera ti on OCClir s in coo l region s and a second 
and partial third in \\'arm er r egions IGreen· 
bank, ] lJ701, In w estern United S tates , li p to 
rOlir gpnerations OCClir in mild c lim ates a l lo\\' 
plevation s f'I ' lilln oc k and Hlldin sky . 1 9,~9 : 

Mitc h e ll e l al .. 1lJ6II , 
S tlldi ps of th e sea :;o nal h istory o f the 

bal sam wool ly aphid we r p (' arril'd Ollt in Briti sh 
Co ilimbia during 1967 and 196B to dpterminf' 
th E' nllmlwr of gpnera ti o n s per year. th p time of 
initia tion of (j e n'lopment in thp s prin g. a nd tl1(' 

tim e of ye ar ",hen c rawle rs w ere mos t a hun· 
dant. 

M E THODS 

Fo ur s llldy s itf's \I' ('r(' locat('d in infrst('d 
,tands of .4 . t;raTldis alld A , ilm abi/i", 1'1](, 
formel' st a nd s "' (' r e on \ ' an(,Oll \'er I s land nf'ar 
\i cturia Iple \' 1 (10 ft I and D pp rholm e 11' 11' \ ' :\00 
ftl,ll e ar Dlln('un : th e latt er \\'rre 011 th l' lo\\' er 

mainland ill ti ll' Se~mollr Valley Ipl('\ BOO ft l 
illld (Ill l\ \""llt Fro mm I' 1,, 1,,\ 27()() ftl, b o th 
near i\orth \'anCOIl\'pr, S ... a;;o n al histor \ \I'a, 

de tl'l'minc d hy \I' Pt'k h ' f'X<ll1li nation of infr sted 
stpnl!-' and tanglPfo oli('o \ prpd ra rd s, T he Ir f'(" 
S('1( ,( ,tl'd for stlldy ,",(ri t'd from 1:2 to :2() in ch .. , 

dbh . had medillm to h('a\~' s tem pop ulati o n s , 
and \\' p rp loc a tpd Il ea r th.· s tand margin" 

St lld y area s. o n til(' bark \\pft' f' xamined 
\\'ith a :;t!'Teo mi c TO"l'opp lapp ro", ~(I.\.I I Fig , 

I I, Light \\<1- pro\' id rd by a m il'ro,;coJw lamp, 

fittl'd \\ i th a hea t abso rbing It'll', and pO\\'rrt'd 

b~ a ~ l1lall , i"'\olt ba tt ('r~, 

On amabili" fir. th p stuch areas 17 to lOon 

:\ tn't','" at ,'ae h lo(,ation I \\'.' r(' I-inch sq uart' s of 

Iwrk , d,' linl'att'd by rNI wax p t' n c il an d di\ ' id pd 

ill to quart e rs , :\ dot in til(' l'pntrt' o f each 

quart,' r facilitated or ir nta tion and " mapping" 
th e I()('at ion of ap hid s , On gra nd fir, th p rO ll gh 

bark m a d (' t his I1l Pt h"d un satisf lll'l o r\' , I n,;(p '1(\. 
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Fig. l. Exami na t ion of bole wit h microscope mounted on scissor jack on portable platform and 
show ing ta nglefoot d rop ca rds (a rrows) in position on t he bole. 

th e fie ld o f vi ew of th e stereo microscope 
la ppro x. 0.1 sq in ch I wa s uspd a nd map p in s 
on the ba rk loca ted th e posit ion s 16 to 12 on :3 
or 4 treps i. The s tage o f d evelo pment o f eaeh 
ap hid was ff' conl pd weekl y o n a ma p o f th e 
stud y a rea. 

The ta ng lefoot-covered ca rds 1 F ig. 2 1 wpre 

mo unt ed on thr ee or four trees at each site. 
Each ca rd was supported by gal vanized m eta l 
of th e sa m e s ize a nd p lacf'd in a horizo nta l slit 
cut in th e ba rk of th e tree. one at each card in a l 
d irectio n I Fi g. II . T he ca rds were replaced 
weekl y a nd exa min ed for numb er s of craw lers 
!c raw ler d ro pl . S ub-bl ocks mark ed o n th e 

-r 
- _______ �~S .. ,,~~~~:'~~~ ~o-,Ic - - -----' 1 

rnTI [IJJ [IJJ [IJJ T" I" 

1 
1-3/4"~1 

Fig. 2. C raw ler d rop card. 
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ca rds fa e ilitat f' d countin g th e numbe r of 
crawl e rs in ea ch block: wh e n lIumlJP rs wf'rf' 
ex tremely hig h . to tals for each canl we re 
es timatNI from ("ount s in onl' sub-bloc k c hospn 
at random in I'aeh of th e b loc ks. 

T emperalllr(' r f'cord s we re obt a in ed from 
hyg rothprmog raph s opera ted in th e stand s 
throughout the year at I)pC'r ho lm (' a nd Vic
toria. and fro m mid -April (I Jun e. Mt. 
Fromm e. 196 7' to mid- Nove mbe r un tlH' lo wer 
mai nland . The th e rmogra ph reco rd s w ere 
suppl em ent ed "ith data from ff'd f' ral gove rn
m ent wea th e r statio ns. D egree-day s above 42 ' 
F we re ca lculated from th e m ax imum and 
minim u m tem pera tures (n o uppe r thres ho ld I 

!Bas kerv ille and E min . 1969 1. As a check on 
thi s tec hniqu e. d eg r ee -day s w e r e a lso 
cal cula ted for 2 o n e-w ef'k peri ods each year at 
each loca tio n by measuring the area abo v(' 
42 ' F and be low th e trace on th e th e rm ograph 
ch a rts . Althoug h th e latte r were usuall y s li ghtl y 
high e r. partic ul arly a t Vic toria and I) ee rh o lm f' . 
diffe r f' n cps fo r th e to tal of the 4 onl'-w eek 
per iod s a t an yon e location did lI o t f'xcf'f' d 
,,).3 ~ . 

R ES UL T S AN D DISCUSS ION 

A tut a l of :3425 neos is tent es we r e f'xaminf'd 
on th f' bo lf' s : H25 in the s prin g . 154a in tl1{' 
sum me r and 10 ,) 2 oVf' rwinte rin g in th e fa ll : 

TABLE 1. Duration (weeks) o f immature stages of balsam wooll y aphid, 

Sea son 

1 

n Y Mean 

Spring O'fer1;rin t er 

Summer 55 8 

1 .'umber o f indi\"iduals 
~ Standard error 

5. 9 

sc?l n 

328 

0 . 11 ~45 

aaa adllit s " er e obser ved. Duration o f th e 
immature s tagl's s ho,,-ed no cons is tent dif
ff're nces assoc iat ed with locat io n and are 
grOl IJwd ill Table I . I-I o ,\ ,,\'(' r , tho se individual s 
that Illolli ted to seconel in sta r pa rly in th e 
"pr in g too k lo nger to deve lop . 

The in sec t 's spaso ll a l hi sto ry for I'ach 
loca ti o n and p'ar. a s d f' tl'r milH'ri from bark 
oIJ ,;r'rva ti o ns. is shown in Figure :\. Th e majo r 
diff(' ren ce a m o ng loc atio ns wa s th l' lat f' 
initiation of s pring deve lopm ent on tlw I"'\'t'r 
mainland. parti cularly on Mount Fromme, 
13 (' t""' f'n years. th e m ajor cIiffpre n ce w as the 
('ar li e r appeara nce of ad ult s in th (' sprin g and 
l'arlipr ,(' ttl ing of oH'rw int f' rin g lH'os isten tes in 
th f' fall o f 196a , A Ith o ugh on ly imma llIre 
sta g .. , ,,,pre prp sent on th e s tu dy a rras . on 
\' al1('OlI\-(' r J sland duri ng J an U'lr" . Fe bruary 
and March. occas ional adu lt s ,,,ith I'ggs ' '' ere 
",'f'n on ot her an'as of th e bol l'. 

C raw ll'r drop for bot h ,' ('ars a t f'ae h 
lo('at ion is sh o wn in F igurl' 4, III I 'i() 7. the 
('ards w('rl' no t in pla('f' early enough to ohs(' n 'f' 

Inst ?r 

~ 3 

Mean 5e n Me211 s e 

2 . 9 o. r~'9 338 2 . 2 ' . O( 

1. 1 0 . 03 309 1. 1 C. 6 

initiation of cra wle r drop pxcept on Mount 
Fromm e. wh ('re it oceurrf'd o n J 2 J unf', 
Alth o ugh a f(' w c rawlers were fo und o n th e 
card s during Fe brll a ry . March and April ill 
196a on Van eo u vp r Island. a major in<'rf'asf' in 
numbf'rs did not occ ur ul1til mid-M ay. 
Craw lers WNP firs t fo und in Sq-mour Vall py on 
~ :1l\1ay and on Mount Fromme on :, Jun e. 

'I'll(' pf'a ks in c ra"l e r drop IFig. 41 in dica tf' 
periods o f g rf' at ('s t c rawler abundance. with th (' 
initial p f'a k rf' prf'se ntin g p ro gp ny of til(' ove r
wint ering g-ener a ti oll . Following thi s r ea k. 
cra wlers w(' re pn'se nt ('o lllinuously . with 
populati o ns peaking at , 'ariou s tim es. ulltil 
I)ece m be r , Th e maj or di ffe re nces among 
loca ti o ns wpre till' la tN oce u rrel1CE' of th l' initia l 
peak on th ,' ma in la nd ancl th f' lack o f a ,pcond 
Iwa k "" Mount Fromm(' in 19()a. The illitial 
I'l'a k era" IN drop occ lJrrpd s lightly parlier in 
I ()(>B than in I ')(17 at Vie tori a. whNPlts it 

oc(' urrpd ea rli er in 19()7 at Seymo lJr, A t 
I)pc rholnw and Fromm e t his Iwak ol'(' urrt'd at 
abo ut till' samp tim l' in bo th ,'pars , 



36 

1967 

~ 
a: 
0 
~ 
u 
;; 

1968 

W 1967 
~ 
-.J 
o 
I 
a: 
w 
w 
o 

a: 
:::J 
o 
~ 
>
w 
(f) 

w 
~ 
~ 
o 
a: 
u.. 

1967 

1968 

1967 

1968 

FEB. 

J. EJI,'TO ~IOL . Soc. BHIT. COLUUnIA, 69 (1972), A UG. 1, 1972 

----<= NEOSISTENS 

OVERWINTERING 

2nd S 3rd INSTAR 

APRIL JUNE 

-======--=-< 

~ ADULT 

BROKEN LINE: ESTIMATE 

AUG OCT. DEC. 

; >:== • 

FEB. APRIL JUNE AUG. OCT. DEC. 

Fig. 3. Seasona l development of ba lsam wooll y aphid on t he bole at four locations, 1967 and 1968. 
The wide part of each bar represents the peri od when over 80';i , and the single line less t han 20%. 

of the maximum population of that stage was present. 
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Fig. 4. C rawler drop relative to maximum week ly number (expressed as 100) at fou r locatIons, 
1967 and 1968. 

(J r l't' n b ank I I (j, OI ind ica trd th a I ().) () 
d ('/!f{ 't' -day~ a bov!' 4~ F ", (' fI ' n'qllirt'd for 
l'olllp lPlioll o f th t' ovp r", int rr ing gP IH'ralion a nd 
an a ddi l io na l 1);)0 wrrc r l'qll in'd for ('0111-

p lPlio ll o f a ~('(,() lld /!l' llP ra lio n in N (' ''' 
Brll lls",ick. Th to' d alt's 011 \\ h ir h Ih l'S(, 
rt'q ll in'lllt' llt s ", ('rt' Ill t' t a l t'ae h lo('a t iol1 in ('aeh 
ypa r ITab/(, II I indica t t' th a t a t Ipast t \\ () 
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'fABLE II. Dates on which heat accum ula tions of 650 and 2200 degree-days a bov.; 42°F were 
attained at four locat ions in 1967 and 1968 . 

Degree-days 

Location 650 

1967 1968 

Vict oria June 7 May 23 

Deerholme June 12 June 11 

Seymour June 17 June 20 

Fromme July 2 Jul y 10 

generations might be expected a t all loca tion s 
exce pt Mount Fromm e in 19()11. and th a t 
deve lo pm ent would be la te r on th e mainland 
than on Va ncouver Isla nd . Althou gh hea t 
accumulation requirements were m e t ea rlie r a t 
Vi ctoria th a n a t D eerh o lm c. th e bo le 
examination s and c rawle r dro p indi cated th a t 
de ve lopm pnt o f the overwinterin g ge ne ra t ion 
occ urred a t lea st a s rapidl y at D eerh o lm e as at 
Vi e toria. Althou gh m ea n tempera tures w ere 
usu a ll y slig htly low er at D eerholm e than at 
Vi cto ria . maximum tem pe ratures were hi ghe r. 
sugges ting that more effi c ient d eve lo pm ent 

en 
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2200 

1967 1968 

August 20 August 15 

August 25 September 10 

August 24 September 7 

October 9 (Oct . 7 only 1590 ) 

took p lace und er conditio ns occ urring at 
O('e rh o lm e. 

Th t' cra wl er dro p w as affec ted to so m e 
f'x tent by wea thf'r conditions. a s indicated b y 
th e m ea ns o f th e daily ma ximum temperatures 
im can m a ximum tcmpera ture ) durin g th e 
pe ri ods of cra wl e r drop le.g . Seymour Valley. 
I <) () l), F ig. S I. Hig her te m peratures cau se 

I-(rea te r ac ti vit y o f th e c ra wl e rs IAtkin s and 
H a ll. I ()()<)) a nd th erefo re in creasp th t' ch a ncp 
of th e ir drop pin g o nto ea rd s. Initial peak 
cra wl er dro p wa s po ss ibl y d e la yed at Sey mou r 
III I tJ ()l) b y ea rl y Jun e w eath er eondition s. 

CRAWLERS 

MEAN WEEKLY 
MAXIMUM TEMPERATURE 
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Fi g. 5 . C rawler drop and mean m aximum temperatures in Seymour Valley , 1968 . 
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Vari a tion in crawler drop wa s also in
trodu ced by differences in tr('es. TIH' initial 
pl'ak era\de r drop on diffe rent trees at the 
sa me loca tion wa s u p to two \v pe ks apart. a nd 
lat e r peak & up to fi\ 'e week s apart. TIl!' patt,' rn 
of erawler drop on o ne tree at Dee rholm(' I Fig . 
() I was greatly different from th e pa ttern on 
oth er trees in 1967 and was omitted from the 
data for Figure 4 . Although th e initial peak 
occurred at the same tim e a s on other trees. th e 
second peak occurred on ly fi ve wee ks lat er_ 
whereas at least eight wee ks elapsed be t ween 
similar peaks on other trees at all location s. 
The pattern o f drop wa s similar on eac h 
cardinal direction and no differences III 

lo cation of this tref' in compariso n with other 
trees at Dee rh o lm c \\'er e apparent. So me in
di v idu a l hos t diffe re nce m ay have pro mot ed 
rapid d C\'c lo pm ent of th e SUllln l!'r geJH'rat ion 
on th is tree. In I ')()fl. such extrPlll e differ e nces 
Iwt\\"{'cn thi s tr ee and others were no t appar('nt. 
alt ho ug h Iwa k population s of craw ler s did 
differ in r t' lati\"{' ma gn itud e. Un fo rtunat ely . th e 
d,' \'plo pment of the aphid on the bole of thi s 
tree \\as not ob ,ent'd. 
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C ompari so n o f monthly m ea n t e m
ppra tures. I ().),:; through 1969 . at Victoria 
Gonza les and Van eouve r A irpo rt wea th er 
station s indicat{'(/ that neithpr 1 ()()7 nor 19()H 
had t'xtrenlP \v{'ath e r co ndition s excppt that 
F(' bru a ry -Ma rch 196H was one of the \varmp, t 
of th e 1.-; \ ea rs. Thus 196, anrl 196R \\'e re 
fairly reprpsentativl' yea r s. Howpver. th e 
warmpr spring wpather inI9()g \\a s rdl(' cterl 
hy th(' earl it'r appearance of adults on th e bole 
ill the s pring of that year IFig. 3 1. August and 
S"ptembt'r ,"('atht'r condition s . be ing cooler in 
I 'l()g than III 1969. probab ly d e layed 
dt'\ 'plopment of many neos is tentes. and a e
l"OUlltPf/ for th p ea rli e r se ttling of th ose that 
t've ntually ovpr\\intered I Fig. 3 1. 

In ge neral. two gen eration s occurred each 
year. although nawle r dro p r ecords for Mount 
F ro mm e exhibit ed little ev id e n ce of a seco nd 
ge n er ation in 1 9 6H . H o w eve r . bole 
ex aminati o ns indi ca ted that a portion of the 
po pulation co mpl eted a secon d generation 
whil e the res t remain ed in the neosistens sta ge 
and eventually overwint er ed. Bole o b se n 'ation s 
could no t sppar a te additional generatio n s 

AUG . SEPT 

MAXIMUM WEEKLY 
NUMBER COLLECTED 

1967 - 8015 
1968 -9570 

1967--
1968 ----

OCT NOV. 

Fig. 6. Atypical crawler drop from the bole of one tree, Deerholme, 1967 a nd 1968. 

occ u rring during tlH' , ummpr. since th e parents 
of nf'wl~ set tl ed nt'osist pnt es could not be 
det erm in ed. Ho \\'{'\'pr. e \'icl en ce indi ca tes that a 
th ird g('nt'ration oct:urred o n Vancou" pr 
Is land . The cra wlpr dro p for bo th Victoria a nd 
De('r/w l n1<' sho \\'pd at Ipa, t tw o tl ist i net p{'a k s_ 
alld cra\\ I{'r s \\'{' r e p rt'se nt thoughout 
No \'pm llPr in I ')(), and \VI'rt' still nl lllH'ro us in 
()("[ober. I ()()H. wh,' n o bse n 'a tion s ('('a sN/. 
Fllr til f" rlnure . th e i.l\ 't'rag(' duration of \ ario ll s 

stages ITabl e II indieal!'d that third generation 
adults co uld a ppea r by mi d-Sp ptpmbpr at both 
Vi ctor ia and D {'e r/wlm l' anrl heat a ('
('ul1l(ilation ITab l(' II I at "ictoria was s uf
fieit'llt b\ lat {' Augu s t in both ypa rs for ('om
pit-lion of a seeonrl gp nera tion. Ipavin g th e 
remainder o f th e s{'aSlHl for at Ipa st a partial 
third gen{'ration . 

The (' ffect of partia l gpnp ratio n s oIl 
po pul a tions is open to conjecture . That po rtion 
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of th e population unabl e to a tt a in th £' norm a l 
overwintering neosistens stage could bp ex 
pected to s uffe r high mortality. expec iall y 
und er severe c limatic conditions. Greenbank 
(19 70 1 provides an exam pip in which 6 ~; of 
the population formed a partial third 
generation a nd in creased th e overwintering 
population by 25'/; . 

The diffe rent hos t species . grand and 
amabilis fir. may havp co ntribut ed to dif
fe ren ces be tw een th e mainland and Vancouver 
I s land. H owever . weather conditions appeared 
to be th e dominating fa ctor. 

Dis persal of th e in sect is be lieved to be 
chiefly b y wind /Balch. 19.')2 1. but it may be 
spread by man (Atkin s and Woods. 196il l. 
Thus th e main hazard o f dispersal exists when 

til<' ('fawlpr ;; arf' pn's('nt. from latp April 
through "Jovem Iwr. although peak crawl er 
population s occur a t various times. At hi gh 
f'levations. til!' major hazard pf'riod is rpduced 
to June through O ctober . 

The res ult s of th e studi es repo rt ed h ere 
provide a g uid e to th e tim es of year when 
va riou s stagf'S of til!' in s!'c t are present. and 
confirm th a t he a t accumulation d ata ca n be 
uSf'd as a gf'neral guide to th e number of 
gene ra tion s. How eve r. variations are such that 
when precise kn ow ledge is req uired. sa mpling 
of th e populations would be necessa ry . 
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