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ABSTRACT

by

RETA PEARL AT'TNETTE BARBER

AN "APHIS FABAE" IN MA¡IITOBA wlIICH FEEDS

ON NASTURTIUM AND }IOT ON FABA BEAN

A black aphid collected in lt{anitoba from several dlfferent
host plants is so similar morphologically to Aphis fabae

scopoli that it has been given that name for all specimens

collected. The true Aphis fabae is an economic pest, and

thrives on faba bean, vicia faba L. and. other beans, iri Eur-

ope and some parts of North America. when it was discovered.

that the Manitoba "Aphis fabae" rvould not live on faba bean,

the present study was initiated to determine if it is (a)

a physiological race or biotype of A.fabae, or (b) a subspe-

cies of A.fabae, or (c) a species distinct from A.fabae.

Llve cultures of aphids were obtaj-ned from British Colum-

bia and Nerp Brunswick to compare with the Manitoba speci-es.

In field and laboratory experì.ments there were, from the

three geographical area-s, three cultures whj-ch rvourd live
ol faba bean but not on nasturtium (regarded as the true Aphis

fabae) and three curtures which would live on nasturtium,

Tropaeolum majus L. , but not on faba bean.

A biosystematic approach was used to try to find d.iffer-
ences which would be of specific rank, which included use of

the scanning electron microscop€, cytotaxonomy, physiological

xxxr_ 1



and ethological studies, and the conventional method.s of
counting and/or measuring anatomical features.

on the basis of the following observations it was de-

cided that the species in Manitoba is not Aphis fabae scopoli:
1. Host preferences; the Manitoba species lives on

nasturtium and dies on faba bean. The "true" Aphis fabae

lives on faba bean brit not on nasturtium.

2. The males and oviparae of the tr{anitoba species

appeared two weeks earlier on the winter host than ciid those

of Aphis fabae.

3. Rostral rv + v is longer in alate and apterous vivi-
parous forms, males and oviparae, of the l{anitoba species.

4. Length of unguis and total length of antennae are

greater in males and oviparae of the ì,{anitoba species.

The aphid from Manitoba is probably àn undescribed. spe-

cies .
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CHAPTEA I

INTRODUCIION

A species of aphid which has been collectecl over the
past several years on various wild and cultivated plants in
ilanltoba has been considerecl to be the well known economlc
pest nemed Aphis fabae scopoli. 4. fabae causes great damage

ln eastern North Ameri-ca and Burope by f eed.iag on broad bean,
Vlcia faba L., and other plants.

The species known as A.faþae 1n Àianltoba does not live
on y.faba (faba bean). This apparent anomaly suggests that
perhaps the species collected in llanitoba is not A.fabae.

The stucy reported here \{as designed to compare the
Manltoba species with cultures of the true A.fabae, uslng
taxonomi-c, physiological, anatomical, ethological and

genetic experimental approaches. Irlhen lvlanitoba specimens

are cleared and mounted on glass microscope slides they are
not easily distinguished from specimens of A.fabae. There_

fore, conventional methods of nreasuring are not sufficient
to show differences, and hence a biosysternatic approach, âs

outlined above, tvas used to solve thls problem.

Scope of the study

Three livlng culture of aphids whlch were reported to
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be A.fabae were obtained from New Brunswick along with two

living cul-tures from British Columbia. In the various experi-

ments outlined here, comparisons were made with the ManÍtoba

species.

The experiments were designed to demonstrate if (a) the

Nfanitoba species is merely a "biotype" or "physiological
race" of A.fabae, or (b) the Manitoba species is a subspecies

of A.fabae, or (c) the Manitoba species is a distinct and

separate species from A. fabae.



CHAPTER II

LTTERATIIRE REVIEW

Aphis fabae was first described in i763 by Scopoli. It
has been redescribed as a new species several times because

of its superficial resemblance to several other blackish
Aphis spp. One of the earliest names for a black Aphis sp.

was Aphis rumicis L., 7746. Jones (7942) gave a- history of

some of the problems caused by authors confusing the two

species, A.fabae and A.rumicis, and she mentioned in particu-

Iar publicatj-ons by Fabricius (1794) , Risso (1826), Koch

(1857), Kaltenbach (7874) and Buckton (1879).

Borner and Janisch (\922) were probably the first to

clearly shol that A. fabae and A. rumicis are distinct species.

îhey showed that A.fabae is a polyphagous species, overwin-

tering on Euonymus europaeus L. (spindle tree) and migrating

in the spring to several summer hosts, while A.rumicis is
monophagous on Rumex spp. Another worker who differentiated
A.fabae from A.rumicis was Franssen (1927, 1930).

Theobald (7929) placed A.fabae as a synonym of A.rumicis

and named what he thought to be à second species on dock as

Aphis davidsoniella. Other authors who have published data on

the differences and similarities between A.faba,e and A.rumicis

a"Te Hil1e Ris Lambers (1934) in Jones (1942), Nevsky (1929),

and Balachowsky and Mesnil (1936). Ighen Borner (1930) reclas-
sified the Aphidoidea he placed these two species in a subgenus



Doral-is. A discussion of A.faba-e and. A-._rumicis is given

fairly completely up to 7g4o by Jones (rg4z). This author
presented detailed measurements of the two species. Eastop
and Hille Ris Lanbers (1,916) give 33 synonyms for A.fa.bae,

as well as several subspecies and. three synonyms for A. rumicis,
which demonstrates the confusion that there has been because

of morphological similarities but different host plants and.

perhaps d.ifferent varia-ti-ons which have caused so many of
them to be wrongly described. as new species. Even recently,
rglisch (7975), described. another new species in this complex

âs A. caprifoliae,

An important d.ifference between A.fabae and. A.rumicis
exists between their sexual forms. Males of A.fabae were re-
ported by Jones (7942) to be arate, and of A.rumicis, apter_
ous. ovipara"e of A. fabae were shown to have strongly swollen
hind tibiae with many pseud.osensori.a, while ovj_parae of A.

n:¡licis have hind tibiae which are only srightly sworlen,
wlth few pseudosensoria.

The excellent study on A.fabae and A.rumicis by Jones

(L942) appeared to settle the controversy. More recently,
the species A.fabae has become known as "Aphis fabae comp1ex,,

because 1t has become increasingly more difficult to consider
it as a single species physiologicalry or ethologieally.
Aphids rvhich appear to be A.fabae morphologically, d.iffer in
host plant selection, or virus transmi-ssion, or longevity,
or fecundlty. The problem has now become how to separate the



various biotypes, subspecies, oï species of ,,A.

or as it is sometÍmes calIed, "A.f abae group.,,

f abae compì_ex, "

Biotypes are discussed by Eastop (rgz3) . He stated:
"Biotype is a taxonomic concept mostly used by non-taxonomists
and has been defined as consi-sting of all ind.ividuals of equal
genotype." Biotypes a"re recognized by.a biological function
rather than by morphological eharacters. ùfayr (r-960) used
the conventional definition of a species: ,,Groups of actualry
(or potentially) interbreed.ing nat'ural populations which are
reproductively isolated from other such groups,,' and a sub_

species as: "A geographically defined aggregate of locar- popu-
lations which differs taxonomically from other such subdivi-
sions of the species." Mayr also discussed. the terms ,'groups,,

and "compIex, " and. said. that they are most commonly applied
to an assemblage of closely related. taxa which one d,oes not
want to place in a separate category. A species group is a.

group of closely related and presumably recently evolved spe_

cies. The terms "groups" and, "complex', are used. synonymousry
when defining aggregates of closery rerated. species.

one way in which closely related species may differ from
one another is in their host plant preference, or 1n their
responses to nutrition when feeding on different host plants.
one of tbe pioneers in this work is J. s. Kennedy. rn Barbosa-

and Peters (7972) Kenned.y has written two articles: ,,The

experimental analysis of aphid. behaviour and its bearing on

current theories of lnstinct" and "Mechani-sms of host plant
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selection. " rn another collection of symposia, by Jermy
(L974) , Kennedy wrote on "Host-p1ant f ind.ing by f lying aphids. ,,

rn the sarne book by Jermy, J. L. Auclair di-scussed. f eeding
and nutritÍon of the pea aphid,' I{. F. Tjallingii told of à

preliminary study of host serection and acceptance behaviour
in the cabbage aphid, a.nd F. p. Milller wrote on hosts and non_
hosts in subspecies of
(Kaltenbach).

another aphid, Aulacorthum solani

v. F. Eastop in Lowe (rgrT) summarized present knowled.ge
on biotypes, and most of the examples which he used. were of
host plant preferences. He stated. "The Aphis fabae group
contaÍns similar-looking populations with different biologies
but in the confused. ta.xonomic state of the group terms like
'bÍotype' have no precise meaning." Eastop claimed. that host
plant specificity has formed the basis of much aphid specia_
tion, and further stated.: "Aphid.s and, psyllids are speci_f ic
to particular species of plants because specificity acted. as

an isolating mechanism in the early stages of evolution,
isolating the ne\ry species from its progenitors, and. in the
later stages, host plant specificity maintains genetical
variability and hence evolutionary potenti_al, by causing each
species of aphid to li-ve in numereus isolated populations.,'

Blackman (7974, p. 95) lis,t.s host plants for the true
Aphis fabae, caI1ed. the "b1ack bean-aphid.,,,or sometimes

"blackf1y. " A. fabae overwinters 1n Britain, usually in the
egg stage on the splndle tree (Euonymus sp.), but may also



use the mockorange philaderphus coronarius L., or the cran_
berry bush, viburnum opulus L., as a winter host. other spe-
cíes which may overwinter on these hosts are A.euonymi
Fabricius which remalns all year on the splndle tree, A.

acanthi schrank an<i A.solanella Theobald which might migrate
from Euonymus sp. to thistles (cirsiu¡n sp.) and black night_
shade (solanum sp.). A.fabae is the only specles which w111

feed on beans, but in Britain it ma]¿ also be found on many sum-
mer hosts lncluding goosefoot (Chenopod.ium sp.), poppy
(Papaver sp. ), dock (Rumex sp. ), sugar_beet (Eeta sp. ) , and,

thistles (cirslum sp. ). Referring to brack Aphis spp. i-n

general, similar to A.fabae or a.rumici-s, Blackman stated
"rf you find any aphids which might b.e these species, (refer_
ring to several Aphis spp.), try transferring them to potted
broad-bean plants to make sure_ that they are not just A.

fabae. "

The species of aphld wblch bas been a taxonomlc problem in :

Manitoba has been found in the. early spring on Viburnum trilobum
Marsh or Philadelphus co.ronalius L.; these are the only known

overwinterlng hosts in Manltoba. rn the sunmer the aphld
thrives on several specles of plants, and, espeelalry burdock
(ArctÍun minus (Hi1I) Bernh. ) and nasturtium (Tropaeorurn majus L.

Aphis species have been p.reviously reported. , by other
authors, oE Tropaeolum sp., but there is no way of oresently
knowing if more than one species 1s involved, or 1f any or aIl
of those species regorted in the llterature are the sÊme as the

).
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Manitoba species. Taylor (1959) compared an Aphis spp. from
Tropaeolum sp. with A.fabae. The species v¡hich he studled
would not live on vicia faba, and he claimed to have found. a

morphological difference between it and a.fabae! i.€., that
rostral segment IV + V in the Tropaeolum sp. aphicl ranged in
length from o.14 o,zo mm in specimens wlth body length of
1.5 3 .0 nrn eompared with a measurement of 0.11 o. L6 mn

in A.fabae. Taylor conc1ud.ed., .f¡om his studles, that the aphid
from Tropaeolum sp. was not a separate species from A.fabae.
rn Polanc, Berlinski (1965) re.ared Aphis fabae on Tropaeolum

majus and on broad bean (vicia faba). He believed that ¡rany

of the aphids transferred from nasturtium to broad beans were

unable to insert their mouth parts to the phloem and therefore
died frorn lack of food. FIe found morphological d.iffereoces
between each of the groups reared on the trvo hosts, but appar-
ently all the aphids which he -tested were A.fabae. Dad,d, aad

Krieger (7967) tested two Aphls speci.es on sterile synthetie
diets. one culture was origin¿11y obtained from dock (Rumex

sp. ) and one from Tropaeolum sp. Their results ind.icated two

distinct "biotypes. "



CHAPTER fTT

MATERIALS ANÐ METEODS

The experimental approaches used to so]ve this problem

of specles dlfferentiatlon were:

1. Scannlng electron microscope.

2. Genetic material.
3. Physiological and ethological stud.ies.

4- conventional taxonomy (anatornical measurements).

Scanning electron microscope

Aphids were prepared, pro.cessed, examined ancl photograpþed.

uncler a cambridge 'stereosean ìlfark rr, by llr. Bert Luit of the
Department of Plant Science, University of Manitoba.

Comparison oå chromosomes

Live aphids were placed lnto â" freshly rnade mixture of
three parts methanol and one part glacial acetic acici. Dr. R.

Blackman of the Britlsh Museum (Iïaturar History) had pre-

vlously suggested (personal communication) that aphids, placed

in this material, could be examined cytologically at a later
ciate for chromosome counts and measurements. samples of all
six of our "å.fabae" cultures were sent to Dr. Blackrnan for
h1s opinion about their karyotypes.

Physiological and ethological stgdles

As stated prevlously, there were six different cultures
of aphlds. For sinpllcity in recordlng data they were coded
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AS

1.

follows

BC Lab

BC Wild

NB-A

NB-B

P-E

Man

ItThis was regarded as true Aphis fa"bae

had been reared for several years in

ratory of Agriculture Canada Research

in Vancouver, B. C. on Vicia faba and

reared. continuously in oui laboratory

the Labo-

St at ion

\rVaS

on faba

4.

bean, Vicia faba.

This was regarded as true Aphis fabae. It

was collected 1n a garden in Vancouver from

poppy (Papaver sp.) and reared in our labo-

ratory on faba bean.

This was regarded as true Aphis fabae. It

1ry¿s co1l ected in New Brunswick f rom Euonymus

sp. and reared in our laboratory on faba bean

This vras collected in New Brunswick on Phila-

delphus sp. and reared in our laboratory on

nasturtium (Tropaeolum majus) .

This was collected in New Brunswick on Phila-

delphus sp. , transferred to Euonymus sp. in

New Brunswick, and reared in our laboratory

on nasturtium.

This was our Manitoba "fabae, " collected on

burdock Arctium mÍnus and reared in our'

laborn-!ar!, on nasturt ium.

Physiological and/or ethological studies

all or some of the six cultures to test the

rvere conducted

following:on



5.

11

1' Successful establishment and rate of development on vari-
ous host or non-host plants.

2. Developmentar time in "day-degrees,,' including prelarvi_
position period, larviposition period and. postlarviposi-
tion period

3. Nymphal gr.owth and development.

4. Fecundity during the first five days of adult life, and

for total life span.

Longevity, mean fecundity, mean reproductive period.,

mean length of a generation in d.ay-degrees and. prelarvi-
position period.

6. Attempts to obtain males and oviparae for. conventional
taxonomic studies. This was done by placing cultures on

potted plants in cages outdoors, to subject the aphicis

to changes in photoperiod. and. d.ecreasing temperatures in
late August, September and October.

' Plants used in the various experiments are listed in
Table 1 at the end of this chapter. Field tests were con-
ducted in the sunlmer of 1977 at Kenora, ontario and. laboratory
tests in the winter of tgr7 Lgrg at the Department of Ento_
mology, University of Manj_toba.

"Fundatrices" or "stem mothers" are the female indivi_
duals which hatch from the overwintering eggs (Figure 1).
All their offspring are female "fund.atrigeniae" which produce

female "alatae" when primary wood.y overwintering host plants





72

PRIMARY

spindle
HOST

tree
PLANT SECONDARY HOST PLANT

Lzba bean

-\

spring migr
( alate funda"tr

ant
iao4Év ae)

S

ni
l

É\

f unda.trix
?

apterous
vj.rginoparae

alaie
virginoparae

Þl wr..t
-4.u*u= 
/

LJ

/

males

autumn migrants
( gynoparae )

ovi-parae



is

such as Euonymus sp., Philadelphus sp., or YrÞuliguq sp. become

an unsuitabLe food source 1n the spring. The precise cause

of host unsuitabllity is not known, with various authors sug-
gesting that overcrowding is the maj-n cause for alate forms

appearing (Blackman (:..974), Dixon (19?g)), or alternately.that
a number of "switeh mechanisms" occur whlch are environmentally
sensitive (i.e., the "biological crocli" hypothesis Lees (1959,

1960 , 1963 a, b ) , Iíittler ( t-969 ) and Tsitsipis (Lg7T )) .

The aT.aiae then leave tha primary host plants to pro-
duce colonies of apterous viviparous females on seconclary,

herbaceous host plants such as- vicia faba (faba bean) or
Tropaeorum majus (nasturtiu¡r),, and. are knorvn as the "spring
migrants. " Apterous viviparous females or apterae are par-
thenogenetic wlngless forms ancl alate viviparous females or

alatae are parthenogenetic winged. forms. Gynop arae are

autumn migrants, the parents of sexual females. These ala,tae

are produced wben fresh herbaceous plant growth becomes scarce

in the faIl and overwintering woody host plants are utl1ized.
for the purpose of producing sexual, egg-laying females or
oviparae. At approximately the sarne time rvinged males are

produced within the diminlshing summer host plant colonies.
these males fly to the overwintering host, mate with mature

oviparae which then lay eggs on the stem or wi-nter buds of
the woody plant; thus sexual forms prod.uce the overwintering
ep¡g phase of the aph1d. The nnales dle after mating with



several females but the oviparae may

for a time and be killed by frost or

t4

live on the winter host

natural causes Blackman

(7e74).

The embryos within tbe eggs require a cold period before
they. can complete their deveropment. This physiologLear state
of ("d.iapause") ensures that they will not hatch before spring.
The hatch is in synchrony with the rise of sap in the branches

of the winter.host and concurrent bud swelling; i.e., with
their food source. The young nyrnphs insert their stylets into
the soft buds and begin f eeding. According to Blacir¡nan (Lg?A)

the nymphs are resistant to frost at this stage and d,evelop

quickly. These are termed fundatrix nynnphs or "stem mothers, "
the first individuals of a future aggregate of asexually repro-
duced progeny. All their offspring are female fúndatrigeniae
whj-ch produce dense colonies throughout the spring mooths,

until the cycle repeats itserf and alate forms appear again

on the woody primary host prior to colonizing herbaceous secon-

dary herbs.

Aphididae possess a variejy of polymorphisms with an

alternation of asexual and sexual generations. Heteroecious,

migratory or host-alternating are terms applled to aphid,s.

Their primary, overwintering host is usually a woody plant
and the seeondary host(s) a short-rived herbaceous plant or
annual crop. Holocycllc describes the possession of an annual

phase 1n which parthenogenesis ls interrupted. by the productlon

of male and female sexual morphs
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Host plant experirnents

Nymphal development is the time taken for progeny to
develop from birth to tbe adult state. Prelarvipositi.on
period is the tÍme it takes to produce yoring once the aphid

has reacired aCulthood.

Blackman (1974) T:elieves -that develocment time is temper-

ature dependent and suggests that the use of a physiological
time scale v¿ould al1ow other experirnents performecl at d.iffer-
ent temperatures to be used as comparisons. The results are

converted by calculating the mean temperature in oc for every

24 hours of the experiment, then subt racting 4oc to obtain an

approximate temperature threshold of aphid development. Accr:mu-

latec dal1y values equal "day-degrees. " A g37o confidence

coef f i-cient t¡/as used.

Ten apterous viviparous fernale aphids were used for
each host plant suitability test. IÍingless parthenogenetic

aphíds were placed singly on leaves of nasturtium or faba bean

to determine nymphal development time, prelarviposition peri.od,

fecundity during the first five days of adult 1ife, and total
fecundity.

Mean fecundity is obtained by dividing the number of
offspring by 10 (n). The reproductive period is that period.

in days over which the nymphs Teere produced. The mean length

of a generatfon is calculated by taking the nunrber of days

an aphld requires to produce half lts offsprlng and addlng

the day-degrees from nymphal development. Thls tecbnique

lllustrates the arrmber of generations a field or laboratory



popuiation meJ, pass through g

(in day-degrees), in spiie of

L6

iven a certain length of time
overlapping generations .

Conven.¿ ional t¿rxctilomi c stuclies
Aphids \rere cr-eared a'd. ¡nounted on grass rnicroscope

srides, and measurements made of vari.us parts anci aopend.ages
using an ocur-ar micrometer in a ITild (Heerbrugg) 1g302 micro_
scope. Sar:nples of usuall,v ten specimens of aiate anci apte_
1'ous viviparous femares rvere measured in most cases, âs n=10
\,vas cons.idered to j:e adequate for the statistical paremerers
us eci

Measurernents were normalry made of the f orlowing: total
body lengih of the mounted aphid (not including cauda);
ì-ength of cauda; number of hairs (setae) on caucla; length
of cornicles (siphuncuri); lengths of antennal segments rrI,
rv, v, base and unguis (terminal process); total length of
antenna; length of l0ngest hair on antennal segment rrr;
number of secondary sensoria on antennal segments rrr, rv
and v; length of rostral IV + v; length of hind iibi_a; length
of hind tarsal_ II; number of hairs on rosrral IV + V; number
of hairs dorsally on abdominal tergite vrïr. Drau,ings to
illustrate these parts and. append.ages are shorvn in Figure z.

Figure 2A is the d.orsal_ view of an alate rriviparous
female; 28 a dorsal vierv of an apterous viviparous female;
2c a- laterai view of mouthparts; 2D a lateral view of the
end of the abdomen. All a¡e external aphid characters. The
main difference betiueen rvinged and wingless forms of the





77

secondary sensoria

ï.1

iii I ly

iphuncul
cornicle )

¿ì

spiracl

IiE
IVV

It

-tibia

maxillary-
stylets

stylets

B

nt VIII
auda

t aud,a

cornl-

a.rsal I I



1B

same species is the meso-and metathorax which carry rwo pairs

of wings. Secondary sensoria are nearly always present on

segment III, and perhaps segments fV, V and VI of the alatae

Blackman (7974).

The data from all these measurements were used in two

different ways , (a)'some of the measurements were subjected

to analysis of variance (ANOVA) and (b) some were used as

ratios, âs listed below.

Antennae

Ð^{_..^a length of antennal segment IV
IL4 U A(JÈ length of antennal segment ïII

length of antennal segment V
length of antennal segment III

length oå antennal segment VI (base)
length of antennal segment III

length of antennal segment VI (unguis)

The values for the highest ratio for segmen!_lI, segment V,
lowest ratio segment III segment III

base segment VI, unguis segment VI show the least and great-
segment III segment III

est variation in relation to segment III. Cottier (1953,

p. 53) believed that it is useful to determine these varia-

tj.ons and stated: "The relative proportions which antennal

segments bear to one another a-nd to cornlcles and cauda.

Therefore antennal segments fV, V, base of VI, and flagellum

(unguis) of VI have been expressed as a. ratj-o of antennal
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segment ïrr in each antenna." The variation which exists
with actual measurements of antennal segments, cornicles and

cauda are a"ppa.rently of limited importance accord.ing to
Cottier.

Cornicles

n^+.¡ ^ CO
Lia - L¿

The ratio was calculated in each specimen by

each cornicle length by the mean of the two third
segments, and values for highest ra"tio determined.

ffi
Cauda

dividing

antennal

ÞoJ-i^ _ length of caud? , length of caudarL4" (, -l- (.- length of antennal segment III mean

The ratio \¡/as calculated by dividing the length of the

cauda of each speci-men by the mean length of the two anten-

nal segments and mean length of the cornicles, then values

for highest ratio calculated.
lowest ratio

Frequency distribution of numbers of hairs on the caud.a

of all six cultures was also tabulated.

Sensoria

Frequency distributions of secondary sensoria were from

the third antennal segments of alate forms.

Actual measurements are very useful in comparing indivi-
duals within and between populations under ordinary circum-

stances, but when very large numbers of populations are being

used over a period. of several months, changes may occur in
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lndividual size over a whole popuration clue to temperature
and nutrition. rt then becomes impossible to make d.irect
comparisons of actual measurements. rn these cases ratios
of measurernents shoulci be usec. cottier ( i.gb3 ) believes that
the errors which have occurred in d.escribing the same insect
under different nantes are a result of insuffÍcient knowledge

of the variations in à speeies' characters. rdea1ly, the
breeding of 1àrge nttmbers from single individuals using constant
laboratory conditions, would aI1ow one to stuciy these varlatlons
of taxonomic characters aud. provid.e a background for descriptlon
of species.
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TABLE I

Table L List of the plants tested in the laboratory and

fleld by six aphid cultures

Tuberous rooted dahlia Dahlia sP.

Common name

Spincile tree

Mockorange

Highbush cranberrY

Garden nasturtium

Faba bean

Burdock

Poppy

Seeded dahlia

Green garden bean

Yellow garden bean

Scarlet runner bean

Kidney bean

Lima bean

Garden pea

Hybrid squash

Potato

Swiss chard

Beet

Spinach

Rhubarb

Chia

Scientific name

Euonymus europaeus L.

Philadelphus coronarius L.

Viburnum trilobum l{arsh

Tropaeolum maius L.

Vicia faba L.

Arctium minus (Hi11) Bernh.

Papaver sp.

Dahlia sp.

Phaseolus vulgaris L.

Phaseolus vulgaris L.

Phaseolus coccineus L.

Phaseolus vulgaris L.

Phaseolus 1ímensis ilJacFadY

Pisum sativum L.

Cucurbita sp.

Solanum tuberosum L.

Lelg vulgaris cicla mag.

Beta vulgaris L.

Spinacia oleracea L.

Rheum sp.

Salvia sp.



CHAPTER TV

REsuLrs o* oå;;3:3å?ä^:' PH-TS]OLOGICAL ANÐ
STIIDIES

ìlr' Bert Luit, operator of the scanning electron micro-
scope, devised a technique which he used to prepare whole
aphids for examination. several vier,vs were made of speci_
mens from each of the six cultures and. photographs of vieivs
were processed by lvlr. Luit. particular attention was paid,
to vi-ews of the cauda.and rostrum. rt ïvas hoped. that we

could find constant differences in sculpturing of the
integr:ment, or in si-zå anci shape of setae, or in setar- pat-
terns, and that these constant differences might be used. as
taxononi-c "markers" for species differentiation, if any of
the six cultures were indeed different specÍ.es from each
other

Results from alr Mr. Luit's work gave no assistance in
differentiating between the six cultures. rn actuar fact,
sculpturing of the integr:ment, as shorvn und.er magnif Ì.cation
of 1000x, 

,vari-ed not only between the specimens of the
oLflerent cultures, but also between dorsal and. ventral
vie's of the same caud.a. rt was decided that further use
of the scanning electron microscope lvas not a productive
method in trying to differentiate between the six cultures,
and no further work was done by this nethod
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Li-ve specimens of aphid.s from each of the six cultures
were placed separately in vials of a freshly made mixture
of three parts of methanol to one part of glacial acetic
acid. The vials \ilere sent to Dr:. R. Blackman, British
Museum (Natural Hi-story), Lond.on, England. Dr. Blackman
examined the chromosomes of a specimen from each sample,
and reported that he could not find any cytologicar differ_
ences in size, shape or number of the ehromosomes, between
any of the six different cultures.
Host plant experiments

Table rr shows the resurts obtained when attempts \\rere
made to col0nize the six aphid. cultures on various host
plants" Not every culture was attempted. on every plant,
and in particular, the culture BC Tiild rvas not obtained.
until L978, so it was not avairabre for tests cond.ucted, in
7977. All six curtures successfully colonized the European
spindle tree, Euonymus europaeus. All of the cur-tures
lived on ou'dock, Arctium'minus except that Bc wild
ïvas not tested.. The remaini-ng attempts demonstrated. that
the six cultures were of tv¡o general categories, BC Lab,
Bc wild and NB-A probably the true Aphis fabae, which would
live on faba bean and not on nasturtium; ancl tr{an., NB-B and
P-E which wourd 1i-ve on nasturtium and not on faba bean.

Tables rrr - xxv give the results obtained in the host
suitability tests outlined in Chapter III. The cultures
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ilfan., NB-B and p-E were tested on both na-sturtium and. faba
bean, but none lived on faba bean. The curtures BC Lab,
Bc lYild and NB-A were also tested on both nasturtium and
faba bean, and none rived on nasturtium. Therefore Tables
rrr xxv show only the results of successful host plant
acceptance, and. the parameters measured..
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Nymphal development

first five days of

developrnent time in

a.phids from culture

laboratory.

TABLE III

time, prelarviposition

adult life, mean total

"day-degrees" for ten

Man. reared singly on

day

mean temperaEure

-4oc

accumulated day-degrees

prelarviposition period

mean fecundity first fíve days

mean total fecundity

physiological development time

period, mean fecundity during

fecundity, and physiological

apterous viviparous female

leaves of nasturtium, in the

12
24 23

20 19

20 39

l- day

31.6 +

76.7 +

3456

22 22 22 22

18 18 18 18

57 75 93 1-1-1

111 day-degrees

L2.59

L6.97

t\)
O"j



Nymphal developmenL

first five days of

development time in

aphids from culture
laboratory.

TABLE IV

time, prelarviposition

adult life, mean total

"day-degrees, " for ten

NB-B reared singly on

day

mean temperature

-4oc

accumulated day-degrees

prelarviposit ion period

mean fecundity first 5 days

mean total fecundity

physiological development tinre

period, mean fecundity during

fecundity, and physiological

apterous viviparous female

leaves of nasturtium, in the

12345

24 23 22 22 22

20 L9 18 18 18

20 39 57 75 93

1 day

L7 .3 + 1_8. 32

52.9 + 72.6I

169 day-degrees

ot

.).) .)(-t
aa La

18 ]-B

111 t29

B9
24 24

20 20

749 769

t\){



Nymphaì_ clevelopment

first five days of
development time in
aphids from culture
laboratory.

TABLE V

time, Þf€rarviposition period, mean fecundity during
adult life, mean total fecundity, ancl physiological
"day-degrees, r' for ten apterous viviparous female
P-E reared singly on leaves of nasturtium, in tlie

day

mean temperature

-4oc

accumulatecl day-degrees

prelarviposition period

mean fecundity first 5 days

mean total fecundity
physiological development time

1234

24 23 22 22

20 19 18 18

20 39 57 75

7-2 days

16. B + 14.89

35.4 + 19.9j-

129 day-degrees

5

22

1B

93

67

22 22

18 18

111 12e

[v
00



Nymphal development

firsL five days of
development time in
aphids from culture
Iaboratory.

TABLE VI

time, prerarviposition period, mean fecundity during
adult Iife, mean total fecundity, and physioì.ogical
"day-degrees, " for ten apterous viviparous f.emare
BC Lab reared singly on leaves of faba bean, in the

day

mean temperature

-4oc

accumulated day-degrees

prelarviposition period

mean fecundiLy f irst 5 clays

mean total fecundity
physiological development time

1

24

20

20

7-2

l-0. B

24.I

749

234

23 22 22

L9 18 18

39 57 75

days

+ l_.03

+ 5.60

day-degrees

5

22

t_B

93

6

22

1B

111

7B
22 24

18 20

L29 ]_49

tv
(o



TABLE VII

Nymphaf development time, prelarviposition perlod, mean fecundity during
first five days of adurt 11fe, mean total fecundity, physiorogical devel-
opment time in "day-degrees," for ten ap'Lerous viviparous femare aphicls
f rom culture llc ll/i td reared on leaves of f aba bean, in the laboratory .

day

mean temperature

-4oc

accumulated day-degrees

prelarviposit ion period

mean fecundi.ty first 5 days

mean total fecundity
physiological development time

1

24

20

20

7-2

ro.4

23.4

749

234
23 22 22

19 18 18

39 57 75

days

+ 4.39

+ 4.76

day-degrees

5

.) .)

l_B

93

6

Dr)

18

1_11_

7B
22 24

18 20

I29 749

cÐ
r-l



TABLE VIII

Nymphal development time, prel.arviposition period, mean fecundity cluring

first five days of adult life, mean total fecundity, physiological devel-
opment -time in "day-degrees," for ten apterous viviparous female aphids

from culture NB-A reared singly on leaves of faba bean, iD the laboratory.

day

mean temperature

-4oc

accumuf ated day-degrees

prelarviposition period

mean fecundity first 5 days

mean total fecundity

physiological development time

1234

24 23 22 22

20 19 18 l-8

20 39 57 75

1 day

l-0.4 -r- 3.11

23 .7 + 4.79

749 day-degrees

5

,.)

l_B

93

6

22

1B

1l-1

7B
22 24

18 20

L2g L49

CJ)
H



Nymphal development

first five days of

development time in

aphids from culture

TABLE TX

time, prelarviposition

adult life, mean total

"day-degrees, " for ben

Man. reared slngly on

day

mean temperature

-4oc

accumulated day-degrees

prelarviposition period

mean feeundlty first 5 days

mean tobal fecundity

physiological development time

period, mean f ecund j-ty during

fecundity, and physiological

apterous viviparous female

nasturtium leaves in the field-

123

22 22 19

l_B 18 l_5

18 36 51

1 day

39.5 + l_4.18

79.O + 19.l_6

106 day-degrees

4

24

20

7t

5

23

1-9

90

6

20

16

106

üJ
t\)



TABLE X

Nymphal development time, prelarviposition
first five days of adult life, mean total_

development time in "day-degrees," for ten

aphids from laboratory culture NB-B reared

i-n the f ield.

day

mean üemperature

-4oc

accumulated day-degrees

prelarviposit ion period

mean fecundity first 5 days

mean total fecundity

pliysiological development
t ime

periocl, mean f ecundi'l,y during

fecundity, and physiological

apterous viviparous female

singly on feaves of nasturtium

1

2T

T7

L7

1 day

L7.4

31_. 3

234
20 23 22

16 19 t_8

33 52 70

5

23

19

B9

I
+

6.51

70.72

6

23

19

108

l-63 day-degrees

7

D'

1B

]-26

B9
25 20

2L l-6

147 l_63

C¡)



TABLE XI

Nymphal'.development time, prelarviposition period, mean fecundity during
first five days of adult life, mean total fecundity, and physiological
development time in "day-degrees," for ten apterous viviparous female

aphids from laboratory culLure p-E reared singly on leaves of nasburtium

in the field.

day

mean temperature

-4oc

accumulated day-degrees

prelarviposit ion perJ-od

mean fecundity first 5 days

mean total fecundiIy

physiological development time

1234
21 20 23 22

t7 16 19 18

t7 33 52 70

L-2 days

5 .7 + 11-.06

26.8 + 12.34

726 day-degrees

5

23

l-9

BO

67

23 22

1"9 18

108 126

üJ

'À



TABLE XII

Nymphal deveropment time, prelarviposition period, mean fecundity durlng
firsb five days of adult life, mean total fecundity, and physiologic¿rl
developrnent time in "clay-degrees," for ten apterous viviparous female
aphids from laboratory culture Bc Lab rearecl singly on faba bean leaves
in the fietd.

day

mean temperature

-4oc

accumulaLed day-degrees

prelarviposition period

mean fecundity first 5 days

mean total fecundity
physiological development time

1

27

77

L7

L-2

22 .2

t).1 .J

L47

234
20 23 22

16 l_9 l-B

33 52 70

days

+ 3.68

+ 5.36

day-degrees

5

DA

l_9

B9

6

23

19

108

7B

23 2s

19 21

L26 !47

C¡l
CN



TABLE XIII

Nymphal development time, prelarviposition

first five days of adult life, mean total
development time in "day-degrees,', for ten

aphids from laboratory culture NB-A reared

in the fie1d.

day

mean temperature

-4oc

accumulatecl day-degrees

prelarviposition period

mean fecundity firs'b f ive days

mean total fecundity

physiological development time

period, nean fecundity during

fecundity, and physiological

apterous viviparous female

singly on -taba 
-k,ean 

leaves

1234

2L 20 23 22

L7 L6 19 1_B

1,7 33 52 70

7-2 days

9.40 + 2.56

26.2 + 2.47

L47 day-degrees

5

23

19

B9

6

oe

19

108

7B
22 25

18 2L

L26 L47

ü)
O'r



Summary

during
time in
tory or

of observations on
first five days of
"day-degrees, " for
f ietd .

TABLE XIV

nytnphal development tinie, prelarviposition period, mean fecu¡dity
adurt life, mean total fecundity and physiological ¿evelopmen.b
six aphid cultures on either nasturtium or faba bean, in labora-

nymphal developrnent tjrne
(days)

prelarviposit ion period
(days)

rnean fecundity first 5
days

npan total fecturdity

physioJ.ogical develop-
nent tire day degrees

Man. NB_B p_B

nasturtium
Lab Fietd Lab Fie1d tab Field

t)

1

31.6

76.7

111

6

l-

39.5

79.O

106

I

1

L7.3

52.9

1.69

o

1

77.4

3l_.3

l-63

7

I-2

16. B

35.4

129

BC Lab BC Wild
f aba bean

Lab Field Lab Field Lab

I-2 I-2

5 .7 10.8

26.8 24.1

126 749

I

1-2

22.2

33.3

147

B

].-2

10.4

23.4

I49

NB_A

Field

B

1

i_0.4

23.7

r49

B

7-2

9.4

26.2

147

{
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Table xrv is à summary of the main resurts from Tables

rrr - xrrr. The three aphid cultures which are believed to
be the true Aphis fabae were remarkably homogeneous in
development and reproduction, in both laboratory and field
tests. BC'tvild was not available for a field. test iri LTTT

when the other fierd tests were mad.e. Temperature extremes

were not great in the fierd tests, because they were con-

ducted during July August, when nights y¡ere not normally
co1d. Nymphal development time and prelarviposition period.

(Table xrv) are almost identical for all three cultures,
both laboratory and. fier¿ tests, as was also physiological
development time. Threse three parameters are in a eztegory

of "development, " as opposed to the other main category of
"fecund.ity" or reproductive capacity. rn measurements of
both "fecundity of the fírst five d.ays of adult 1ife,,,and.
"total fecundity," results once again were uniform, except

for the culture Bc Lab in field tests, where more offspring
were produced. This rnay be attributed to the fact that
when you have a relatively smalr sample such as n = 10, one

or two female aphids producing either an unusuarly large
number or an unusually smaI1 number may resul_t in larger or
smaller than normal- differences. A ferv females in the Bc

Lab field test produced larger than normal numbers of young,

resulting in the means of ZZ.Z and 33.3 young for the

fecundity counts.

The differences among the three cultures llan., NB-B
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and P-E are not so easily uncterstood or interpreted.. Each

culture is reasonably uniform between its laboratory and.

field tests, but there a.re considerable differences betleen

the three cultures (Tab1e xrv). one coulcl conjecture tha-t

these are evolutionary "offshoots" from the genetically

stable main stem of the true Aphis fabae. rndividually and

as a group, the three cultures differ both in development

anct reproductive capacity from the three cultures BC Lab,

BC lrild and NB-A.



TABLE XV

Days of adult llfe, mean length of adult life, mean fecundity
period and mean length of a generation in "day-degrees" (tlme

half its offspring), for ten apterous viviparous femare aphids

6.5
caysofadultlifel 2 2 3 5 6 7 I I 10 11 72 13 t4 15 16 17 18 19 202L22232425262728299O

ly on nasturtium leaves, in the laboratorv.

rean length of
adult life

rnean fecundlty
per aphld

nean reproduct-
ive perlod

nean tørperature

40c

accunulated
day-degrees

nean length of
generati.on

21 days

4.1-4.46.58.28.44.96.36.47.46.43.22.52.0 1.3 1.70.70.90.2t.20 0 0 O 0 o 0 o 0 0 0

16 days

22 24 24 25 23 23 24 24 24 24 2/t 24 22 25 22 2L 22 2L 23 23 23 23 23 22 22 23 23 23 23 23

18 20 20 27 19 Lg 2}xt =9.5

18 38 58 57 99 118 127.5

111 + I27.5 = 239.5 day-degrees

per aphid, mean reproductive

taken for an aphld to produce

from culture Man. reared

Èo



TABLB XVI

Days of adurt iitu, mean length of adurt tife, mean fecundity
perj.od and mean rength of a generation in "clay-degrees" (time

half its offspring), for ten apterous viviparous female aphids

singly on nasturtium leaves, in the laboratory.

days of adult life 1- 2

mean length of
adult life 21 days

nean fecundity
per aphid

mean reproductive
period

rnean temperature

40c

accumulated
day-degrees

nean length
of generation

16 days

22 24 24 24 25

18 20 20 20 27

t)

18 38 58 78 99 l_18

169 + 727.5 = 296.b day-degrees.

per aphid, mean reproductive

taken for an aphid to produce

from culture NB-ll reared

4.L 5.0 3.7

10 11 t2 13 14 15 t6 17 18 19 20 21

qD
ZJ.)

1_9

23 24 24

19 x å = 9.5

2.4 2.6 2.2 2.5 1.7

24 24 24 24 22 22 27

.3 4.7 0

22 2t 22 23 23

tN
H



TABLB XVII

Days of adul'b 1ife, mean length of adurt life, mean fecundity
period and mean length of a" generati.on in "day-degrees" (time

half its offspring), for ten apterous viviparous female aphids

singly on nasturtium leaves, in l,he Iaboratory.

days of adult life

rnean lengtìr of
adult life

meall
per

fecundity
aphid

#f#\-40c
irl'ii1;'focunulated
i;:; ',i i dày-degrees
¡ri , lì ,. ;'':.: ,i .ltrc.r length
Ir

;+

rnean reproductive
period

rn:an tenperature

12 days

0 .5 6.0 2.I

10 days

22 24 24 24

18 20 20 20

6.5
567

per aphid, mean reproductive

talçen for an aphid to produce

from culture P-E reared

18 38 58 78

2.4 5.8 4.2 4.2 4.2

L29 + 127.5 = 256.5 day-deÊrees

25 23 23 24 24

27 19 !9xÈ=9.5

99 118 127.5

I 10 1l- 72 13

2.9 1.4 t.2 .5

T4

24 24 24 23 23

15 16

o

23 22

ÌÀ
t\)



TABLE XVTII

Days of adult life, mean length of adult life, mean fecundity
period and mean length of a generation in "day-degrees,, (time
half its offspring), for ten apterous viviparous femafe aphids
singly on faba bean leaves, in the 1aboratory.

days of adult life
rnean length of
adult life

rnean fecundity
per aphid

¡nean reproductive
period

rnean temperature

-4oc

accumulated
day-degrees

mean length
of generation

6.5
l-2345678

11 days

2.I 2.3 1_.9 2.2 2.3 2.3 3.0 1.5 I.2

10 days

22 24 24 24 25 23 2g 24 24

18 20 20 20 21 19 19xå=9.5

18 38 58 78 99 108.5

749 + 108.5 = 2b7.b day-de€trees

per aphid, mean reproduc.bive

taken for an aphicl to produce

from culLure BC ] ab reared

10

I.2 I.4 .9

24 24 24 22 22 22 21, 22

.4 .3 .4 .3 .1 .3

21 23 23

È(¡



TABLE XIX

Days of adult life, mean length of adult life, mean fecundity per aphicl, mean reproductive

period and mean length of a generation in "day-degrees" (time taken for an aphid to produce

half its offspring), for üen apterous viviparous female aphids from culture BC WiId reared

singly on faba bean leaves, j.r the laboratory

days of adult life

rn:an lengLh of
adult life

nrean fecundiby
per aphid

mean reproductive
period

nean tønperature

-4oc

accunmlated
day-degrees

nrean length
of generation

12 days

11 23

1O days

22 24

l-B 20

5

ftô
Á¿)

6.5
6

30

24 24 25 23 23 24

20 20 2L 19xå=9.5

t7

1B

o.6 1.6

38 58 78 99 108.5

L49 + 108.5 = 257.5 day-degt'ees

10 11- 12 13 74 15 16 77 l-B 19 20

1.6 L.4 1.1

24 24 24 24 22 22 22 2L 22 2t 23 23

.1 .1

A
IÞ



TABLE XX

Days of adult life, mean length of adutt life, mean fecundity
period and mean length of a generatlon in ,'day-degrees" (time
half its offspring), for ten apterous viviparous femare aphids

singly on faba bean leaves, in the laboratory.

days of adult
Iife

rnean length of
adul't life

rnean fecunclity
per aphid

mean reproduct-
ive period

nean temperature

-4oc

acctlnulated
day-degrees

mean length
of generation

2

1-2 days

2.3 1_.9 2.3 2.6 1.3 L.2 1.6 7.7

11 days

22 24 24 24 25 23 24 24

18 20 20 20 27 19xå=9.5

l-B 38 57 78 99 108.5

L49 + 108.5 = 257.5 day-dggges

4
6.5

678

per aphid, mea.n reproductive

taken for an aphid to produce

from culture NB-A reared

10 l_1_ 72 t_3 14 1_5 16 17 l_B 19 20 27

2.0 7.2 L.O .5 1.2 1.4 .7 .4

24 24 24 22 22 22 2t 27 22

.2 .1- . l-

27 23 23 23

È
Ctl



TABLE XXI

Days of adult life, mean length of adul-t 1ife, mean fecundity
period and mean rength of a" gèneration in "day-degrees" (time

half its offspring), for ten apterous viviparous female aphids

singly on faba bean leaves, in the field.

days of adult life

mean length of adult life
mean fecundity per aphid

mean reproductive perlod

mean temperature

-4oc

accumulated day-degrees

mean length of a generation

13 days

3. 4.4 5. 9.

10 days

22 11 19 18

18 1_B 15 14

18 36 51 65

106+100=206

per aphid, mean reproductive

taken for an aphid to produee

from culture Man. reared

6.5
567

6.5 6.7 9. 6.

18 18 79

14 L4 x + =

79 93 l-00

day-degrees

10

o

11 72 13 14 15

t9 18

7

ct 6.5 0.9 1.7 2.1- 0.8

18 T7 17 1B 1g 1B

È
O)



TABLE XXII

Days of.adult rife, mean rength of adurt life, mean fecundity
period and mean length of a generation in "day-degrees" (time

half its offspring), for ten apterous viviparous female aphids

singly on faba bean leaves, in the field.

days of adult life

mean leng'Lh of adult
I ife

mean fecundity

mean reproductive
period

mean temperature

-4o c

accumulated day-
degrees

mean length of a
generat ion

L2 days

l_ 1.5

I days

22 22

1.8 18

l_B 36

1.8 3. 3.5 5. 5.5 4.

per aphid, mean reproductj.ve

taken for an aphid to produce

from culture NB-B reared

1_9 1_9 18

15 15 L4

51 66 80

l_63 + l-05 = 260 day-degrees

20

l_6

96

10 1_l_ 72 13 14 15

18 18

18 xÈ

105

.5 .2

19

=9

.5 .2 .9 1.9 1.8

18 L7 18 79 19 20

lÞ{



TABLE XXIII

Days of adult tife, mean tength of adult rife, mean fecundity
period and mean length of a" generation in ,,day-degrees', (time

half its offspring), for ten apterous viviparous female aphids

singly on faba bean leaves, in the field.

days of adult life

mean length of adult l_ife

mean fecundity per aphid

mean reproductive period

mean temperature

-4oc

accumulated day-degrees

mean length of generatlon

12

I days

.2 .5

6 days

D.) .).lûL LL

18 18

18 36

126 + LO7

per aphid, mean reproductive

talçen for an aphid to produce

frofn culture P-E reared

4.5 2

19 19 l_B

15 15 18

51 66 84

= 233 day-degrees

5 6
6.5

3 4.5

20

I6

100

6.1

18 18 19

1-4 x + = 7

IO7

2.I

10 11

.t .2

18 77

'À00



TABLE XXIV

Days of adul-t life, meän length of adult life, mean fecundity
period and mean length of a generation in "day-degrees" (time

half its offspring), for ten apterous viviparous female aphids

singly on faba bean leaves, in the field.

6.5
daysofadultlife 1 2 3 4 5 6 Z

mean length of adult life 10 days

mean f ecundity per aphid 2 .9 3.1- 2 1. B 2 Z.Z 4 .I
mean reproductive period 7 days

mean temperature 20 20 l-B j-9 17 l_B 20

-4oc 16 16 L4 1b i-B 14 16

accumulated day-degrees 16 32 46 6l- T4 BB 96

mean length of generation 147 + 96 = 243 day-degrees

per aphid, mean reproductive

tahen for an aphid to produce

from culture BC Lab reared

3.8l..41.12222.9

1_0 11 72 13 L4

20

x+=B
l_B L7 t7 18 18 18

À
(o



TABLE XXV

Days of adulb 1ife, mean rengilr of adult life, mean fecundity
period and mean tength of à generation in "day-degrees" (time
half its offspring), for ten apterous viviparous female aphids

singly on faba bean leaves in the field.

days of adult life
mean length of adult
life

mean fecundity

mean reproductive
period

mean temperature

-4oc

accumulated day-
degrees

mean length of
a gleneration

10 days

1.5 2.5

7 days

20 20

16 16

2 4

l-.5 2 1.9 1.8

5

per aphid, mean reproductive

talçen for an aphid to produce

from culture NB-A reared

16 32

L47 + 96

18 19 L7 18

L4 15 13 14

46 61- 74 88

= 243 day-degrees

6.5
9 l_0 11 12

l-.5 7.9 1.7 2.5 1.5 1.5 1.3 1_.1

20

1_6

20

1_
E

96

t-3 L4 15

18 77 !7 18 18 18 18

CN



TABLE XXVI

Summary of observations on mean length of adult life, mean reproductive period and mean

length of a. generation in day-degrees for six aphid cultures on either nasturtium or ,faba

bean, in laboratory or field.

rnean lengbh of adult
life (days)

nx:an reproductive
period (days)

rnean length of a
generation (days)

Ma.n. NB-B P-E

nasturtium
l,ab Field Lab Field Lab

2L

T6

238.5

13 2L

16

296.5

10

206

72 72

l-0

256.5

Field

BC Lab BC Wild NB-A

f aba bean
Lab Field Lab Field Lab Field

260

I

6

233

t-1_

10

257.5

1_0

I

243

t2

10

257.5

12

11

257.5

10

7

243

Ctl
H
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Tabl-e XXVI summarizes the main measurements extracted

from the results reported Ín Tables XV to XXV. In these

tests the sarne adutts used in the experiments reported in

Tables II to XIII remained in their ceges until they died,

and records were kept of total length of adult life, total

reproductive period and à cal-culation was made of "mean

length of a generation in day-degrees" (Blackman 1974, pp.

130 131). The mean length of generation is a rough esti-

mate only, and is used as a method of determining the number

of generations the summer forms in a colony of aphids may

have. Table XKVI shows that all the field tests resulted in

fewer day-degrees than in the corresponding laboratory tests -

This probably resulteä from hlgher temperatures in the

microclimate of the cages in the field tests, than the

maximum - minimum temperatures supplied by the l,{eteorologieal

Service at Kenora, Ontario. Otherwise "mean length of a"

generation" (Tab1e XXVI) is uniform for the culture BC Lab,

BC IYild and NB-A, but the other three cultures of Man.,

NB-B and P-E differ from one another. fn the other two

measurements made, mean length of adult l-ife, and mean re-
productive period, Man. and NB-B are similar in number of

days, both laboratory and fie1d, but P-E differs from N'lan.

and NB-B in having fewer days.

An interesting observation from the data in Tables

XV to XKV is that in all cultures, both laboratory and field

tests, half the offspring Tvere produced in the first 6.5



TABLE XXVII

Days of aduft life, mean rength of adult life, mean fecundity
period and mean length of a generatj_on in "day-degrees' (time
duce hatf its offsprlng), for ben apterous viviparous femare

NB-B reared singly on burdock l-eaves in the field.

days of adult 11fe

mean length of adult life
mean fecundity per aphid

mean reproducbive period

mean temperature

-4oc

accumulated day-degrees

mean length of a generation

12

72 days

4 2.2

l-1 days

22 22

18 18

18 36

1_63 + 96

5.5
3456

per aphid,

taken for

aphids from

1.9 2.9 3.2 4.4 2.2 2.2

mean reproductive

an aphid to pro-

Iaboratory culture

L9 79 18 20

15 1_5 14 16

51 66 B0 96

= 259 day-degrees

9 10 11- 12 l-3

18 1-8

x+=B

1-.8 L.2 2 0

L9 18 L7 18 79

0

(n
C]J



Days of adult life, mean

period and mean length of

duce half its offspring),

reared singly on burdock

days of adult life

mean length of adult life

mean fecundity per aphid

mean reproductive period

mean temperature

-4oc

accumulated day-degrees

mean length of à
genera.t ion

IABLB XXVIII

length of adult 1ife, mean fecundity

a" generation in "day-degrees" (time

for Len apterous viviparous female

leaves in the field.

1_

o days

4 .5 4.7

days

22 L9

l_B 15

36 51

3.4

7

22

l_B

1B

per aphid,

t alçen f or

aphids from

4.5
45

126 + 73 = 199 day-degrees

mean reproductive

an aphid to pro-

cul-ture P-E

3 2.6 1.3

L9

15

66

1B

74xÈ=7

73

r.2

20

I

1.8 18

10

0

11

19

0

1B L7

cn
À



TABLB XXIX

Days of adult life, mean length of adult life, mean fecundity per aphid,

period, and mean length of a generation in "day-degrees" (time talçen for

cluce half its offspring), for ten apterous viviparous female aphlds from

BC Lab, reared singly on burdock leaves in the field.

days of adult life

mean length of adult life

mean fecundity per aphid

mean reproductive period

mean temperature

-4oc

accumulated day-degrees

mean length of a
generat ion

1

t-0

.ra

10

22

1B

l-8

days

3.2 2.7

days

22 19

18 15

36 51

4.5
45

2.2 2.L

L47 + 73 = 220 day-degrees

mean reproductive

an aphid to pro-

laboratory culture

6

l-9

l_5

66

1B

74

73

20 18

x+=7

3.4 1.8

10

.B

18 19

11

.6 0

18 L7

C¡
cn



TABLE XXX

Days of adult tife, mean length of adult Iife, mean fecundity per aphid,

period, and mean length of à generation in "day-degrees" (time tal<en for

duce half its offspring), for ten apterous viviparous female zrphids from

NB-A reared singly on burdock leaves in the field

OrU" o, adult life

mean J-ength of adult life

mean fecunditY Per aPhid

mean reproductive period

mean temperature

-4oc

accumulated day-degrees

mean length of a-

generat ion

12
12 days

.7 3.1

11 days

22 22

18 18

18 36

3.5
34

2.2 2.3 3.1 2

L47 + 58.5 + 205.5 day-degrees

19

l-5

51

mean reproductive

an aphid to pro-

laboratory culture

tf

19 1-8 20

l-5 x + = 7.5

58. 5

.7

B

.6

18

10

1.3

]-B L9

11

1.3

L2

18 !7

0

1B

cn
O)



TABLB XXXI

Days of adul-t life, meä.n length of adult life, mean fecundity per aphid,
mean reproductive period and mean tength of life of ù generation in "day-
degrees" (ti.me taken for an aphid to produce hatf its offspring), for ten

apterous viviparous female aphids from laboratory culture NB-A reared

singly on poppy leaves in the field.

days of adult life

mean length of adult life
mean fecundity per aphid

mean reproductive period

mean temperature

-4oc

accumulated day-degrees

mean length of a generation

1

B

2.7

7

22

1B

1B

L47

oâ

days

2.6

days

.) .)

l-B

36

+ 58.5

2.5

4.7 2.9 2.4 2.6 .2

19 I9 18 18 19 18

15 x È = 7.5

5l_ 58. 5

= 205.5 day-degrees

6

0

u{



Days of adult life,. mean

mean reproductive period

(time taken for an aphid

viviparous female aphids

tuberous dahlia leaves in

TABLE XXXII

length of adult

ancl mean length

to produce half

from laboratory

the fie1d.

days of adult life

mean length of adult l.ife

mean fecundity per aphid

mean reproductive period

mean temperature

-4oc

accumulated day-degrees

mean length of a
generation

life, mean fecundity per aphid,

of a generation in "day-degrees"

its offspring), for ten apterous

culture NB-B reared singly on

1

8

,

days

5.4

days

22

1B

36

5.4

B

22

1B

18

4.5
345

5. l_ 4.7 3.9 .8

21 79

!7 1_5

53 68

163 + 76 = 239 day-degrees

6

20 19

16x+=B
76

I

7.4 0

1-9 18 18

CN
oo



TABLII XXXI I I

Days of adult life, mean length of adult life, mean fecundity per aphid,

mean reproductive period and mean length of a" generation in "day-degrees"

(time taken for an aphid to produce half its offspring), for ten apterous

viviparous female aphids from laboratory culture p-B reared singly on

potato leaves in the field - Pontiac.

days of adult life

mean length of adult life

mean fecundity per aphid

mean reproductive period

mean temperature

-4oc

accumulated day-degrees

mean length of a" generation

l_

7

.)

6

22

1B

18

726

t

days

2.8

days

22

l_B

36

+ 61_. 5

2.5

3.5 3.8 2.5 .6 0

2t 19 20 19 19

17 x â = 8.5

53 6l-.5 '

= 187.5 dav-degrees

bl

c¡
(o



TABLB XXXIV

Days of adul-t life, mean length of adutt

mean reproductive period and mean length

(time taken by an aphid to produce Ìralf
viviparous female aphids from laborabory

rhubarb leaves in the field.

days of a"dult lif e

'mean length of adult life

mean fecundity

mean reproductive period

mean temperature

-4oc

accumulabed day-degrees

mean length of a- generation

life, mean fecunclity per aphid,

of à generation in "day-degrees,'

its offspring), for ten apterous

culture Man. , reared singly on

1

7

0

6

t,

days

0 .1 .6 .3 .3

days

5.5
456

1B

1B

106

79 18 18 18 19 L9 18

18 15 14 1,4 !4 x + = 7

36 51 65 79 86

+ 86 = L92 dav-degrees

.2 .1 0

I t-0

0

1B

o)
O



TABLE XXXV

Days of adult 1ife, mean length of adult

mean reproductive period and mean length

(tirne taken by an aphid to produce half

viviparous female aphids from laboratory

rhubarb Ìeaves in the field.

days of adult life

mean length of
adult l- if e

mean fecundity
per aphid

mean reproductive
period

mean temperature

-4oc

life, mean fecundlty per aphid,

of à generation in "day-degrees"

its offspring), for ten apterous

culture NB-B reared singly on

2

10 days

accumulated day-
degrees 18

mean length of
a generation 1-26 + 87.0 = 273 day-degrees

I days

22 2L

18 T7

.1

4
5.5

56

4.5 .4

20 19

16 15

.5

7

35 51 65 78 87.0

.5

B

t7 18 L9

12 1-Bx } =9

.5

10 11

,4 .2

27

.2

2! 22 22

o)
H



TABLE XXXVI

Days of adult l-ife, mean length of adult
mean reproductive period a.nd mean length
(time taken by an aphid to produce half
vÍ viparous female aphids from Iaboratory
l-ea.ves of chia in the f ield.

days of adult l-ife
mean length of adult life
mean fecundity per aphid

mean reproductive period

mean temperature

-4oc

accumulated day-degrees

mean length of a generatíon

1ife, mean fecundity per aphid,

of a generation in "day-degrees"
its offspring), for ten apterous

culture P-E reared singly on

4.5
12345

I days

0 2.O 7.9 4.3 5.1

B days

22 27 20 L9 17

1-B 77 1-6 15 t-3 x

l_B 35 51 66 72 .5

726=72.5=1g8.b

4.9 4.O l_.5 0

18 19 21" 21

+ = 6.5

o)
N)



Mean length of adult life, mean

ductive period, and mean length

some host plants, .f iel-d tests i.n

mean length of adult
life (days)

mean fecundity first
five days

'mean reproclnct ive
period ( days )

mean lengLh of a
generation in day-
degrees

fecundity during

of a generation

1977 .

TABLB XXXVII

b
NB_B

urdock
P-E BC Lab

first five days

in day-degrees of

72

28.4

11

I

36.4

q
I

NB-A

10

.)Ã
aù

l_0

of adult tife, mean repro-

some aphid cultures on

259 199

poppy
NBA

t2

tuber-
ous

dahli a
NB-B

22.8 30.6

220 205.5 205.5

¡rotato
p-E

1l_

I

47.8

B

rhubarLr
Man. NB-B

7

25.6

6

7

239

chia
p-E

O

10

187.5

11

o

26.6

I

192 273 1-98.5

O")

c,
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Table rr gave resurts which showed. the successful or
unsuccessful establishment of the various cultures on mis_
cellaneous summer hosts. Not all cultures were attempted. on
al-l plants, and. successfur_ establishments svere irregular
and unpredictable. Most of the host plants chosen had been
reported at one time or another to be hosts of Aphis fabae.

Table xxXVIr is a summary of successful field. test
trials with availabre cultures on some of the plants tisted
in Table rr " Details of the experiments are given in Tables
xxvrr to xxxvr. rn general, aphid.s in fie'd. tests d.ici not
live as long as those 'in laboratory tests, and. there was
usually only a brief postlarviposition period, before death-
The four cultures tested on burdock all thri_ved., and gave
comþarable results for the parameters measured. poppy and,
dahlia \ilere apparently very suitable hosts for the NB_A and.
NB-B cultures respectively, and, rhubarb was not a good host
f or ei_ther Man " or NB_B



Prelarviposition

1ife, mean total

a generation in

from I aboratory

TABLE XXXVIII

period, mean fecundity during first five days of adul-t

fecundity, mean reproductive period and mean rength of

"day-degrees" for ten apterous vlviparous femal-e aphids

culture Man. reared singry on reaves of the spindte tree.

day

mean temperature

-4oc

accnmulated day-degrees

preì arviposition period

mean .f ecundity f irst f ive days

mean total_ fecundity

mean reproductive period

mean length of a generation

3.5
12345678

26 25 24 24 24 24 25 26

22 27 20 24 x + = t2
22 43 63 75

1 day

L6.2 + 6.74

L7 .O + 8.63

6 days

111 & 75 = 1_86 day-degrees

O")(¡



TABLE XXXIX

Prelarvipositou period, nlean fecundity during first five days of a.dult life, mean total
fecundity, mean reproductive period and mean length of a generation in "day-degrees,' for
ten apterous vivi.parous female aphids from laboratory culture NB-B reared singty on Ieaves
of the spindì"e tree.

day

mean temperature

-4oc

accumul at ed
day-degrees

prelarvipos it ion
period

mean fecundity
first five days

meau total
fecund it y

mean reproductive
period

mean length of
a generation

2.5
1234

26 25 24 24

22 2t 2L x +:

22 23 33.5

1 day

56
24 24

10. 5

15.9 + 8.42

23.7 + 3.1-6

L2 days

169 + 33.5 = 202.5 day-degrees

7

25

I

26

I

24

10

24

11

24

L2

24

13

24

OJ
ul



TABLE XL

Prelarviposition period, mean fecundity during first

fecundity, mean reproductive period, and mean ì-ength

ten apterous viviparous female aphids from laboratory

of the spindle tree.

day

nean ternperature

40c

accunmlated day-degrees

prelarviposition period

rnea¡ fecrmdity during first
five days

nean total fecundity

fiEan reproductive period

nean length of a generation

l_2
26 25

22 2t

2.5
34

?jI 24

20xÈ

53

ffve days of adult

of a generation in

cultur'e P-E reared

22 43

1 day

5

24

=10

6 7 B 9 10 TLL2

24 24 25 26 24 24 24

19.0 + 1-0.78

25.8 + 71,.77

16 days

I29 + 53 = 182 day-degrees

life, mean total

"day-degrees" for

singly on leaves

L3 14

24 24

15 16 t_7

24 24 24

1-8 19 20 27

24 24 24 24

22

24

O-){



TABLE XI,I

Prelarviposition period, mean fecundity during first

fecundity, mean reproductive period, and mean length

ten apterous vivlparous female aphids from laboratory

leaves of the spiudle tree.

day

nrean temperature

40c

accumul- ated day-degrees

prelarviposition period

nean fecundity first five daYs

nean total fecundity

mean reproductive period

nean length of a geueration

12
26 25

22 2L

22 43

1 day

five days of adult life, mean total

of à generation in "day-degrees" for

culture BC Lab reared singlY on

34
24 24

2L 2L

M84

5.

24

2L

t-04

IO.2 + 4.56

34.0 + 6.06

1-5 days

6.5
67

24 25

t49 + 134.5 = 283.5 day-degrees

27

].24

B I 10 11 12 l-3 t4 15 16

26 24 24 24 24 24 24 24 24

å = 10.52lx

134.5

L7

24

o)
co



TABLE XLII

Prelarvipositon period, mean fecundity during first five days of adult life, mean total

fecundi'ty, mean reproductive period and mean length of 'à generation in "day-degrees" for

ten apterous vivi-parous female aphids from laboratory culture BC Wild reared singly on

leaves of the spindle tree.

day 1

nean terryrerature 26

4oc 22

accunmlated
day-degrees 22 43 64

prelarviposition
period 1 day

2345
25 24 24 24

21 20 20 20

mean fecundity
ùring first
five days

nean total
fecundity 36.1 + 6.08

ilËan reproduc-
tive period 20 days

rnean length of
a generation Lr19 + LM.5

6.5
67

24 25

20 2Lx

l-4.1_ + 3.54

84 104 1.24 l_34.5

B9
24 24

å = 10.5

10 11 L2 13 14 15 16 17 1_B t-9 20 2t

24 24 24 24 24 24 24 24 24 24 24 24

O)(ô

+ 283.5 day-degrees



TABLE XLIII

Prelarvipositon period, mearì fecundity during first five days of adul-t life, meAn total
fecundity, mean'reproductive period and mean length of a generation in "day-degrees" for
ten apterous viviparous female aphids from laboratory culture NB-A reared singty on leaves

of the .spindle tree

day

mean temperature

-4oc

accumulated day-degrees

prelarviposition period

mean fecundity during first
five days

mean tobal fecundity

mean reproductive period

mean length of a generation

l_23

26 25 24

22 21 2t

22 43 64

1 day

11.1 + 5.23

3l_.5 + 8.02

13 days

]-49 + 1_34. 5

45
24 24

20 20

84 104

6.5
67

24 25

20 2L x

724 134.5

B

26

1-z

I
24

1_0.5

= 283.5 ciay-degrees

10 11 72 13

24 24 24 24

{
O



TABLE XLIV

Prelarviposition period, tnean fecundity during first five days of adult f-ife, mean totat

fecundity, mean reproductive period and mean length of a generation in "day-clegrees" for

ten apterous viviparous female aphids frotn J-aboratory culture Man. reared singly on leaves

of Moclçorange.

day

mean temperature

-4oc

accumlì lated day-degrees

prelarviposition period

mean fecundity first five days

rnean total fecundity

mean reprocluctive periocl

mean length of Ð- generation

24 24

20 20

20 40

1 day

18.9 + 5 .97

18.9 -r 5 .97

5 days

1-1-1 + 70 =

3.5
34

24 24

20 20 x

60 70

56
24 24

à=10

7

24

181 day-clegrees

{
H



TABLE XLV

Prelarviposition period, mean fecundity during first five days of adult life, mean total
fecundity, mean reproductive perlod and mean length of a generation in "day-degrees" for
ten apterous viviparous female aphids from laboratory culture Man. reared singly on leaves

of highbush cranberry.

day

mean -Lemperature

-4oc

accumula'ted day-degrees

prelarviposi ùion periocl

mean fecundity during fjrst
five days

mean total fecundity

mean reproductive period

mean Jength of a" generation

2.5
1234

25 25 25 25

2L 2t 2L xå=
2L 42 52.5

1 day

t-5.5 + 10.31_

16.3 + 1-0.31

10 days

L27.5 + 52.5 = l-80 day-degrees

56
26 26

10.5

7

26

B

26

,9
27

10

{
t\]



Prel-arvipos it ion period ,

mean reproductive period

p¿ìrous female aphids from

day

nean ternperature

40c

accumulated day-degrees

prelarviposition period

rean fecundity first
five days

nean total fecundity

ftìean reproductive
period

nean length of a
generation

TABLE XLVI

mean fecundity during first five

and mean length of a generatj-on

labora[ory cu]-ture Man. reared

5.5
l-234567

24 24 24 24 24 24 24

20 20 20 20 20 2Oxþ=

20 40 60 B0 100 110

l- day

3t_. 1

65.0

days of adult life,

in "day-degrees" for

singly on leaves of

+ 13.35

+ 74.44

89
24 24

10

25 days

111 + 11.0 = 221 day-llegrees

10 11 12 l-3 14 15

2s 23 23 23 23 25

mean total fecundity,

ten apterous vivi-
burdock.

16 L7 1_8 1-9 20 2I

23 24 25 24 24 24

22 23

24 24

24 25 26 27 28

24 25 24 24 24

{
C])



TABLE XLVII

Prelarviposition period, mean fecundity during first five days of adult 1ife, mean total
fecundity, mean reproductive period and mean length of a generation in "day-degrees" for
ten apterous viviparous female aphids from laboratory culture NB-B reared singly on leaves

of burdock

day

mean temperature

-4oc

accumul ated day-degrees

prelarviposit ion period

mean fecundity first five
days

mean total fecundity

mean reproductive period

mean length of a generation

123
15 23 23

2t I9 19

2L 40 59

1 day

4.5
456

23 23 24

19 19x+
78 87 .5

1-8.l_ r- 5.54

273 + 9.34

16 days

169 + 87.5 = 256.5 day-degrees

789
25 25 24

= 9.5

10 1_1 72 l_3 14 1s 16 77

25 23 23 23 23 25 23 24

\ì
'À



TABLE XLVIII

Prelarviposition period, mean fecundity during first five days of adult 1ife, mean total
fecundity, mean reproductive period and mean length of a generation in "day-degrees" for
l-en apterous viviparous female aptrids from taboratory culture Nll-A reared singly on leaves

of l¡urdock.

day

mean temperature

-4oc

accumulated day-degrees

prelarviposit ion period

mean fecundity first five days

mean total fecundity

mean reproductive period

mean length of a" generation

1234
25 23 23 23

2L 1_9 79 19

21 40 59 78

1 day

5

23

19

97

6

25

2L

1-18

10.9 + 8.36

31.3 + 6.75

18 days

149 + 149.5 + 298.ã day-degrees

7.5
7 B 910 1-l-

25 25 24 25 23

27 2lxL = 10.5

139 149.5

12

DE

13 14 1_5 16

23 23 25 23

17

24

1B

25

{
Ciì



TABLE XLIX

prelarviposition period, mean fecundity during first five days of adult l-ife, mean total-

fecundity, mean reproductive period and mean ìength of à generation in "day-degrees" for

Een apterous viviparous female aphids from laboratory culture NB-A reared singly on leaves

of poppy.

day

mean temperature

-4oc

accumulated day-degrees

prelarvi.position period

mean fecundity during
first five days

meâ.n total fecundity

nean reproductive
period

mean length of a
generat ion

l-2

23 23

19 19

19 38

1 day

2.5
3

23

l-9 x

47 .5

45
23 24

+ = 9.5

14.6 + 7 .45

16.6 + I .4I

1-3 days

L49 + 47.5 = l-96.5 day-degrees

Ll

25

7

25

B

24

o

.lRá.)

10

23

11 L2 13 L4

23 23 25 23

{
O')



TABLE L ;

Prelarviposition period, mean fecundity during first five days of aclult life, mean total
fecundity, mean reproductive period and mean length of a géneration in "day-degrees," for
ten apterous viviparous female aphids from laboratory culture NB-.B reared singly on Leaves

of tuberous dahlia.

day

mean temperature

-4oc

accumulated day-degrees

prelarviposition period

mean fecundity first five
days

mean total fecundity

mean reproductive period

mean length of 'à generation

2.5
1234

24 25 26 25

20 21 23xL
20 41 52.5

1 day

5678
25 25 25 25

= 11.5

23.,1 + 27 .L4

27.6 + 18.58

19 days

169 + 52.5 + 221.5 day-degrees

I l_0 11

25 25 25

L2 73

25 25

T4

25

l_5 16 17 l_B

25 25 2s 2s

19

25

20 2L

25 24

{\ì



TABLE LI

Prelarvipositlon period, mean fecundity durtng first five days of
adult life, mean total fecundlty, mean reproductive period and mean

length of a generation in "day-degrees" for ten apterous viviparous
female aphids from laboratory culture BC Wild reared singly on leaves

of green garden beans.

day

mean temperature

-4oc

accurnulated day-degrees

prelarviposit ion period

mean fecundity first five days

mean totaI fecundity

rnearl reproductive period

mean length of a" generation

l_

25

2I

21,

2

25

27

42

3

25

1 day

6.6

6.6

5 days

L49 +

4

25

5

.)t:
¿!J

6

24

+ 2.5I

42 = 191 day-degrees

7

24

B

26

{
00



TABLE LII

Prelarviposition period, mean fecundity during first five days of

adult life, mean total fecundity, mean reproductive períod and mean

Ìengllt of a generation in "day-degrees" for ten apterous viviparous

female aphids .from laboratory culture NB-A reared singly on leaves

of green garden beans.

day

mean 'l,emperature

-4oc

accumulated day-degrees

prelarviposition period

mean fecundity first five days

mean total fecundity

rneAn reproductive period

mean length of a generation

12

24 24

20 20

20 40

l- day

6.6 + 4.42

7 .O + 5.25

7 days

149+70=

J

24

20

60

3.5
4

24

20

70

56
24 24

x+=10

7

25

I

25

219 day-degrees
rì
(cl



TABLE LIII

Prelarviposition period, mean fecundity during first five days of
adult Iife, mean total fecundi-ty, mean reproductive period, and mean

Iength of a generation in "day-degrees" for ten apterous viviparous
femal-e aphids from laboratory culture NB-A reared singly on leaves

of yellow garden beans.

day

mean temperature

-4oc

accurnulabed day-degrees

prelarviposition period

mean fecundity during first
five days

mean total fecundity

mean reproductive period

mean length of a. generation

123
25 25 25

2L 21, 2\

21 42 63

1 day

3.5
4

25

27x
73.5

1-3.8 + 15.31_

13 .8 + t_5. 31

5 days

L49 + 73.5 = 222.5 clay-desrees

567
24 24 26

!à = 10.5

æ
O



TABLE LIV

Prel.arviposition period, mean fecundity during first five days of

adult 1ife, mean total fecundity, mean reproductive perÍod, and mean

length of a genera'Lion in "day-degrees" for ten apterous viviparous

female aphids from laboratory culture BC Lab reared singly on leaves

of yellow garden beans.

clay

mean temperature

-4oc

accumulated day-degrees

prel arviposition period

mean fecundity during first five
days

mean total fecundity

rnean reproductive period

mean length of a generation

12
25 25

27 2r

2t 42

1 day

t4 .6 + 18 .64

14. B

5 days

749 + 73.5 =

3.5
3456

25 25 24 24

2L 2L x b = 10.5

63 73.5

222.5 day-degrees
00
H



TABLE LV

Prelarviposition period, mean fecundity during first five days of

adult life, mean total fecundity, mean reproductive period. and mean

Ietigth of a generation in "day-degrees" for ten apterous viviparous
female aphids from laboratory culture NB-A reared singly on }eaves

of scarlet runner bean.

day

mean temperature

-4oc

accumul-ated day-
degrees

prelarviposition period

mean ,fecundity during
first five days

mean total fecundity

mean reproductive
period

mean length of a"

generat ion

12
25 26

21 22

2L 43

l- day

4.5
345

24 24 24

20 20 20 x

63 73 83

9.5 + 7.65

L5 .2 + 8.98

7 days

149 + 83 = 232 day-degrees

67
24 24

1á=10

I
DÃ

00
t\)



TABLE LVI

Prelarviposition period, mean fecuncll.ty during first f ive days of
adult l-Ífe' mean total fecundity, meân reproductive period and mean

length of à generation in "day-degrees" for ten apterous viviparous
female aphids from laboratory culture BC Lab reared singly on leaves
of scarlet runner bean -

4.5day1Z34b67B

mean temperature ZS 26 24 24 24 24 24 25

-4Ôc zr 22 zo zo 20 x + = 10

accurnulated day-degrees Z! 42 63 TB g3

prelarviposition period 1 day

mean fecundity during first five days 10.5 + 4.42
mearì total f ecundi'by 15 .3 + g .OT

mean reproductive period 7 days

mean length of a generatì_on L4g + 83 : 232 day_degrees

00
C/)



TABLE LVII

Prelarviposition period, mean fecundity during first five days of
adult Iife, mean total fecundity, mean reproductj-ve period and. mean

length of a" generation in "day-degrees" for ten apterous viviparous
female aphids from Iaboratory culture NB-A reared singly on leaves

of kidney bean.

day

mean temperature

-4oc

accumulated day-degrees

prelarviposition period

mean fecundity during first
five days

mean total fecundity

mean reproductive period

mean length of a generatioh

2.5
1234

25 25 25 25

2L 2L 21 x + =

2L 42 52.5

1 day

18.5 + 19. Og

1_8 .5

3 days

749 + 52.5 =

56
25 25

l_0.5

201.5 day-degrees
00
À



TABLE LVIII

Prelarviposition period, mean fecundity during first five days of
adult life, mean total fecundity, mean reproductive period, and mean

1en6çth of a generabion in "day-degrees" for ten apterous viviparous
female aphids from laboratory culture BC Lab reared slngly on leaves

of lima bean.

day

mean temperature

-4oc

accumul.ated day-degrees

prelarviposit ion period

mean fecundity during
firsl five days

mean total fecundity

mean reproductive period

mean length of a generation

2.5
1234

27 27 22 22

23 23 18x+
23 46 55

1 day

56789
22 23 23 23 23

=9

7.3 + 4.37

8.0 + 4.92

l-0 days

L49 + 55 = 2O4 dav-degrees

10

25

o0
CN



TABLE LIX

Prelarviposition period, mean fecundity during first five days of
adult l.ife, mean total fecundity, mean reproductive period and mean

length of a" generaLion in "day-degrees" for ten apterous viviparous
female aphids from laboratory culture NB-A reared slngly on leaves

of lima bean.

day

mean temperature

-4oc

accumulated day-degrees

prelarviposition period

mean fecundity during first
five days

mean total fecundity

mean reproductive period

mean length of a generation

123
27 27 22

23 23 l-B

23 46 64

1 day

4.5
456

22 22 23

18 18x+ =9
82 91

6.5 + 8.67

11.4 + 1-1.93

6 days

149 + 91 = 24O dav-desrees

7

ta

00
O)



TABLE LX

Prelarviposition period, mean fecundity during first five days of
adulL life, mean total fecundity, mean reproductive period anct mean

length of a generation in "day-degrees" for ten apterous viviparous
female aphids frotn culture BC LaL¡ reared singly on leaves of garden

pea.

day

mean ternperature

-4oc

accumulated day-degrees

prelarviposit ion period

mean fecundity during first
five days

mean total fecundity

mean reproductive period

mean length of ù generation

12
25 26

2L 22

21" 43

1 day

J

2¿I

20

63

4.5
45

24 24

20 20

83 93

6.7 + 7 .70

10.0 + 8.21

7 days

!49 + 93 = 242 day-degrees

6

24

Xå

7

25

=10

B

25

o)
-l



TABLB LXI

Prelarviposition period, mean fecundiLy during fÍrst five days of

adult 1ife, mean total fecunclity, mean reproductive period, and mean

l.ength of a generation in "day-degrees" for ten apterous viviparous
:female aphids from laboratory culture NB-A reared singly on leaves of
garden pea.

day

mean temperature

-4oc

accumulated day-degrees

prelarviposition period

mea.n fecundity during f irst
five days

mean toLal fecundily

mean reprocluctive period

mean length of a generati_on

1-23
25 26 24

2L 22 20

21 43 63

1 day

4

24

20

83

4.5

6.9 + 5 .46

9.0 + 5.50

7 days

L49 + 93 = 242 day-degrees

67
24 25

x+=10
24

20

93

I

25

co
0o



TABLE LXII

Prelarviposition period, mean fecundity during f.irst five days of

adult life, mean total fecundity, meAn reproductive period and mean

length of ^ 
generation in "day-degrees," for ten apterous'viviparous

female aphids from laboratory culture Man. reared singly on leaves

of potato Netted Gem.

day

mean temperature

-4oc

accumulated day-
degrees

pre I arvipos it ion
period 1 day

mean fecundity cluring
f irst f ive days L6.2 l- 1_6.78

nìean tot al
fecundity 22.4 + I3.L7

1

24

20

3.5
234

24 24 24

20 20 20

mean reproductive
peri od

mean length of
a generation

20 40 60 70

56789
24 25 24 24 25

xf:10

11- days

l_11 + 70 + 18i_ rfay-degrees

10 1_l_ !2 13

25 25 25 25

00
(o



TABLE LXIIT

Prelarviposition period, mean fecundity during first five days of
adult 1ife, mean total fecunclity, mean reproductive period and mean

length of à generation in "day-degrees" for ten apterous vivi-parous

female aphids from laboratory culture P-E reared singly on leaves of
potato Netted Gem.

day

mean tempera'l-ure

-4oc

accumulated clay-degrees

prelarviposition period

mean fecundity during first
five days

mean total_ fecundity

mean reproductive period

mean length of a generation

123

27 27 27

23 23 23

23 46 59

1,-2 days

7L.2 + B.l_8

1-r.2

5 days

L29 + 68.5 =

3.5
4

Ðo

L9x

68. 5

567
22 23 23

Þ1 = 9.5

l-97.5 day-degrees
(o
O



Prelarviposit ion

fecundity, mean

for ten apterous

l-eaves of pobato

TABLE LXIV

period, mean fecundity during first five

reproductive period and mean length of a

viviparous female aphids from laboratory

Pon b iac .

day

mean tempera'bure

-4oc

accumulated day-degrees

prelarviposition period

mean fecundity during
first five days

mean total fecundity

mearl reproductive period

mean length of a generation

123
24 24 24

20 20 20

20 40 60

1 day

14.L + 22.92

29.3 + 16.10

13 days

111 + L32.5 =

days of adult

generation in

culture Man.

45
25 25

2L 21-

81 101

life, mean tota]

"day-degrees, "

reared singly on

b

25

2L

L22

6.5
7

252
2t x È

L32 .5

89

627

= 10.5

143.å day-degrees

10 1_1 t2 13

22 22 22 22

(o
F



Prelarviposition period, mean fecundity

adult Iife, mean total fecundity, mean

length of a generation in "day-degrees,

female aphids from laboratory culture p-E reared
potato - Pontiac.

day

mean temperature

-4oc

accumulated day-degrees

prelarviposition period

mean fecundity during first
five days

mean total f ecundi ly
mean reproductive period

mean length of a generation

TABLE LXV

during first five

reproduct ive per:iod

" for ten

1

25

21

2L

2 days

l-0.4 +

10.4 +

4 days

729 +

apterous

singly on

days of

and mean

viviparous

leaves of

2.5
.)e
ad

25 25

2L 21, x

42 52.5

45
24 25

É = 10.5

9.49

I .49

52.5 + l_81.5 day-degrees

6

¿J

aat

N]



TABLE LXVI

Prelarviposition period, mean fecundity during first five days of
adult life, mean total fecundity, mean reproductive period and mean

length of a generabion in "day-degrees," for ten apterous viviparous
female aphids from laboratory culture NB-A reared singly on leaves

of Swiss chard.

day

mean tempera'ture

-4oc

accumulated day-degrees

prelarviposi t ion period

mean fecundity during first
five days

rnean tot aI :f ecunclity

mean reproductive period

mean length of à generation

2.5
12

24 24

20 20

20 40

I-2 days

I3.7 + 27

L3.7 + 2L

4 days

749+50=

4

24

x+=10
24

20

50

E
rJ

24

199 day-degrees
(o(,



TABLE LXVII

Prelarviposition period, mean fecundity during first five days of
adult l-ife, mean total fecundity, mearl reproductive period and mean

length of a generati-on in "day-degrees" for ten apterous vivipaùous

female aphids from laboratory culture NB-A reared singly on leaves

of beet.

day

mean temperature

-4oc

accumulated day-degrees

prelarviposit ion period

mean fecundity first five
days

mean Lobal fecundity

mean reproductive period

mean length of a generation

12
23 24

1_9 20

19 39

L-2 days

3

24

20

59

3.5

L2.5 + 'J,7 .36

12 .5 -r L7 .36

5 days

149 + 69 = 2L8 day-desrees

45
24 24

20x+=10
69

6

24

(o
lÀ



TABLE LXVIII

Prelarviposition period, mean fecundity during first five days of
adult life, mean totaf fecundity, mean reproductive period and mean

length of a" generation in "day-degrees" for ten apterous viviparous
female aphids from laboratory culture NB-A reared singly on leaves
of spinach.

day

mean temperature

-4oc

accumulated day-degrees

prelarviposit ion period

mean fecundity first b days

mean total fecundity

mean reproductive period

mean length of a generation

123
24 24 23

20 20 79

20 40 59

1--2 days

9.2 + 9.31

l-0.4 + 8.02

6 days

1-49 + 1-08 = 252 day-degrees

45
24 23

20 79

79 98

6.5
678

24 24 23

20x2=10

1-08

c¡



TABLE LXIX

Prelarviposition perlod, mean fecundity during first five days of adult life, mean.Lotat

fecundity, mean reproductive period ancl mean length of à generatlon in ,'day-degrees" of
ten apterous viviparous females of six cultures of aphids reared singly in the laboratory
on l-eaves of the spindle tree.

prelarviposition period (days)

mean fecundity during first five
days of adul-.l, Iife

mean total fecunclity

mean reproduct ive periocl ( days )

mean length of a generation
in day-degrees

Man.

1

L6 .2

1.7.O

6

1_86

NB_B

1

1_5.9

23.7

L2

202 .5

P_E

t-

19. O

25.8

16

]-82

BC Lab

1

LO .2

34.0

15

283.5

BC Witd

1

14 .1

36. 1_

20

283.5

NB_A

1

l_1. t_

31 .5

13

283 .5

(o
u)



TABLB LXX

Prelarvipositjon period, mean fecundity during first
fecundiLy, mean reproductive period and mean length
ten apterous viviparous females of three cultures of
on leaves of miscellaneous host plants

prelarvi.posit ion
perlod (days)
mean fecundity dur-
ing first five days
of adill ù I if e

mean total fecundity
mean reproductive

0)
bf)
Ê
d
It
o

J4
LJ
o
E

É
d

period (days) S

mean length of à
generation in day-
degrees 181

E
5
Ê
f{
5
"o.r{

;
cd

f ive days of adul-t lif e, meall total
of a generation in "day-degrees,' of
aphids reared singly in the I aboratory

t,

L

É
cd

18.9
18.9

Ê
0)
h0

õ
0)
P
P
0)
É

d
d

15.5
16.3

10

c)
cd
.-l
P
É
o
ê{

d

31. r-

65.0

25

t)

U
rj
¡r
-l
al

Êa
I

m2

180

16 .2
22 .4

11

cd
.r-{

r{
-qd
10

U)

o
¡{

ÊQ 0)
f.o

ÊQ5
2+t

221

74 .1
29.3

l_3

E
0)
h0

d
p
P
0)

Þt
I

Êr

181

18. 1

27 .3

16

143.5

O
d
'-l
P
o

Êr

F]
I

A

2

23.4
27 .6

19

L-2

256.5

L7 .2
1.7.2

5

227.5

10.4
10.4

4

181_. 5 sr97.5



TABLE LXXI

Prel-arviposition period, mean fecundity during first
fecundity, mean reproductive period and mean tength
Len apterous viviparous females of three cultures of
on l.eaves of mj.scellaneous hosl plants.

prel arviposition
period (days) 1

rnean fecundity during
first five days of
adult li:fe a4.6

near total fecundity 14.B

mean reproductive
period (clays) 5

nean length of a
generation in clay-
degrees 222.5

cfrqÉHfi
å Ë E Ei f,0ËçÉ89EFNE.gËEãcd'.,

^$ ^;^fi^l=il & t il I Ë fi H. ë ¡€È €E€ö€ç;í* Ë _6 _þ _b, -H 6 q

Ëä Ën#¡Ëåãg ÃE ÉH Ig AÉ Ãn AË ÃËÃH ÅË ÄE Ãå

five days of adult life, mean total
of a generation in "day-degrees" of
aphids reared singly in the laboratory

10.5

15. 3

7.3 6.7 6.6

8.0 1-0 6.6

232 204 242 191- 298.5 196.5 279 222.5 232 201-.5 240 242 ]-:99 218 257

l_0.9 14.6 6 .6 13. B

31.3 16.6 7 .O 13 . I
9.5 t_8.5 6.5 6.9

15 .2 18.5 1-.7.4 9.0

7-2 I-2 ].-2

L3.7 12.5

L3.7 12.5

9.2
1"0.4

tô
00
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Tables xxxvrrr to LXVrrr inclusive show the prerarvi_

position period, mean fecundrty during first five days of
adult life, mean total fecund.ity, mean reproductive period
and mean length of generation in day-degrees for 31 miscer-
laneous tests in the laboratory of the various curtures on
several sunmer hosts, including spindle tree, mockorange
and highbush cranberry. rn general, these are continuations
of development and fecund.ity of successful col_onization
attempts of the tests from the plants shown in Table rr.
Not all hosts were tested with all six aphid cul_tures, and.

in many instances the .cul-tures did not colonize (Tabì_e rr).
No attempt was made by the author of this thesis to d.etermine
why some kinds of hosis were accepted or rejected by the
several aphid cultures. This would have involved several
years of long and difficul-t studies in the areas of research
known as "host plant selection by phytophagous insects', oï
"insect resistance in crop plants. "

These 21 tests are sumrnarized. in Tables LXrx, LXX, and.

LXXr. Table LXrx shows the parameters measured for the suc_
cessful colonization of the European spindle tree (Euonymus

europaeus) by all six cul-tures. rt must be noted that
although this is the normal winter host of Aphid fabae, otr

which the sexuparae and sexuales gather, in the tests re-
ported here the spindle tree was acting as a- summer host,
colonized by apterous viviparous females.

rf the data of the group of three called rhe true Aphis
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fabae (BC Irb, Bc r[ird and NB-A) are examineci in Table LXrx
we see that they aï'e reasonably homogenous in both d.eveI0p_
ment and reproductive capacity. And they d.iffer correctively
from any of the other three cultures Man. NB-B and p-E
which d.if f er to some extent arnong themselves. hrean f ecundity
during the first five days is less, but mean total fecund.ity
more, in the true Aphis f "Þee group than in the ,,non Aphis
leÞae group. "

rf we compare the results in Tabr_e LXrx with those in
Tabre xrv, laboratory tests, it is interesting to note that
mean fecundity for trl" first five days of adurt rife and
total mean fecundi-ty, of the curture ùran. on nasturtium are
both very much greater than the corresponding counts on the
spindle tree; i.e., 31"6 vs 16.2 and, 76.7 vs tz.o. rf you
compare BC Lab, Bc wild and NB-A (the true Aphis fabae group)
from Table LXrx with corresponding d.ata from the sarne cul_
tures on faba bean (Table xrv), mean fecundity for the first
five days of adult life is sir¡iIar betrveen spindle tree and.

faba bean and mean total fecundity onì_y about one_third more
on the average on the spind.le tree, compared. ivith the d.ata
from faba bean. These observations ind.icate that the three
cultures of the "true Aphis fabae group,, are more ad.apted.
between the spindle tree and. faba bean, than is the cultule
Man- betlveen the spindle tree and nasturtium.
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rn Table LXX are listed the same parameters as those
measured and reported in Table LXrx, for those of the cultures
of the "non aphis fabae group" acceptances on mockoratrgê,

Viburnum sp., burdock, potato (Netted Gem), potato (pont iae) ,

and tuberous dahlia, summarized from the appropriate Tables
between XXXVIII and LXVïïI. The data in Table LXX d.emonstrate

again the variabillty arnong the three cul-tures Man. , NB-B

and P-E, and the different gror,vth, development and reproduc-
tion that takes place on the different summer host plants.
The curture Man. was originally collected in Manitoba on

burdock, and in Table LXX we see that it has better devel-
opment and fecundity on burdock than on any of the other
hosts shown. The culture Man. on burdock (Tab1e LXX) is
also very similar to the measurements shown in Tab1e XIV for
aphids of the culture Man. j.n labora"tory tests on nasturtium.

Tab1e LXXI lists the same measurements and findings for
aphids of the so-call-ed "true Aphis fabae" groups as were

shown in Tables LXrx and LXx, but on those acceptances which

occurred on the host plants yellow gard.en bean, scarlet
runner bean, lima bean, green garden bean, kidney bean,

garden peâ, burdock, poppy, Swiss chard., beet and. spinach.

ïn general, where development took p1ace, and. offspring lvere

produced, mean fecundity for the f.irst five days, and total
fecundity, were less than for most of those shown in Table

Lxx of the "non-Aphis fabae groqp, " and. comparable with the
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measurements show:r for faba bean, laboratory tests, in Table

XIV.

Production of Sexual Forms

On 19 September 7978 two cages lvere set up in the court-
yard of the Animal Science Building. One contained culture

Man. on nasturtium, and. a pot with a smal1 plant of Viburnum

opulus. In the other cage was culture BC lfild on f aba bean

and a pot with a small plant of Euonymus europaeus. Fall

migrants (sexuparae) soon appeared on each of the winter

host plants. On 16 October !978 oviparae were found on the

Viburnum opul-us, and more on 23 October 1-978 and 6 November

7978. No oviparae rvere found on Euonymus europaeus until

6 November L978. Apparently the "introduced, " "true Aphis

fabae" is about two weeks later than the lvfanitoba species in

responding to those factors such as photoperiod and decreas-

ing temperatures, rvhich bring about the appearance of the

forms sexuparae and sexuales. Leaves on the smaIl Viburnum

opulus had begun to drop by October 6th, but by that time

some eggs had been deposited on the bark of the twigs, and

around leaf buds. On November 6th leaves Trere sti11 present

on the Euonymus europaeus (which is not a winter-hardy shrub

in Manitoba, and not a native plant) and the oviparae just

beginning oviposition .



CHAPTER V

RESULTS AND DISCUSSION OF CONVENTIONAL TAXONOMY, STATISTICS
AND RATIOS

Conventional taxonomy is the term used. when measurements

and counts àTe made of anatomical features on museum speci-
mens. The conventional taxonomist looks for similarities
and differences. Wtren differences are found, a jud.gement

must be made as to whether they are sufficiently important
to denote species differentiation, or whether they are merely

normal "withi-n species" variations. conventional taxonomy

is only one of the tools of the biosystematist.
rn chapter rrr the anatomical features, or as they are

more conmonly caI1ed., the characters, used. in aphid. taxonomy

were outlined. In general, they are measurements of antennal

segments, cornicles, cauda, and counts of secondary sensoria
on antennal segment IIr, and counts of setae on various body

areas. Tables LXXIr to Lx,\xvrr show the results of measure-

ments and counts made in a study of similarities and d.iffer-
ences between the six laboratory cultures, both apterous and

alate, cleared and mounted on glass microscope slides. Ten

aphids were measured for each, and the Tables show the range,

the calculated mean, and the 95% confidence interval. The

first three cultures in each rable are from the "nasturtium,'
colonies, and the remaining three from the "faba bean"

coloni-es. There were no dj-f f erences apparent in total body
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length of apterae or alatae, length of cauda, nurnber of hairs
on cauda, length of cornicres, length of antennal segments

rrr, rv, v, base of vr and unguis of vT, length of setae on

antennar segment rrr, number of second.ary sensoria on anten-

nal segments rrl, rv and v, length of hind tibiae and length
of hind tarsar segment lr. rn some of the Tables (LXXrr to
LXXXVII) the means appeared to show significant differences,
but an examination of the range in every case showed that
these were only measurements of normal variations within
species. None of these characters courd be used in a key to
demonstrate species d.ifferences from measurements or counts.

The only measurement which offered à significant varia-
tion in measurement was length of rostral IV + V. In both.

apterae and aratae rostral rv + v lengths were greater in
those specimens from the nasturtium groups than in those from

the "faba bean" group (Tab1e LXXXV).

cottier (1953, p. 52) stated, "statements showing actual

vari-ations in length of antennal segments, cornicles, and.

caud.a are of limited importance. rt is much more useful to
know the variation ín the relative proportions which antennal

segments bear to one *rråth"t and to cornicles and. cauda.,,

Tables LXXXVTTT to crl show my attempts to use this method

to show differences between mounted specimens from the six
laboratory cultures. Frequency distributions are shown of

the measurements of ten specimens, and. calculations for the

val-ues for highest ratio, both for apterae. and for arataeffi



Comparisons

ten apterous

among range, mean and

and alate viviparous

range
t
95% confidence
interval

TABLE LXXII

95% confidence interval

female aphids from each

Man.

range
X

95% confidence
interval

1,.62-1.93
1.78

0.07

NB-B P-E

* measurements are in mm.

'J- .65-2 . 02 t .67 -L .94
1.7L ! .79

0.09 0.08

7.70-2..40
2.I8

o.12

APTERAE

of body length measurements* of

of the six laboratory cultures.

2.O2-2.28 'J..76-2.IL

2.L5 7.92

0. 06 o. 08

BC Wild

ALATAE

L.49-r.92
1.66

o. 09

BC Lab NB-A

1.45-\.67 7.36-2 .20
1.58 r.62

0.08 o .L7

7.49-r.76
l_.60

0.06

L.93-2 .28 1. 20-1 .84
2 .I7 7.73

o. l-0 0. 0B

F
a-l
C¡



Comparisons among

ten apterous and

range
X

95% eonfidence
intervaÌ

range, mean and

al-ate viviparous

range
;
95% confidence
in terval

Man.

TABLB LXXIII

95% confidence interval of

female aphids from each of

0. 1-6-0. 18

0. 16

0. o01

* measurements are in mm.

NB-B

o.72-O.r7
0. 15

0.001

0. I 5-0.21
o.L7

0.001

APTERAE

P-E

o.]-A-o.17
0. 16

0.001_

cauda length measurements* of

the six laboratory cultures.

0.09-0. 1_7

0. 14

0.001-

BC WiId

ALATAE

0. 13-0. 19

0. 16

0.001

o.I2-O.77
0. l_4

0.001_

BC Lab

o.L2-O.17
0.14

0. 001-

0. 11-0 . 1-2

0.11

0.001

NB-A

0. 12-0. 1B

0. 14

0.001_

0. 10-0. 1-7

o.\2

0.001

0. 08-0. 12

0.1-1

0.001-

F
O)



Comparisons among

apterous and alate

range
X

95% confidence
interval

range, mean

viviparous

and g5o/o conf idence interval of

female aphids from each of the

Man.

range
x

957o confidence
in t erval

TABLE LXXIV

72-L6
1,3.7

2.89

NB_B

10-18
14. B

1 .66

APTERAE

14-18
15 .6

o.72

p-E

cauda hair numbers from ten

six laboratory cultures.

1-1-t_6

72 .8

2.L8

t4-22
16.7

1 .48

BC Wild

ALATAE

B-14
L0.4

r.77

L2_TB

14.9

L .74

BC Lab.

6-13
LO.4

L.46

7-]-2
to .2

0.91

NB_A

2-11,

8.4

1 .63

8-14
\L .4

7.37

8-14
77 .4

L .37

H
O
-.t



Comparisons among range,

of ten apterous and alate

range
X

95% confidence
interval

mean and 95%

viviparous

range
X

95% confidence
interval

TABLE LXXV

confidence interval of

female aphids from each

Man.

o.22-O.33
o.27

0.01

* measuremen'bs are in mm.

NB-B

o.19-O.24
o.21,

0.01_

o.Lg-O.24
0.20

0.001

APTERAB

P-E

0.19-0. 31_

o.25

0. 01

cornicle length measurements*

of the six laboratory cultures.

o.24-O.28
o.27

0.001-

BC Wild

ALATAE

o.17-O.42
o.25

0.01

o.2t-o.26
o.23

0.001

BC Lab.

o.L1-O.24
o.27

0.01

0. 10-0. 1B

0. l_4

0.001-

NB_A

0. 19-0 .40
o.25

0. 01

0.14-0.21
0. 17

0.001

0.15-0.21
0.18

0.001-

Ho
o0



Comparisons among range, mean and

ments* of ten apterous ancl alate
cuftures.

range
;
95% confidence
interval

TABLE LXXVI

95% confidence interval_

viviparous female aphids

range
x

95% confidence
int erval

Man.

0.24-0. 31_

o .27

0.01

+ measurements are in mm.

NB-B

o.24-O.37
o .27

o. 01

0. 35-0.40
o .37

0.01

APTERAB

of antennal

from each of

P_B

o. 22-0 . 31

o.27

0.01

o. 33-0. 35

o. 34

0.01_

BC Wild

segment III measure_

the six laboratory

ALATAE

0.19-0. 1"5

o.25

0.03

0. 31-0 .35
0. 33

0.01

BC Lab.

o. 19-0 . 29

0.23

0.01

0.23-0. 3t-

o.26

0.01

NB-A

o.22-O.36
o.26

0.03

0.33-0.40
0. 35

0.01

o.26-0.32
o.29

0.01

H
O
(o



Comparisons ämong range, mean and

ments+ of ten apterous and alate

cultures.

range
X

95yo confidence
intervaÌ

TABLE LXXVII

95Yo confÍdence interval

viviparous female aphids

Man.

range
t
95% confidence
i nt erval

o.]-6-0.22
0. l-8

0. o1

* measurements alre in mm.

NB_B

o.L6-O.22
0.18

0 .01

o.24-O.28
o.26

0.01

APTERAE

of antennal

from each of

P-E

o.L6-O.22
0.18

0.01

o.24-O.28
o.26

0.01

BC Wi}d

segment IV measure-

the six laboratory

ALATAE

o.L2-0.26
o.17

o.02

o .zL-O.24
o.22

0.01

BC Lab.

o.tz-o.L7
0.14

0.01

o.tz-o.26
0.16

0.01_

NB_A

o.Lz-O.24
0.16

o.02

o.ts-o.22
0.20

0.01

0.15-O.23
0.18

0.01

H
H
O



Comparisons among range, mean and

mentst of ten apterous and alate
cultnre.

range
x
95% confidence
interval

TABLE LXXVIII

95% confldence interval

viviparous female aphids

range
X

95% confidence
i nt ervaÌ

Man.

o.L4-O.22
o.t7

0. 01-

* measurements are in mm.

NB-B

o.14-O.20
o.t7

0.01

o.22-O.28
o.24

0.01

APTBRAE

of antennal

from each of

P-E

o.L6-O.24
0. 18

0.01

o.22-O.31,
o.24

0. 01

BC WiId

segment V measure-

the six laboratory

ALATAE

o.I4-O.22
o. 16

0.01

o.27-O.24
o.22

0.01

BC Lab.

0. 1_1-0. 17

0. 14

0.01

o.tz-o.r7
o.14

o.01

NB_A

o.L2-0.22
0. 15

0.01-

o.L9-0.24
0.20

0.01

0. 1s-0.21
0. 18

0.01-

H
H
F



Comparisons among range, mean

measuremenüs* of ten apterous

laboratory cultures.

range
;
95% confidence
interval

TABLE LXXIX

and 95% confidence interval

and alate vivi-parous female

Man.

range
;
95% confidence
interval

0. 09-0. 11

o. 10

o. 001

* measurements are in mm.

NB-B

0. 09-0 . 19

0.09

0.001

0.12-0. 15

0. 1-3

0.o01

APTERAE

of antennal

aphids from

P_E

0.08-o. 10

0.09

0.001

0. 10-0 . 15

o.1"2

0.001

BC Wild

segment VI (base)

each of the six

ALATAE

0.08-0. 10

0.09

0 .001

0. 10-0. 12

0. 10

0.001_

BC Lab.

o. o7-0. l-0
0.08

0.001

0.07-0.09
0.08

0.001

NB-A

0.08-0.10
0.09

0.001

0. L0-0. 12

0. 1-o

0.001

0.08-0. 10

0.09

0.001

H
H
i\)



Comparisons among range, mean

measuremen'ts* of ten apterous

laboratory cultures.

range
;
øSY sl^¡idence
interval

TABLE LXXX

and 95% confidence interval

and al ate viviparous female

range
;
g5o/o conf idence
in terval

Man.

0. 31-0 .40
0. 34

0. 01

* measurements are in mm.

NB-B P-E

0 . 31_-0.40 0. 2B-0 . 38

0.34 0.32

0.01 0.o2

0. 34-0. 38

0. 36

0.01

APTBRAE

of antennal segment

aphids from each of

o.37-O.42 0.35-0.42
0.38 0.38

0.01 0.01

BC Wild

ALATAE

0.28-0.38
0. 30

0.01_

VI (unguis )

the six

BC Lab.

0 .28-0 . 33

0. 30

0.01

o.24-O.29
o .27

0.01

NB-A

0.24-0. 3B

0. 30

0.02

0. 3B-0.42
0.40

0.01

0. 28-0. 35

0. 3t-

0.01_

H
F
c/J



Comparisons among range, mean

measurements* of ten apterous

laboratory cultures.

range
;
95% confidence
interval

TABLB LXXXI

and 95% confidence interval
and alate viviparous female

.range
:;

95% confidence
in terval

Man.

0.03-0. 04

0.03

o. o01

* measurements are i-n mm.

NB_B

0.03
o.03

0.001

o. 02-0 . 04

0.03

0.001

APTERAE

of antennal

aphids from

p-E

0. 03

o.03

0.001

0.03
o.03

0.001

BC Wild

III hair length

each of the six

ALATAE

0.03
0. 03

0.001

0.03
0.03

0. 001

BC Lab.

0.03
0. 03

0.001

0.03
0.03

0.001

NB_A

0.03
0.03

0.001

0.03
0 .03

0.001

0.03
0.03

0. 001

H
P
ls



Comparisons â-mong range, mean

soria on antennal. segment III
laboratory cultures.

range

X

95% confidence
interval

TABLE LXXXII

and 95% confidence interval of

of ten alate viviparous female

Man.

16-23

18.6

1, .70

NB_B

l_3-t_9

L4 .4

1..55

ALATAE

P-E

the number

aphids from

13-17

L4.4

1.30

BC Wild

of secondary sen-

each of the six

r_ 3-18

L4 .5

0.86

BC Lab.

l_0-t_3

11.0

t.17

NB_A

13-20

13.3

l_.11

ts
P
CN



Comparisons among range, mean

soria on antennal segment IV

laboratory cul-tures

range

t
95% confidence
lnterval

TABLE LXXXIII

and 95o/o confidence interval of

of ten alate viviparous female

Man.

2-4

3.25

o.7L

NB-B

t-2

1.30

o.29

ALATAE

P-E

the number

aphids from

1-5

2.10

0.84

BC Wild

of secondary sen-

each of the six

1-5

2.8

0.88

BC Lab

L-2

1.3

0.29

NB_A

1-4

2.OO

1.16

P
H
o)



Comparisons among range,

soria on antennal segment

laboratory cultures.

range

t
957o confidence
interval

mean and

V of ten

TABLE LXXXIV

95% confid".r.u interval

alate viviparous female

Man.

1-3

1.30

0.001

NB_B

1_

0. l_0

0.001

ALATAE

of the number of

aphids from each

p-E

t_

0.10

0.001

BC Wild

secondary sen-

of the six

I-2

1.50

0.001-

BC Lal¡.

L-2

1.50

0.001

NB-A

I-2

1.50

0.001

H
H\ì



Comparisons âmong range, mean and gS%

of ten apterous and alate viviparous

cul'tures.

range
x
95% confidence
interval i

TABLE LXXXV

confidence interval of

female aphids from each

range
;
95% confi.dence
interval

Ivlan.

o.t4
0. 14

0.001

+ measurements are in mm.

NB-B

0. l_4

o.14

0.001

0. 13-0. l_4

o. 13

0.001

APTERAE

p-B

rostral IV + V measurements*

of the six laboratory

o.14
0. 14

0.001

0.1_2-0. 14

o.L2

0.001

BC Witd

ALATAE

0. 1-0

0. 10

0.001

0.12-0. t_4

o.L2

0.001.

BC Lab.

0. 10-0. 12

0. 11

0.001_

0. 1_0

0. 1_0

0.001

NB_A

0. 10-0. 12

0. 11

0. 001

0.l_0-0. 12

0.11_

0.001

0. l_0-0. 12

0. 11

0.001-

H
F
co



Comparisons among range,

of ten apterous and alate

range
t
95% confidence
interval

mean and 95o/o

viviparous

range
:;

95% con,f idence
interval

TABLE LXXXVI

confidence interval of

female aphids from each

Man -

o. BB-1. 14

o. 99

0.04

* measurements are in mm.

NB-B

0.79-0. 88

0. 85

o.01

1. t_2-l_ . 18

1. 16

0.01

APTERAE

P-E

0. 84-l-.05
0. 90

0.04

the length*

of the six

L.14-1.03
t_. 18

0.01

BC Wild

ALATAB

of the hind tibia

Iaboratory cultures.

o .79-L.20
0. 89

0.08

1_.00-1. t-0
1_. 1-0

0.08

BC Lab.

0. 70-0.96
0. 82

0.05

o.79-O.92
0. 83

0.03

NB_A

0.70-1. 19

0. 84

0. 30

1. 0l--1. 32

l-. 1_o

0.06

0. 79-1 . 05

o.92

0.05

P
F
(o



Comparisons among range,

of [en ap.berous and alate

range
t
95% confidence
in lerval

mean and 95%

vlviparous

range
X

95% confidence
interval

TABLE LXXXVII

confidence interval of

fernale aphids from each

Man.

0.10-0. 16

0. 11

0.01

{' measurements are in mm.

NB_B

0. 10-0. 13

o.L2

o.01

0.10
0.10

0. o1

APTERAE

p-E

hind tarsal

of the six

0.l_0-0. 1-2

0.11_

0.01-

0. 10

0.10

0.01

BC Wild

ALATAE

I I measurements*

laboratory cultures.

0. 09-0.10
0.09

0. o1

BC Lab.

0.10
0. 10

0.01_

0.09-0. 10

0.09

o. 01

NB_A

0. 10

0. 10

0 .01-

0. 10-0. 12

0. t-0

0.01

0.10-0. 14

o.t2

0.01

0. 10

0.1-0

0.01

P
t\l



Frequency distributions of
parous female aphids from

Man. NB-B
No. of

Ratio Ant. Ratio

the ratios

each of the

o.62-0.64

o.65-0.67

0.68-0. 70

o.7L-0.73

o.74-O.76

TABLE LXXXVIIT

^+ length of antennal segment IV c.oï , for ten apterous vivi_
six laboratory cultures.

2

T2

0

3

J

TotaIs

Values
highest

0.57-0. 59

0.60-0.62

0.63-0.6s

0.66-0. Éi8

o.69-0.7L

o.72-O.74

No. of
Ant.

lowest ratio

P-E
No. of

Ratio Ant.

for
ratio

o.62-0.64

o.65-0.67

0.68-0.70

0.71-0.73

o.74-O.76

4

2

4

4

BC Wild
No. of

Ratio Ant.

20

1.22

4

4

4

6

,

0.59-0.61

o.62-0.64

0.65-0.67

0.68-0.70

0.71-0.73

o.74-O.76

L.29

20

BC Lah.

2

6

2

6

2

2

Ratio

0.48-0.50

0.51-0.53

0. 54-0.56

0.57-0. 59

0.60-0.62

0.63-0.65

0.66-0.68

No. of
Ant.

1r,

me-a
No. of

Rabio Ant.

20

4

2

6

0

2

4

0. 54-0.60

0.61--0.67

0.68-0. 74

0.75-0.81

0. B2-0.88

0. B9--0.95

1-.28

2A

t

oo

4

0

t

2

L.4t

20

L.75

20

H
N]
H



TABLE LXXXIX

Frequency distributions of the ratios of length of segment v
ffirl

aphids from each of the six laboralory cultures.

Ma¡.
No. of

Ra.tio Ant.

o.62-0.Ur

0.65-0.67

0.68-0.70

0.71-0.73

NB-B
No. of

Ratio Ant.

4

,

2

10

TotaIs

Values

0.53-0.55

0.56-0. 58

0.59-0.61

o.62-0.64

o.65-0.67

0.68-0.70

o.7l--0.73

lowest

for
ratio

p-E
No. of

Ratio Ant.

2

2

D

4

4

4

2

ratio

0.59-0.61

o.62-0.64

0.6s-0.67

0.68-0.70

o.7L-O.73

o.74-O.76

for ten apterous viviparous female

20

BC Wild
No. of

Ratio Ant.

T.T7

0.53-0. 55

0. 56-0.58

0.59-0.61

o.62-0.&1

0.65-0.62

0.68-0.70

o.71,-O.73

o.744 .76

6

2

4

20

BC Lab.
No. ofRatio Ant.

7.37

2

2

2

4

4

2

2

0.51_-0.53

0. 54-0.56

0.57-0. 59

0.60-0.62

0.63-0.65

0.66-0.68

0.69-0.71

20

NB_A

Ratio

L.28

2

0

,

b

2

t,

2

0. 54-0. 56

0.57*0.59

0.60-0.62

0.63-0.65

0.66-0.68

0.69-0.71

No. oft.

20

L.45

4

4

2

6

t

2

20

1.39

20

1_.31

H
N]
t\)



TABLB XC

Frequency clistributions of the ratios of -lengtlr oL þase antennal-sggment VI
rength oï base segment III

viviparous female aphids from each of the slx taboratory cultures.

[,fan.
No. of

Ratio Ant.

0.34-0.36

0.37-0.39

0.40-o.42

0. 43-0. 45

0.46-0.48

0.49-0. s1

NB-B

No. of
Ratio Ant.

1_0

t

4

2

Totals

VaÌues
highest

0. 3L-0. 33

0.34-0.36

0.37-0.39

o.40-o.42

0.43-0.45

lor,vesl

for
ratio

p-E

No. of
Ratio Ant.

t

10

D

4

I0

,

ratio

0.28-0.30

0. 31-0. 33

0.34-0.36

0. 37-0. 39

o.40-o.42

20

BC WiId
No. ofRatio Ant.

1.5

0.28-0.30

0. 31-0. 33

o.34-0. 36

0.37-0.39

o.4a-o.42

0.43-O.45

4

6

t

4

for ten apterous

20

BC T,ab.

No. oftìatio Alt.

1.45

4

6

4

t

,

0.33-0.37

0. 38-0.42

o.43-O.47

0.48-0. 52

0.53-0.57

0.58-0.62

0.63-0.67

20

NB_A

No. ofRatio Ant.

1.50

,

0

0

0. 2B-0. 31

0. 32-0. 35

0. 36-0.39

0.40-0.43

o.44-O.47

0 .48-0. 51

0. 52-O. 55

20

1-0

o

1.60

B

4

,

0

2

20

2.03

20

1.96

H
t\)
C/J



TABLB XCI

Frequency distributions of the ratios ot l9nellt "{ "nguis segment vr
^

female aphids from each of the six laboratory cultures.

Man.
No. of

Ratio Ant.

0.73-0.75

o.76-0 .78

0.79-0.81

0. B2-0. 84

0. 85-0. 87

0. BB-0. 90

0. 91-0. 93

NB_B
No. of

Ratio Ant.

6

4

4

4

0

0

2

o.75-O,77

0.78-0.80

0. B1-0. 83

0. B4-0. 86

0. 87-0. 89

0.90-0.92

0.93-0.95

Totals

Values
highest

P-E
Nó. of

Ratio Ant.

lowest ratio

for
ratio

0.74-O.77

0.78-0. B1-

0 
" 
B2-0.85

0. 86-0. 89

0.90-0.93

4

4

4

2

0

2

BC Wild
No. of

Ratio Ant.

for ten apterous viviparous

I
2

0

2

B

20

L.27

o,67-0.69

o.70-o.72

0.73-0.75

o.76-0.78

0.79-0. 81

0. B2-0.84

0. B5-0. 87

0. BB-O.90

0.91-O.93

BC Lab.
No. of

Ratio Ant.

D

oa

2

2

20

L.26

0.68-0.71

o.72-0.75

o.76-0.79

0.80-0. 83

0. B4-0. 87

0. BB-0.91

0.92-0.95

NB-A
No. of

Ratio Ant.

4

0

6

0

D

4

2

4

4

0

2

4

20

7.25

o.76-0.78

0.79-0. 81

0. B2-0. 84

0. B5-0.87

0.88-0.90

0.91-0.93

o.94-O.96

B

2

D

t

0

2

4

20

l_.38

20

1.39

20

7.26

Hñ
,À



Frequency distributions of the ratios o¡ ]-engtþ of segment
length of segment

aphids from each of the six laboratory cultures.

Man.
No. of

Ratio Ant.

0.65-0.67

0.68-0 . 70

ö.2ço.zs

o.74-O.76

TABLE XCTI

NB-B
No. of

Ratio Ant.

Totals

Values for
highest ratio
lowest ratio

2

t)

B

4

o .73-O.75

0.76-0. 78

0.79-0. 81

p-E
No. of

Ratio Ant.

T2

4

4

IV
rrr for

0.63-0.65

0.66-0.68

0.69-0.71-

o.72-0.74

O.75-O.77

20

t-.16

ten alate viviparous female

BC lvild
No. of

Ratio Ant.

4

5

I

0

2

0.45-0.48

o.4g-o.52

0.53-0.56

0.57-0.60

0.61-0.64

0.65-0.68

20

1.1-0

BC Lab.
No. of

Ratio Ant.

2

4

4

6

0

4

0.54-0.56

0.'57-0.59

0.60-0.62

0.63-0.65

20

L.22

NB_A
No. of

Ratio Ant.

t2
.)

4

2

0.55-0.57

0.58-0.60

0.61-0.63

0.64-0.66

0.67-0.69

o.70-o.72

20

1.51

4

4

8

2

o

2

20

I.20

20

1.30

H
N)
C'l



Frequency distributions of ttre ratios of ]engtþ o! segmen! Y_- for ten alate viviparous female
Teñetll of segment III

aphids from each of the six laboratory cultures.

Man.
No. of

Ratio Ant.

0.61-0.64

0.65-0.68

o.69-0.72

o.73-O .76

0. 77-0. B0

0. B1-0.84

0.85-0. BB

0. B9-0.92

TABLE XCIII

NB-B
No. of

Ratio Ant.

6

4

4

4

0

0

0

0

t

20

0.63-0,66

a.67*O.70

o.7L-O.74

Totals

Values
highest

P_E
No. of

Ratio Ant.

lowest ratio

4

I

B

for
ratio

0.58-0.61

0.62-0.65

0.66-0.69

0.70-0.73

o.74-O.77

BC Wild
No. of

Ratio Ant.

2

B

kr

2

2

1.55

0.50-0.53

0.54-0.57

0.58-0.61-

o.62-0.65

0.66-0.69

BC Lab.
No. of

Ratio Ant.

4

4

4

4

4

20

L.L7

0. 54-0.56

0.57-0. 59

0.60-0.62

0.63-0.65

0.66-0.68

NB-A

Ratio

6

6

4

0

4

20

L.32

0. 54-0 . 56

0. 57-0. 59

0.60-0.62

0.63-0.65

0.66-0.68

No. oft.

4

4

4

4

4

20

1_.38

20

L.25

20

L.25

P
\J
UJ



TABLE XCÏV

Fr.equencyclisLribu.l.ionsoftheratiosof'""tenalatevivi_

parous female aphids from each of the six laboratory cultures.

Man.
No. of

Ratio Ant.

0.29-0. 31

0. 32-0. 34

0. 3s-0. 37

0.38-0.40

Totals

Values for
highest ratjo
Iowest ratio

NB_B
No. of

Ratio Ant.

2

2

4

T2

0.29-0. 31

0. 32-0. 34

0. 35-0. 37

0.38-0.40

0.41-0.43

P_B
No. of

Ratio Ant.

4

10

2

0

4

0.29-0. 30

0.31-0. 32

0. 33-0. 34

0.35-0.36

20

1. 38

BC Wild
No. of

Ratio Ant.

6

B

4

2

o.26-0.28

0.29-0. 31

0.31-0.33

0.34-0.36

0.36-0. 37

20

1_.48

BC Lab.
No. of

Ratio Ant.

tr

6

2

2

4

o.25-O.26

o.27-O.28

0.29-0.30

0.31-0.32

0.33-0.34

20

L.24

NB-A
No. of

Ratio Ant.

2

I

10

2

4

0.31-0.32

0. 33-0.34

0.35-0.36

20

7.42

B

6

6

20

1.36

20

1" 16

H
N]\]



TABLE XCV

Frequency distribution of ttre ratios of length oI uqguis segment vl ro" ten alate viviparouslength of segment III
female aphids from each of the six laboratory cultures.

Man.
.No. of

Ratio "Ant.

0. B5-0. 87

0. BB-0.90

0. 91-0. 93

o.94-O.96

0.97-0.99

l_.00-l_.02

1.03-1.0s

NB-B

Ratio

2

0

0

6

0

10

2

1,05-1.08

1. 09*1 . 11

L.L2*1.L4

1.15-1. 17

1. 1B-t_ .20

I.2I-L.23

Totals
Val-ues for
highest ratio
ToweGf-TãElo

No. of
Ant.

P_E

No. of
Ratio Ant.

1.06-l_.09

1. 10-l-. l-3

L.I4-L.t7

1. 1B-1.21_

L.22-L.25

7.26-L.29

1_. 30-1-.33

L.M-L.37

B

6

0

r)

2

BC Wild
No. ofRatio Ant.

rJ

2

2

,

20

L.23

0.93-0.96

0.97-l_.00

1.01_-1.04

1. O5-1 .08

L.09-L.72

1.13-1. 16

L.L7-t.20

BC Lab.
No. ofRatio Ant.

r.t7

20

0.95-0.98

0.99-I.O2

1.01-1.04

l-.05-1.08

1.09-1. 1_2

1.13-1.16

L.!7-7.20

I .27-1.24

L.25-7.28

2

2

2

2

0

4

2

NB_A

No. ofRatio Ant.

2A

L.29

0.90-0. 93

o.94-O.97

0.94-1.01

1-.02-1.05

1.06-1.09

1. 10-1_. t_3

L.L4-L.17

0

2

B

0

0

2

0

6

7.29

20

0

2

0

20

1.34

6

4

20

1.3

H
N]
00



Frequency distribul,ions of the

female aphi ds from each of the

TABLE XCVI

ratio in ten apterous viviparous

six laboratory cultures.

[lan.

Ratio

o. 57-0. 60

0.61-0.64

0.65-0.68

No. of
Cauda

NB_B
No. of

Ratio Cauda

4

4

t

Total s

Values for
highest ratio
lowest ratio

o.42-O.45

o.46-0.49

0. 50-0.53

o.54-O.57

0. 58-0. 61

0.62-0.65

0.66-0.69

P_E
No. of

Ratio Cauda

1

1

1

0

3

2

0.49-0.52

0.53-0.56

0.57-0.60

o.6l--0.64

0.65-0.68

o.69-0.72

t-0

1.1_9

BC Wild

1

2

3

2

Ratio

0. 54-o.57

0.58-0.61

0.62-0.63

0.66-0.69

0.70-0.73

No. of
Cauda

BC l,ab.
No. of

Ratio Cauda

10

1.æ

1

0

2

/1T

a.M-o.57

0. 58-0.61

0.62-0.65

0.66-0.69

o.70-o.73

10

NB-A

No. ofRatio Cauda

L.46

4

1

2

1

t

0.50-0 . 53

0.54-0. 57

0. 5B-0.61

0.62-0.65

0.66-0.69

10

1.35

2

2

2

2

2

1_0

1.35

1_O

1.38

H
tu
fat



Frequency dis Lributions

aphids from each of [he

TABLE XCVTI

or rne rarr.o = - rength ofjauda 
-length of antennal segment III

s j-x laboratory cultures.

Man.
No. of

Ratio Cauda

o.42-O,43

o.44-O.45

o.46-0.47

o. 50-0. 51

0.52-0. 53

o.54-0. 54

NB_B
No. of

Ratio Cauda

Totals

Values
highest

o.26-0.29

0.30-0. 33

0.34-0.37

0.38-0.41-

o.42-O.45

o.46-0.49

0. 50-0. 53

0

3

0

.f

2

Iowest ratlo

for
ratio

P_B
No. of

Ratio Cauda

1

1

0

2

l_

2

3

CI.36-0.38

0. 39-0.41

o.42-O.44

o.45-A.47

0.48-0.50

0.51-0.53

1n

BC Wild
No. of

Ratio Cauda

10

L.2B

ten alate viviparous female

2

2

o

0.35-0. 37

0.38-0.40

0.41-0.43

o.44-O.46

o.47-O.49

0.50-0.52

o.53-0.55

BC Lab.
No. of

Ratio Cauda

l-0

2. 03

1

4

1_

1

1

2

0

3

2

0.29-0. 3l_

0.32-0.34

0.35*0.37

o. 3B-0 .40

0.41_-0.43

NB-A
No. of

Ratio Cauda

10

L.47

0.28-0. 30

0.31-0.33

0. 34-0. 36

0 " 37-0.39

o.40-o.42

4

0

1

1

10

I.57

l-

0

1

5

1_0

1.48

10

1.50

H
cJJ
a-l



Frequency clistributions of the ratio

aphids from each of the six laboratory cultures.

Man.
No. of

Ratio Cauda

o.42-O.45

o.46-0.49

0. s0-0. 53

o.54-O.57

o.5B-0.61

0.62-0.65

0.66-0.69

o.70-o.73

o.74-O .77

TABLE XCVIII

length of cauda
mean Iength of cornicfes

NB-B
No. of

Ratio Cauda

1

0

0.56*0. 59

0.60-0.63

o.64-0.67

0.68-0.71

o.72-O.75

o.76-0.79

0. 80-0. 83

0. B4-0. 87

Totals

Values
highest

P_E
No. of

Ratio Cauda

lowest

3

2

0

0

2

for
ratio

0.53*0,56

0.57-0.60

0.61-0.64

0.65-0.68

0.69-0.73

o.74-O.77

ratio

in ten apterous viviparous female

.)

1

0

t

BC lvild
IIo. of

Ratio Cauda

2

J

2

1

0

2

1. 83

0.58-0.61

0,62-0.65

0.66-0.69

o.70-o.73

o.74-O.77

0.78-0. 81

0. 82-0. 85

BC l,ab.
No. of

Ratio Cauda

3

0

1

1

1_

3

1

10

1.53

0.49-0.52

0. s3-0.56

0.57-0.60

0.61*0.64

0.65-0.68

o.69-0.72

o.73-O.75

o.76-0.79

0. B0-0. 83

NB-A
No. of

Ratio Cauda

1

0

2

0

1

2

1

1

2

10

L.45

0.51-0. 54

0. 55-0. 58

0.59-0.62

0.63-0.66

o.67-0.70

o.7L-O.74

o.75-O.78

o .79-O.82

0. B3-0 . 86

2

1

1

1

1

10

L.46

10

L.69

1

1

1

t_0

1.68

H
cr)
l.J



Frequency distributions of the ratio

from each of the six laboratory cultures.

Man.
No. of

Ratio Cauda

o.71-O.74

0.75-0.78

o.79-O.82

o. B3-0. 86

o. B7-0.90

0.9l--0.94

0.95-0.98

0.99-1.02

TABLE XCIX

length of cauda
mean

NB-B

Ratio

ength of cornicles

1

2

D

2

0

at
L

0

1

0. 36-0.39

0.40-0.43

o,44-O.47

0.48-0 . 51

0. 52-0. 55

0.56-0. 59

0.60-0.63

o.64-0.67

p_E
No, of
Cauda Ratio

TotaLs

Val-ues for
Ilighest ratio
lowest ratio

1

1

0

1

2

o

J

2

o.44-O,47

0.48-0.51

0.52-0. 55

0.56-0.59

o.60-0.63

o.64-0.67

0.68-0.71

o.72-O.75

o.76-0.79

1n

No. of
Cauda

ten alate viviparous female aphids

BC Wild

1

0

0

3

.1

Ratio

10

1.43

o.42-A.45

0.464.49

0.50-0.53

0.54-0 . 57

0.58-0.61

a.ul-o.67

0.68-0.71

o.72-O .75

No. of
Cauda

BC l,âb.
No. of

Ratio Cauda

1

0

1

2

3

1

1

1

10

1-.86

0. 54-0. 59

0.60-0.65

0.66-0.71

o.72-O.77

0.78-0.83

0. B4-0.89

0.90-0.95

0.96-1. 01

I.O2-I.O7

1

,

NB-A

Ratio

2

3

3

0

0

1

0

0

1

l-0

L.79

o.42-O.46

o.47-O.5I

0.52-0. 56

0.57-0.61

o.62-0.66

o.67-O.7L

o.72-0.76

o.77-O.87

No. of
Cauda

1

0

1

4

2

0

10

L.78

10

1.98

10

10,

g\)
Nì



TABLE C

Frequetrcydistributionsoftheratiointenapterousviviparous

female aphids from each of the six laboratory cultures.

Man.
No. of

Ratio Corn.

o. BB-0.91

o. 92-0. 95

0.96-0.99

1.00-l_. 03

7.M-7.O7

1.08-1.11

1.12-1-.15

1.16-1.19

NB-B
. No. of
Ratio Corn.

2

5

5

J

i)

0

1

1

o.68*0.71

o.72-O.75

o.76-0 ,79

0.80-0. 83

o.s4-0.87

0. 8B-0.91

Totals
Va1ues for
highest ratio
1 nrr¡ae* rof i n

P_E
No. of

Ratio Corn.

1

1-

7

ö

4

4

0. B3-O. 86

0. B7-0.90

0.91-0.94

0.95-0.98

0.99-1-.02

1.03-1.06

1.07-1. 10

BC Wild
No. of

R¿tio Corn.

t)

1

4

4

J

0

2

o.74-O .78

0.79-0.83

0. B4-0. BB

0.89-0.93

0.94-0.98

0.99-l_.03

l_ . 04-1 .08

1_.09-1.14

135

BC l,ab.
No. of

Ratio Corn.

,

0

4

2

5

2

2

0.59-0. &

0 .65-0. 70

o.71"-O.76

o.77-O.82

0. B3-0. BB

o. B9-0.94

0.95-1.00

1.01-1.06

L.O7-r.72

1. 33

NB_B
No. of

Ratio Corn.

1

2

1

2

1-

5

2

4

2

o.73-O.76

0.77-0. B0

0. 81-0. 84

0. B5-0.88

0.89-0.92

0.93-0.96

0.97-1_.00

1.01_-1_.04

1.05-1.08

1.09-1.12

1.13-1.l_6

I.32

I

1

l_

0

5

4

3

B

1

1

L.M 1-.89 1. sB

P
OJ
U



TABLE CI

Frequencydistributionsoftheratiointena1ateviviparousfema].e

aphids from each of the six Iaboratory cultures.

Man.

Ratio

o. 37-0 .40

o.At-o.44

0.45-0.48

o.4ø-o.52

0.53-0.56

0.57-0.60

0.61-0.63

No. of
Corn.

NB-B
No. of

Ratio Corn.

1

0

0

0

6

10

J

Totals

Values for
highest ratio
lowest ratio

o,72-4.75

o.76-0.79

0. B0=0. 83

P-E
No. of

Ratio Corn.

t)

4

10

0.55-0.59

0.60-0.64

0.65-0.69

o.70-o.74

o.75-O.79

0. B0-0. 84

BC Witd
No. of

Ratio Corn.

20

1.70

o,42*O.47

0.48-O. 53

0.54*0. 59

0.60-0.65

0.66-0.71_

o.72-O.77

2

2

5

4

5

BC Lair.
No. of

Ratio Corn.

20

1.15

0.40-0.43

o.444.47

0.48-0.51_

0.52-0.55

0.56-0.59

5

1

1

1

NB_B

Ratio

20

1.52

J

0

11

0. M*0.57

0. 58-0.61-

0.62-0.65

0.66-0.69

0.70-0.73

o.74-O.77

No. of
Corn.

20

l_. 83

4

0

4

I

4

1

20

1.47

20

L.42

ts(,
A



Frequency distributions of the

female aphlds from each of the

Mar.
No. of No. of

Sensoria Ant.

TABLE C]:I

secondary sensoria on antennal segment III
six Iaboratory cultures.

2L-24

25-28

29-32

33-36

374A

41-43

NB-B
No. of No. of

Sensoria Ant.

Totals

t

0

4

4

4

6

23-25

26-28

29-30

31-33

34-36

P-E
No. of No. of

Sensoria Ant.

72].

25-26

27-28

29-30

30-32

20

BC Witd
No. of Ño. of

Sensoria Ant.

1-0

2

2

el

606

in ten alate viviparous

18-l_9

20-2L

Ðo Ð1aa-þJ

24-25

26-27

20

BC Lab.
No. of No. of

Sensoria Ant.

6

4

t)

0

4

562

26-27

28-29

30-31_

i)¿-JJ

34-35

20

NB-A
No. of No. of

Sensoria Ant.

10

2

0

4

432

22-23

24-25

26-27

28-29

30-31_

32-33

20

tt

t

4

2

2

4

522 20 s36 20

P
Cr)
Ctl
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There are no ratios in any of those compared in any of
the Tables LXXXVIII to CII which could be used. to differenti-
ate between any of the six laboratory cultures. All varia-
ti-ons could be those which occur within the limits of one

species.

Measurements of Sexual- Forms

six oviparae (culture Bc lfi1d) from Euonymus europaeus

and ten oviparae (culture Man. ) frorn viburnum opulus, from

the cages in the courtyard of the Animal science Building, as

outlined at the end of chapter rv, were measured as described

in Chapter III. There were no significant differences between

the measurements of the forms from the two cultures, of body

length, cauda length, number of hairs on cauda, cornicle
length, length of longest hairs on antennal segment III,
length of hind tibia, length of hind tarsal fI, number of

setae on rostral rv + v or number of setae on abdominal seg-

ment VïïI dorsally.

There were differences between the oviparae as shown 1n

the f oll-owing measurements:

Oviparae of Oviparae of
culture ùfan. culture BC Wild

Length of unguis Range 0.16 - C .24 nm Range O .74 - 0.15 nm
r¡ea-n 0.193 nm ûÞan 0.143 nm

Total length of antennae Range 0.57 - O.77 rm Range 0.53 - 0.62 nro
nea¡ 0.685 r¡m mean 0.568 rnn

Length of rastral Range 0.09 - 0.10 nm Range 0.08 n'm
fV + V nea¡ 0.098 r¡n ïÞan 0.08 rml
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rn measurements of ma1es, unguis of antennal segmenL vr
of specimens f rom culture lüan. was also longer than that of
males of culture Bc vli1d, 0.38 0.43 m.m in the former and

O.27 0.31 in the latter. Length of rostral IV + V was greater
in males of culture Man. (0.14 mm) than in the males of culture
Bc iÏild (o.ro mm).

rn all the measurements made of "characters" on the
arate and apterous forms of the six cultures, ilo d.efinite
differences courd be found which courd be consid.ered as of
specific rank, except in the measurement of the length of
rostral segment IV + V.

But our success in obtaining males and. oviparae resulted
in two more forms which could be measured, and here there are

important "character" differences at tire species leveÌ, as

follows:

1. specimens of both males and oviparae from the "nas-
turtium" group have a longer unguis than those from the "faba
bean group. "

2 - Total length of antennae of both males and oviparae

from the "nasturtium" group is greater than in those from the

"faba bean group. "

3. Length of rostral IV + V is greater in both males

and oviparae of the "nasturtium.group" than in those from the

"faba bean group." rt is interesting to note that this char-
acter di-fference was also observed in the measurements made on

alate and apterous viviparous females (Tab1e LXXXV).
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'On the basis of the three measurement differences noted

above, and on the host plant beha"vioural and physiological

differences, one can say with confidence that the three cultures
from the "nasturtium" group represent a species distinct from

the "faba bean group, " or the true Aphis fabae species. It
is consicì.ered. also that the species f rom the culture Man. ,

NB-B, and P-E is àn undescribed Aphis new species.



CHAPTER VI

SUMMARY AND CONCLUSIONS

A species of ephÍd which has been collected over several_

years in tr{anitoba on various rvird and cultivated plants has

been considered to be the ivelr knorvn economic pest named

Aphis fabae scopoli. color of both live and mounted speci-
mens, and conventional measurements of mounted specimens,

lvere identical to those of A. fabae specimens from Europe.

rn Europe, A.fabae feeds and. thrives on faba beans and

other beans, and also other plants. However, li_ve aphids
from illanitoba could not be induced to feed on faba bean,

vicia faba L. This anomaly resulted in the present study to
determine if the species from Manitoba is (a) merely a bio-
type or physiologicar race of A.fabae, or (b) a subspecies

of A.fabae, or (c) a species d.istinct and separate from A.

fabae.

A biosystematic approach was used. to sol_ve the problem,

involving use of the scanning electron microscope, examina-

tion of chromosomes, physiological and ethorogicar studies,
and conventional taxonomy (measurements and counts of cleared
whol-e mounts on gJ_ass mi.croscope slides ) .

Live cultures of what were presumed to be A.fabae were

obtained from British columbia and from New Brunswick. The

il{anitoba species lived and thrived on garden nasturtium,
Tropaeolum majus L. TÞo of the cultures obtained from I.Iew
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Brunswick, fed and reproduced on nasturtium in the laboratory, but

woutd not live on faba bean. It was assumed. that they were the

same species as that collected in Manitoba. Another culture from

New Brunswick, âtrd two cultures from British Columbia lived. and

tirrived on faba bean, but not on nasturtium prants. There were

therefore six cultures of live aphids avail-abIe for the studies,
three which would live on nasturtium and not on faba bean, and

three (apparently the true A.fabae), which would live on faba

bean but not on nasturtium.

No differences could be found between the six cultures when

they were examined. und.er the scanning electron microscope.

No differences \trere found when size, shape and numbers of

chromosomes of specimens from the six cultures tvere examined.

Some or all of the six cultures rvere tested. for their accep-

tance of 22 Clfferent plants, i-ncluding nasturtium and faba bean.

The list of olants is given in Table I, and the acceptance or

rejection of the plants by the aphids is shown in Tabl-e II. The

three cultures mentioned above consistently accepted nasturtium

and did not live on faba bean, nor would they feed on other

beans, such as green beans, Ve11ow beans, scarlet runner beans,

kidney beans or Lima beans. The other three cultures consi-stently

accepted faba bean and would not live on nasturtium. Only two

host plants were accepted by all six cultures, the spindle tree,

Euonymus_ europaeus L. and the burdock, Arctium minus.

In Tables III XIV are shown measurements of the various

cultures on either nasturtium or faba bean in either field
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or laboratory tests, of nymphal development time, prelarvi-
position period, mean fecundity during first five days of
adurt life, mean total fecundity, and physiological develop-

ment time in day-degrees, for both alate and apterous vivi-
parous f orms. No cons j-stent dif f erenc.es could be f ound which

eould be species differences.

In Tables XV XXVI are shown measurements of the various
cultures on either nasturtium or faba bean in either field
or laboratory tests, of days of adult life, mean tength of
adult life, mean f ecundity per aphid, mean reprod.uctive period.

and mean length of a generation in day-degrees, for both alate
and apterous viviparous forms. No consj.stent differences
could be found which could be species differences.

rn Tables gvrr - xxxvrÌ are shown measurements of the

various cultures on several species or cultivars of plants

in field tests, of the same parameters measured j-n Tables

xv xxvr, for both alate and apterous viviparous forms. No

consistent differences could be found. which could be species

differences.

rn Tables xxxvrrr LXXI are shown measurements of the

various cultures on several species or cultivars of p^1ants,

in laboratory tests, of the sarne parameters measured. in
Tables III XfV, for both alate and apterous viviparous

forms. No consistent differences could be found which could

be species differences.

In Chapter V are shown measurements made of cleared,
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mounted specimens, both winged and wingless f orms , àI1 si-x

cultures of aphids, of total bod.y length, cauda length ,

number of hairs on cauda, length of cornicle, length of

antennal segments TII, fV, V, base of VI and unguis of VI,

length of longest setae on antennal segment fIï, length of

rostral IV "'- V, length of hind tibia and length of hind tarsal

segment II. There were no significant differences between

any of the six cultures, except that rostral IV + V was

longer in those aphids feeding on nasturtium than in those

feeding on faba bean.

Also Ín Chapter V are measurements of ratios, mostly

various segments compared with antennal segment III. None

of the measurements using ratios showed differences rvhich

could be those between different species.

Tn September of L978 an attempt was made to obtaj-n the

sexual forms of two of the cultures.

were aphids on nasturtium, and à sma1I

fn one cage outdoors

potted plant of Vibur-

num opulus, and in another cage were aphids on faba bean, and

a sma11 potted plant of Euonymus europaeus. It was assumed

that photoperiod and decreasing temperatures would lnduce

aphids (sexuparae) to move from the summer host (the herba-

ceous plant) to the winter host (the woody plant), where

sexual forms would be produced, to 1ay the overwintering

eggs. Males and oviparae were thus obtained.

Conventional measurements were made of mounted specimens

on slides, of males a.nd oviparae. Rostral IV ¡ V, length of
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unguis, and total length of antennae were longer in both

males and oviparae of the aphids from Viburnum opulus than

in those from ,Euonymus europaeus.

The following observations indicate that those a.phids

which live on nasturtium (the trfanitoba species) are à dif-

ferent species from those rvhich live on faba bean:

1. IÌost preferences; the Manitoba species lives on

nasturtj-um and dies on faba bean. The "true" Aphis fabae

lives on faba bean and not on nasturtium.

2. The sexual forms of the illanitoba species appeared

two weeks earlier on their winter host than those of Aphis

fabae.

3. Rostral IV + V is longer in alate and apterous vivl-
parous forms, males and oviparae, of the Manitoba species.

4. Length of unguis and total length of antennae are

greater in males and oviparae of the Manitoba species.

ït is considered that the Manitoba species is not Aphis

fabae Scopoli, and that it is probably a new species, pres-

ently undescribed.
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