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BIOLOGY OF THE FOXGLOVE APHID IN THE 
NORTHEASTERN UNITED STATES 

By H. E. W.\V~; t IIlId W. A. HIIANDS, elltolllolouista, ElltomoLouy llc.~ea'/'()h Di'Vi
.~iun. ,luriellUl/rat J~('.~('arch SC'l"viec. Hnd GEDDES 'V. SU(l'S()N, prO/C8sor of 
(~/ttolitOLOUY. JIaille Agriculturat E.cr;crimrmt Statioll" 

The l'ommon \lume for the, foxglove. uphid (Llcyl'llwsiphon 8ol(t1~i 
(Kn.ltenbtteh» wm; suggested by Patch (4J),3 who found foxglove 
( fJigitali.'{ PIli'puN'a, L.) to bn It primary host of this insect. Since this 
plnnt wn;~ not eonUllOll in potato-growing distrids of ~laine, it seemecl 
likt>ly that other prilll,l.ry hoStB existed in view of the. lnrge llumbers of 
foxgl(n'e ,tphids that initially infested potatoes each yen,r. Study of 
the biology of this aphid was intensified after the. discovery by ",,'rave 
et td. (7d) of thl' ('OIllIllOll perennial IllL\I'kweed (Iliel'acimn. spp.) as 
:t nt'\\" prilllary host of til(' aphid. Pre\-iously the only intensive bio
logit· study of this ilU;ed was that of Patch ('4-.3), who described its 
densol1al hi~tol"j' on foxglove alld listed numerous secondary hosts. 

Thl' Pllrpose, of this publication is to r(wic.w the litemtnre on the 
biology 01' tilt' foxglo\'(· l~phid and to pL'eSCt'lt the results of research 
('onducted on this subjeet in llortheasteL'll ~[ttine fL'Otn 105:2 to 1061 and 
in Xew .Jt'L'Sey from U)5D to IUG1. 

Laeking inforlllation on the reiation..'lhip of the foxglove aphid to 
till' Ill',wly di:-;<'ovt'l'l'd prilllary host ha,\\'kweed, one oGjective of the 
study in ~Jail)(> was to des('L·ibe, the aphid's seasonal history on this 
plant. Additional objectives were to determine the population ely
namies of the aphid 011 hawkweed and on potatoes, the. production of 
:tlatae. in caged colonies on the primary host, the duration and mnbrni
tl1d(~ of the spring migrant movement, and natural control agencies. 

Principal objectives of the study in New .Jersey were to ascertain the 
host plants of the aphid, ib; geogrrLphical distribution, and its mode of 
overwintet·ing. 

DISTRIBUTION 

The distribution of the foxglove aphid is almost worldwide. An 
cxct·l1ent world distribution map of this ltphid has been published 

t Rl'signl;'d Septl'lllhel' 1002; now with the l'niv('rsity of ~Hlssnchusetts. This 
bulletin includes the results of n tlH,'His submitted by the senior author to the 
Faculty of thl;' Gnulunt(' Hchool of Rutgers Fniversity, the State University of 
:-few .Ter&'y, in June l!)G1 in partial fulfillmcnt of the requirements for the de/,'Tee 
of doctor of philosophy. 

"rhe nuthors grntefuJly aeknowledgl' thl' assistanee of I.. ~r. Russell, Ento
mology HI;'Sl!nreil Division. in identifying specimens of til(' foxglove aphill; 
C.I!'. W. Mueseile(:k llnd B. D. Burks, of this Division, in identifying hymenoptcr
(lUS pnrllsitl'S'; C. G. Thompson, fnrlllCl'ly of thi:-; Division, ami 1. ~L Hall, Depnrt
ment of Biologk11l Control. l'nll'ersity of Clllifomiil ('itl'lls llcseareh Ccnter !lllll 
Agricultural hlxpet:iment Station. Riverside. in identifying entomogenous fungi; 
and E. L. Tuttle. fonnerly of this DiI'isinll, for his o\)sprYatiollS. 

t ItuliC' numbers in pnrentileses refer to Literature Cited, p. 37. 

http:prilll,l.ry
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by the Commonwealth Institute of Entomology (6). Distribution 
records of the foxglove aphid in the United States h21.ve been compiled, 
by States, from mounted and labeled collections in the U.S. National 
:Museum, from the files of the Survey and Detection Operations of 
the U.S. Plant Pest Control Division (Agricultural Research Service), 
and from collections by the authors. The States inCluded are Ala
bama, Cn1ifornia, Colorado, Florida, Georgia, Louisiana, Maine, 
Maryland, ~fassachusetts, Nebraska, New Hampshire, New Jersey, 
New York, Ohio, Oregon, Pennsylvania, South Carolina, South Da
kota, Tennessee, Utah, Virginia, and 1Vashington. This aphid has 
also been reported from Montana (Knowlton 34) . 

ECONOM;C; IMPORTANCE 

In most potato-growing areas the foxglove aphid is one of four 
economically important species infesting potatoes. The others include 
the potato aphid UJ/cwrosiphwn e1('pli01'biae ·(Thomas», the buck
thorn aphid (ctphis 7UlBtw,tii Kaltenbach), and the green peach 
aphid (lllyZU8 pCI'8icae (Sulzer) ). All four species cause injury either 
directly by their feeding punctures and toxic secretions or indirectly by 
spreading virus diseases. 1Vith the use of organic insecticides, direct 
feeding damage has become less serious. On the other lmnd, decreased 
maximum allowable \'irus infection in seed certification programs has 
incren.'led the importance of aphids as virus vectors. A high degree 
of protection against the spread of potato \'iruses is paramount in 
potato seed certification programs, since a very small percentage of 
infection can lead to rejection of an entire field. 

Elze (13) reported that se\Ceral important \'irus diseases of potato, 
includin~ lea.f roll, mosaic, and crinkle, were transmitted by the fox
glove apllid, the first disease retl,clily. Dykstra and Whitaker (10) 
showed that the foxglove aphid, nnder certaill conditions, sel"ves as 
a vector of the viruses of leaf roll, rugose mosaic, crinkle lUosaic, and 
mild mosaic. This virus vedor's relationship to potato lea.f roll has 
been mentioned by Smith (66») Simpson (62), and Simpson et al. 
(64). The foxglove aphid is also a vector of the nonpersistent potato 
veinbanding virus (PVY) (Bawden a.ud Kassanis 3) and potato 
allcuba mosaic (Heinze 23). 

Heinze (24) listed 27 plant disease viruses that are tl"ansmitted by 
the foxglove aphid, among which are SOlUe potato druses. Day and 
Bennetts (9) in their review of arthropod vectors listedl:J: such viruses 
that arl'. transmitted iJy this aphid. TIl(> latest addition to the list 
of disease viruses transmitted by the foxglove aphid is tomato aspeI.1uy 
virus of tomato, tobacco, and chrysanthemum (Bt'ierley et a1. 5. Goyier 
J[J) . 

REVIEW OF LITERATURE 

Taxonomy 
The foxglo\Te aphid was clescl"ibed by Kaltenbach (32) from potato 

as Aphi8 8olrmi. Subsequently, this polyphagous species was described 
uncler numerous nnmes by other workers. Hille Ris Lambers (28) 
eomprehensively reviewed the synonymy, [md he and MacGillivray 
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(29) clearly established the validity of 80lani as the CQrrect name of 
the 'foxglove aphid. 

Orrly t.wo of the many names proposed for the aphid have besn used 
extensively. Theobald (70) described the insect as llfYZll..'i 7)8eu([0
.wlani. He (71) and others frequently used this name, ",hi('h is now 
eonsidered to be a synonym of sol·ani. The name c01L1Joll'uZi Ka.lten
bach 18·l3 often has 'been applied to this species, but Hille Ris Lambers 
(fda, f!8) and Palmer(4J3) showed that this name is a synonym of 
perwicae (Sulzer). 

Hille Ris Lambers and MacGil1in-ay (29) stated that American 
and European [l,phiclologists have disagreed considerably on the con
cept or the genusL1!yzu,s. Aphid specialists in North America have 
generally plaC'ed the foxglove aphid in the genus illYZll8 Passerini 
18(iO (Pn,lmer 42, Essig 14, 15. Mason 38, Gillette and Palmer 18). 
The foxglove iLphid has been discussed or described under various 
specifk names in the genus JI/ac1'osiphu,m Passerilli in Europe 
(SchoutecIet147, 48, Theobald v9, Gaumont 17, Borner and Schilder 
4.) and in North America (Bartholomew 2) . 

For severn.l years .most European workers have placed solani in 
Aulac01·tlwm Mordvilko 1914, but recently Kennedy et al. (33), who 
listed Aulao(Yl'tlwm as n, subgenus, and Russell (45) included it in 
AOY1'thosi7)7wn Mordvilko 19B. 

Biology and Ecology 

Although tho taxonomic aspects of the foxglove aphid lmvo been 
thoroughly explored, its biology and ecology have been neglected. 
MaeGilli\TiLY Rnd Anderson (37) obtained data on its maturation and 
reproclucti vo period, longevit.y, and fecundity in the greenhouse. 

Hoinze and Protft (25) reported that ill Germany the foxglove 
aphid ovet'winters as eggs on forget-lIle-not (ilfY08otis (17)ina La Pey.) 
and on shepherds-purse «(/apsella bu,1Wa-7)(lsto'l'is (L.) Medic.). Hille 
Ris Lambers (27, £8) stated that in Europe these aphids overwinter 
as eggs on varions plants; i.e., they exhibit distinct polyphagy. He 
further stated that sexuales iu'e produced on most of these host plants. 
Stroyun (07) recorded sexnales of the foxglove aphid from meadow
sweet (Fili7)MUl'ltlcL ulmuwia (L.) Maxim) in England. 'Cottier (7) 
obset"vocL the aphid overwintet'ing in the agamic form on Ritmem sp. 
in New Zealand. Tambs-Lyche (v8) found the foxgl07e aphid to 
be the commonest species on potato in Norway and stated that it ma.y 
overwinter indoors. Heie (21) observed the aphid overwintering in 
beet chtmps. The aphids have been observed to overwinter as adults 
and possibly as eggs in Scotland. 

Jllcob (31) recorded hibernation as adults on foxglove, a.nd Fisken 
(16) obset'ved iLpterae overwintering on perermial, greenhouse, and 
C'oldfrnme <:l'Ops. Shaw (61) noted oviparae on buttercup (Ranmum
lu,~ 1'epens L.) and wild l'aspberry (R1tbus idaeu.s L.) near potato 
fields. Eastop (12) stated that sexuales of the fo:s:glove aphid are not 
lrnown in Africa; however, Muller and SchOll (40) mentioned this 
aphid, among others, as coexisting in both holocyclic and anholo
cyclic strains. 
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Host Plants 

N'lImN'ouS none('onomir host plants for this aphid haY(' been listed by 
various n,nthors, notably Patch (M,4-4) in the rnited States, Cottier 
(1) in New Zealand, Eastop (12) in Africa, and Hille ItisLambers 
(27, f28) and Heinze and Profft (Eo) in Enrope. Shn.nds and "Wave 
(5.9) re('or<ied two new hosts for this aphid-yellow goatsbl.mrd (7'i'lIfl
opogon pmte1l8is L.) and alder buckthorn (R7U:L1ll/1m~ a&nijolia 
L 'Her.). ;\fore l'ecent ObSCL'\'llt ions have ~iIlg'gestecl that goat.sbem·d 
ean serve as :1 primtLl~1 host. F. F. Smith (ull(lUblished data) found 
n, heayy infestation of vidparous foxglo\'e t1plllds on senescentle!wes 
01' a. scedling tree, []f!tlila alba L., in Marylalld. The ltphids we,rp on 
the seedlings from October, when they were bL'Ought into an nnhe:ttecl 
greenhollse from outdoors, until late Jammry. 

The only recognized prinlltry host of the foxglove aphid in the 
XOl'theHstCl'll raited Htates prlOI' to l!Hiii was foxglo"e. This host 
was not sufliciently widespread or abundant enough to account for 
tllp infestatiolls tllal o('('lll'l'ed each year (Simpson and Shands 6.l). 
This clisercpaney bet.ween low host-pla.nt abundance and the relatively 
high initia.l infestlttlol1S of potntoes stimulated resen.rch that led to the 
disco\·et'}' nVlwe et al. 73) of the common perennial hawkweed ns the 
l)l'irnary host; 01' importance. 

Aphid Egg Surveys 

Following the disconwy or the. primary host. of impol'tanee, studies 
WI.)t'c stltl'tecl in an attempt to correlate overwintering aphid egg 
abundance on the prin1ltry host. with subsequently developing popu
lations of til(' (l,phid on seconcltn'V hosts. It. was hoped that. informa
I;ion gailled ft'ont these. studies (\Va\'(~ 72, Shfmcls d", ttl. 51) could be 
used as n, basis for forecasting population leNt'ls of the foxglove ttphicl 
that. might. develop in t1 given season. Data. for these studies were 
obtained by making semilmnunJ ltphid egg surveys on the primary 
hosts ill late fall and early spring, similar to those previously used 
in preparing forecasts for the other three. potato-infesting species 
(Shands et a.l. fiO). Thus, gl·OWet·s coulcll)e Wtu'nec1 in admnce of the 
possible development of damaging munbers of potentitd ,'ectors of 
potato vims diseases. 

Traps 

By means of wind-vane tmps, considerable unpublished c1abt 11:1ve 
been acctllnulated from 194J to 1959 on the dUl'lltion and intensity of 
this aphid~s annual spring influx to potato lields. The wind-vane 
type trap llsed in obtaming these data was desCl'ibed by Shands ct al. 
(;)4). DaNis ~t aL (8) collected the foxglove aphid in tlmNortlmest
('L'n United States by means of yello.\\" pan traps C~:.[oerieke .il)) and lJy 
wind trn.ps. Eastop (11) and Lamb (35) itlso collected this aphid uy 
means of yellow pan traps in .l.\:frica and New Zealand, respectively. 
His not to be ('oncluded, however, that-. this aphid is a migratory 
species, since the ImLles are usnally n,pterons, a situation that excludes 
true migrn.tion aecoL'ding to Hi.lle Ris Lambers (28), and also becn,llse 
the aphid Ii ves on the primary host the year rounel. Hil1eRis Lambers 
(28) reported that both apterous and alate males occur in Europe, but 

http:host-pla.nt
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not in~he same locale, The authors have obseI"Ved an-alate male only 
once. 

Plant Iniury 
Light infestations of the foxglove aphid oan severely injure potato 

foliage (fig. 1). Hoggan (30) noted that it.s feeding cau-sed discolored 

TC'-7f.15 

IPIGURE 1.-Typical injury to potato foliage caused by feeding of small numhers 
of foxglove aphids. 

I-lpots on tobacco, which, when the plant \\'11-'3 heavily infested, coalesced 
to form large neero"ic areas, sometimes killing the entire leaf. Elze 
(1;3) mentioned that the feeding of the foxglove aphicl caused il'reguln,r 
curling of young potato leaflets and speculated that growth of the 
leaflet was hindered as a result of the -[eedin!! puncttll'e. Smith and 
Brierley (05) reported that the simulation of lily rosette symptoms 
was induced in the young growth of Easter 1i1y (LiliWln longijlo1'IlJn 

http:TC'-7f.15
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Thunberg) by the ieeeling of fairly large numbers of the foxglovE.' 
aphid. 

Heinze (92£) observed that the puncture injuries of this aphid on 
older potato plants produced symptoms similar to those of potato virus 
A. Little, if fLny, leaf defol'mity resulted from these punctures unless 
feding occUlTed on very young unfolding leaflets. 8m-erin and 
Tompkins (49) reported on the symptoms induced by the feeding of 
the foxglo\'e ttphicl on two speeies of ferns. The injury consisted of 
beadl ike chlol'ol ie tU'eftS and wns somewhtLt similar in both plants, but 
t IH' intensity of the symptoms ,'nl"iecl with the number of itphicls, 

PROCEDURE IN MAINi: 

Cage Study on Primary Host 
The cage study was conducted on Aroostook Farm near Presque 

.1::;1(', ~bine, fI'ol1l 195G to 195$.), The pl'oeedlU'e used was especially 
suitrlblll foJ' ObsC'l"Ving in the Held the ontogenies of the different :forms 
01' the llphid us well as its population <lynam,ies on hawkweed, 

A single, immature, stem-mother foxglove n.phid was caged in situ 
or introduced into each cage. Cages (fig. 2) werd randomly located 
Oil natumlly occurring stands of the plant. Two species of hawk
weed-H i.ei'(lcillJ11l., (H6Tantiacu'm, L. llnd H. jltYl'ibullul'U1n vVimm. & 
Grab.4-were used and either one or both were included in a cage de

• Identified by C. D. Richards, Botany uml Plant Pathology Department, Uni
versity of :Muine. 

T f'-7G 11-

J~IGt-nF: !!.-Cages used to enclose colonies of foxglove aphid on llfiwkwee<l. 
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pending on chance. Both are equalJy suitable as hosts. Foliage in 
each cage site was searched for natural infestations of stem-mother 
aphids before introductions 'were made. 1Vhen more than one stem 
mother was fonnd, all but one were removed before caging. 

During the early pltrt of the season the cages were removed every 
~ to 4 days,ltnd the foliage was examined to determine the number 
of !lpllich; present, their form (aptel'olls or alate), and their stage of 
de.velopment (instiu·). At each ohsermtion, records were also made 
of tllE:\ clew·Jopmentu,1 stage of the host phnt lLnd the feeding sites of 
tho ltphid. During the period of alate production the plants and cages 
were cIll'efu]]y searched at each obseryation and the alatae removed. 
Litter in the season, a.ftet· idate production had ceased, the intern'Ll 
between obselTfltions was lengthened to 1 week or more. Observations 
were cont inned into IIlte O('tober Ot· eady November to record the de
\Tclopment of sexunJes, mating, ltncl beginning of egg deposition. 
Aphids probably smTive considerably beyond that time befol'e being 
killed by low temperatnres. Nightly frosts could be expectecl any 
time after Odober 5 in northeastern i\la.i ne. 

Although seyeml types of cnges (.l·e Iwailttble for retaining l'Lphids 
on Hllmll phmts, parts of plants, Or excisec11eaves, espeCiltlly for green
hOllse use (MaeGiUi vmy and Anderson 36'. Noble 41, Anderson et al. 
1), t he one. ('Ollstructedfor t his study was primarily for outdoor use. 
Tho eylinclricaJ ("age (lig. 3), 13 inehes in diameter and 11) inchE's tall, 
WIIS made of ()-gage ;'blaek" wire and ('overed with ('otton scrim hlLving 
2H by a2 threads per square inch. The bottom edge of the cage (1-2 

TC-7512 

I<'roCRE S.-Aphid cage showing method of anchoring. 
7llii-191 O-ll5-~-2 
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inches) was dipped in melted parnflin and allowed to lmrden to inhibit 
rotting of the scrim where it earne into ('ontad with the soil, which 
was banked along the outside edge to prevent escape of the aphids. 
Approximately 1 square foot of area was encompassed by a cage 
so that compn,risons (,OIt1d be made between cages fOt· the sl.tme yeitr 
nnd for eli rferent year<1. 

Cages were secured against· mO"t'll1entfrom wind with jute twine 
ILnchored to foUl" lath stakes dri \'en into the ground (figs. 2 and 3). 
CILges rell1ltined in situ except for brief periods. of removal to mlLke 
observnf'ions [mel counts of itphids on the foliage. 

Field Study on Primary Host 

Aphid development and popUlation growth were studied in the 
field on tmtuml stands of h:i.wkweed from 1956 to 1959. Beginning 
in early Mlty and untillnte October weekly records were taken of the 
form nnc1 number o:f aphids on 50 mndomly located plants at each of 
10 locntions, except during July and August, when observu,tions were 
made at fewer stations. 

To follow :1 given population for the entire season, sample locations 
were seleeted in undisturbed areas of ~rass1n,nd or weeds containing 
lULwkweed. Sampling was done along hnes arbitrarily dra,wn through 
the plant stand, tLnd sample plants were l'/\ndomly taken along these 
lines at predetermined intervt1ls, generally (WO paces. 

Since the unit of sampling wlis the whole plant (fig. 4), all the 
foliage, flower sttLlks, and flowers when present had to be examined 
for aphids. This was accomplished for each sample plant by examin
ing in situ both the top and the bottom surfaces of the lea.ves ·with the 
ILicl of a camel's hair brush. The handle of the brush waS used to turn 
the foliage with a minimum of djsturbance to the aphids. ",VIlenever 
It foxglove aphid was observed. on a sample plaut, it was examined with 
a ha::1d lens to determine its lLpproximate instar tLnd form. .As in the 
ettge study, the feeding locatlOn of the a,phid on the plant was also 
determined. Records were kept to show the number of Itphids fotmd 
on ench plant. 

Loocttion of Ra.mple 8tation,~.-To obtain It representative sample 
of the foxglove aphid population in broad perspective, 10 sample 
stat.ions were selected in central and southern Aroostook County (fig. 
5) . The total !Lrea in these popUlation surveys exceeded 2,200 square 
miles. In addition to a wide dIstribution of sample stations, an effort 
was made to obtn.in as wide It mnge of habitat, as possible. Descrip
t,ions of the habitat in which hawkweed gre.w at each station are as 
follows: 

(1) 	Smyrna Mills-dense grass shaded by old apple trees and 
scattered woody shrubs. 

(2) 	Sherman Station-open hayfield llnd aJong Qt. under adja
cent woody sh rubs. 

(3) 	Oxbow-open grasslttnd along streambltnk. 
(4) 	~rasardis-dense grass and herbaceous weeds ILlong ditch

bank. 
(5) 	Ashland-sparse to dense grass adjacent to and partially 

shaded by conHerollS woods. ' 



9 BIOLOGY OF THE FOXGLOVE APEUD 

Ji'Wl'IIE -i.-Hitwkwpetl plaut without flower stalk, illustrating sample unit 
employed in field study. 

( (j ) :-;tatt' Hoad-spal."BP to c1l':lse grassland and in partial shade 
of ftdjaC'ent III ixetl-growth wooels (spruce-hard wood) or in 
shade 0 f wood v sh ru bs. 

(T) 	 Presque Isl €'-open sparse grass anel along anel under hedge 
of rose bushes. 

(H) 	 Fort Fairfield-dense grass and herbaceous weeels pltrtially 
shadpd by sllIall a pple trees . 

(!J) .i\I~1.rs Hill-\'ery SPIU'Sl' grasR totally shaded by winow 
t hlC'ket aJong (>dg<' of S\\"lunp. 

( 1 ()) 	 BridgewatPl'-dl'nse grass along roadside, but part.iany 
shaded by adjaecnt deciduous woods . 

.\lthough the locations of four of the stations were changed slightly 
during thl' study, the dn.ta ·for Hl(':3 years wl're comparable. 

.:lpldd E[;g SlU'l'e,ll8.-Bl'ginning in lIHi-t. sUITeys oJ egg abunchnel' 
on hawkwcl'd were made l1.t scattel'ed IO('ittions in Inte fall. In U)58. 
thl'j' \Yerl' also startl'd at thl'se locations in l'arly spring, The survey 
wns ('ondlletl'd by ('olll'ding 50 randomly located plants l1.t each of 
D to 11 locations and examining the Jolingp -for Pggs in the lahomtory. 
Rp('Ol'ds WPI'e made of till' numher of plants PXlullil1l'cl. the IWl'('ellta!!p 
of plant~ iITfl'stpd, and the numbl'l.' of eggs pel' plant at each loctttion. 
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]<'IGUItE 5.-Locution of sample stations in Aroostook County •. Maine. 

Field Study on Potato 

Yearly trends of the foxglove ILphid populations on potatoes were 
followed fl'Om 1952 to 19(\1 by making counts in severn.l fields not 
being trClLtecl with insecticides. 'rhe procedure (Shands and Simpson 
51) cOllsisi:ed essentially in recording at weekly intervals tJlroughout 
the summer t.he number of aphids found on a leaf within the top, 
middle, fLud bottom third of each sample pla;nt. Infield plots, there 
werellsl1!1,lly 25 sample pla,nts pC!' plot and (j plot. replicat.ions Itt each 
field location. vYhere enLire Helds of pota.toes were used, there were 
100 to 125 sample pbwts per field. 

The sample plailts were mnclomly located by a screen-grid method. 
Although potato fields vHI'ied ill si7.(" t-I1C sample portion wns confined 
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to a square area of about 1 acre. ExcelJtions to this sampling pro
cedure included counting n;phids on (1) the entire plant until it be
came 8 inches tall and (2) only certain leaflets or half leaflets of each 
three-leaf sample when aphids became exceptionally abundant. Ap
propriate factors were used to convert counts on lea,flets and l1alf 
leaflets to the basis of three who Ie leaves (Shands et al. 55). Except 
for the very eady counts iIlI'olving 'whole plants, aphid populations 
were expressed in terms of the numbers on three whole leave~ per plant. 

Trapping Study 

A wind-vane trap opemtes by wind impingement against the trap. 
Aphids are simply filtered from a colunul of air passing through the 
tmp. This method vms considered a more accumte measure of the 
relative mao-nitude and duration of spring mi~rant flights of the 
foxglove aphid than the yellow pan t,rap (MoerlCke 39), which may 
incite Itn alighting response. Shands et al. (53) pointed out some 
limitations in using the latter trap. 

An the trtLpS were located so as to be exposed to a clear sweep of 
wind i i.e., unobstructed by buildings, trees, or ot,her impediments to 
wind movement. 

The wind-vane trap developed by Shands et al. (54) was used from 
1953 to 1959 to gather data on the movement of the spring migrants 
of the foxglove aphid, especially the duration and mtensity of its 
annunJ influx into fields of potatoes. 

The trap was made of welded VB-inch metal rods and covered with 
cotton scrim. It. was shaped like a curved horn, with the plane of the 
large opening or base mounted in It vertical position (fig. 6), The 
vertical front opening was 19112 inches square and the small circular 
opening above was 3112 inches in diameter. 

Attached at riCi'ht angles to the base of the square opening was a 
metal shaft, whicll was an essential part of the swivel mounting that 
permitted t;,~ trap to function as a wind vane and thus keep the large 
opening orier.wd directly into the wind. The swivel effect was ob
btined by .inserting, the metal shaft into a short length of pipe of 
slightly larger diameter, which was seclll"l'ly fastened to the trap stand 
in a verticn.l position. The bottom end ·of the pipe was closed to 
J·etain a blLll bearing on which the shaft rested, and the resulting tube 
was filled with grease. 

In opemtion, the small circular upper opening of the trap was 
covered with a "baker's cap" (figs. 6 and 7) 6 to 8 inches in diameter, 
a.lso of cotton scrim, which was held in place by elastic tape sewed 
into the hem. The top of the trap cap was held flat by four equally 
spaced gripper snaps that served to form large folds around the rim. 

'Wind currents striking the inside back of the trap funneled the 
entering a.phic1s upward toward the opening of the trwp cap. Wind 
currentS likewise tended to "push" the aphids alighting on the back 
wall of the trap, causing them to walk or ron upward toward the 
cap. In addition, as a result of some stimulation, the aphids exhibited 
It distinct kinesis. This stimulus elicits a resI?onse to crawl upward 
ltiter landing in the trap. Although this kinesis appears to be a 
natural orientation preparatory to subsequent flight, it is questionable 

http:orier.wd
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TC-7516 

PIGURE G.-Wind-vane trap, showing method of mounting to trap stand. 

whethcr it is clue to It specif-ie stimulus or to a combination of stimuli; 
for cxample, positive phototropism and negative geotropism. During 
periods whC'tl the air is calm, the CtlP tends to settle, tlnd the aphids 
enelosed'in the folds are effectively trapped. 
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TC-7517 


FIGCRE 7.-Complete trail assembly. 
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The lllunber of airborne aphids caught at a given height depends 
on their density and the wind velocit.y. Several etrective trap-operat " 

ing heights have been demonstrated for some nphid species (Shnllds 
et al. 53) ; however, the one used in this study was 121h feet. Opernt
ing height was measmed from the ground level to tIle bottom of the 
trap opening. Figure 7 shows a complete tmp assembly, illustrating 
th:i' construction of the trap stand and in partLculnt· the height of the 
t; ;1{1 nbove I!rouncl. 

Seven traps were opernted during .Tune and .Tuly in the agricultuntl 
district around Presque Isle. Traps were emptied dnily, except during 
inclement, weather when bends of wnter retall1ed on the trap covering 
precluded aphid removal. A mouth-suction nS1,irntor was used to 
remove the aphids. 

Natural Contr.ol Agencies 

Parasitization of caged aphids was not, lL problem generally, but 

o('casiolllll1~' hymenopteL'ous parasites appeared in the. colonies. 'Yhen 

parasitizntlon ()('('uITed early in the season, the cages inyolved had to be 

discarded, since the nUlllbers of developing aphids would have been 

Hchrersely afl'ectecl. Pttrasites were reared and identified from parasi

tized foxglove aphid::; C'ollected on ha,wkweed fL'om 1956 to 1959 and 

on potato from 1942 to 1960. 


Fungus diseases oeetll'red sporadically in the caged aphid colonies, 

out generitlly not until the production of alate forms had ceasecl. 

\\'hentwet' deitel, diseased aphids were, fonnd in the cages, specimens 

were collected for determinations of the fungous. All diseased aphids 

were removed from th(' cag('s ns far as possible to prevent or decrease 

further sl)I'end of th(' pathog-en. Fungus-diseased speeimens were also 

identified from eolleetions made on potntoes from U)+2 to 1962. 


PROCEDURE IN NEW JERSEY 

Aphid Survey 

To d('limit g-('ograpiti(':llly the distribution of th(' aphid in N('w 

.Tersey and to aseert:tin host plnnts of econOl1li<: import:uj('e, IUlwkweed, 

tho primary host, was examined from 1!l5!) to HHil in many rural 

:Lr('as. Se('O!Hl:tril.\'. :,;eal'ches 1'01' tIll' aphid w('r(' ('on(]l1cte(/ on other 

possible, host plants at each site. All ('xaminations of plants were 

made in sitl1. 1,Thpne\'er foxglove aphids \\'el'(~ fonnd, they were 

ident ifipd with n. hand lens Qt. collertions werr taken for later verifica

tion. "'hrrr. the plnnt material was IInknown, specimens were col

lected f(w ic1('nti(ication. Plant.s w('re examined for aphids in many 

:ll~<l "ltried environments, in('~ uding 0l)en grassland (fig. 8), roadside 

dlt('heti, past llL'es, nbandoned helcls, alit old orchards. 


Cage Study on Primary Host 

To determin(\ the mode of overwintering of the foxg-love aphid in 
New .Ters('y, engl'S Were plated ovet· natural stands of hawkweed in 
essentially the :;ame mnnner :IS that c1estl'ibec1 for Maine, except that 

http:Contr.ol
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"rC-7!)09 

Jo'h' m, ". (11...·" ~ra~~lulill \\ jtll Ifwrcwillm ]lurilJUlltlUI/L in full jJUl\'l'r interUlixed 
With OXl'y(·-dai~y, 

111 to :;,. ;tl'ft'l'()I1~, virip:u'oll" adlllt:- and 1l,\'lllplt:' illste,lcl of a Hingle 
:lpil;.[ \. ('rt' u--pd to ill rp~t ltawkwPl'd ilt p:tf·l, (',\gl', C'ngl'd ('olollil'H 
of till' .:\"\\ .It·I·~!'y ,,( !':lin IIf tb,' apltill Wl'I'l' lllail!lailled at Beelll(,ITille 
alit! .:\1'\1 l:mlI,\\idi ill 1~I(j(l-(;l. Till' rOI"II!'I' locatioll i~ ill till' 
I'stl'l'lw' I,fll"till\l',.tt'!']l ('Ol'l,l'l' of tlll' :-Ztntp ill :-Z1l:'HPX Coullty, and the 
bnt'I' l~ ill ~IlIldl\',:-l's ('llllllty ill rill' ('l'lltl'al part of tlit, State, During 
tlw \\ ;1,11'(' till'I'I' i,. a Ilill'pl'l'lltial of :1., loL, F, ill thl' llll'l\n 1l1onthl\, 
~I'lItl'!'r;tllln';:-IIl't\\P('l1 tln' two i<)(':ttioll", C'o\ollil':' of tlr(' aphid wel~e 
l';:-tabL ...Ill'd ill pady ;\lay at Hl'l'llIPI'\·ilh· bill !tot ulltil lllid-Septclllbet' 
ill SI'\\ Hnlll.:-"j.·k, ,\ "t mill of till' aphid ohti\illecl frolll P,'esquc 
r~lt·, .\[aiw', \\a~ al,.o l':-tabli.:-lIl'd at Sl'W Bl'llllSwiek Oil St'ptelllber:W 
alld:!, 1'''1' "lIlllpat'i"Oll, 

,\1 1:"Pllll'l'\'ilh·, 1',WIt of ;. I'a!!!';:- I\ns iltiriallr illfl'~t('d Oil ~rtl\, G 
wltl! 1" aptpJ'lJu", \'inp:u'lllt..; ndu·lts lllllillymphs ;)f t!Ip foxglo\'l' tlpl1id 
",,(h·r·r,·t! frolll varillib WI'pd tipP('ips, Thl' ('a,!!l'" werp loc'utNl at the 
dait,y 1'l'''I';lt·('!t fal'lIl of till' SPW .Jpl'~(,y .\!!l'il'ultul'<tl EX(ll'rillll'ltt 
StaflO!. alit! \\I'('{' p:;(('('<1 OIl tIll' lIa II'k\I('l'tl fl, florio/u/rill/ll in a 
l'a:,tlll'1' (J\ \'r!.1'("O\\l1 II ith gTll;:-,. and hl'r1JH('('oue' w('('d~ alld in partial 
"had I' Ill' "Illall dp('itluou,. tl'l'l':', .\. ftl'(' l'''tabli~hlll('llt of tlIP ('olonies, 
rl'l'll'il'llt nlN'n'at iOlIs :ulll ('ollnt,. \\('I'P llludp throughout rll(' :mml1ler 
and tall to detl'l'mitll' tlrp forltl lllltllllllllbpl' of aphid::; that (Ip\'ploped, 
()1' I'lll'! i!'ldaJ' jlltl·I'!,..;t \\I'I'P o!N'!'\'ntiol1s to c1l'tl'I'milll' whptJlPl' Ol' not 
""xuall':- ()('(·\tl'l'\·d, 

.\.t .:\Im Ht'lIlt"\\ (('k, I'ight (·a.!!!':, \\'('I'P illfp"il'd Oil Sl'ptplllhpl' 1:\ with 
al'tt'PJlI~, \'ivipltl'ou" adult" and lIYlllphs obtaillPd frol1l ('()lll't'!ioll~ of 
tIll' ;(plnt! IliadI' ill HpPll)('ITilll'. TIll' t'agl'd ('o]onit':' were loeatt'd at 

7t;6 HII () .. Jj~ 
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the vegetable £itrm of the New .Jerse-y Agl'i~'llltural Experiment Station 
in open ,!!l"usslancl. Obsel'vatiol1R anel counts of aphids in these cages 
were made pel'iodica Ily. 

RESULTS IN MAINE 

Population Trends 

P07}ulation (/-l'owth on Ihlll'ku'('ec/ in ('a{11'8.--Two peaks OC('lIlTed 

in tlH' populntion gnnvth ('tll:ve 01' the aphid for IH5ti (tig. H)-one 
on .JIIly ~, and the nthc!' Oil Allgust :W. A eomplex of fadors may 
have opl'nltNl to prodllee the dip in the popu1ittion \)(,\Wl'l'1l .August ~ 
ilnd 1:1. Firsl, tl\(> author;.; \\'(,1."(> unn.blt' to get an Hl'('uratp COllnt of the 
Illrge Humbers of llphids that (\(,w\oppd ill om' t'age. Se{'t}nd, fungus 
(liseilS(>S aPPl'arNI in SOllle of tIt(' colonies about tlIid-.J ttly and resulted 
in.it si/-.'11ilieant population loss. 

Figllre !) also shows that the. Inii, popUlation n'est was somewhat 
broader bu! IOWl'!" than ill l\l;j(i and rNH·hed n. I\\tlXinHlTll Oil August Hi, 
O!' 8 days lalp!' than ill Uliili. In lUiiK, peak popUlations \\'ere. of tL 

~hortl't' d umtiolt and (,oll~id('rllhly IOWl'l' t hun in eit he!" of the 2 pre
\'ious Y('tU"S. The higll(>st 1!l;:;H jl('ak \\"1\" on .July 23, 1+ day" eadier 
thall ill l\1;){i and ~:2 davs (,tldiel' rhall in W;;,. Both tlw tillw of O('l,'t!t·

I"PI)(,.(, and the nUIlIIll'I: or aphids ilt the Ilt'ak iU'P (lPtel"tllined largely 
by the lmnper:ltun's and lI,lluml ('ontml np;l'lwieB that O('tUI' during 
l't1e\t allnllal ('\'('\1'. 

1)0patHI iUI! •(/- 1"0 w{ It in ""/I/II/'al g 111·iroIWl('llf".--Popttlat iOll growth 
('urv(>s (Jig. W) WPI'(' jln'IHlrl'd by ll\'('L"t\gillg ('oll:;el'utin' o!J"PL'\'ation" 
into gl"(lllPS of theN', with dllUbh1 \\"l'ight p;in·n. to the middle value. 
Thc$8 ynlul's w('n' Ihpu plottl'd lls if the}" had bPl'll the obst'!"ved ones. 

1"Wt'I\~: D. A\'prn~r J1tJlIIl)('r of Ilpt('L"otJl'l foxg-Ion' aphitls l)('r eage OIL hawkweed 
ill cngp lltmlif.'1< nt Arot)l'ltook Farm, Mniut'. 
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~~IOl."I\('; lO.-Average number of apterous foxglove aphids per hawkweed plaut 
in field .studies in Aroostook County, Maine. 

This procedure smoothed the CUl"\res and tended to !~void inconsistencies 
due to sampling where tLphid pO()\Ilatiolls were, too low or too sparsely 
distributed to be detected. 

The curve for 1956 describes an erratic picture of population growth, 
but it shows, nevel'theless, that the population increased gradually 
from a low in l1lid-~J'L'y, reached a peak 111 late August, and then de
clined. The population growth curve for 1957 shows a, definite but 
stepwise population inerense that C'ulminated in late August and early 
September, then declined slowly until aphid couuts were discontinued 
in October. The 1958 cUl've, although incomplete, shows a rather 
steady, slo\\' pOPlllation gU0wth until en,rly August, when the popula
tion began to increase appreciably. The petLk probably occurred in 
late A:.~J'ust or early September. A secondary peak occurred in early 
to mid-October, which was attributed to temperatures favorable for 
!Lphid deyc lopment at that season. 

The cUI'ves fOl' the percentage of plants populated (fi~. 11) were 
prepared by taking the weighted a ve1'llge of three consecutlve observa
tions as previollsly explained. These Cllrves show the same ,generul 
populittiOil growth trend ItS obtained for numbers of aphids (ng. 10). 

1Vhen discrepancies ot('ur, it is mom meaningful to accept the curve 
described by percentage of plants popUlated than the curve described 
by number of aphids per plant. This becomes clear when one con
siders that a single viviparous adult ILphid may deposit several nymphs 
on one plant, creilting a large reading for the numbers of aphids pel' 
plant, \,-hereas in actna.) ity their distribution in space (percentage of 
plants populatecl) may be small. The percentage of plants infested 
provides a better index of the aphid produetion ·potential of the area 
sampled, especilLlly.' dnrin~ the eady phase of aphid population growth. 
The productive potential of a given Humber of aphids early in the 
season is greater when they are evenly distributed. Nevertheless, by 
either method of comparison, the populntion growth curve of the aphid 
followed a similar trend. The population increased slowly until early 
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j.'IOl'HE l:!.-Av('!·agl' nllllllJPl" lIf foxglon' aphills OIL thrl't' INlV(>S 1)('1." plant (LlIp, 
1I1i(ldle. bottom) of untreated potatoes at Aroostook Fal."m, Maine. 
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pared by plotting at 5-day intervals the averages of the log n +1 of 
the population size on corresponding calendar dates e~.r,h year. The 
population growth trend of the foxglO\Te,aphid on nntre..~ted potatoes 
begins to rise l"lLpklly in late .July antl continues until the peak is 
reached in eady September. This is about the St1me growth trencl fol
lowed by the aphid on ha wkweed in natural ellYironments (fig. 10), but 
some,what later than the peak of abundance on caged plants (fig. 9). 
It is app!trent 'from figure 12 that this aphid is a low density species 
[md tlUlt even nt the peak of abundance there are, on the ttverage, only 
about two aphicls 011 three letwes per plant (top, middle, bottom). 

The ettrliest date of infestation of potato (fig. 12), shortly after 
.June 10, coinc:ides with the average beginning date of spring migrltnt 
maturation on caged htlwkweed (table 6). The last elate in figure 12 
is when observations were tenl1inated because of harvesting operations 
or killing frosts. 

Aphid ggg Sw've-ys.-The results of the Remiannual egg surveys on 
IHtwkweeel are sllmmt1rized in table 1. 

T.\BLE I.-Foxglove aphid egg 81.WIJeys on ha/wkweed en A:roostook 
001tnty, 11l(tine 

Season and year Stations I Stations 1 Total Plant,s Eggs per 
I 

with eggs , plants i InCested 100 plants1 
1-' I , 

Number Number ...Vumber Percent NumberFall:HJ54_________ I--I I 
1955 ___________ 11 6 110 10.9 14.0 

91 1 410 1.0 2.41956___ -- -. -- __ I 10 2 500 .4 .41957 ___________ • 10 4 500 2, 0 2. 21958 ___________ 1 10 7 500 3.6 4. 0 
10 0 (191Sprin1i:59 

1_ - - - - - - - - _! 0 0 

1058___ - - - - _---i 10 4 500 1.8 1.81959 _. _________ ! 10 4 499 1.4 1.8 

1 Removal of snow from plants during sampling apparently dislodged all eggs. 

\Vith OIle possible exception, the egg surveys gave no clear-cut index 
to foxglove aphid populations that subsequently developed on hawk
weed (fig. 10), other than that they were low. The exception was the 
lrLrge llumber of spring migrants that cle\·eloped in 1955 (table 4) 
from the hwge number of eggs in the fall of 1954. rnfortunately 
the populations of foxglove aphids that developed on hawkweed in 
naturtLl en dronments in 19;")5 were not followed. 

Production oj .t11atae.-In 1956, alatae began maturing on .June 19 
(fig. 1a), increased gradually to peakuumbers on .July 12, then rapidly 
declined; the last one matured 011 .July 27. The total length of the 
matllmtioll period was 38 days. The alatae developing from It single 
stNn mothet· per cage, (sqwLre foot) ranged from 5 to 58. .Although 
tL few of the alatae develope(l from progeny of the second generation 
in 1956, their distribution in time indicates that the greatest number 
matured rmm the third generation, and possibly some developed from 
the fourth as well. 

In 1957, alatM began maturing 011 .June 10, 9 days earlier than in 
1956. Two peaks of abundance occurred in this YelLr, one in mid-June 
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]i'roCBf: l:l.-Ax('ragp lI11lll\)pr of winged foxglOY(' uphills that mntutl'(1 (m huwk
wl~llil'r dit.\' [lPl' fil'ld ('tlgp,l'n'iit)IH~ liilC', ;\laine. 

and the otlH'r in late .June. After the Jate .Tune peak, maturation 
:tbruplly eensed, tht\ last alatfl, maturing on July 3. The short matura
tion period (:2:3 clays) indicates that the bulk of the migrants that 
deycloped in 1957 wen' progeny of the second generation. Spring 
migrant:; d(we,loping per sl- 11. mother l'llnged from 0 to 32 i~. 1957, 
or less than one-half the tOlrtllHllnbel' that developed in 1956. 

In 1958, alate maturation began on .T une 12, 2 da.ys later than in 
1957, but 7 days ettrlter than in 1%6. The ayernge number of iL]atae 
developing per day per cage increased gradually unW It }Jeak was 
reached on ,Tune 25, numbers then fluctuated somewhilt but remained 
high until they declined after JILly 11. The last mi:"'1:lmt. matured on 
.Tuly 23, iLbout the same time as in 1956. As in 1956, the. long mn:tura
tion period of 41 da.ys suggested ~hat migmnts c1e\'~loped from 
progeny 1!tter than the second genel'lltlOn. Alatne developmg per stem 
mother mnged from 2 to 29 in 1958. Although this l'!tnge was about 
the same as that in 1%7, the total nl1111l)('r that c1('n~lopec1 was 71 per
cent greater in 1958. 

In 1!)30, the llllmhet· of spring migrants matnring per day per cage 
fluctuatl'Cl great.1y. This was due in part to the action of fungus 
disenses IUld pl'('datol's. which decreased the number of cages thnt cou1d 
be llsed :fo1' obtaining thl~ :wemge. Nevertheless, :tltttae began to 
ma.ture on .Tune 12, reaehed It peak on June 23, and then, with only 
tl.n ol!('usional one. maturing, ceased matumtioll on .Tuly 31-about the 
same as in HliiR The alnU\£' d('\"eloping per st.em mother ranged from 

http:great.1y


21 BIOLOGY OF TEE FOXGLOVE APHID 

o to 10. about one-third of those 1I1 1£158. The 49-day p<'riod ovel' 
which n1atae mttt,lU'ed was the lon~est dlu'ing the +. ,years studied. 

Pr·odJllcti1·ity 0/87>'ring l1Ii{ll'ant.<; in Relation to De1Mify of IJa/l.ok
'weed Rtcaul.--I..Illck of nniformity ill numbers of ca:~cs of each density 
of host Ilnd in some insblllccs ullecrtainty as to the action of nn,tura,} 
control agencies, especially 'fungus diseuses, may have. adversely af
fec:ted the resul,ts of this study. ThE' numbers of cages Ilnd plants per 
cage are shown In table 2. 

TABLE 2.-0ages and Iwwkweed lJlants pO' cage. Pre8Qlle /,:;11', llIaiJlt 
------------------------~-----------------------------

Yenr 

1056__ - _____________________ _ 
L057_____________________________ _ 
1058_____________________________ _ 
1050________ ._- ___ • ________ . ___ _ 

--..-.~---------..:...-------'-----..!-----

Although not statistically significant, the data indicate It higher 
P)'odudioll of illatnl' with 1 plttnt 01' l1-:~·llJlttl1ts lW)' ('a~e (pPI" squ!tre 
foot) than with 2-10, as Hhowl) in tablp 3. This mi~ht ha,'p been dup, 
to crowding of the aphids 1n H1C single-plant group and pOOl' plant 
Ilutrition from the troweled stands of the 11-34 plant group. Both of 
these factors hllYE\ been shown to affect wing production in aphids 
(Shands and Him pson 50) . 

T.\lII,E ;\'-IT'in[!cd fOJ~.qlol'l' aphids that matured 7Jfr day 7)eI' field 
I'llfJf: with different 1l1Illil)()1'8 of 7wlCkweed plani,'{. P)'es[Iue Isle, 
,1fain.e 

Aphids maturing per dn~' pcr cag~ wlth

http:IJa/l.ok
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TABLE 3.-Wvnged foxglove apJvid8 that 'lJULtured per day per field 
cage 1vith different nUmbe7'8 of hwwkweed plants, Presque Isle, 
lJ1aline-Contmued 

Aphids maturing per day per cage with

[lute 
l plant per cage 2-10 plants per 11-114 plants per 

cage cage 

1957 	 Nu.mber Number NbilllberJune 8 ___________________________ _ 
10_________________________ _ o 00 

.50 0 .08 

.40 0 .25 

.47 . 13 .72 
21 __________________________ _ o 	 .20 .25 

.10 0 .3324__________________________ _l~==:==========::=:==========I: 

.47 .07 .67 

.45 .05 .38 

.20 0 .17 
8 ___________________________ _ o .10 0 

o 0 0July !~======================:====I 
1958June 3 ___________________________ _ o 	 0 0 

.03 .02 .07 

.25 .20 .33 
23 ___________________________ .69 .15 .02 

.92 .07 .44.0__________________________ _~g===========================1? 1.14 	 .10 .67 

.45 .40 .33
30 __________________________ _ 

July 2__________________________ _ 
5 __________________________ _ .63 .50 .17 
7__________________________ _ .17 .13 .11 

.75 .10 .50 

.25 .05 .92 

.08 0 017_________________________ _ii==========================/'_ .25 0 .4421 _________________________ 

.06 0 0 .. 
o 0 .17 
o 0 0§~==:===~============:===::=l! 

1959 I 
June 10------.------ _____________ t 0 0 0 

12__________________________ 0 0 1. 00 15_______ .__________________ 0 
0 .4420______________ .___________ .40 0 .67 

23__________________________ 0 0 1. 22 
29__________________________ .17 0 .50 

July 3___________________________ 0 0 06.• _________________________ 0 

0 0 
0 .0820 __ ..• _____________________ 0 
0l~=~~=~=:==:================j ~ 
0 
0 

0 

0 
0 

24__________________________ 027 _____________________________________ _ 0 0 
0 031 ___ . _________________ . ________________ _ 0 .08Aug.·L _____ . _____ . ___ . ______• _______________ _ 0 0 

Dztration and Magnitude of Erring Migration.-Data from the 
iLphid trapping study, as given in table 4:, show in general that spring 
migmuts begun their annua1 influx to potatoes in early June, had vir
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tually complet~d their influx by late June, but in some instances COll

tinued into July, in one case as late as ,Ttlly 16. Th~ magnitude of the 
aphid's spring migration varied considerably, from 2 aphids in 1959 
to 37 in 1955. 

T.\LILE 4.-S1J1·i:ng 'migmtnts of foa:glo'l'e aphid taken ,in 7 t-raps near 
PreS(f1Le [sle, Maine: dw·i;ng 8pring8 at 1953-59 

Date 1053 1954 1955 1956 I05i 1958 1959 

Numbtr Numbtr Numbtr Numbtr Nu.mbtr Numbtr NumbtrJune 5_ _____ ________ ________ 2 _________________ • ______________ 
6______ ________ ________ ________ ________ ________ ________ 1 
9______ ________ ________ 2 _______________________________ _ 
10_____ 1 ________ 3 _______________________________ _ 
11 ___________ ._ ________ ________ ________ 2 __________ • ____ _ 
12_____ ________ 1 2 _______________________________ _ 
13 ____ . ________ 3 5 _______________________________ _ 
14_____ ________ ________ 3 _______________________________ _ 
15_____ ________ ________ 3 ________ 3 _______________ _ 
16_____ ________ ________ 3 ________ 2 _______________ _ 
]7_____ ________ ________ 
18_____ 3 ________ 

1 
3 

________ ________ ________ 1 
_______________________________ _ 

iL~: ::::::;: 1L:::1: :~:~~~:~;::::::i: ::::) ~~::~::~ 

23_____ ________ 1 2 ________ 1 _______________ _ 
24_____ ________ ________ 1 _______________________________ _ 
25_ ____ ________ 1 _______________________________________ _ 
26 .. ___ ________ 2 1 2 _______ • _______________ _ 

July 2_______ ________ 1 ________ ________ ________ 1 _______ _ 
4_______ ________ ________ 1 1 _. _____________________ _ 
6-______ ________ ________ 1 _______________________________ _ 
9_______ ________ ________ ________ ________ ________ 1 _______ _ 
16______________________ • _____ ._ ________ ________ 1 _______ _ 

TotaL ____1 7 15 37 3 9 41 2 

Low numbers of alatae on the wing in 1956, 1958, and 1959 accOlmtecl 
Jor the sporadic recovery shown by the trap catches for those years. 
nItta on n.1n.t.e matumtion obtn.illed from ~Lge studies agreed well with 
those of t.rap ca.tches in 1955 and 1957, the onJy years in which specific 
compn,risons 'were valid. In 1955, the a,la.te Jl1iLtumtion period was 
J twe 6 to July 5 in the cnge study llnd Jl,me 5 to July 6 in the trapping 
study. The compa,rison in 1957 wus June 9 to July 3 for cages and 
.Tune 11 to June 23 for t,r-a.ps. It appears, from these compil,risons. 
that in yeaTS when the apllld is sufficiently ablmclant, tra.pping will 
gi \re a reliiLble estimate of the duration a.ncl size of migrat.ion. .As 
shown in tn,bIe 5, there was I\, fa.ir relat.ionship between tmp catches 
and foxglove aphid abundance on unt.reated pot~toes up to the end 
of migmt,ion, when both the a\rerage number of aphids a.nd the per
centage of plants inf~ied by them are considered. 

http:t,r-a.ps
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TABLE 5.-RelatiO'lWlhip of foxgZove aphid populatiQ'nS on wntreated 
potatoes on Jl1'oostook Fwrm to trap catches of aphids near 
Presque Isle, 111(Line 

YeliT lind wcek 	 Unit of Plants Aphids per Plants Alatoo per 
count I examined piant infested trap' to July 6 

W5S Average Av.,.age
Numb.,. number Percent numb.,.June 20-·26~ ________ WP 825 0 0

June 27-July 4______ WP 825 .002 .24 1.0July 5-11- _________ 3W.L 825 .019 .70 
July 12-18 ___ ,_ • ___ 3WL 975 .013 .58 

1951, 

.Julle 19-25 _________ WP 750 .006 .27 
June 2B-July 3.___ ._ 3WL 	 1, 050 .009 .57July 4-10___________ ! 3WL 1, 200 .004 .21 2. 1July 11-17 _________ : 3WL 1,500 .018 1. 04 

I 

June 19~2:~~ _____ J WP 	 1, 150 .112 4.39 ----,-----
2,050 .104 4.83 5. 3June 26-July 2------1 WP.July 3-9~ __________ 3WL 2,050 .098 5.17July 10-16 _________ 3WL 2, 050 .033 1. 47 

1956 

June 24-30 ___ ... ____ WP 950 .004 .23July 1-.7 ___________ 	 ----------
WP+ 1,550 .004 .45 .4 

3WL 
July 8-14. _________ 1 3WL , 	 1,725 .006 .43
July 15-21. ________ 3WL I .012 .601 1,725 	 ---------,

.1957 	 , 
I 

Junc 23-29 _______ ~_ IWP 1,400 .008 .71 ------,..---June 30-July 0______ 3WL 	 1,550 .003 .28 1.3July 7-13 __________ 3WL 1,550 .023 .86 -----,...----July 14-20 _________ 3WL 1,550 .030 1.35 

1958 I 
June 22-28 _________ / WP 1,150 .003 .09 
.Junc 29-July 5______ 3WL 	 1,250 .004 .14 .6July 6-12 _________ ~ 3WL 1,800 .006 .32
July 13-19 _________ 3WL 1,950 .040 1.39 -- -------.', 

1959 

June 2I-2i. ________ WP 900 .008 2. 43 
June 28-July 4. _____ 3WL 900 .020 .67 .3 
.Iuly 5-1 L _________ .: 3WL 900 .022 .67 
July 12-18_______ ---I 3WL 900 .104 3.33 

I W,P=whole plant; 3WL=threc whole leaves, one from top, middle, and 
bottom third of plant. 

~ Total of 7 traps. 
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Plant Growth 

Xew len,Yes, flower stalks, and stolons of o\'erWillLered hawkweed 
grow llnd develop mther rll,pieDy early in the season. Hawkweed 
spl'eads quickly by this \'eg-eLttti \'l' lI\et hod of propagation. Observa
tions on plant growth in northeastern lYIaine re\'ealed that, on the 
itVemge, flowering ~)roceeds as follows: Elongation of flower stalk, 
early to mid-June; 'early flo'wer" stage, htte June to early J\uy; "full 
flower" stage, early to mid-July; and "lu,te flower" st.age, mid- to late 
July. By eltl'1y August most phtnts ltre patit flo\wl'ing. (These phe
nOmeIllt occur 4: to 5 weeks eltdier in New .Jersey.) B. mmmtiac'Wrn 
blooms somewhat en,diel" tium H. jlorib1l'lulurn. After blooming, the 
flower sUtik gradluLlly dies from the top do,m, ltnel the plant. loses its 
general succulence. Later, some of the older leayes lose their green 
color, turn yellow 01' red, and die. 

Feeding Sites of Aphids 

During the period of growth anel development of hawkweed, the 
foxglove ltphid feeds principltlly itt the succulent gro"'ing t.ips of tile 
leltVeS, flower stalks, and stolons. The stem mother is most frequently 
found 011 Lhe newly expanding center lelwes. As the plant matures 
and Joses its succulence, the aphid changes its feeding SIte and is tllen 
fOlmd largely on the underside of older lelwes, espeeially t·hose that 
have lost their gt'eell color and are adjacent. to the ground. ,Yhethel' 
t,his is clue to increased sugar content. 01' other nutrients in the lem'es 
was not detet'milwc1. 

Seasonal History 

Several phenomena in the seasonal history of the foxglove u,phid 
make cOtwenient. reference points in observing its development. In 
tab1e 6, datu, are given on the time when these phenomena occur, based 
on obsenrlttions in the cage and in the field studies. 

IJutchin.q.-In northeastern lYlitine the aphid overwinters in the egg 
stage anc11mtehing genel'lllly begins in early lYray soon after the snow 
covel' has melted; however, hatching may begin in late April in some 
yerLl'R; e.g., 195(}. Depending on prevlLiling conditions, hatching con
t inues -for :2 to '1: weeks. 

D('1'«lopment of 8t('m~ 111otnel'.-The first-generation a,ph-icls, which 
hatch il'om t.he overwintered eggs, are apterolls, viviparous forms 
cltllecl stem mot,het's (fundat.rices). A ntriable period of development 
enfluefl. tlepencling ug-uin on prenliling temperat,ures, before the stem 
lIloth(lI' beeollles adult. This \'lll'iable period of maturation rangeel 
·fl"Om lLllout :2 to 4: weeks or longPl". The beginning of the period 
l'Ilngec1-from mid- to late May (table G). Shands et al. (58) reported 
tlHtt, low ('empel'lltures lengthened the den>;lopmental time of the I?otato 
!\,phid from about ~ weeks to () weeks. The deve.lopmenbtl perlOd of 
:!'oxglo,'e aphid stem mothers a Iso was inc-reased by about 2 "'eeks dur
ing 1956 as comparncl with other years. Progeny of the stem mother, 
or the second generation, develop into eithe,I" ttpterous viviparae (fun
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TABLE 6.-Date.s of OCC'U1'1'enCe of .some pherwmena 'in sea..sonal hifJtm'Y of foxglove aphid on oaged hawkweed in d 

northeastern illaine 8 
t;j 
J-3 

1955 1956 1957 1958 1959 1960 1961Phenomenon Z 
....

llatching_____________________________________________ c.oMay 1 Apr. 27 May 5 May 5 ----- .... --- --------- -------- c.o
Beginning of stem-mother maturatiou____________________ May 16 May 28 May 20 May 19 May 24 May 18 ------ ... - 00 

Beginning of spring migrant maturation __________________ June 6 June 18 June 9 June 11 June 5 --------- I June 14 
End of spring migrant maturation _______________________ July 5 July 27 July 3 July 23 July 31 --------- -----'--- d 
Beg~nn~ng of sexu~le m!l~uration __________ ------ -------- -----_ .... _- Sept. 28 Oct. 2 Oct. 3 Oct. 2 --------- Sept. 27 tn
Begmnmg of egg aepr:!l1tlOn_____________________________ Oct. 19 Oct. 11 Oct. 20 Oct. 142 ... -------- 2 Oct. 10 

t:'1 
t;j 
"d 

1Approximate. 2 In greenhouse. !"'3 
o 
"'J 

>
Q 
!=tI .... 

~ 
.~ 
to;) 



27 BIOLOGY OF THE FOXGLOVE APHID 

datrigeniae), which remain on the primary host, or alate viviparae 
(spring migrants), which fly to se.condary hosts. 

Develolym-ent of 87n'ing 11D[lrant.-Spring migrant. maturation gell
erally begins about June. 10 (table 6) and is of rather long duration. 
The length of the maturation period can likely be attributed to the 
fact that both the second and third and possibly later generation 
funclatrigeniae produce alate indi\'icluals (migrants). Patch (43) 
reporteel that. migr:lnts matured largely from the third generation on 
foxglove. On IUtwkweed, migrants elm'eloping in the seeond genera
tion tOQk about 3 weeks to mature. The de\'elopmental period of the 
migmnts in the third generation was not determined. but it probably 
began 2 to ;) weeks after maturation of the second generation. The 
end of migrant. maturation in the 5 years reported ranged from early 
to late .July and the latet· maturation dates in 1956, 1958, and 1959 
probably resulted' fmm these migrants developing from later genera
t ions of fundatt·igeniae. ' 

T'i,I.·ipal'(le.-After spring migmnt mat.uration ceases, the apterous, 
\ri\riparous form (prilrmry \'iyiparae) of the aphid continues to live on 
the primary host until fall, maintaining the colony parthenogeneti
cally. 

Vh'ip~tme pmduced by the spring migrants 01' their progeny on 
potato or other secondary hosts are called secondary \-iviparae. Prog
eny of the secondal'Y vidparae are largely aptel'ous, but in some years 
alatae (vagrantes) develop and disperse to other plants. These va
grantes generally go from potato to potato, but they may also reinfest 
the primary host Ot' other se.condtu·y hosts. 

Abnormalities in some progeny of the secondary viviparae of the 
foxglon~. aphid nVave et a1. 74) ocC'un'ed in the late summer and fall 
of 1956 and 1957, when unprecedented numbers of alatae developed 
at Presque Isle, Maine, on potato' plants not treated with insecticides. 
Manv of the alntae exhibited abnOl'l11alities in both the number and 
position of the win:.,"S. Some ahnormal alatae had only two fully 
devplnpecl wings, but several had no wings or had only rudimentary 
wings. A fe.\\T abnormal alntae wore also obsN'\'ed among the spring 
mig-mnts 011 hawkweed. 

[at!' Slllnme)' Production of A/(tf(/('.-Cagpd potato plants (four 
WI' cag(') goL'OWIl ill the field wt'l'e artificially infest('d c1U1'ing August 
with tL f('\\' foxglove aphids. -rile colonies ~were allowed to develop 
lint il mid-September or early October, \\,hpn the numbers of alatae 
\\'eL'(~ determined. A total of Hl cages "-as used in 1957 and 1958, 
hut. onlY;l in 1959. 

Th(' ·laJp. ::mrrllneI' production of alntnp in the cage studies is shown 
in table 7. 

rL\BLJ~ 'i.-Late Sltmmel' In'odaction of alalae on potato plants in cage 
studieR in 1l01,theaste'rn illaine 

Ycar Apterae Alutuc Abnormal alutuc 

Number Number Number1957 __________________________ Lnrgc_________ _ 
(j 11958___ . __ . ____ _____ •_______ Largp_________ _~ 1,287 1571959 __________________ . __ ____ _ 8,500_________ _ 15 6 
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Alatae were recorded during counts made in experimental plots of 
potatoes in the late summer of 1956, 1957, and 1958, but-none were 
recorded in 1959. Seldom had alate foxglove aphids been observed 
to mature onpotnto plants prior to 1956, and then only in trace 
numbers. 

Development 01 Se.1:uales.-Fall migrants (remigrantes) apparently 
do not develo{> in this species, since the "sexuparae" are produced by 
the pt:imal'y \Tlviparae and the males are apterous. The sexuales gen
erally begin to matureon hawkweed in early October (table 6), and the 
oviparae appear somew ha t earlier than the ma les . 

.At this season of the year di monal temperatures fluctuate widely and 
fre<Juently go below freezing. Under these conditions the maturation 
perlOC\ of the sexuales is considerably longer than that of the .summer 
forms of the aphid. The first sexuales undoubtedly begin to appear 
by mid-September, but they do not mature until October. 

In greenhouse cultures the pmportion of males to oviparae is always 
very small; however, they become much more abundant on bristlestem 
hemp nettle (0a1eop8~8 teinlhit L.) and on chickweed (Stel1aria media 
(L.) Cy rill 0 ) than on potato. • 

Mating and Egg DeposiHon.-Mating begins soon after the males 
mature and continues until late October. Frequently several males 
attempt to copulate with a single female, even though the males are 
much less numerous than the oviparne. Egg deposition begins a few 
days after mating, generally about mid-October (table 6), and con
tinues until the oviparae are killed by low temperatures, usually in 
late November.. In 1959 no eggs were observed on November 20, but 
living oviparae were still present. 

Eggs are htid singly, generally on the undersurface of-the hawkweed 
leaves. Occasionally eggs are hlid on leaf hairs on both the upper and 
lower leld surfaces. The eggs when freshly laid are a pale, watery 
green. Fpon development they turn darker green and after a few 
days an intense, shiny black. Development is then arrested and the 
egO' overwinters in this state. 

Shands et a1. (CO) observed that oviparae of the foxglove aphid 
under some field conditions were capable of depositing up to an avemge 
of fi:ve eggs. F nder some. f!reenhouse conditions they were capable of 
depositing an avemge of 15 eggs. All the determinations on egg 
production were. made by dissecting the aphids and counting the 
number of eggs in each specimen. 

The study indicMed that the foxglove aphid, in contmst to some 
of the other potato-infesting species, tended to retain mature eggs 
until the abdomen be{'ame.distendecl. Dissections of oviparae in subse
quent year'S (unpublished data) corroborated our previous findings. 
Regardless of the potential egg-In,ying capacit,y of the oviparae, the 
Humber of eggs deposited is gO\Tel'lled largely by the efl'ective oyiposi
tion period. Factors affecting this period are the rate of development 
and time of maturation of the oyiparae and males, the temperature 
dudng the odposition period, and the onset of cold weather .. There
fore, it is apparent that egg production ma.y be higher when mild 
weathel' pre"ails late into the fnl1. 
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'Natural Control Agencies 

ParasiteJ$.-'£h~ i(lllowing primary and secondary hymenopterous 
ptLrosites were rel1},e<1 from foxglove a.phids that were collected on 
potato and hawk:w~\d: 

Primary Parasites: 
Braconidae, A.phidiinae: 


P1'((.()n aguti Smith 

Pmon pequodorltln Viereck 

Praonsp. 

illO1wctonu,~ sp. 

4i7>hiiHu$ ulJen{J.phis (Fitch) 

Aphidiu8'1tigl'ipes Ashmead 

Aphidiu,~ sp. j 


Eulophidae, A.phelininae, ilphelinw,' .~elniflavu8 Howard I 

Secondary Parasites: 
Pteromalidae, Sphegigasterinae: 

l\saphini: 

AsaplU!.'J lucell$ (Provancher) 

Asaphes sp. 


Pachyneurini: 

Pacli:ynem'on vil'r;inic:ull! Girault 

OO'l'wna cl(Jfl)ata ·Walker 


Cynipidae, Charipinae, Ohm'ips sp. 

Ceraphronidae, Lygoce1'U$ sp. 


J>raon spp. were the most abundant prima.ry pamsites and 41sal)lLes 
lucen . ., was the. most_abundant secondary parasite. .!JpheZimt8 sem£- t 
flamis was the most troublesome in caged colonies of the aphid. It 
was so small it entered through th~ fine mesh of the scrim-covered j 

cage. i 
E·ntO'lnogenous Pwngi.-'l'he fungi identified from dead, diseased 

foxglo ...·o aphids collected in northeastern "Maine from 1942 to 1962 were 
as follows: 

Entomop hthoraceae: 

Entomophtlwra aphidis Hoffm. ex Fres. 

EntomophtMm spluze'l'osperma Fres. 

Ento'fll,ophtho'ra pZanchoniana Cornu 

Entomophtlwl'a tha;ctel'i(1;na Petch 

Entom,ophthora sp. 


Delacrom-ia cO"l'onata (Cost.) Sacco & Syd. has also been collected 
and identified from the foxglo.ve aphid (Harris 20). 

RESULTS IN NEW JERSEY 

Host Plants of Economic Importance 

Host plants of economic importance were found to be various species 
0.1' hitwkweed, chickweed (8tellal'ia media (L.) Cyl'illo), and om'dock 
(Ardhcmm.inu.s (HiU) Bernhardi). In table 8 are It> species of plants 
on which colleetio.ns wero made. The following five species apparently 
aro new records for the foxglove aphid: Burdock, celandine (Oheli

http:colleetio.ns
http:foxglo.ve
http:prima.ry
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doniu.m majus 1:.)' com~on chicory (Oic}wrium intyous L.), white 
campIOn (LychnM alba Miller), and pokeweed (Phytolacca, americana 
L.). 

T.\BLI-' 8.--Date, geog,l'([phical location, (Lnd host of fOf1Jglove aphids 
o08el'ved 01' collected in LVew J e7'sey in 1960 

Date LocatIon 

Apri115. ____ ._ New Brunswick ____ _
:\[ay 6 ••• ______ • ___ do ____________ _ 

Do .- • - - - -I' ----- - - - - - - - • - . - - •00_ .. __ . ______ dodo ____________ _ 
00 .... - •.1BeemerviUc. -. _. ---

June 2... _"- -1 Clarksville ' ....,.-,,-' 
"Tunc7.. ---.-"l New Brullswick ___ __,June R._ ... , __ ... _.do ____ • _______ _ 
June 2L.__ ... _ Beemervillc ________ _

Do _. __ • ___ _____ do __________ - - 
.June 28 ________1 New Brunswick ____ _ 

Do ____ .• _•! . _.• _do .. _ . _- - - - - - - -
Do.....•.•1Springfield ____ --., .. 

July 11._. _____! I3eemervilll'. ___ • __ ._
00 ____ • ________do.- __________ _ 
Do __ • . __ _ _ do __________ ,.__ ,I. •• 

July 18._______ 1 Swartswood ___ . ___ __ 
July 25.. __ _.• \ Buttzvi\l(' ________ -_ 

00 ________ I Branchvillc __ - - -- -.-
AUg•. S.... _. _." Beemerville. __ -. _---

Do _________ . ___do __ -. _. - - . - - - 
00 ________ Andover___________ _ 

00 ________ Oldwick _____ - ___ -- 

Aug.l5........1 Balcvill('; _.,-_.--- 

Sept. 13 .,. __ • Beemerv!lll'. - -- _. -- 

00 ..... _•• ___ ..do_ .• ___ • _____ _ 

Do _.•. _•• ______ do _. ___ • ___ • -.-


Oct. 3 .... ___ ._ PrincetoIL. ________ _ 

Oct. 7. __ .. . .. Cokcsbury. ______ - --

Do.. i'>lountainville._. ___ .: 
O,ct,I:L •. _" __ j Pille Bro?k ___ ......\ 

Host 

Steilaria media (L.) Cyrillo. 

COTwolrmlus sp. 

Lychnis alba i\Iillcr. 

Cerastium vulgatum .L. 

flieracium sp. 

Solanum tUQerosu1/I L. 

S. media. 
S. media. 

fl. jloribulIdulIt Wirnm. & Grab. 

S. media. 

Plantago major L. 

Phytolacca americana L. 

Viola tricolor L. var. hOTtcnsis DC. 

P. major. 

Cichoriullt intybus L. 

Capsella bursa-pastoris (L.) Medic. 

flieraciltll! sp. 

Arcii'UlL minus (Hill) Bernhardi. 

flieracium sp. 

C. intybus. 

Hieracium sp. 

A. minus. 
A. mintL.~. 
A.lllinlis. 

Plantago sp. 

Laduca sp. 

A. minus. 

Ocnothera Sp.2 

A. minus. 
A. minus. 

.<1. minus. 


~ov. 4. .. e..' BeemervlU<' _________ 1 A. minus. 
Do •.•. _.. _,I i\[ountaillville-------l A. minus. 

Dec.8........ _ Bccrnervilh:,________ _ ChelilioTliuTn majus ro. 


, Alatc form, probably a migrant. 
2 Ornamental variety. 

1Yith few exceptions, the aphid was generally found on the older 
bottom lea.ves of mature plants, especially those in contact with the 
soil where the humidity was high. Furthermore, the plants on which 
aphids WOL'e found wem in habiblts cont.'lining abundant soil mois
tiin~; e.g., in shaded places or along ditchbanks. Since tl1e foxglove 
aphi(L was never found on these plants in dry areus, it appears to sur
VIve best in enyirormlentswith high humidIty. 

Although no difference,,,,, were obser.ved betw'een the two hawkweed 
species as to host. preferenc~ or the foxglove aphid, there were differ
ences in species abundance. In New Jersey, H. /loribundU1n was 
much more abundant than B. a,ura'tttiacltm, whereus the reverse was 
true in northeast~rn Maine. 
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Distribution 

Figure 14: shows that the foxglove aphid is generally distributed 
in the northern half of New Jersey. The concentration of collection 
sites in the northwestern sector resulted from more intensive searching 
in thut area.. Nevertheless, because of cooler temperatures in the 
higher elevations, populations of the aphid probably are larger there 
than elsewhere. On the other hand, the apparent absence of the aphid 
in the southern half of the State does not imply it is not present there, 
since sampling was not so intensive. However, somewhat higher 
temreriLtures in the southern half than those in the northern hulf may 
tenc' to restrict development of this aphid. Furthermore, the well
drained. sandy soils that constitute the agricultural lands of southern 
New Jersey do not provide suitable environments for maintaining the 
high humidit.y that the foxglove aphid apparently requires. 

Mode of Overwintering 

In this study no attempt was made to obhl.in dat.a for the plotting 
of population tl'ends, since the primary objective was to ascertain 
which forms of the aphid developed on hawkweed. However, popu
lations of the aphid were generally larger late in the season rather than 
earlier, as shown in htble 9. .AJate forms were produced throughout 
the season. Furthermore, the blble shows that vi.viparous forms of 
the aphid did not survive on the plants until the observation of March 
21 Or 28, indicating that the adult aphids did not overwinter in 
Beemerdlle. In addition, intensive searching on hawkweed outside 
the cages on ~fttrch 21 and 28 revealed no aphids. 

TAlILE 9.-Populaticm,s of foxglove aphids (New Jersey strain) de
L'eloping on hawkweed in caged colonies in Beemel'viZle, N.J., 
1960-fij 

Date Cage 1 Cage 2 Cag~ 3 Ctlgc4 Cage 5 

Numb" J.Vumbtr Numb" Numb" Nuw)ur
June21t_ .. _______ 15 ~ 9+ L15 20 10 
.lul~'11._. 3 8 25+1 8 15
.J uly 18 _. _ _ _ • _ . _ _ _. _______ • __ 20+1
July 25_. _ " __ ' _ ,_. _______ 38 15Aug. I ___ . _____ . ___ .. __ • ___ _ _ _ __ _ ____ _ f)
Aug. 8 _. _ _ • ___ " ___ • _ _ _ _ _ _ __ 14 60+1Aug. 15 __ . __ . _________ . _______ . ___ ._ 

S('pt. 5. ..•. __ • _ _ _ _ >20 

>60 


Hcpt. 13 .....•. _ . _ _ _ - - 2i' - - I 10 - - - -;; - - - - • - - - (3r --- ------2---
Oct. 7. __ .. _. __ • _ _ _ 45 55 05+1 _ _ _ _ __ _ _ _ _ 30 
Nov.4•• ___________ 9+3 8 32+9 __________ 14 
Dec. 8 .. __ ..... _____ 12+1 20+1 60+1 __________ 32+2 
l\-Iar. 114. __ .• ______________1. ___________________ ---------- ---------
Mar.2L ....... -.. 0 I 0 0 0 0 

~~tlr. 2~~ _ _ _ ... ____ , 0 0 0 0 0 


I 10 apterouR vivipltrne introduced into each cage May 6. 
2 \) apternc plus 1 alata. 
J Aphids present but no count IIlade. 
4 Ground covered with -1 inches of sno\\'. 
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Present 


Absent 


FIGURE H.-Distribution of foxglove aphids at collection sites ill 

New Jersey ill 1960. 
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Similarly, observations were made periodically throughout the 
winter on populations of the New Jersey strain of the aphid caged in 
New Brunswick. Table 10 shows that viviparae were present on 
hawkweed throughout the winter and that deposition of nymphs was 
resumed in one instllnce by February 27. Moreover, another over
wintel'ed vivipllrous adult was observed on hawkweed just outside the 
cages on the same date. The cage site was covered with several feet 
of snow from December 11 to about January 5, and the snow cover 
undoubtedly aided the aphids' survi \"Ill during that period. At no time 
during the investigation with the New .Tersey strain were sexuales 
or eggs observed at either New Brunswick or Beemerville. 

TA8l,E 10.-Poplllatiorl.Y of foxglove aphid8 (Ne'lo Jet'8ey 8tmin) de
l.eloping on Iwwk'loeed in caged aolvnie8 in Ne'lo Bl'U1US'loick, N.J., 
1.96'0-61 
-

Date Cage 1 Cage 2 Cnge3 Cnge4 Cage 5 Cage 6 Cage 7 CageS 

Num
J.Vumber NU,M" Numb" Nu.mb" b" Numb" Numb" Numb" 

Sept..27 1 •• _ 20 15 45 1 3 15 10 30 
oct. 18 __ ._.11 165+8 18+1 10+1 20 2 30+3 80 48+8 
oct. 29. ___ -I 200+ 12 +3 +0 +0 +0 60+4 +3 -----
~'ov. l! .___ 80+2 35+7 ----- .. - 30 ----- 175+9 100+21 60+7 
N'!ov,. 22... __ .. _ 35+1 95"* :4 6 22+2 30 125+9 135+11 60+1 

ec. 2 •.• ___D 18 90+1 ------- ------- ----- 120+3 50+1 - ....... --an.5 ______ ,J 4 ------- ------- ------- --.-- -------- 1 ---,...--
Feb. 27_ .. __ 0 0 0 0 0 0• 2 
~ far. 2••_•• _ 0 0 ------- 0 ----- 0 0 0
far. 7______~ 0 ----- ...... --_ ... _-- ------- ----- -------,... -------- ------

I 13 to 33 aptllrous viviparae and nymphs were introduced into each cage 
Sept. 13. 

2 165 apterae plus 8 alatae. 
J Cage discontinued. 
• Overwintered primary vivipara and recently deposited first-instar nymph. 

.t\Jtlloll~h no quantitative data weL'e gathet'ed on the Maine strain, 
11 cages were infested with from 100 to 300 apterous yiviparae or 
oviparae and males on September 20 llnd 27 to obbtin the occurrence 
time of Yltriolls phenOmell!l fOI' compnrison with the New .Jersey strain. 
The datlt showed that mature Oyiptlrae and males were present by 
Heptemoor 27 and that. egg deposition began by October 9. Oviparue 
were present and still depositing egb'S in some of the cages on Decem
bel' 2. Further obsen'ations Wet'e not possible after December 11 
becltUse of the snowfall, which buried the cages to a depth of about 
4- feet. Subsequent observations, beginning on February 27, revealed 
only eggs in the cages. Hatching began in the cnges on March 7, 8 
dllYS after the observation of an overwintered vivlpllra. in cages of 
theN'ew.Terseystrain (table10). 

Similarly, It Maine stmin of the Itphic1, obtained in three air-express 
shipments on September 4, 10, and 17 in 1959, ~h;velopec1 sex~ales, 
w}w;h began to mature by October Hi. The deposItIOll of overwmter
ing eggs by these forms begun about October 28. However, because 
of the paucity of males, the eggs were nonviable and no data on hatch



34 'rECHNICAL B1,;LLETIN 1338, 1,;,8, DEPT, O~ AGRICULTURE 

ing were outained, SilH'e tlll' Ma.i1\!.> strain of Ilphids wal' obtnined in 
Septemuer, it is possible that they 11Ild already recei,'ed the necessary 
stimulus to proclu('p sPxllalfol.'lllS before shipment to New ;rersoy, 

DISCUSSION 

Shands ami tiimpsoll (5~) Imve shown that the :.rl'owth of llll a.phid 
population Hilty ue representpd by It si!!l1loid l'lll','P, The peak of the 
('urvp shows l'onsi(l(wabh>. nnmml "ltrint1tm ill llphid numbers but 
l'elati\'ely'iittlp in the tinH' of oeturren<:p, Thl'be. ILl1tho/'s showed that 
the time of peak pop1l1ntions of the four potato-inrestin~ species on 
pottlto was about August :W; howl"'er, this \'Iu'ied during a period of 
I() ymtrH 'from micl- to late August. FU1't1H'!', they contended that 
natul'ltl factors I'ct:Ll'Cling the rate of populttt.iOH !!l'owth ilH:t.'easecl in 
!-leverit}' as thl:' titn(, of peak numberH was !\l~:H'ed, 'l'he pl'ecise date of 
H!e peak was af\'('('ted lal'gel}, by biological control agents, weather, 
ltnd thC'. time of Hw nlltturution llnd egress of fall n\i~mnts, 

The pelLk~ of' f()xglo\'(' aphid populntion Oil hlt wk\l'ccd in ~hine 
(luring the inn'sl igatlons in both lit'lt! and ('l\~l' studies dose-Iy \~pp\'{)xi
llrated the SiglllOicl ('UIT(, de~cribed, in that [Iw. pellks oceul'l'ed about. 
~\ugust :20, l[OWC\'l'!', tilt, tlilt(>!'(>net'~ ill n\lIHbN1> of aphids pCt' plant 
bet.ween natuml and ('aged ell\'it'OnlllPnts \\'('1'(' l'om;idemblc, Pm'lmp~ 
the mOHt impol'tant fadm' eltllsing t lH.':it' di ttpl'pn('es was the e.ttect of 
('ll!!ing it&·1 l', whi('h not only pl'oleded the aphie!:'; frolll most predators 
ltll(l p:u'!lsit(>.s but \d~o pt'('\'('nle(\ their n(H'lHtll dispeL,,:ll. Since, cite 
innate tendeney of the :lphid to 11l0\'P [0 les~ populated plants was 
rcsttietNl, population;; in the ('Ilges ilwt'(·lt:ie(l ('oll;.;idcmbly above those 
inh(l Held, ~\w(·l.tlwless, th(, time of (){,(,UI'l't'Il(,C of peak numbers did 
not a.ppeH.l' to b(\ llftt,('ted by the 1:1rge populations in the ('a~es, 

Tho lenf-.rth of the ;,;pl'ing migrant mntuml ion period and th~ genera
tion. in whi('h tho mip'lU1t ILppel\t'ed \\'l'l'l'.det(lt'lIlined from cagt' stllclies, 
but no ('h'ILl'-cut reason ('iUl be a~signecl fot' the \,\u'iitbilit.y in the num
\ml' of a,latae to (\cvl',lop pm'stem mothl'l', It Ilppelll'S that the reason 
(01' the \'!tl'iahility betw(>(·n !-item mot hl'l1> may be inhm'ent ill the genetic 
eonstitution, sinee ineli \'id\llds itl ident i('It! habitat::; and under the same 
population P,'l'SSUl'Ps C'xhibit such <1i tl'N'l'llel:'S, 

ObSN,,';ttlon:.; Oil the selu;omt! history or the foxglon.. aph.id indicn,te 
that it is not It trup l!Iigmtol'Y speei~s, Hinee the. ILphid call live and 
n>,pI'o<lU('C Otl the pt'il\Hll'V host tlll:Ollghout its IllUllutl <'yell', the ml1,les 
arli l\'ptel'O\l~, and this SI)Pl'ies n.PPllrently IH('ks f:dl migmnts (ren~i
gml\tes), Howe.\'l'l', hn.wkweed may be l'epopula~ecl by \'agl"tlltes Ul 

Into HUmmel' Ilnd eady fall :tnd tim:.; Sl'l'\'l' to l'emfesl·. I'he plants 01' 

snpplenwnt. till:' existing popull1Jion. 
Although ('M'l'lU\ S('areh on hawkweed in the cage sites at Beemer

\'lUe on Mn,l.'clt:H and ~H (table 9) flLiled to diselos(' n single living 
aphid, the fad that. an apterolls \'iyipal'lt survived in tIl(' yicinity of 
Kl~W Bl'unswiek (table 10) lendH support to the belipf that the aphid 
('an onwwintcr in tile adult stage, in Xl'.\\, .Tersey, Thl'. finding oJ \L 

vidptll'l1. on fi'ebI'Ulll'Y ~T preel udes itH possible development from egg 
10 ndulthood at such ttll early date, FUl'tlH'rmore, no sextHdes 01' eggs 
of the NCo\\' J Cl'Sl'y stra..ill \\'ere obset.'ved, 
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Since tho aphid o\'erwintered af:l an adult in New Brunswick, its 
oe~'tuTenee in Beemerville l11ay be explained on the basis that it remi
J.!nlt('S into area;.; where it is unable to SUlTi\'o thrOlwh the winter. 
DUl'iug mild ",inteL'S foxgloVl' aphicIs indubitably o\"l'l"\\~nter as adnlts 
e\'('ll 11i; far north as HeeHH~I"\"ille. but till' winter of H)()o-G1 \\"as too 
se.n"re for them to sun'in' as adults. 

Possibly genetic di tferences, rather than cliti'erE'n('es clue to physictLl 
factors sueh as temperature and photoperiod, exist between the New 
.Terscy and the Maine strains of till' foxglo\·p. aphid. This deduction 
is based on the fad that the ~(itille strain (((.weloped sexnales and de
posited eggs in 1059 and 1960, where!tS (heNp\\" .Jersey strain, under 
Identicn,L conditions, did not. Seh6ll and D!tiber (46') reported that 
tho oC'('urrenco of the holo('ydie Ilnd anholoeyclic populations of the 
green pelleh aphid in South kfr'icll are due to elitrel'ent raees. They 
indicat('d t IIfI.t t he~;o mces <1i trered not onl v in phvsiolo1rical beha \'iOl' 

but in lllorphologicn.\ chal'H.ctcristies tUld food-plant preferences. 
:\(iiUer (lnd ~('h61I (40) mentioned that the foxglo\'e aphid coexists in 
both holo('yelie and anholo('yelie stmins in South Africa. Pel'haps the 
:\fttiun stmin of th!.' foxglo\'e ttphicl is the. ho]ocyclie ancl the N"ew .Jer
sey st rain the flnholoC'ycl ic stmin of this aphid, 

SUMMARY 

The. foxg]o\Te aphid (AC",1f"llw.~iplvon 801ani (Ka.ltenbach» is one of 
fOlLr potato-infesting species that ULjllre the potato plant by their feed
ing pllnetures and toxic secretions and by spreading drus diseases. 
Study or the biology of this aphid species was intensified after the. 
discon~ry or t1 new primary host, the common perennial hn.wkweed 
(I:1u'l'(wiwTb spp..). Pre\'iolls to this the only intensive biologic study 
was that desel"lbing its seasonal history on foxglove (Digitalis PU?'
Inbrea L,). 

Studies on the ontogeny of the aphid and its population dynamics 
on Imwkweed, a primary host, were concluded in northeastern n:hine 
from 195'.1:nnti I UJ61, both in caged colonies and in the Held, In caged 
eolonies, frequent observations !Ulcl counts of aphid numbers were 
macll' on all the foliage in the rages. Th~\ cylindrical cage used in the 
study was ('onstructed 01: G-gage "blnck" wire co\"cred with cotton 
~er·inl. Aphids were ex:uuinecl on the -foliage in sit.u, ancl the cages 
WN'e ['('rtlo\"ed only during periods of obsernttion. In the fielcl, weekly 
('xaminations for n.phicls WHe made all 50 I'allc1omly loca("pd ha wkweed 
plants at each of 10 wielely scattered locations. Data colleetpd frolll 
both sources wore used to plot population trends and to determine some 
seasonll'\ phenomena in the ontogeny of tile aphid. 

Popula.tioll trends of the Itphid on ha wkweed were detcrmined from 
the a"l'.l'tlge number per plant and th(' percentage of plants populated. 
By £lither method of comparison, the popUlation growth curve was 
similar. In general, populations of the aphid increased slowly until 
ettrly August, inereased rn,pidly to It penk in late August, Itnd thell 
dec:linecl, but at.\·!trying rates in different. ye!trs. 

The cn,ge study showed that ahltae mtLfuring from progeny of a 
single stem mothOl' rt1.nged from 0 to 58; dnration of mn,turation 
ranged from en,rly .fune to early or late ;ruly (23-49 days) ; n,nd Itlatne 
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ap~ared in the second, third, and possibly later generations, and this 
varIed annually. 

The duration and intensity of the aphids' annual influx to potatoes 
were determined by means of wind-vane traps. The study showed that 
during years when the aphid was sufficiently abundant, trapping would 
give a reliable estimate of the duration and size of the migration. 

The following phenomena in the Il,phids' seasonal history were ob
tt1ined: Hatching of the stem mother generally began in early May; 
the stem-mother maturation period .ranged from 2 weeks to a month or 
more, depending on weather conditions; spring migrants began to 
mature about 3 weeks after stem-mother muturntion; the perlOd of 
migrnnt maturation extended from early June to late July; sexulI..1es 
began to mature by early October; and egg deposition began about 
mid-October. Semll1nmml aphid egg surveys were conducted on hawk
weed in ItIl attempt to forecast suosequently developing populations. 

In addition to population trends, notes were, made on the ontogeny 
of the primary host plant, the 'feeding sites of the aphids on the plant, 
Itml observations on egg production. Records were also made of the 
parasites and entomogenous fungi that attack the aphid. 

Population growth trends, late snmmer productlOn of nJatae, and 
natural control agencies were also studied on potato, both in the field 
and in caged colonies. 

Studies on the host. plltllts, distribution, and mode of overwintering 
of the foxglove aphid wel'e conducted in New Jersey from 1959 to 
1961 .. The foxglove 11phid was collected from 16 species of plants; 
3 of these are rnther common hosts and 5 are apparently new records 
for this aphid, Observations and collections of the aphid from hawk
weed and other hosts throughout the more l'ural ltl'ellS of New .f ersey 
revealed tlmt its distribut.ion was restricted largely to the northern 
half of the State. 

Cage studies indicate that the New .ferseystmin of the aphid over
winters as Itpterous vivipa,rae. At no time were sexuales 01' eggs ob
seryed. The lI.phid probably remigmtes into areas where it is unable 
to survive through the winter. In Maine the ILphic1s on~rwinter as 
eggs. Observations on 11 Maine st.min of the ItJ?hid at New Brunswick 
showed that sexlml £01'l11S clevelopedancl depOSited eggs ILnd these eggs 
overwintet'ed and began to hatch in early March. 
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