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BIOLOGY OF THE FOXGLOVE APHID IN THE
NORTHEASTERN UNITED STATES

By HL B Wavs ' and WL AL Siranes, enlomolngislts, Brtomelogy Reseureh Divi
sion, Agriceltural Research Service, nnd GEBRES W. SIMPSON, profossor of
entomology, Huaine Agricaliural Beperinment Stotion*®

The common name for the foxglove aphid {deyrthosiphon soluni
(Ialtenbach)) was suggested by Pateh (423° who foud foxglove
{/gitalis purpurea L) to bea primary host of this insect.  Since this
plant was not comumon in potato-growing districts of Maine, it seemed
likely that other primary hosts (‘\'i::t(‘.(l in view of the large numbers ol
foxglove aphids that initially infested potatoes each year. "Stud;’
the Inolwr\ of this aphid wus intensified after the discovery by Wave
et al. (‘7J} of the conumon perenninl hawkweed ({lierecium spp.) as
a new primary host of the aphid.  Previously the only intensive bio-
Togie study of this insect wus thut of Pateh (4F), who described its
seasonil history on foxglove wid listed numerous secondary hosts.

The purpose of this puhh{ ation is to review the literature on the
biology of the foxglove aphid and to present the results of research
u}n(hsci(‘d ot this ‘alll)_]t’(t in northeastern Maine from 1952 to 1961 and
in New Jewsey From 1950 to 1961,

Lacking information on the relationship of the foxglove aphid to
the new !) diseovered primary host hawkweed, one ()b]{?LLI\'C of the
study in Mabne was to describe the aphid's sensonal history on this
plant. Additional objectives were to delermine the population dy-
namics of the uphid on hawkweed and on potutoes, the production of
alatue n caged colonies on the primary host, the duration and magni-
tude of the spring migrant movement, and natural control agencies.

Principal ehjectives of the study in New Jersey were to ascertain the
liost plants of the aphid, its geographical distribution, and its mode of
overwintering.

DISTRIBUTION

The distribution of the foxglove aphid is almost worldwide. An
excellent world distribution map of this aphid has been published

' Resigned September 1962; now with the University of Massachusetts. This
bulletin includes the results of o thoesis submitted by the senier author to the
acuity of the Craudunte School of Rulgers University, the State University of
New Jersoy, in June PWT in poartinl fulfillinent of the reguirements for the degree
of docter of phitosophy.

“Phe authors pratefully acknowledge the nssistance of L. A Busseil, Ento-
mology Research Division, in enlifying specimens of the foxglove aphid:
LR WL Maoesebeck and B, D, Rurks, of this Division, in Wlentifying hymenopter-
pus parasites: . G Thompson, fortmerly of this Diviston, and L M. Hall, Depart-
ment of Biologicnt Control, University of (alifornin Citrus Resenreh Center amd
Agriegitursl Bxperiment Station, Riverside, in identifying enfomogencus fungi;
aud B, L. Tubtie, fermoeriy of this Divigion, for his observations.

FIealie numbers ip parentheses refer to Liternture Gited, p. 37T,
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by the Commonwealth Institute of Entomology (6). Distribution
records of the foxglove aphid in the United States hzve been compiled,
by States, from mounted and labeled collections in the 11.S. National
Museum, from the files of the Survey and Detection Operations of
the T.8. Plant Pest Control Division (Agricultural Research Service),
and from collections by the authors. The States incinded are Ala-
bama, California, Colorado, Florida, Georgla, Louisiana, Maine,
Maryland, Massachusetts, Nebraska, New Fampshire, New Jersey,
New York, Ohio, Oregon, Permsylvania, South Carolina, South Da-
kota, Tennessee, Utah, Virginia, and Wushington. This aphid has
ulso been reported from Montana {Knowlton 84).

ECONOMIC IMPORTANCE

In most potato-growing ureas the foxglove aphid is one of four
economically important species infesting potatoes. The others include
the potato aphid (dacrosiphum euphorbiae -(Thomas)), the buck-
thorn aphid (dphis nesturtii Kaltenbach), and the green peach
aphid (M yzus persicee (Sulzer)).  All four species cause injury either
directly by their feeding punctures and toxic secretions or indivectly by
spreading virus diseases. With the use of organic insecticides, direct
Teeding damage hus become less serious.  On the other hand, decreased
maximum allowable virus infeetion in seed certification programs has
mereased the importance of aphids as virus vectors. A high degree
of protection agzinst the spread of potato viruses is paramount in
potato seec certification programs, since o very small percentage ot
infection can lead to rejection of an entive feld.

Iilze (12) reported that several important virus diseases of potato,
including leaf roll, mosaic, and crinkle, were transmitted by the fox-
love a[ﬁxid, the first disease readily. Dykstra and Whitaker (10)
showed that the foxglove aphid, under certain conditions, serves as
a vector of the viruses of leaf voll, rugose mosaic, crinkle mosaic, and
mild mosaic. This virus vector’s relationship to potato leaf roll has
been mentioned by Swmith (66), Simpson (62), and Simpson et al.
(64). The foxglove aphid is also a vector of the nonpersistent potato
veinbanding virus {PVY) (Bawden and Kassanis 2) and potato
aucuba mosaic (Heinze 23).

Heinze (24) listed 27 plant disease viruses that are transmitted by
the foxglove aphid, among which are some potato viruses. Day and
Bennetts (2) in thelr review of arthropod vectors listed 14 such viruses
that are transmitted by this aphid. The latest addition fo the list
of disease viruses transmitted by the foxglove nphid is tomato aspermy
virus of tomato, tobaceo, and chrysanthemum {Brierley et al. 5. Govier
19).

REVIEW OF LITERATURE

Taxonomy

The foxglove aphid was described by Kaltenbach (22) from potato
as L phis soleni. Subsequently, this polyphagous species was described
under numerons nemes by other workers. Hille Ris Lambers (28)
comprehensively reviewed the synonymy, and he and MacGilliveny
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(29) clearly established the validity of soleni as the correct name of
the foxglove aphid.

Only two of the many names proposed for the aphid have been used
extensively. Theobald (70) deseribed the insect as Myzus pseudo-
soland. He (77) and others frequently used this name, which is now
considered to be a synonym of selani. The name conrotruli Kalten-
bach 1843 often has been applied to this species, but Flille Ris Lambers
(26, 28} and Palmer(42) showed that this name is a synonym of
persicae (Sulzer).

ITille Ris Lambers and MacGilliveay (29) stated that American
and Luropean aphidologists have disagreed considerably on the con-
cept of the genus Myzus. Aphid specialists in North America have
gencrlly placed the foxglove aphid in the genus Myzus Passerini
1860 (Palmer 48, Issig 14, 15, Mason 38, Gillette and Palmer 18).
The foxglove aphid has been discussed or described under various
specific names in the genus Aacrosiphwm Pusserini in Europe
(Schouteden 47, 48, Theobald 69, Gaumont 77, Borner and Schilder
4) and in North America (Bartholomew 2).

For several years most European workers have placed solani in
Awlucorthum Mordvilke 1914, but recently Kennedy et al. (28), who
listed Awlarorthum as o subgenus, and Russell (45) included it in
Aeyrehosiphon Mordvilke 1914,

Biology and Ecology

Although the taxonomic aspects of the foxglove aphid have been
thorourrhly explored, its biclogy and ecology have been neglected.

MeucCrilliviay and Andersen (37) obtained datn on its maturation and
reproductive period, longevity, and fecundity in the greenhouse.

Heinze and Proftt (%5} reported that in Germany the foxglove
ephid overwinters us eggs on forget-me-not (M yosotis alpina La Pey.)
and on shepherds-purse (Cupselle bursa-pastoris (1) Medic.). Hille
Ris Lambers (27, 28) stated that in Europe these aphids overwinter
as eges on various plants; ie., they exhibit distinet polyphagy. He
further stated that sexuales are produced on most of these host plants.
Stroyan (67} recorded sexuales of the toxglove aphid from meadow-
sweel, (Filipendule wimaeria (L.) Maxim) in England. Cottier (7}
observed the aphid overwintering in the agamic form on Rumez sp.
in New Zealand. Tambs-Lyche (68) found the foxglove aphid to
be the commenest species on potato in Norway and stated that it may
overwinter indoors. Heie (21) observed the aphid overwintering in
beet clamps. The aphids have been observed to overwinter as adults
and possibly as eggs in Seotland.

Jdacob (31} recorded hibernation as adults on foxglove, and Fisken
(16) observed apterae overwintering on perennial, greenhouse, and
coldframe crops. Shaw (67} noted oviparane on buttercup (Banuncu-
lus repens 1) and wild vaspberry (Bubus ideeus L.) near potato
fields. Eastop (12) stated that sexuales of the foxglove aphid are not
known in Africa; however, Miiller and Schéll {40) mentioned this
aphid, among others, as coexisting in both holocyclic and anholo-
cyclic strains.
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Host Plants

Numerous nonecanomic host plants for this aphid have been listed by
various authors, notably Patch {43, 44) in the Tnited States, Cottier
7} in New Zealand, Eustop (I2) in Africa, and Ilille Ris Lambers
%9?’, 28) and Heinze and Proftt (25) in Burope. Shands and Wave
{59) revovcded two new hosts for this aphid—yellew goutsbeard (7'rag-
opogon pratensis 1..) and alder buckthorn (Lhwnnus ainifoliu
ETler.).  More recent observations have suggested thal pontsbend
ean serve as » primary host. F. F. Smith (unpublished data) found
o heavy infestution of viviparous foxglove nphids on senescent leaves
of u secdling tree, Betwli alba L, in Maryland.  The aphids were on
the seedlings from October, when they were brought into au unheated
greenheouse from cutdoors, until late Januury.

‘The only recognized primary host of the foxglove aphid in the
Northeastern TTnited States prior to 1953 was foxglove. This host
was nol. sulliciently widespread or abundant enongh to account tor
the infestations thaf cecurved each year (Simpson and Shands 6-5).
This diserepancy between low host-plant abundance and the relatively
liigh initial infestutions of potatoes sthinulated vesearch that led to the
discovery (Wave et al. 73) of the common perennial hawliweed as the
primary host of importance.

Aphid Egg Surveys

Following the discovery of the primary host of importance, studies
wore started in an attempi to corvelate overwintering aphid cge
abundance on the primarvy host with subsequently developing popu-
lntions of the aphid on secondary hosts. 1t was hoped that informa-
tion mained from these studies {Wave 72, Shands et al. 57) could be
usec ns o basis for foreensting population levely of the foxglove aphid
that might develop in n given season. Data for these studies were
obtained by making seminnnual aphid ege surveys on the primary
hosts in late fall and early spring, similar to these previously used
i preparing forecasts for the other threc polato-infesting species
(Shands et al. 56).  Thus, growers could be warned in advance of the
possible development of dumaging numbers of potentinl vectors of
potato virus diseases.

Traps

By means of wind-vane traps, considerable unpublished data have
been accumulated from 1941 to 1959 on the duration and intenstty of
this aphid’s annual spring influx to potato fields. The wind-vane
type trap used in obtaining these data was described by Shands el al.
()54). Davis et al. (8) collected the foxglove aphid in the Northwest-
ern IMited States by means of yellow pan traps (Moericke 39) and by
wind traps. Eastop (77) and Lamb (35) also collected this aplid by
means of yellow pan traps in Africe and New Zealand, vespectivaly.
It is not to be concluded, however, that this aphid is a migratory
specics, since the males are vsually apterous, u situation that excludes
trus migration according to Hille Ris Lambers (£8), and also beeanse
the aphid lives on the primary host the year round. Iille Ris Lambers
(28) veported that both npterous and alate males occur in Yurope, but
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not in *he same locale. The authors have observed an-alate male only
once.

Plant Injury

Light infestations of the foxglove aphid can severely injure potato
folinge (fig. 1). Hoggan (30) noted that its feeding caused discolored

TR
fraure 1.—TFpical injury to potate foliage cnused by feeding of simnall numbers
of foxgrlove aphids.

spots on tobacco, which, when the plant was heavily infested, conlesced
to form large necrotic areas, sometimes killing the entire leaf. Elze
(73) mentioned that the feeding of the foxglove aphid caused irregular
curling of young potato leaflets and speculated that growth of the
leaflet was lindered us a result of the feeding puncture. Smith and
Brierley (65) reported that the simulation of lily rosette symptoms
was induced in the young growth of Taster lily (Liléum longifiorum
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T]i?‘niberg) by the feeding of fairly large numbers of the foxglove
aphid.

Heinze (22) observed that the puncture injuries of this aphid on
older potato plants produced symptoms similar to those of potato virus
AL Little, if any, leaf deformuty resulted from these punctures urless
feedling occuwrred on very young unfolding lenflets. Severin and
Tompkins (49) reported on rthe symptoms induced by the teeding of
the foxglove aphid on two species of ferns, The jury consisted of
beadlike chlorptic areas and was somewhat similar in both plants, but
the intensity of the symptoms varied with the number of aphids.

PROCEDURE IN MAIN:E

Cage Study on Primary Host

The cage study was conducted on Arcostook Farm near IPresque
Isle, Maine, from 1956 to 1959, The procedure used was especially
suitnble for observing in the field the ontogenies of the different forms
of the aphid as well as its populntion dynumics on hawkweed.

A single, immuture, stem-mother foxglove nphid was caged in situ
or introduced into each cage. Cages (fig. 2) wers randomly located
on naturally occurring stands of the plant. Two species of hawk-
weed—~=H ieracium aurantiecwm L. and H, foribundum Winm., &
Grab.*—were used and either one or both were included in a cage de-

*Identified by C. D. Riebards, Botany and Plant Pathology Department, Uni-
versity of dMnoine.

T-Th611
Figres 2—Cages used to enclose colonies of foxglove nphid on hawkweed,
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pending on chance. Both are equally suitable as hosts. Foliage in
each cage site was searched for natural infestations of stem-mother
aphids before introductions were made. When more than one stem
mother was found, all but one were removed before caging.

During the early part of the season the cages were removed every
2 to 4 days, and the foliage was examined to determine the number
of uphids present, their form (apterous or alate), and their stage of
development (instar). At each observation, records were also made
of the developmentul stage of the host plant and the feeding sites of
tha aphid.  During the period of alate production the plants and cages
were carefully senrched at each observation and the aiatae removed.
Later in the season, wfter alate production had ceased, the interval
Lt ween observations was lengthened to 1 week or more.  Observations
were continued into lute Qctober or early November to record the de-
velopment of sexuales, mating, and beginning of egg deposition,
Aphids probably survive considerably beyond that time before being
kl{)led by low temperatures. Nightly frosts could be expected any
time after October 5 in northenstern Maine.

Althongh several types of enges are available for reteining aphids
on small plunts, parts of plants, or excised leaves, especially for green-
house use {;\Iu(:(“ri,ll‘i\-'my and Anderson 6. Noble 4/, Anderson et &l
7}, the one constructed for this study was primarily for cutdoor use.
The cylindirical enge {fig. 3), 18 inches in diumeter and 19 inches tall,
wis made of 6-gage “black™ wire and covered with cotton serim having
2% by 92 threads per square inch. The bottom edge of the cage (1-2

G % %, 2 B!

TO--7512

FPreure 3.—aAphid cage showing method of nnchoring.
TH5-191 O3 - &
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inghes) was dipped in melted puraffin and allowed to harden to inhibit
rotting of the serim where it came into contact with the soil, which
was bunked along the outside edge to prevent escape of the aphids.
Approximately 1 square foot of area was encompassed by a cage
so that comparisons conld be made between cages for the same year
and for different yenrs.

Cages were secured ngaingt movement from wind with jute twine
anchored to four lath stakes driven into the ground {figs. 2 and 3).
Cuges remuined in situ except for brief periods of removal to make
ohservutions and counts of sz&lidS on the folinge,

Field Study on Primary Host

Aphid development and population growth were studied in the
field on natural stands of hawkweed from 1956 to 1959, Beginning
in early Muy snd until late October weekly records were taken of the
form and number of aphids on 50 randomly located plants at each of
10 locations, except during July und August, when observations were
made nt fewer stations.

To follow a given population for the entire sepson, sample locations
were selected in undisturbed urens of grassland or weeds containing
hawkweed. Swmpling was done along lines arbitrarily drawn throug
the plant stund, and sample plants were randomly taken zlong these
lines at predetermined intervals, generally :wo paces,

Since the unit of sampling was the whole plant {fig. 4), all the
folinge, fower stalks, 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 surtuces of the leaves with the
aid of u camel’s hair brush.  The handle of the brush was used to turn
the folinge with n minimum of disturbance to the aphids. Whenever
a foxglove aphid was observed on u sample plant, it was examined with
@ hand lens to determine its approximate instar and form. Asin the
age study, the feeding location of the aphid on the plant was also
determined. Records were kept to show the number of aphids found
on ench plunt.

Location of Sample Stations—To obtain a representative sample
of the foxglove uphid population in broad perspective, 10 sample
stations were selected in central and southern Arocostook County (fig.
5}. The totul aren in these populntion surveys exceeded 2,200 square
miles. In addition to a wide distribution of sample stations, an effort
was muade to obtrin as wide & range of habitat as possible. Descrip-
tions of the habitat in which hawkweed grew ab each station are as
follows:

(1) Smyrnn Mills—dense grass shaded by old apple trees and
seattered woody shrubs.
Sherman Station—open hayfield and along or under adja-
cent woody shrubs.
Oxbow—open grassland along streambank.
afa?:u‘dis—dense grass and herbaceous weeds along ditch-

ank.

Ashland—sparse to dense grass adjacent to and partially
shaded by coniferous woods,
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Fiovne -S—Hawkweed plant without Hower stulk, illusbrating sample unit
empluyed in held study.

t6) State Road—sparse Lo dense grassland and in partinl shade
of adjecent mixed-growth woods (spruce-hardwood} or in
shude of woody shrubs,

{7} Presque Isle—open sparse grass and along and under hedge
of ruse bushes,

(%) Fort Fairfield—dense grass and herbuceous weeds purtintly
shaded by small apple frees.

(9) Mars Till—-very sparse grass totally shaded by willow
thicket alongedge of swamp.

(10} Bridgewnter—dense grass along roadside, but partially

shaded by adjucent deciduous woods.

Although the loeations of four of the stations were changed slightly
during the study, the data Tor the B years were comparable.

Aphid Egg Syrveys—Beginning in 1954, surveys of egr abundance
on hawkweed were made at seatfered locutions in late fall. Tn 1958,
they were also started at these Jovations in early spring.  The survey
was condwcted by collecting 50 randomly located plants at each of
9 to 11 locations and examining the foliage for eggs in the Iaboratory.
Records were made of the number of plants examined, the percentape
of plants infested, and the number of ezgs per plant at encﬁm location.
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Firoure 5.—Loention of snmple stations in Arcostook County, Maine,

Field Study on Potato

Yearly trends of the foxglove aphid populations on potatoes were
followed from 1952 to 1961 by making counts in several fields not
being treated with insecticides. The procedure {Shands and Simpson
51) consisled essentially in recording at weekly intervals throughout
the summer the number of aphids found on a leaf within the top,
middle, aud bottom third of each sample plant. In field plots, there
were usually 25 sample plants per plot and 6 plot replications at each
field loeation. VWhere entire fields of potatoes were used, there were
100 to 125 samnple plants per field.

The sample plants were randomly located by a sereen-grid method.
Although potato lields varied in size, the sample portion was confined
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to & square area of about 1 acre. Exceptions to this sampling pro-
cedure included counting aphids on (1) the entire plant until it be-
came 8 inches tall and {2} only certain leaflets or ha{f leaflets of each
three-leaf sample when aphids became exceptionally abundant. Ap-
propriate factors were used to convert counts on leaflets and half
leaflets to the basis of three whole leaves (Shands et al. 55). Exzcept
for the very early counts involving whole plants, aphid populations
were expressed in terms of the numbers on three whole leaves per plant.

Trapping Study

A wind-vane trap operates by wind impingement. against the trap.
Aphids are simply fltered from a column of air passing through the
trap. This method was considered a more accurate measure of the
relutive magnitude and duration of spring migrant flights of the
foxpiove :LpTlid than the yellow pan trap {Moericke 39), which may
incite an alighting response. Shands et al. (63) pointed out some
timitations in using the latter trap.

All the traps were Jocated so as to be exposed to a clear sweep of
wind; i.e., unobstructed by buildings, trees, or other impediments to
wind movement.

The wind-vane trap developed by Shands et al. (§4) was used from
1953 to 1959 to gather data on the movement of the spring migrants
of the foxglove aphid, especially the duration and intensity of its
annual influx into fields of potatoes.

The trap was made of welded 14-inch metal rods and covered with
cotton serim. It wus shaped like a curved horn, with the plane of the
large opening or base mounted in a vertical position (fig. 6}. The
vertical front opening was 1934 inches square and the small circular
opening above was 834 inches in diameter.

Attached at right angles to the base of the square opening was a
metal shaft, which was an essential part of the swivel mounting that
permitted ths trap to function as a wind vane and thus keep the large
opening orierned directly into the wind. The swivel effect was ob-
tained by inserting the metal sheft into o short length of pipe of
slightly lurger diameter, which was securely fastened to the trap stand
in & verticul position. The bottom end of the pipe was closed to
retain o ball bearing on which the shaft rested, and the resulting tube
was filled with grease.

In operation, 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,
also of cotton serim, 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 arcund the rim.

Wind carrents striking the inside back of the trap funneled the
enfering aphids npward toward the opening of the trap eap. Wind
currents likewise tended to “push” the aphids alighting on the back
wall of the trap, causing them to walk or roll upward toward the
cap. In addition, as a result of some stimulation, the aphids exhibited
w distinct kinesis. This stimulus elicits a response to crawl upward
after landing in the trap. Although this kinesis appears to be a
natural orientation preparatory to su%sequent flight, it is questionable
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TC—~1516
FicUuke 6.—Wind-vane trap, showing method of mounting to trap stand.

whether it is due to a specific stimulus or to a combination of stimuli;
for example, positive phototropism and negative geotropism. During
periods when the air is calm, the cap tends to settle, and the aphids
enelosed *in the folds are effectively trapped.
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Fratpe 7.—Complete trap assembly.
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The number of airborne aphids caught at a given height depends
on their density and the wind velocity. Several effective trap-operat-
ing heights have been demonstrated for some aphid species (Shands
et al. 53) ; however, the one used in this study was 123 feet. Operat-
ing height was measured from the ground level to the bottom of the
trap opening. Figure 7 shows & complete trup assembly, illusteating
the construction of the trap stand and in particular the height of the
fiup above wround.

Seven traps were operated during June and July in the agricultural
district around Presque Isle.  Traps were emptied daily, except during
inclement weather when beads of water retained on the trap covering
precinded aphid removal. A mouth-suction aspirator was used to
remove the aphids.

Natural Control Agencies

Parasitization of caged aphids was not a problem generally, but
ocensionally hymenopicrous parasites appearad in the colonies. When
parasitization oceurred early in the season, the cages involved had to be
discarded, since the numbers of developing aphids would have been
adversely affected. Parasites were veared and identified from parasi-
tized foxglove aphids collected on hawkweed from 1956 to 1959 and
on petato from 1942 to 1960.

TFungus disenses oceurred sporadically in the caged aphid colonies,
but generally not until the production of alate forms had ceased.
Whenever dead, diseased aphids were found in the cages, specimens
were collected for determinations of the fungus. Al diseased aphids
were removed from the cages as far as possible to prevent or decrease
further spread of the puthogen, Fungus-diseased specimens were also
identified Trom collections made on potatoes from 1942 to 1962

PROCEDURE IN NEW JERSEY

Aphid Survey

To delimit geogaphically the distribution of the aphid in New
Jersey and (o ascertain host plants of economic importance, hawlkweed,
the primary host, was examined from 1959 to 1961 in many rutal
arens.  Secondarily, searches for the aphid were condueted on ather
possible host plants at each site. Al examinations of plants were
made in situ. Whenever foxglove aphids were found, they were
identilied with x hund Tens or collections were taken for later verifica-
tion. Where the plani materinl was unknown, specimens were col-
lected For identilication. TPlants were examined for aphids in man
and varied environments, including open grassland (fig. 8), roadside
ditehes, pasiures, abandoned fields, and old orchards.

Cage Study on Primary Host

To determine the mode of overwintering of the foxglove aphid in
New Jersey, cages were placed over natural stands of hawlweed In
essentinlly the same manner as that described for Muine, except that
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Fioetin >~ Open graesdand with Hicracivm foribuadien in full flowoer intermixed
wWith oxero-ditisy,

I to Seapreron-, viviparons adnlts msd nyiphs instead of o single
i veere el to dnfest hawkweed Dinoeach cage. Caged eolonies
of the New Jer-ey ~train of the aphid were inainined ar Beemorville
ated New Drusswick in 1960 61, The former loeation is in the
exPreiie uartimestern caruer of the Staee 1 Suassex County, and the
Brtter i~ o Middlesex County inihe central part of the Stare. Duoring
the winter there i a differential of 3.7 to BT FL in the mean wonthly
teperares between the two locations. Colonies of the aphid were
t’h!ilil!ﬁilt‘d i early May ar Beeinerville bat not until mid-September
e New Brunswiek, A srenin of the aphid obtained from ]]’resque
I~les Mastne. was abo established 1t New Branswick on September 20
el 27 for cotnpaeisor.

At Beetnervidte, sk of 5 eages wos lnitiadly infested on May 6
with Broapterous, viviparons aduly and nymphs of the foxglove aphid
colteered from various weed speeios, The eagos were located at the
dairy reserch L of the New Jdersey Agricwdtwnl Experiment
Srarton wtal o were plced on the hawkweed /7. foribundion in o
paEt e overcrondi with grass and herbaecous weeds and in partial
slade of <ol deciduons trees. Aer extablizlunent of the colonies,
(reqreent observations and counts were made throughout the summer
kGl to deterine the forn and number of aphids that developed,
OF partieular igteret were observations to deteriine whether or not
seximles oeenrred.

At New Brovewick, eirht vages were infested on September 13 with
apternis, visiparous adobts and ayphs obtained from eollections of
the aphid nade i Beemerville,  The eaged eolonies were loeated at
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the vegetable farm of the New Jersey Agricultural Experiment Station
in open grussland,  Observalions and counts of aphids in these cages
were mude periodieally.

RESULTS IN MAINE

Population Trends

Population Growth on Hawkweed in Cages~—Two peaks ocenrred
in the population growth curve of the aphid for 1956 (Hg. 9)—one
on July 27 and the other on Apgust 20, X complex of factors may
have operared to produce the dip in the populution between August 2
and 13, First, the authors were unable to get an gecurite count of the
frge numbers of aphids that developed in one eage. Heeoud, fungus
diseases appenred in some of the colonies about mid-Jualy and resulted
ina signifieant population loss.

Figure 9 also shows that the 1957 population crest was somewhat
broader but Jower than in 1956 and renched o muxinum on August 16,
or 8 days luter tham in 1936, Ln 1938, peak populations were of &
shorter duration and coustderably lower than i either of the 2 pre-
vioug years. The highest 1838 peak was on July 23, 14 days earlier
than i B850 wd 22 days earlier thau in 1957, Both the time of acenr-
venee and the number of aplids af the peak ave determined Tnvgely
by the temperatures and natural control ngencies that oceur during
each anneal eyele,

Population Grawth i Netwrad Envicomments—Population growth
curves (lig. 10) were prepared by avernging consecutive observations
inta geoups of three, with double welght given to the middle value.
These values were then plotied as 1 they had been the obgerved ones.
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Frover . Averuee number of apterotus foxglove apliids per cage on hawkweed
in enge stadics nt Aroostook Marm, Maine,
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Fiovre 10—Average nunber of apterous foxglove uphids per hawkweed plant
in fleid studies in Aroostook County, Muine.

This procedure smoothed the curves and tended to avoid inconsistencies
due to sampling where aphid populations were too low or too sparsely
distributed to be detected.

The curve for 1956 describes an erratic picture of population growth,
but it shows, nevertheless, that the population increased gradually
from u low in mid-May, veached a penk in late Angust, and then de-
clined. The population growth curve for 1957 shows a definite but
stepwise population inerease that culminated in late August and early
September, then declined slowly until aphid counts were discontinued
in QOctober. The 1838 curve, although incomplete, shows n rather
steady, slow population geawth until early August, when the popula-
Fion Eegan to increase appreciably. The pealc probably oceurred in
Inte Argust or early September. A secondary peak occurred in early
to mid-October, which was attributed to temperatures favorable for
aphid development at that season,

The curves for the percentage of plants populated (fig. 11) were
prepaved by taking the weighted avernge of three consecutive observa-
tions us previously explained. These curves show the same general
population growth trend as obtained for numbers of uphids (hpg. 10}.

YWhen discrepancies ovcur, it is more meaningful to accept the curve
described by percentage of plants populated than the curve described
by nomber of aphids per plant. This Lecomes clear when one con-
siclers that a single viviparous adult aphid may deposit several nymphs
on one plant, creating a large reading tor the numbers of aphids per
plant, whereas in actuality their distribution in space {percentage of
plants populated) may be small. The percentage of plants infested
provides a better index of the aphid preduction -potential of the area
saum pled, especially during the early phase of aphid population growth,
The productive potentiaT of a given number of aphids early in the
season is greater when they are evenly distributed. Nevertheless, by
either method of comparison, the population growth curve of the aphid
followed u similar trend. The population increased slowly until sarly
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Frouer l1l.—Percentage of hawkwesd plants populated by apterous foxpglove
aphids in field studies in Aroostook Coeunty, Maine.

August, inereased rapidly to a peak in late August, and then declined,
Llllmnﬂ'h at varying rates in the different vears.

Popzcé’ahon (roith on Potatoes—Kigure 12 shows the average sea-
sonal population trend of the aphid on patato. The graph was pre-
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Foere L—average nmnber of foxglove aphids on three leaves per plant {lop,
widdle, bottom) of untrented potatoes at Argostook Farm, Maine.
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pared by plotting at 3-day intervals the averages of the log n+1 of
the population size on corresponding calendar dates exch year. The
population growth trend of the foxglove.aphid on untreated potatoes
begins to rise rupklly in late July and continues until the peak is
veached in early September. This s about the same growth trend fol-
lowed by the aphid on hawkweed in nutural environments {hg. 10), but
somewhat later than the peak of abundance on caged plants {fig. 9).
It is upparent from figure 12 that this aphid is a low density species
and that even ut the peak of abundance there are, on the : verage, only
about two aphids on three leaves per plant (top, middle, bottom),

The earliest date of infestation of potato (fig. 12}, shortly after
June 10, coincides with the avernge begiuning date of spring migrant
maturation on caged hawkweed (table 6). The last date in figure 12
is when observations were terminnted because of harvesting operations
or killing frosts,

dphid Egg Surveys—The results of the semiannual SIT SULVEYS ON
hawloweed are summarized in table L.

Taste L—Fowglove uphid egg surveys on hawkweed in Aroostook
Jounty, Muine

Season und yesr E Staticns Statlons 1} Total i Plants Egps per
i with eggs plants | infested 1 plants
13 |
Fali: Number Niewber Number Percent Number
196 . _____ 11 6 110 i0. 9 14. ¢
L8955 . _ ... -} 9 i 418 1.4 2, 4
19566, .. ._ ! 10 2 500 .4 .4
A2 5 S | i0 +4 500 2.0 2.2
1988 .. .. ! 10 | 7 500 3.6 4.0
1G9 _____ . 10 0 L 0 0
Spring: ;
1988 . ... 18 4 500 1.8 1. 8
RI151 S 10 4 499 1.4 1.8

! Removal of snow from plants during sampling apparently disiodged all egps.

With one possible exception, the egg surveys gave no clear-cut index
to foxgiove uphid populations that subsequently developed on hawk-
weed (fig. 10), other than that they were low. The exception was the
large number of spring migrants that developed in 1955 (table 4}
from the large number of eggs in the tfall of 1954, Unfortunately
the populations of foxglove aphids that developed on hawkweed in
naturasl environments in 1953 were not followed,

Production of Alutae~—In 1956, alatae began maturing on June 19
{(fig. 13), increased gradually to peak numbers on July 12, then rapidily
declined; the last one matured on July 27. The total length of the
maturation period was 38 days. The alntae developing from o single
stem inother per cage (square foot) ranged from 5 to 58. Although
 few of the alatae developed from progeny of the second generation
in 1956, their distribution in time indicates that the greatest number
matured from the third generation, and possibly some developed from
the fourth ng well.

In 1957, alatae began maturing on June 10, 9 days earlior than in
1936, Two peaks of abundance oceurred in this year, one in mid-June
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Fracue 13, - Avernge nunther of winged foxglove aphids that matured on biwk-
weed] per glisy per field enge, Prosque Isle, Maine.

and the other in late June, After the late June peak, maturation
wbruptly ceased, the last alala maturing on July 3. The short matura-
tion period (23 days) indieates that the bulk of the migrants that
developed in 1957 were progeny of the second generation. Spring
migrants developing per st n mother ranged from ¢ to 32 ix, 1957,
or less than one-half the total number that developed in 1956.

In 1938, alate maturation began on June 12, 2 days later than in
1957, but 7 days earirer than in 1956. The average number of alatae
developing per day per cage increased gradually until & peak was
reached on Jane 25, numbers then fluctuated somewhat but remained
high until they declined after July 11. The Jast migrant matured on
July 23, nbout the same time s in 1958, As in 1956, the long matura-
tion period of 41 days suggested that migrants developed from
progeny Iater than the second generation. Alntue developing per stem
mother ranged from 2 to 29 in 1938, Althongh this range was about
the same ng that in 1957, the fotal number that developed was 71 per-
cent greater in 1958,

In 1839, the number of spring migrants maturing per day per cage
fluctuated greatly. This wus due In part to the action of fangus
diseases and predators, which decrensed the number of cuges that couid
be used for obtaining the avernge. Nevertheless, alatae began to
mature on June 12, reached & peak on June 23, and then, with only
an geeasional one maturing, ceased maturation on July 31—nbout the
same as in 1938, The alatze developing per stem mother ranged from
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0 to 10, aboul one-third of thoge in 1958. The 49-day pericd over
which ulatae matured was the longest during the 4 years studied.

Productivity of Spring Migrants in Relation to Density of Hawk-
weed N1and —Lack of uniformity in numbers of cuges of each density
of host and in some instances uncertainty as to the action of natural
control ujrencies, especinlly fungus discases, may have adversely af-
fected the results of this study. The numbers of cages and plants per
cnge ure shown in table 2,

Tasue 2—Cages and huwwlkweed plants per cage. Presque sle. M aine

Coages with—
Yuar T

I plant I 210 plants ti-3 plants

Number i Number Nuntber
LR £+ | 2 i 5 5
IR 5 5 &
1958, oo P, - 41 5 3
DY e i eeea- li 1 3

Although not statistically significant, the data indicate a higher
production of alatae with 1 plant or 11-31 plants per cage (per square
foot) than with 2-10, us shown in fable 3. This might have been due
lo crowding of the aphids in the single-plant group und poor plant
nutrition from the crowded stands of the 11-34 plant group. Both of
these factors have been shown to affect wing production in aphids
{Shands and Shnpson 50},

1

Tanee 3—~Winged forglove uphids that matured per day per field
eage with deffevent numbers of hawkweed plants. Presque Isle,
M aine

Agdtds rmoaturing per day per eage with--
Bate ; -
L plant per ¢age @ 2-10 plads per | }1-34 plaats per
cuge ey
1956 N rther . Number Number
June 3. L o_Ll. L.l ¢ 4

b VR 06 04 i3
P U 25 i5 45
b {1 38 .15 .35
July B e 17 .20 .60
5 N 50 . GO 50
4 2 2. 50 .36 3z
T 2. 25 . 8C 60
I e e 38 15 06
) - U &0 70 20
b 1 .25 0 40
ot S e m e mama acaaa .07 20 13

£ T A 20 0

T 0 10 0

0. e e . ] 0} G
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Tarrve 3.—Winged fowglove aphids that matured per day per field
cage with different mumbers of howkweed plants, Presgue [Isle,

M aine—Continued

Aphids maturing per day per cage with—

1 plant per cage | 2-10 plonts per
CRES

11-34 plants per
LOEE

Number
0

0
g

G
0
i
0
G

COQOQOURD, O SO
oo oODOONEMmooe

Nuinher
0

©C, oon. aooo, =, |+

migrants

Duration and Magnitude of Spring AMigration—Data from the
aphid tmEping study, as given in table 4, show in general that spring
egan their annual influx to potatoes in early June, had vir-
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tually completed their influx by late June, but in some instances con-
tinued into July, in one case as late as July 16. The mugnitude of the
aphid’s spring migration varied considerably, from 2 aphids in 1959
to 37 in 1955.

Tavre 4.—Spring migrants of foxglove aphid taken in 7 traps near
Presque fsle, Maine, during springs of 1855859

Dale 1053 1054 1655 1955 1057 1958 1858
Nunther Number Nunber Number Number Numnber Number

June 5oL b2 PSRyt [ S R
|3 R FRURPIORDIPIPN JNUIPRPRVRUNY JUENIUPRUS FNURUPIPRUR DRIIPRPR N 1
¢ S I VI b2 I R R R
10, __._ f S b J PUURURNE IR VRN I
) SN FURURIPA I e b (NI RN
) O 1 b2 (ORI IR [N P
| . S mmeme- 3 10 PSRRI UNETPR U
I K: VU P F R J U NS NUUPIORION [
15...._ [ S 3 R 3l
16 b I (I b2 (RN P
SIS IS SRS ) PR JRVEORPIVN 1
18.._._ > 2 S, b I (RPN (RPEPNRRRIN RIDRUNUIUIE SPNP
19 ... 2 2 PN PSR PN (PSRRI SIS
20 o eeeeaaa 2 b (RN FRNDTORRSRIPIN RUPRRRRIITN SRR
21 ... i | O PO S 1 )
22 |eimaa. | R SRR PN DD SN N
23 e 1 D3 U b 2 (R SR
24 feaaoaas AN [P SR (SN RN
-1 TR SR | A VSN VNN (DRI FUN
26, | ._. 2 i b (R DRI F
July 2. | S O JEUS S ) A [
L SO I M i ) S SRR SO I
L1 SN S Fp, D O NN T [
£ U DRUUPRUON (VRPN FUNERVUPEO UV S | R P
J 1 DU S, [EPEE Y DU J I ) U I
Total..__. 7 15 37 3 9 4 i 2

Low numbers of alatae on the wing in 1956, 1958, and 1959 accounted
for the sporadic recovery shown by the trap catches for those years.
Data on nlate maluration obtained from cage studies agreed well with
those of trap catches in 1955 and 1957, the only years in which specific
comparisons were valid. In 1935, the alate maturation period was
June 6 to July 5 in the cage study and June 5 to July 6 in the trapping
study. The compurison in 1957 was June 9 to July 3 for cages and
June 11 {o June 23 for traps. It appears, from these comparisons,
that in years when the aphid is sufficiently abundant, trapping will
give u relinble estimate of the duration and size of migration. As
shown in table 5, there was n fuir relationship between trap catches
and Ffoxglove aphid abundance on untreated potatoes up to the end
of migration, when both the average number of aphids and the per-
centage of plants infested by them ure considemi.

i
;
j
i
i
!
i
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Tavsre 5.—Relationship of fowylove aphid populations on unireated
poiatoes on Aroostook Ferm to trap calches of aphids near
Presque Isle, Maine

Year und wonk l Unlt of Plunts Aphids per Plants Alatne per
cotnt ! exnmiined plant integted trap 1o July ¢

1963

June 20--28
June 27-July 4______ . 002
July 5-11 . 019
July 12-18 . 013

sirerage Aterage
nimber number

June j8-25_ ...
June 26-July 3

July 4-10

July 11-17

1956
June 1025 __._.___
June 26-Juiy 2

July 3-9
July 10-16

1, 550

July 8-14 - 1,725
July 15-21 .. _____ | I, 725

1857

June 23-29 1, 400
June 80-July & 1, 550
July 7-13 1, 550
July 14-20 1, 550

1858

June 22-28 1,150
June 20-July 5 1, 250
July 6-12 1, 800
July 13-19._7 .77 1, 950

1858

June 2127 _________| WP 800 . 008
June 28-July 4 3WL 900 . 020
July 5-11 IWL 900G (22 .
July 12-18 IWL 200 L 104 3.

! WP=whole plani; WL=threc whole leaves, one from top, middle, and
botiom third of piant.
2 Total of 7 traps.
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Plant Growth

New leaves, flower stalks, and stolons of overwintered hawkweed
grow and develop rather rapidly early in the season. Hawlkweed
spreads quickly by this vegetative method of propagation. Observa-
tiong on plunt growth in northenstern Maine revealed that, on the
average, flowering proceeds as follows: Elongation of flower stalk,
ewrly to mid-June; “early flower” stage, lute June to early July; “full
flower™ stage, early to mid-July; and “late flower™ stage, mid- to late
July. By early August most plants are past fowering. ~ (These phe-
nomena veeur 4 to b weeks earlier in New Jersey.) H. mwrenticewm
blooms somewhat earlier than H. floribundum. ~After blooming, the
flower stalk gradually dies from the top down, and the plant loses its
general succulence. Later, some of the older leaves lose their green
eolor, turn yellow or red, and dle.

Feeding Sites of Aphids

During the period of growth and development of hawkweed, the
foxglove aphid feeds principally at the succulent growing tips of the
leaves, flower stalks, and stolons. The stem mother is most frequently
found on the newly expanding center leaves. As the plant matures
and loses its succulence, the aphid changes its feeding site and is then
found largely on the anderside of older leaves, especially those that
have lost their green color and are adjacent to the ground. Whether
this is due to inereased sugar content or other nutrients in the leaves
was not determined.

Seasonal History

Several phenomena in the seasonal history of the foxglove aphid
make convenient reference points in observing its development. In
table 6, data are given on the time when these phenomena oceur, based
on observations in the cage and in the field studies.

Hatehing —In northeastern Maine the aphid overwinters in the egg
stage and hatching generally begins in early May scon after the snow
cover has melted ; however, hatching may begin in late April in some
years: ez, 1956, Depending on prevailing conditions, hatching con-
tinues for 2 to 4 weeks.

Development of Stem Mother—~The first-generation aphids, which
hateh from the overwintered eggs, are apterous, viviparous forms
enlled sterm mothers (fundatrices). A variable period of developmnent
ensues, depending again on prevailing temperatures, before the stem
mother becomes adult, This variable period of maturation ranged
from about 2 to 4 weeks or longer. The beginning of the period
ranged from mid- to late May {fable ). Shands et al. (58) reported
that low temperatures lengthened the developmental time of the potato
aphid from about 3 weeks to 6 weeks. The developmental period of
foxglove uphid stem mothers also was inereased by about 2 weeks dur-
ing 1956 as compared with other years. Progeny of the stem mother,
or the second generation, develep into either apterous viviparae (fun-




Tasre 6.—Dates of occurrence of some phenomena in seasonal history of fowglove aphid on caged hawkweed in
northeastern Maine

Phenomenon 1955 1956 1957 1958 1950 1960 1961
Hatehing oo o el May 1| Apr. 27 1 May 5| May & |ooooooo|ooomnasdfammmnnns
Beginning of stem-mother maturation._ ... .. May 16 | May 28 | May 20 | May 19 | May 24 | May 18 |._.____..
Beginning of spring migrant maturation___..__~___..____. June 6 | June 18 | June 9 | June 11 | June & j.._.. -__ $ June 14
End of spring migrant maturation. __ ... ... July’ 5| July 27 | July 3 { July 23 [ July 31 j. .. |-o_o--on
Beginning of sexuale maturation . _ ..o i caooil|ecaoooan- Sept. 28 | Oct. 2| Oct. 3 [ Oct. 2| . ..oeenn Sept. 27
Beginning of egg depesition_____ | aaas Oct. 19 | Oct. 11 | Oct. 20 | Oct. 142, .. 2 Oct. 10

1Approximate. 2 In greenhouse.
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datrigeniae), which remain on the primary host, or alate viviparae
(spring migrants), which fly to secondary hosts.

Development of Spring Migrant—Spring migrant maturation gen-
erally begins about June 10 (table 6) and is of rather long duration.
The length of the maturation period can likely be attvibuted to the
fact that both the second and third and possibly later generation
fundatrigeniae produce alate individuals %migmnts). Patch (43)
reported that migrants matured lurgely from the third generation on
foxglove. On hawkweed, migruants developing in the second genera-
tion took about 3 weeks to mature. The developmental period of the
migrants in the third generation was uot determined. but it probably
began 2 to 3 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 later maturation dates in 1956, 1958, nnd 1959
probably resulted from these migrants developing from later genera-
tious of fundatrigeniae.

I"iviparae —After spring migrant mataration ceases, the apterous,
viviparous form {primary viviparae) of the uphid continues to live on
Hl?] primary host until fall, maintaining the colony parthenogeneti-
cally.

Viviparaa produced by the spring migrants or their progeny on
potato or other secondary hosts are called secondary viviparue. Prog-
eny of the secondary viviparae are largely apterous, 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 or other secondary hosts.

Abnormalities in some progeny ot the secondary viviparae of the
foxglove uphid (Wave et al. 74) occurred in the late summer and fall
of 1956 and 1957, when unprecedented numbers of alatae developed
at Presque Isle, Maine on potate plants not treated with insecticides.
Many of the alatne exhibited abnormalities in both the number and
position of the wings. Some abnormal alatae had only two fully
developed wings, but several had no wings or had only rudimentary
wings. A few abnormal alatae were also observed among the spring
migrants on hawkweed,

Lute Nummer Production of :laive—Caged potato plants (four
per cage) grown in the field were artificially infested during August
with u few foxglove aphids. The colonies were allowed to develop
untit mid-September or early October, when the numbers of alatae
were determined. A total of 10 cages was used in 1937 and 1958,
but.only 5 in 1939

The Iate snminer production of alatae in the cage studies is shown
intable 7.

TanLr T—Late summer production of alutue on potato plants in cage
studies in northeastern Maine

Yoar l Apterac Alatap Abnormal alatae

Nuather Number Numnber
b Ty TR Largeo ... .. .. 6 1
19588 L el o .oo- Large .o _..._ 1, 287 157
1080 . e 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 on potato plants prior to 1956, and then only in trace
nuinbers.

Development of Sexuales —¥Fall migrants (remigrantes} gpparently
do not develop in this species, since the “sexuparae” are pro-:})uced by
the primary viviparae and the males are apterons. The sexuales gen-
erally begin to mature on hawkweed in early October (table 6}, and the
oviparae appear scmewhat earlier than the males.

At this season of the year diurnal temperatures fluctuate widely and
frequently go below freezing. Under these conditions the maturation
perioc: of the sexuales is considerubly longer than that of the summer
forms of the aphid. The first sexuales undoubtedly begin te appear
by mid-September, but they do not mature until October.

In greenhouse cultures the proportion of males to oviparae is always
very small; however, they become much more abundant on bristlestem
hemp nettle ((aleopsis tetrahit 1.} and on chickweed (Stellaria medic
(L.) Cyrillo} than on potato, :

Muating and Egg Deposition—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 oviparae. 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 laid singly, generally on the undersurface of-the hawkweed
leuves. Oceasionally eggas are Inid on leaf hairs on both the upper and
lower leaf surfaces. The eggs when freshly laid are a pale, watery

rreen.  {Tpon development they turn darker green and after a fow
days an intense, shiny black. Development is then arrested and the
egz overwinters in this state,

Shands et al. (60} observed that ovipurae of the foxglove aphid
under some field conditions were capuble of depositing up to an average
of five eggs.  Under some greenhouse conditions they were capable of
depositing an average of 15 egegs. All the determinations on egg
production were made by dissecting the aphids and counting the
number of eggs in each specimen.

The study indicated that the foxglove aphid, in contrast to some
of the other potato-infesting species, tended to retain mature eggs
until the abdomen became distended. Dissections of oviparae in subse-
quent years (unpublished data) corroborated our previous findings.
Regardless of the potentinl egg-laying eapacity of the oviparae, the
number of eges deposited is governed iargely by the effective oviposi-
tion period. Factors affecting this period are the rate of development
and thne of maturation of the oviparae and males, the temperature
during the oviposition period, and the onset of cold weather. There-
fore, 1t is apparent that egg production may be higher when mild
weather prevails late into the fall.
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Matural Control Agencies

Parasites—The fdllewing primary and secondary hymenopterous
purasites were reared from foxglove aphids that were collected on
potato and hawkweod :

Primary Parasites:
Braconidae, Aphidiinae:
Praon aguti Smith
Praon pequodorum Viereck
Preon sp,
M oncotonus sp.
elphidius avenaphis ( Fitch)
A phidivs nigripes Ashmead
Aphidiug sp.
Eulopnidae, Aphelininae, Lphelinus semiflavus Howard
Secondary Parasites:
Pteromalidae, Sphegigasterinae:
Asaphini:
Asaphes lucens (Provancher)
Asaphes sp.
Pachyneurini:
Pachyneuwron virginicwm Girault
Coruna clavate Walker
Cynipidae, Charipinac, Charipe sp.
(Ceraphronidae, Lygocerus sp.

#rion spp. were the most abundant primary parasites and Asephes
fucens was the mostunbundant secondary parasite. A phelinus semi-
fevus was the most troublesome in caged colonies of the aphid, It
was so small it entered through the fine mesh of the serim-covered
cage.

E};‘-ntmnogenous Fungi—The fungi identified from dead, diseased
foxglove aphids collected in northeastern Maine from 1942 to 1962 were
a5 follows:

Entomephthoraceae:

Entomophthore aphidis Holim. ex Fres.
Entomophthore sphaerosperma Fres.
Entomophthora planchoniane Cornu
Entomophthora thaxterinna Petch
Entomophthore sp.

Delacrotwia coronata (Cost.) Sace. & Syd. has also been collected
and identified from the foxglove aphid (Flarris 20).

RESULTS IN NEW JERSEY

Host Piants of Economic Importance

Host plants of economic importance were found to be various species
of hawlweed, chickweed (Ntelluria media (L) Cyrillo), and burdock
(2Lretium minus (Hill) Bernhardi). In table 8 arve 16 species of plants
on which collections were made. The following five species apparently
are new records for the foxglove aphid: Burdock, celandine (Cheli-
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donium majus L.}, common chicory (Cickortwmn intybus L.}, white
iamplon { Lychnis alba Miller), and pokeweed {Phytolacca americanc

Tante 8.—Dute, geographical location, und host of fowglove aphids
observed or collected in New Jersey in 1960

Date Location [fost
April 15...._._ New Branswick ____. Stellaria media {L.} Cyrillo.
May 6., .l .do L _ Convolvulus sp.
Do ... ... [/ S Lychnis alha Milier.
Do, . dea.s [+ s T Cerastivm vulgatum {-
Do .. ... Beemerville, .. ._._ Hiergcium sp.
June 2. ... % Clarksville V... .____| Selanvwm luberosum L.
June 7oL ... ! New Brungswick_ ... 8. mediu.
June 8. ... i ce.-ttOoLo o .ooa- 8. media.
June 2. _..._..F Beemerville_.______. H. floribundim Wimm. & Grab.
Do....... ... 30+ S 5. media.
June 285 ... New Brunswick . ... Piantago major L.
Do .. ... .. do..o..._.....! Phytolacca americana L.
Do........ t Springfiedd. .. ... Viola tricoler L. var. horfensis DC.
July B, . Beemerville ... oooo P. major.
Bo_...... I ..... (£ 1+ S Cichorium tniybus L.
[ 10 T SR ¢ | SR Capsella bursa-pastoris (1) Medic.
July 18 .. __. | Swartswood. . ... Hieracium sp.
duly 35_.... ... | Butteville. ... Aretium minug (Gl Bernhardi.
Do veao.o 1 Branchville .o _____ Hiergcium sp.
Aup, 8 .. i Beatnerville...oo ... C. iniybuy.
Do ... k _____ L Lo S Hiergeium sp.
Do .- pAndover L. . A, minus.
Po__.___ . Oldwiek_ . ..o ._.. . mirus.
Aug. 15, . __. .| Baleville.. .._......1 A minus.
Sept. 13. ... _ .. Beemerville. o .. Plantago sp.
Do oo faaaes T 1 S Lactuca sp.
Do . .. . do oo o.-- A, minus.
QOet. 3. oo o.- Prineeton. ..o .. Oenothera sp2
L1 A Cokesbury .._....._{ A. minus.
Do. l Mountainville.____. .. Al minus.
Oct. 8... . .....' Pine Brook_._._....} A. minus.
Nov.d_..... .. Beemerville ... .. A, minus.
Da_........ dMountainville. ___._ AL minus.
Dece. 8_....... -$ Beemerville. . . _-..] Chelidoniwm majus L.

1 Alate forin, probably & migrant.
2 Ornamental varicty.

With few exceptions, the aphid was generally found on the older
bottom leaves of mature plants, especially those in contact with the
soil where the humidiby was high. Furthermore, the plants on which
aphids were found were in habitats containing abundant soil mois-
ture; e.g., in shaded places or along ditchbanks. Since the foxglove
aphid was never found on these plants in dry areas, 1t appears to sur-
vive best in environments with high humidity.

Although no differences were observed between the two hawkweed
species as to host preference of the foxglove aphid, there were differ-
ences in species abundance. In New Jersey, H. floribundum was
mueh more abundant than H. aurgatiacum, whereas the reverse was
true in northenstern Maine.
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Distribution

Figure 14 shows that the foxglove aphid is generally distributed
1 the northern half of New Jersey. The concentration of collection
sites in the northwestern sector resulted from more intensive searching
in that area. Nevertheless, because of cooler temperatures in the
higher slevations, 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
temperatures in the southern half than those in the northern half ma
tend 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 humidity that the foxglove uphid apparently requires.

Mode of Overwintering

In this study no attempt was made to obtain data for the plotiing
of population trends, since the primary cbjective was to ascertain
which forms of the aphid developed on hawkweed. However, popu-
lations of the aphid were generally larger lute in the season rather than
earlier, as shown in table 9. Alate forms were produced throughout
the season. Furthermore, the table shows that viviparous 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
Beemerville. In addition, intensive searching on hawkweed outside
the cages on March 21 and 28 revealed no aphids.

Tasie §.—~Populutions of fozglove aphids (New Jersey strain) de-
veloping on huwkweed in caged colonies in Beemerville, NJ.,
196061

Date ’ Coge ! Cage 2 Cape 3 Coge 4

Number
June 21V,

July 110,

July 18 .

July 25

Aug,

Az

A

Sept,

Sept.

Oet. 7o s

Mar, 11¢__

Mar. @8 DT T T

118 npterous viviparae introduged into each enge May 6.
* g apterae plus | alata,

3 Aphids present but no count made.

t {roundd covered with 4 inehes of snow.
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Present

Absent

15 MILES

Frourg J4.~—Distribution of foxglove aphids at collection sites in
New Jersey in 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 viviparne were present on
hawkweed throughout the winter and that deposition of nymphs was
resumed in one instance by February 27. Moreover, another over-
wintered viviparous adult was observed on hawkweed just outside the
cages on the sume date. The cage site was covered with several feet
of snow from December 11 to about January 5, and the snow cover
undoubtedly uided the aphids’ survival during that peried. At no time
during the mvestigation with the New Jersey strain were sexusnles
or eggs observed at either New Brunswick or Beemerville.

Tanue 10.—Populations of fouglove aphids (New Jersey strain) de-
veloping on hawkweed in caged colonies in New Brunswick, N.J
1960-61

Y

Dage Cage 1 Coge 3 Coaged | Caged Cuge 6 Coga 7 Cape 8

Number Number Nuymber Number | Number
Sept. 271, .t 20 45 15 10 30
Oct, 18.__..12 16518 3042 | 80
Cet, 29 .} 200412 60+4 +3
Nov. 1! .._.! 8o+2 17549 {10021
Nov. 29 35+1 : 135411
18 501

+

g 113 to 33 apterous viviparac and nymphs were introduced into each cage
jept. 13,

¥ 165 apierae plus 8 alatac.

1 Cage discontinued.

! Overwintered primary vivipara and recently deposited Srat-instar nymph.

Although no guantitative data were gathered on the Maine strain,
11 cages were infested sith from 100 to 300 apterous viviparae or
oviparae and males on September 20 and 27 to obtain the occurrence
time of various phenomena for compurison with the New Jersey strain.
The data showed that mature oviparae and males were present by
Saptember 27 xnd that egg deposition began by October 9. Oviparee
were present and still depositing eggs in some of the cages on Decem-
ber 2. Further observations were not possible after Decenber 11
because of the snowfall, which buried the cages to o depth of about
4 feet. Subsequent observations, beginning on February 27, revealed
only eggs in the cages. Hatching began m the cages on March 7, 8
duays after the observation of an overwintered vivipara in cages of
the New Jersey strain (tuble 10).

Similarly, o Maine strain of the aphid, obtained in three air-express
shipments on September 4, 10, nud 17 in 1959, developed sexuales,
which began to muture by October 16, The deposition of overwinter-
ing egys by these forms began about October 8. However, because
of the paucity of males, the eggs were nonvigble and no data on hatch-
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ing were obtained. Nince the Maine strain of aphids was obtained in
September, it is possible that they had already received the necessary
stimulus to produce sexual forms before shipment to New Jersey.

DISCUSSION

Shands mmd Simpson {52) have shown that the growth of an aphid
population muy be represented by a sigmoid curve. The peak of the
curve shows considerable annual variation in aphid numbers but
velatively dittle in the thme of oecurrence.  These wuthors showed that
the time of peak populations of the four potatv-infesting species on
potato was ubout August 20; however, this varied during o period of
16 years from mid- to fate August. Further, they contended that
natural factors retarding the rate of population growth incereased in
severity as the time of peak numbers was neared.  The precise date of
the penk was wilected lurmely by biologicul control agents, weather,
angd the time of the maturetion and egress of Tall migrants.

The peaks of Toxglove aphid population ou hawkweed in Maine
during the investigations in both field and cage studies closely approxi-
mated the sigimoid curve deseribed, v that the peaks occurred about
August 20, {Iowever, the dillerenves in nubers of aphids per plant
hetween natural and caged environments were considerable.  Perhaps
the most important factor causing these differences was the effect of
cugring itsel £, which not only protected the aphids from most predators
and parasites but also prevented their normal dispersal. Since the
tnate tendeney of the wphid to move to less populated plants was
vestricted, populations in the cages invrensed eousiderably above those
in ‘ha field. Novertheless, the time of oecurrence of peak numbers did
not appear to be adlected by the large populations in the cages.

Tho length of the spring migrant maturation period and the genera-
fion in which the migrant appeared were determined fram cagre studies,
but no elexr-eut reason ean be assirmed for the variability in the num-
ber of alatue to develop per stem mother. L6 appears that the reason
lor the variabitity between stent mothers may be inherent in the genetic
vonstitution, since individuals i identien] habitats and under the same
popitlation pressures exhibit such differences. _

Observations on the seasonal listory of the toxglove aphid indicate
that it 15 not a true migratory species, since the aphid can live and
reprotuce on the primary host throughout its annual cycle, the males
are apterous, and this species npparently lacks fall migrants (vemi-
wruntes).  However, hawkweed may be vepopulated by vagrantes in
late summer und early fall and thus serve to reinfest the plants orv
supplement the existing population. _

Althongh careful senrch on hawkweed in the cage sites at Beemer-
ville on Mareh 21 and 28 (table 9) fuiled to disclose n single living
aphid, the fact that an apterous vivipara survived in the vicinity of
New Brunswick {(table 10) lends support to the beliek that the aphid
cunn overwinter in the adult stage in New Jersey. The fiading of a
viviparu on February 27 precludes its possible development Trom egg
(o adulehood at such an early date.  Furthermore, no sexunles or eggs
ol the New Jersey strain were observed,
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Sines the aphid overwintered as an adult in New Brunswick, its
vecurrence in Beemerville may be explained on the basis that it remi-
grates mto areas where it s unable to survive through the winter.
During mild winters foxglove aphids indubitably overwinter as adults
even wi far north as Beemerville, but the winter of 1960-61 was too
severe for them tosuryvive ns adults.

Possibly genetic ditferences, rather than diflevences due to physical
fuctors such as temperature and photoperiod, exist between the New
Jerscy and the Maine strains of the foxglove aphid. This decluction
is bused on the fuct that the Maine stroin developed sexnales and de-
posited eggs in 1959 and 1960, whereas the New Jersey strain, under
identical conditions, did not.  Seholl and Daiber {46) reported thot
the occurrenca of the holocyelic und anholocyclic populations of the
green peach aphid in South Afriea are due to different races, They
tulicated that these races ditfered not only in physiological behayior
but in morphological characteristics and food-plant preferences.
Mitller and Scholl (40) mentioned that the foxglove aphid coexists in
both bolacyelie nnd anholocyclic strains in South Afries. Perhaps the
Muine strain of the foxglove aphid is the holoeyelic and the New Jer-
sey strain the nnholocyclie strain of this aphid.

SUMMARY

The foxglove aplid (leyrthosiphon solani (Kaltenbuch) ) is one ot
four potuto-infesting species that njure the potato plant by their feed-
ing punciures and toxie secretions and by sprea{ﬁng virus diseases.
:"atuclly of the biology of this aphid species was intensified after the
discovery of a new primary host, the common perennial hawlkweed
(Hivraeium spp.). Previous to this the only intensive biologic study
wag that deseribing its seasonal history on foxglove (Digitalis pur-
pures 1.},

Studies on the oniogeny of the aphid and its population dynamics
on hawkweed, & primary host, were conducted in northesstern Maine
from 1934 until 1961, both in caged colonies and in the field, In eaged
volonies, frequent observations and counts of aphid numbers were
made on all the foliage in the cnges. The eylindrical cage used in the
study was constructed of G-gage *black™ wire covered with cotton
serim. - Aphids were examined on the folinge in situ, and the cages
were removed only during periods of observation. In the field, weekly
exnuminations for aphids were made on 50 randomly loented hawkweed
plants at each of 10 widely seattered loeations. Data collected trom
both sources were used to piot populntion trends and to determine some
seasonul! phenomena in the ontogeny of the aphid.

PPopulation trends of the aphid on hawitweed were defermined from
the average number per plant and the percentage of plants populated.
By either method of compurison, the population growth curve was
similar, In general, populations of the aphid increased slowly until
early August, increased rvapidly to a peak in late August, and then
declined, but at varying rates in different years.

The eage study showed that alatae maturing from progeny of a
single stem mother ranged from ¢ to 58; duration of maturation
ranged from early June fo early or late July (2349 days) ; and alatae
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appeared in the second, third, and possibly later generations, and this
varied annually.

The duration and intensity of the aphids’ annual infiux 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 aphids’ seasonal history were ob-
tnined : Hatching of the stem mother generally began in early May;
the stem-mother maturation period ranged from 2 weeks to & month or
more, de]gending on weather conditions; spring migrants began to
mature about 3 weeks after stem-mother maturation; the period of
migrant maturetion extended from early June to late July; sexuales
began to mature by early October; and egg deposition begnn about
mid-October. Semiannual aphid egg surveys were conducted on hawk-
weed in an attempt to forecast subsequently developing populations.

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

Population growth trends, late summer production of alatae, and
natural control agencies were nlso studied on potato, both in the field
nnd in caged colonies.

Studies on the host plants, distribution, and mode of overwintering
of the foxglove nphid were conducted in New Jersey from 1959 to
1961. The foxglove aphid was collected from 16 species of plants;
3 of these are rather common hosts und 5 arve apparently new records
for this aphid. Observations and collections of the aphid from hawk-
weed and other hosts throughout the move rural areas of New Jersey
revealed that its distribution was restricted lurgely to the northern
half of the State.

Cage studies indicate that the New Jersey struin of the aphid over-
winters us apterous viviparae. At no time were sexuales or eggs ob-
served. The aphid probably remigrates into areas where it is unable
to survive through the winter. In Maine the aphids overwinter as
emes. Observations on n Maine strain of the aphid at New Brunswick
showed thet sexual forms developed and deposited eggs und these eggs
overwintered nnd began to hatch in early March.




BIOLOGGY OF THE FOXGLOVE APHID

LITERATURE CITED

Axpersox, M A, Seuvwn, J. . and Hiess, B T.

1961, RIPLOGICAL ACTIVITY AND LOCALIZATION OF PHORATE RESIUVE TOXINS
[N BULL-DRENQIL TREATED CHEYEANTHEMUMS, Juur. Evon, Ent. o4 :
827832,

Bawruoromew, P. S,

1832, sIX NEW SPECIES OF APIUIDS, WITH RECORDS OF OTIIER BUIECIES NEW

TO CALIFORNLA. Ann. Amer. But, See. 25 718729,
Bawpex, I, (0, nnd Kassaxis, B,

147, THE BEHAVIOUR OF S0ME NATURALLY OCCULRING STRAINS OF POTATO
VIRUS Y. Ann, Appl. Biol 34 ; §03-516.

winwen, (., nnd SCHILsEs, I A,

182, APUIBOIDEY, BLAPTLAUSE. o Horauer, P, flandbuch der PHansgen-
krankheiten., Auill 4, Bd, 5. Berlin.

Biekrey, 14, Sseran, BB, and Doonerene, 8, 1
IG5, SOME ILOSTS AND VECTORS OF TOMATO ASPEEMY VIRL'S. "5, Agr.
Res. Herv, Plaat Dis. Rpte, 300 152-1506.
CoMMONWRALTI INSTITUTE OF EXTOMOLOGY { LOoNbox).
Y538, DISTRIBUTION ALAME OF INSECT PESTS. Ser. &, No. §G: 1.
LorrIer, W,

1933, ar1LIng oF NEW z£ALAND, New Zewl Dept. 8ci. nnd Indus. ltes, Bul.
106, 382 pp.

Daves, B, W, Laxws, B, L., and Gmsox, K. 17,

1834,  ArilID COLLECTIONS IN THE YAKIMA VALLEY OF WASHINCTON, 1947
33, Jour, Econ. Ent. 47:1117-112],

Day, M, ¥, and BeNyerrs, M. T,

IDG-E A REVIEW OF PROBLEMS OF SPECLPLCITY 1IN ARTUROGPOIN VECTORS OF
PLANT AN ANIMAL vVIRUSES, 172 ppe Commonwenlih Sei. and
Indes, Res, Orcgan, [Hy of Ko, Caoberen, [ P'rocessed,]

Dyrstia, 1 P, and Wareakes, W, C.

1938, EXPERIMENTS ON THE TRANSMISSION OF PUTATO VIRUSES BY VECTORS.

Jour. Agr, Res, 57 1 319-33.4.
asror, V.

ST, THE PEODICITY OF AP FLIGIT 1IN EAST AFKICA.  Bul Ent Res.

AR BU-310.

1958, A STUDY OF THE AFULIDIDAE [HOMOPTENA) OF EAST AFRICA. Calon,
Res. Pubx 20, 126 pp. London,
Krze, 14 L.
V2P, BE VERSPREIDING VAN VIRUSZIEKTES VAN BE AARNAPFRL (SOLANDAL
TUHERDEUM L. DOOR INSEKTEN. Wageningen Laodbouwhoogoseh,
Mede. 32, 40 pp.
Essig, [ (.
L3S, APHIDS FEEDING ON CELERY IN CALIFORNLA. Hilgardia 11: 459-=442,
THT,  APYIIDS FEREDING ON VIOLACEQUS PLANTS TN CALLFORNIA. Ifilgnrdin
17 597617,
IMskEN, A G
1991 FAUTORS AFFECTING TILE SEREAD OF APIID-BORNE VIRUSES IN POTATO
TN EASTERN SC0OTLAND. L. UYVERWINTERING UF POTATO APILINSG, I'AK-
TICULARLY  MYZUS PERSICAE (SULZER), Ann. Appl. Biol. 47:
261-273.
Gaeaignt, L.
23, CONTRIBUTION A L'ETUNE DE LA FAMILLE APIINIGAE PASS. [nternatl.
Conf. T'hytopath. and Meon, Bat. Folland Rpt. 1923 55-(x.
(Gruierre, (U P, and Panyer, M. A,
1034, TILE APHIDIDAE OF CULORADO. #T. L. Ann, Amer, Ent Soe. 27
133-253,
{iovier, D, A.
1947, THE PROPERTIES OF TOMATO ASPERMY VIRUS AND TIPS RELATIONBHIP
WITID QUCUMRBER MOSALC VIRUE., Anil Appl. Biol. 43: 62-78,
Liamms, M. R.
MME A .mgco.\wctz'ru PARABITIC ON  APHINS, DPhytopathology 88:
118-122,




38 TECHNICAL BULLETIN 1338, U.S. PEPT. OF AGRICULTURE

(21} Hemr, O.
1061, INVESTIGATIONS ON MYZUE PERSICAE SULZ., APIIS FABAE 8COP., AND
VIRUS YELLOWS OF BEET (BETA VIRUB 4) IN DENMARK., 78 pp., illus.
Danisit Acad. Tech, Sei., Copenhagen.
(22} Hermxze, K,
1950, {BER RIATTLAUSSCHADEN AN XARTOFFELW. Ztschr. f. PAanzen-
krank, u. Planzenschutz 57 : 106108,
(23}
1930, zZuk UBERTRAGUNG PFLANZLICHEER VIRUSKRANKHEITEN DURCH BLATT-
Liuse, Nachrichtenil. £ den Deut. Planzenschiutzdienst 2: 49-53.

1951. pie UBERTRAGER PPLANSLIOHER VIRUBKRANKIIEITEN. RBerlin Biol.

Reichsanstalt Zentrsluust. £, Land- und Porstw. Mitt 71: 1-126.
and Prorer, J.

1940. ©#8ER DIE AN XAETOFFELEBENDEN BLATTLAUSARTEN UND IHREN
MASSENWECHSEL IM ZUSAMMENILANG MIT BEM AUFTRETEN vON
KARTUPFELYIROSEN. Berlin Bicl. Reichsanstalt Zentroianst, f
Land- und Forstw, Mitt, 50 1-64.

Hivre Ris Layugss, 1),

IMG. [roorsoTe 1! fn Doneaster, J. P, PThe Shailot Aphis, Myzus
usculonicns sp. n. (Hemiptera, Aphididse), Roy. Ent, Soc.
Longon, Proe. {B) 15 27-31,

1T, CONTRIBUTIONS 70 A MONOGRAPH OF 'HE APHIDIDAE OF EUROPE IIL
Pemmim Jda 7 179-31%,
{28
1), CONTRIBUTIONS TO A MONOGRAPH OF THE APLIIDIDAE OF EUROPE 1V.
Temminckis 8:182-323.
(2] ———and MacGiLniveay, dl. E.

1959, SCIENTIFIC NAMES OF POTATO-INPESTING aPHIDS, Canad. Fnot.

91 : 821328,
130} Hoaoax, [ A.

1931. FURTHER STUDIES ON APHID TRANSAMISSION OF PLANT VIRUSES.

Phytopathology 21 199-212,
£31) Jacow, B, H.

1944, & TWO YEARS' SURVEY OF THE POTATO APHIDS IN THE NORTIERN AGRI-

CULTURAL ADVISORY PROVINCE. Aln. Appl, Biol. 31: 312-319.
{32) Kauvrexsaci, J, H.

1843, MONOUGRAIIIE DER FAMILIEN DER PFLANYENLAUSE (PHYTOPHTIHIRES).
222 pp. Aschen.

133) Kexwsepy,J. 8., Day, M. F, and Eastos, V., P,

LHF2, & CONSPECTUS OF APNINE AS VECTORS OF ILANT VIRUSES. 114 pp.
Commonwealth Inst, BEnt,, London,

{34) Kxowrrox, (3. B,
1547, MYzUS Artiip ¥oreEs. Brookiyn Ent. Soc. Bul. 42, p. 74.
{35} Lasz K. I
1058, ALATE APIINS TRAPPED IN AUCKLAND, NEW ZEALAND UBING MOERICKE
COLOUR THAPS. Noew Zeul. Jour, Sef, 1 HT79-580,
{36} MacGrnrrviraY, M. B, and ANpEraoy, G, B,
1567, THIREE USEFUL INSECT CaaRs. (Canad. Ent. 80 : 43—,
{37) and AxpeERsox, 3. B.

1958, DEVELOPMENT OF FOUR SPECIES OF APilipg (HOMOPTERA) ON POTATO.

Canad. Enf, 90: 148-155.
(38) Masox, P. W.

1840, & REVISION OF TIHE NORTH AMERICAN APHINS OF THE GENUS MY2US.

U.B. Dept. Agr. Mise. Pub. 371, 20 pp.
139} MoORRICKE, V.

1451, EINE FARBFALLE ZUR KONTROLLE DE8 FLUGES VON BLATTLAUSEN
INSBESONDERE DEE PFIRSICHRLATTLAUS, MYZODES PERSICAE {BULZ}.
Nachrichtenbl. £. den Deut PAanzenschutzdienst 3: 23-24.

(403) MirLer, F. P, and S8ciiwL, 8. E.

1438, BOME NOTES ON THE APHID FAUNA OF BOUTH AFRICA. S, Africa Ent.

Soc. Jour. 21 : 382—114.



http:MiiLI.ER

BICLOGY OF THE FOXGLOVE APHID 39

{41} NosLe, M. 1.
1958, A SIMPLIFIED CLIP CAGE FOR APHID INVESTIGATIONS, Canad. Eut.
90 T80,
(42} Panses, M, A,
1992, APHINS OF THE KOCKY MOUNTAIN REGION. 452 pp.  Thomas Bay
Found. i, Denver.
(43) Paren, I8, M.
1928, THE rOXGLOVE APHID ON POTATO AND OTHER PLANTS. Muine Agr.
Bxpt. Stu. Bul, 346, pp. 4960,
{44}

1938.  FOOD-PLANT CATALOGUE OF 1HE ATILIDS OF THE WORLD, Muine Agr.
Expt. Sta, Bul, 393, py. 35-451.
i4a) Russsrs, L, M.
1003, CILANGES IN THE SCIENTIFIC NAMES OF SOME COMMOW APHIDS. U.8.
Agr. Res. Serv. Coop. Econt. Insect Rpt. 13 : 84.
{46} Beubon, 8 1. and Daser, G, C.
5. NOTEB ON THE OCQUHERENOE OF HOLOGYCLIC OVERWINTERING OF TLE
GREEN PEACH APIHIBD IN S8OUTH AFRICA. S, Africa Bot $oc. Jour.
23 1 315322,
Ty Bernouvevey, B
1901, LE GENRE SIPHONOPHORA C KOCU, Belg. Soc. ¥nt, Ann. 45 111-117,

{48)
1806, A SUPPLEMENTARY GIST 40 KIRKALDY'S CATALOGUE 0F TIHE APIIDIDAE
DESCRIHED A8 NEW FrROM 1885,  DBelg Scc. Ent. Ann. 50 30-3¢,
{48} Severiy, H, H. P, und Posrring, C. M.
IVG0. BYMPLOMS IXDUCED BY SOME SPEUIES OF APHIDS FEEDING ON FERNS.
Iflgardin 20 8142,
LE0) Birawps, W, A, nnd S1arsox, G. W,
1948, THE PRODUCTION OF ALATE FORMS OF MYZUS PERSICAE ON DBRASBICA
CAMPESTRIS IN TIIE GREEN LOUSE,  Jour, Agr. Res, 76: 165173,
and Simesox, G. W,
10562, SURVEY METIODS i APHID POPULATIONE DN POTATOES, .8, Agr. Rea.
Serv, Coop. Evon. Insact Rpt, 31 181182,
{H2) ———— and S1umpsow, G, W,
1030, OHARACTERISTICS OF APILID-POSULATION GROWTH ON POTATOES IN
FORTHEABFTERN MAINE. Ann. Amer, Iint. Soe. 52:117-121,
(33} —— BrMraox, G. W, und Dyorey, T. B, Ju
1858, LOW-ELEVATION MUVEMENT OF 8OME SPECIES OF APHIDS, Jour. Econ.
Bnt. 49: 771-776.

(51)

{vd) ——— Sivwsow, G. W, and Larinor, P 4,
1042, ay apmip trar, UK. Bur. Ent and Plant Qunr. ET-196, 5§ pp.
{53}t ———— Somesox, G, W., and Resn, I, B,

103 SUBUNITS DF SAMULE FOR BSTIMATING AVHID ABUNDANGE ON POTA-
roes. Jour, Beon, Ent. 47+ 1024-1027.
(00) ——-—— SiMmrgon, G, W., and Wave, H, .
1957, FALL ANUNDANCE OF AVIIP EGQE OX IVERWINTERING HOSTS OF
POTATO-INFESTING APIIDS IN NORTHEASTERN MAINE. IS, Apr. Res.
Serv, Coop. Econ. Insect Rpt. 7: 897,
(97) ———— SrupsoN, G. W, and Wave, . B,
1958, ABUNDANCE OF EGGS OF POTATO-INFESTING APIFIDS IN NORTHEASTHRX
MaINg. U8, Agr. Res. Serv, Coop. Eron, Insect Rpt, 8: 453
(58} ——— Brvresow, G. W., and Wave, H. K.
1638, EFFECT OF LOW TEMPENATUNER ON SURVIVAL OF BTEM-MOTHER ALHIDS
iN NORTHEABTERN MaINs. Jour, Keon, BEut. 51: 144 145,

(5%} nnd Wave, H. E.
1560. NEew HO0BTS OF THE FOXGLOVE ALILID (BEOMOPTERA : APHIDAE). Wash.
Ent. Soe, Proe. 32 36
{60} Wave, B, B, and SivvesoN, 6. W,

1961, OBBERYATIONS ON EOG PRODUCTION BY APHID PESTS OF POTATC IN
MAINE, Ann. Awmer, Ent. Soe, 54 . 376-378.
§61) Biraw, DLW,
1857, APHIIDS AND SEED-POTATO GROWING IN SCOPLAND. Agr, Hev., 3:
28-36.




40 TECHNICAL BULLETIN 1338, U.8. DEPT. OF AGRICULTURE

{62) Simpeeow, G. W.
15940, APHIDE AND ‘I'HEIR RELATION TO THE FIELD TRANSMISSION OF POTATO
VIRUS DISEASES IN NOBPHEASTERN MAINE. Maine Apr. Expt. Sta.
Bul. 403, pp. 189-305.
{63) ———and SEANDS, W, A,
1049, PROGRESS ON SOME IMPORTANT INBECT AND DISEASE PHOSLEMS OF
IRISH POTATO PROBUCTION IN MAINE. Muine Agr. Expt., Sta. Bul.
470, pp. 1-50.
SuHANDS, W. A, and Broxson, T. E,
104l REPORT OF PROCRESS FOR THE YEAR ENDING JUNE 30, iw44. Maine
Agr, Expt. Sta. Bul. 428, pp. 211409,
{63} Ssrriu, F I, and BRIERLEY, P
1048, 9IMULATION OF LILY ROSETTE SYMPTOMS BY FEERING INJURY OF THE
FOXGLOVE APHIS. Phytopathotogy 38 : 840-831.
{66y Swyrern, K M.
1081, SYUDIES ON POTATO VIRUS DISEASES. [N, SOME FURTHER EXPERIMENTS
ON THE INSEQT TRANSMISSION OF POTATO LEAF ROLL. Aunn. AppL
Biot. 18: 141-137.
{G7) Srnoyan, H, L, G,
1952, RECORDE OF CAMBRIDGESHIRE APHIDIDAE., Entomologist 85: 234
286, LO-250,
{63} Tanss-Lycus, H,
1407, APIIIBS ON POTAYO FOLIAGE IN NORWAY, II INVESTIGATIONS OF PO-
PATO FIELBS IN Nowrsl NoRway. Nersk Enf. Tidsskr. 10: 73-80.
{60} Tieomatn, F. V.
1H13, TIIE BRITIEH SPECIES OF THE GENUS MACROSIPIHUM PASSERINI. Jour.
Econ, Bipl. 8: 127128,

(G4)

{70}

1922, (E APIIIDES ATPACKING THE PoTATO. Soutbeast. Agr. Col. Bul. i,
pp. 1-12,
{71} ———
1028, THE PLANT LICE OR APHIDIDAE OF GREAT BRITAIN. V. 1, 372 pp. As-
ford, Kent.
{72} Wave, H. E.
1958, INCREASED ABUNDANCE OF FOXOLOVE APHID EGGS IN NORTHEABTERN
MAINE. 118, Agr. Res. Serv, Ceoop. Econ. Insect Rpt. 8: 126.
Yuaxng, W, A, and Stueson, G, W,
1056, RECENTLY DISCOVERED PRIMARY HOSTS OF TIIE FOXGLOVE APHID, Jour.
Eeon, Ent, 49 137,
(T4} ~——— Smanvs, W. A, and Simreson, G. W.
1960, BOME ABNORMALITIES IN THE FONGLOYE APIID IN NORTHEABTERN
MAIRE. Ann. Amer, Ent. See, 53: TOR-TI11.

{18)

U.5. GOVERNMENT FRINTING OFFICE: 1868 O—765-191







