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Introduction

There are more than 5000 species of Aphididae 
in  the world (Remaudière and Remaudière, 1997; 
Favret, 2014). Of these, about 450 species have been 
recorded from crop plants (Blackman and Eastop, 
2000), but only about 100 have exploited the agricul-
tural environment successfully to the extent that they 
are of significant economic importance (Table 1.1). 
The agriculturally important species are mostly in 
the subfamily Aphidinae, not only because this is the 
largest subfamily but also because it contains a very 
high proportion of the aphids that feed on herba-
ceous plants (Blackman and Eastop, 2006). Some 
quite large aphid subfamilies – the Calaphidinae 
and Lachninae, for example – are associated almost 
exclusively with woody plants, as are most of the 
smaller ones.

The Aphididae is one of three families of Aphidoidea, 
the other two being the Adelgidae, or conifer woolly 
aphids, and the Phylloxeridae, which are also nearly 
all associated with trees but include the notorious 
Daktulosphaira (= Viteus) vitifoliae (grape phylloxera) 
(Table 1.1). In the context of the order Hemiptera 
as a whole, the superfamily Aphidoidea is placed in 
the suborder Sternorrhyncha, along with Coccoidea 
(scale insects and mealybugs), Aleyrodoidea (white-
flies) and Psylloidea (psyllids or jumping plant lice).

All these insects are phytophagous, and most of 
them are sap sucking. Historically, the Sternorrhyncha 
have been grouped with the Auchenorrhyncha (leaf-
hoppers, cicadas, etc.) as Homoptera, but molecular 
work has provided strong support for the long- standing 
view, based on morphological and embryological 
evidence, that Sternorrhyncha and Auchenorrhyncha 
do not share a common ancestor, so this grouping is 
not phylogenetically sound. The general consensus 
now is that the primary division of the Hemiptera is 
into Sternorrhyncha and a sister group comprising 

Auchenorrhyncha plus Heteroptera (von Dohlen 
and Moran, 1995).

One major feature, their well-known cyclical 
parthenogenesis, sets aphids apart from other 
Hemiptera, and has influenced every aspect of their 
biology. The system of alternating one bisexual 
generation with a succession of parthenogenetic, 
all-female generations evolved in the ancestral line 
of all Aphidoidea, probably as far back as the 
Triassic. At first, the parthenogenetic females must 
have laid eggs like their sexual counterparts, as do 
the parthenogenetic females of present-day adel-
gids and phylloxerids. Then, in the line leading to 
all modern Aphididae, the parthenogenetic gener-
ations developed the further refinement of vivipar-
ity, which effectively ‘telescoped’ generations into 
one another, thereby greatly reducing the gener-
ation time and enabling far more efficient exploit-
ation of periods of rapid plant growth.

Aphids (Aphididae) can be recognized by a num-
ber of shared morphological characteristics that 
developed before the divergence into present-day 
subfamilies: e.g. siphunculi (secretory organs, but 
with their precise function still strangely enigmatic); 
five- or six-segmented antennae composed of two 
basal segments and a segmented flagellum with a 
terminal process; two-segmented tarsi, with the 
first segment much shorter than the second; and a 
cauda, or tail, that is often used for flicking away 
droplets of honeydew from the anus. These features 
have been modified, reduced, or secondarily lost in 
some species, but are evident in most aphids that 
are pests of crop plants.

Of the present-day subfamilies of Aphididae, 
one in particular was successful at exploiting the 
rapid expansion of numbers and diversity of her-
baceous flowering plants in the Tertiary period. 
This subfamily, the Aphidinae, with 2900+ extant 
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Table 1.1. Biological features and distribution of agriculturally important species among the major groups of aphids.

Taxon Characteristic host plants
Geographical  
distribution Host alternation?

Number of agriculturally 
important spp./total spp. Representative genera

Adelgidae Coniferae Holarctic Most 0/60 Adelges, Pineus
Phylloxeridae Fagaceae, Juglandaceae Holarctic (mostly  

Nearctic)
Some 1/70 Phylloxera, Daktulosphaira

Aphididae:
Eriosomatinae Ulmaceae, Salicaceae, 

Anacardiaceae,  
roots of gymno- and  
angiosperms

Holarctic, Oriental Many or most 9/365 Eriosoma, Pemphigus,  
Prociphilus

Hormaphidinae Hamamelidaceae,  
Styraceae, palms,  
bamboos

Mostly Oriental Many or most 5/222 Astegopteryx, Cerataphis,  
Ceratovacuna

Anoeciinae Cornus, grass roots Holarctic Most 2/30 Anoecia
Calaphidinae Deciduous trees Holarctic None 6/351 Chromaphis, Myzocallis,  

Therioaphis
Saltusaphidinae Sedges Holarctic None 0/59 Iziphya, Subsaltusaphis,  

Thripsaphis
Chaitophorinae Salicaceae Holarctic None 2/173 Atheroides, Sipha
Greenideinae Dicotyledonus trees Eastern Palaearctic,  

Oriental
None 2/180 Anomalosiphon,  

Greenidea
Aphidinae:

Aphidini Many families,  
including Rosaceae,  
Poaceae,

Holarctic, a few  
southern  
hemisphere

Some 20/808 Aphis, Rhopalosiphum,  
Schizaphis

Acyrthosiphon,  
Brevicoryne,

Macrosiphini Asteraceae Some 60/2116 Macrosiphum, Myzus
Lachninae Trees (dicotyledonous  

and coniferous)
Holarctic None 4/400 Cinara, Lachnus, Trama

15 other 
subfamilies

Mostly dicotyledonous  
trees

Some are Oriental  
and southern  
hemisphere

None 0/185
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species, is predominantly a northern temperate 
group, with life cycles closely tied to temperate sea-
sonality and the phenologies of temperate plants. 
Originally on woody plants, they evolved a system 
of host alternation, migrating to completely unre-
lated herbaceous plants for the summer months, 
where their parthenogenetic generations could 
continue to utilize stages of rapid plant growth. 
However, today, only about 15% of Aphidinae 
host alternate. Some of the other 85% live only on 
woody plants, but most of them, including some of 
the largest and most successful genera, have lost or 
given up the ancestral woody (primary) host and 
now live all year round on herbaceous plants. Host 
alternation has, in fact, evolved independently in 
several other aphid subfamilies (von Dohlen and 
Moran, 2000), but the Aphidinae are the only sub-
family to exploit numerous families and genera of 
flowering plants.

In the rest of this chapter, we will look at aphids 
from a taxonomist’s viewpoint. We will highlight 
some of the problems of interpreting the observed 
variation within and between species, and discuss 
what the names we give to aphids really mean. 
Then, as examples, we will discuss 15 taxa that 
probably head the list of economically important 
aphid species.

Interpreting Variation in Aphids

In 2000, soybean crops in the USA and Australia 
were attacked for the first time by large numbers of 
an aphid closely resembling the well-known poly-
phagous species, Aphis gossypii (cotton or melon 
aphid), but obviously with a far greater affinity for 
soybean. Taxonomists identified the species as 
Aphis glycines (soybean aphid), previously known 
only from the Far East. It had been introduced 
probably a year or two earlier, building numbers 
and spreading until field entomologists and grow-
ers realized that they had something new on their 
hands (see review by Tilmon et al., 2011). Aphis 
glycines is biologically quite different from A. gos-
sypii; it is specific to soybean in summer and has 
host alternation, overwintering on Frangula spp. 
Identification immediately unlocked much crucial 
information about this species and its biology, as 
well as where to look for its natural enemies. In this 
case, the question ‘What is it?’ seems to have a fairly 
clear-cut answer; the soybean aphid is a relatively 
well-known and well-studied species in eastern Asia. 
Although morphologically resembling A. gossypii 

and requiring specialist identification, it is clearly a 
distinct species. There are plenty of other cases, 
however, including other close relatives of A. gos-
sypii, where the question of identity is not so easily 
answered. Several of these are discussed in the next 
section of this chapter. Sometimes, taxonomic dif-
ficulties arise as a result of founder effects and, 
even in the case of the soybean aphid, it may be 
necessary to bear in mind that the introduced 
population has been through a recent ‘bottleneck’ 
and can be expected to have less allelic diversity 
than East Asian populations.

Taxonomy and identification are a matter of 
interpreting observed variation. The first problem 
to be overcome is the effect of the environment on 
the phenotype, especially if the only available data 
are morphological. Most species are distinguished 
and described originally, often from one small 
sample only, using morphological criteria, and 
most identifications are based on keys that use 
morphological discriminants. As a group, aphids 
are renowned for the considerable extent to which 
the phenotype is influenced by environmental fac-
tors. Within any aphid species, there are a number 
of different forms (morphs) with discrete morpho-
logical differences, which may be triggered by 
specific environmental stimuli such as day length 
or crowding. It is well known, for example, that in 
most aphids, the parthenogenetic females can be 
winged or wingless, the differences being not just 
in the presence or absence of wings but involving 
every part of the body. Separate identification keys 
are therefore needed for each morph, but the 
structural distinction between the winged and 
wingless morphs is not always as clear as might be 
expected, as wingless individuals may occur with 
some tendency towards the characters of the 
winged morph. Likewise, intermediates between 
other morphs can occur; for example, between 
viviparous parthenogenetic females and oviparous 
sexual females.

The range of continuous morphological variation 
is also wider than in many other insect groups. 
Increases or decreases of size due to nutritional 
effects, for example, can accumulate over several 
generations, because the size of the mother can 
affect the size of her offspring. There may be large 
seasonal differences, with some species producing 
dwarf individuals when food quality is poor in mid-
summer. The parthenogenetic female that hatches 
from the overwintering egg – the fundatrix or stem 
mother – is morphologically different from the later 
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generations of parthenogenetic females, and some-
times the particular features of the fundatrix are only 
gradually lost in subsequent generations. In some 
aphid groups – although not in most Aphidinae – the 
generations on the secondary host differ greatly in 
morphology from those on the primary host, and 
were described originally as different species and 
often placed in different genera. The temperature 
experienced during development can also have pro-
found effects on morphology, involving not only 
general body size and pigmentation but also having 
more subtle influences on the length relationships 
between body parts (allometry), which can play 
havoc with the morphometric ratios and functions 
often used to discriminate between closely related 
species (Blackman and Spence, 1994).

Thus, it is important to take into account the 
possible effects of season, host plant and climate 
when examining samples of field-collected aphids. 
It is also necessary to bear in mind that a sample 
might consist of a single clone, especially if it comes 
from a warm temperate or subtropical region where 
the population has not gone through a sexual phase 
and is therefore more likely to be clonally struc-
tured. All the aphids in a clone are, discounting 
mutations, genetically identical, so a sample con-
sisting of a single clone will give a misleading idea 
of the range of variation in the species. Sometimes, 
‘abnormal’ morphological features may occur, which 
may be due to mutation but are often no more than 
character states near the extremes of a range of 
continuous variation, and part of the natural vari-
ation of all living organisms. In sexually reproduc-
ing organisms, any particular abnormal character 
state is likely to occur in only the occasional rare 
individual within a population, and thus will be 
instantly recognizable as an extreme or rare condi-
tion. In aphids, it is possible to find a whole colony 
of individuals all with the same anomalous charac-
ters. Such a colony has sometimes been described 
erroneously as a new species.

The Taxonomy of Pest Aphids –  
What’s in a Name?

The species that become pests are those that are 
best able to adapt to and exploit human-modified 
environments. Many of them belonged to groups 
that were probably already speciating rapidly before 
human intervention, and the colonization of new 
geographical regions and/or new habitats were potent 
factors leading to further divergence and change. 

Several examples of this are discussed in the con-
cluding part of this chapter. Although it is clear that 
pest aphids are highly dynamic, rapidly evolving 
systems, there still seems to be a tendency, among 
agricultural entomologists in particular, to regard 
pest species identifications provided by taxono-
mists as names set in stone, and to react with alarm 
to the suggestion that certain common and well-
known pest species may, in fact, be described more 
accurately as species complexes. The name has 
great importance, as it is the key to what we know 
about a species and its way of life, and to how we 
might expect it to behave. The name Myzus persi-
cae, for example, identifies a set of populations that 
are closely related and share numerous attributes. 
But this must not be allowed to mask the heteroge-
neity that is also present, and which may include 
populations that have diverged genetically to such 
an extent that they have evolved past the stage of 
being host races and achieved a degree of perma-
nency, so that they can be regarded as incipient or 
sibling species (or subspecies) with particular 
attributes of their own.

The recognition of such divergent populations 
or taxa can add to our understanding of the ecol-
ogy and evolution of a pest species complex and 
increase the possibility of devising effective control 
measures. It is also important that they are named 
in some way, because without any consistent method 
of referring to them, new information is inaccessi-
ble, lost in the mass of literature about the species 
as a whole. Yet both the recognition and the naming 
of such categories are fraught with difficulty. 
Discrimination of recently derived taxa may require 
sophisticated techniques, which are likely to be 
time-consuming and/or expensive. It is also hard to 
decide what to call them. Insect taxonomists are 
usually reluctant to provide formal names and 
descriptions and to give full species status to mem-
bers of species complexes that cannot be distin-
guished readily by their morphology alone, even 
where consistent differences can be demonstrated 
in biology and/or host relationships. This is under-
standable, given that they will probably be asked to 
recognize and identify dead specimens of their 
‘new’ species!

The subspecies category is the only intraspecific 
category recognized by the Zoological Code of 
Nomenclature, and therefore the only one that can 
be used formally to designate new taxa in animal 
taxonomy. It was developed mainly by vertebrate 
taxonomists who defined subspecies as geographically 
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localized populations that were distinguishable mor-
phologically. In aphid taxonomy, considerable use 
has been made of the subspecies category. Remaudière 
and Remaudière (1997) list 141 accepted subspe-
cies names in the subfamily Aphidinae alone. 
Unfortunately, the subspecies designation has been 
used with an almost total lack of consistency. In 
some cases, a single sample has been described as a 
subspecies, for no other reason than that it shows 
some deviation from the known range of variation 
of a species. This could be due simply to it compris-
ing a single clone with certain anomalous features, 
or a colony that developed under unusual microcli-
matic conditions, or it might be part of a continu-
ous geographical cline of variation from which 
intermediate populations have not been sampled.

Aphid taxonomists studying groups of very 
closely related taxa (‘species complexes’) have also 
used subspecies in a completely different way to 
define populations that are morphologically very 
similar but that have been shown by field observa-
tion and/or experimental studies to differ in their 
life cycle or host-plant relationships (Müller, 1986). 
Such an approach recognizes that speciation pro-
cesses in aphids may be very different from those of 
vertebrates, with changes in life cycle and/or host 
relations acting as the primary isolating mechanism 
and trigger for speciation, rather than spatial isola-
tion (Guldemond and Mackenzie, 1994). Crucial 
evidence that such speciation processes operate in 
aphids was provided by Hawthorne and Via (2001). 
Thus, in rapidly speciating groups of aphids, one 
may expect to find incipient species that are at an 
early stage of divergence, where they can be distin-
guished more easily by biological rather than by 
morphological properties.

Every speciation process is a unique event, or 
series of events, that may include transitional phases 
involving a wide variety of reproductive relation-
ships between the incipient species. It is impractical 
to try to define such transitional phases except in 
the most flexible terms. Rakauskas (2004) revived 
Müller’s (1986) proposal for a broader use of the 
subspecies category to validate its application to 
aphid species complexes and – of particular rele-
vance to the present chapter – to meet the practical 
need of providing names that identified intraspe-
cific categories in groups that included pest species. 
We support this idea and accommodate it in our 
discussion of the taxonomy of some of the major 
pest aphids, which occupies the last part of this 
chapter.

We propose that an aphid subspecies should be 
defined as a group of populations that is recogniz-
ably part of an existing species, yet maintains a 
consistent suite of properties that distinguishes it 
from other populations within that species. The 
species should be sufficiently well known for it to 
be reasonably certain that the observed variation is 
discontinuous, and the constancy of this discon-
tinuity should be demonstrated by samples from 
more than one time and place. The likely cause of 
the discontinuity should be identifiable; for exam-
ple, a difference in host-plant relationships, life 
cycle properties, or geographic location, and should 
not be of such a kind as to make it irreversible (e.g. 
permanent parthenogenesis).

The description of a new subspecies should give 
a clear and accurate account of its morphological 
and biological properties in comparison with other 
populations within the species, and include the best 
possible morphological discriminants. One clone 
should be designated as the type, with slide-mounted 
specimens deposited in a national collection, and 
other specimens of the same clone deep- frozen and/
or preserved in ethanol for future DNA studies.

The Use of Molecular Methods  
in Aphid Taxonomy

Major developments have occurred in recent years, 
both in the techniques used to acquire data on gen-
etic variation within and between taxa and in the 
range of computer software available for the ana-
lysis and interpretation of results. Perhaps of most 
interest to the applied entomologist is the technique 
of DNA bar-coding, which uses a 658 bp region of 
the mitochondrial (mt) cytochrome c oxidase 1 (COI) 
gene as an agreed standard for all animals. Bar-
coding may be particularly useful for the identifica-
tion of aphids on crops, e.g. cereals (Shufran and 
Puterka, 2011), with the clear advantage of being 
independent of morph or stage of development. At 
the time of writing, the bar-code sequences of more 
than 1200 aphid species have been determined 
(BOLD; www.barcodinglife.org). Foottit et al. (2008) 
tested the effectiveness of the method with more 
than 300 aphid species in more than 130 genera 
and found that 96% of species were well differenti-
ated. Coeur d’acier et al. (2014) analysed bar- coding 
data for 1020 specimens of 274 species in Europe 
and discussed its use in aphid identification, as well 
as its limitations. Lee et al. (2014) and Lee and 
Akimoto (2015) identified other mitochondrial genes 

http://www.barcodinglife.org
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(ATP6 and ATP8) as potentially more useful and 
more reliable than COI as tools for aphid species 
identification. Nevertheless, preliminary research 
will always be advisable to establish the amount of 
intraspecific DNA sequence variation as it is possi-
ble for mtDNA to vary unpredictably, both within 
and between populations (e.g. Hurst and Jiggins, 
2005). Another reason for caution is that at least 
some of the sequences deposited in GenBank will be 
based on misidentified or mislabelled specimens.

Recently diverged species, or those in the process 
of speciation in rapidly evolving species groups, 
present particular challenges to the taxonomist, 
and there is no longer any doubt that several aphid 
pest species are at this stage of evolution, including 
several of those discussed later in this chapter. In 
such cases, reliance on one particular fragment of 
mtDNA is unwise. One way of increasing reliabil-
ity is to combine an analysis of DNA sequence data 
with a multivariate morphometric study, as was 
done by Rakauskas et al. (2014) to confirm that 
Myzus cerasi populations on two species of cherry 
in Europe (Prunus avium and Prunus cerasus) were 
distinct at least to the level of subspecies. Most 
DNA studies employ a multilocus approach. There 
are two ways of doing this. Several mitochondrial 
and nuclear sequences – and sometimes also DNA 
from the endosymbiont Buchnera – may be ampli-
fied separately and the data then compared and 
concatenated. This method is widely used for 
phylogenetic studies at and above the genus level, 
which do not directly concern us here, but it has 
also enabled the recognition of ‘cryptic species’ in 
several aphid species groups. The genus Hyalopterus 
was confirmed to contain three species, each utiliz-
ing a different Prunus species as primary host 
(Lozier et al., 2008), and the cosmopolitan pest 
aphid, Brachycaudus helichrysi, has now been 
revealed to comprise two sibling species, again with 
different Prunus as primary hosts (Piffaretti et al., 
2013a,b). Foottit et al. (2010) confirmed that the 
banana aphid, Pentalonia nigronervosa, was a sepa-
rate taxon from its close relative Pentalonia caladii 
by combining analysis of mitochondrial and 
nuclear DNA with a morphometric study.

The other multilocus approach is fundamentally 
different, using primers to select and amplify parts 
of the genome, the lengths of which are then used 
as genetic markers. One such technique is a version 
of genetic fingerprinting, called amplified fragment 
length polymorphism (AFLP), which can generate 
a  very large number of markers, the presence or 

absence of which can be used not only to identify 
clonal genotypes but also to assess patterns of 
genetic divergence (Liu et al., 2010). Another method, 
now widely used for aphids, employs specific primers 
to isolate sections of non-coding DNA containing 
long series of simple sequence repeats (SSRs), also 
called microsatellites (or microsats). These have many 
features, such as selective neutrality, co- dominance 
and a high degree of polymorphism, that make 
them ideal for within-species population genetic 
studies (Chapter 3, this volume), but they also pro-
vide a powerful tool for identifying recently diverged 
(and diverging) taxa.The problem of designing 
specific primers has been largely obviated by the 
demonstration that existing microsatellite markers 
can be amplified in a wide range of aphid species 
(Wilson et al., 2004; Weng et al., 2007). In the next 
section of this chapter, there are several examples 
of the use of microsatellite markers to study the 
taxonomy of pest aphids.

It can be anticipated that the rapid advances that 
are now taking place in functional genomics – using 
techniques such as high-throughput DNA sequenc-
ing and transcriptome analysis to relate the genetic 
make-up of an aphid species to the way in which it 
‘works’ – will soon be opening up many more ways 
to study the similarities and differences between 
and within aphid taxa.

The 15 Aphid Species of Most  
Agricultural Importance

There is a very large literature about all the major 
pest aphid species. Much of the recent work is 
readily accessible on the Internet, and summary 
accounts are provided by Blackman and Eastop 
(2000, 2006 – the content of the latter publication 
is now revised and frequently updated online at 
http://www.aphidsonworldsplants.info). The treat-
ments that follow are therefore largely concerned 
with the taxonomic issues raised by these 15 species, 
and the two factors that have the greatest influence 
on intraspecific variation in aphids, the life cycle 
and the host plant. These factors are considered 
further in Chapter 3, this volume, from a popula-
tion geneticist’s viewpoint.

Acyrthosiphon pisum (pea aphid) (Fig. 1.1)

Acyrthosiphon pisum is a rather large, green or 
pink aphid with long, slender appendages, forming 
colonies on young growth and developing pods of 

http://www.aphidsonworldsplants.info
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many leguminous plants. Its host plants are mostly 
Fabaceae of the tribes Genisteae (Cytisus, Genista, 
Spartium), Trifolieae (Medicago, Metilotus, Ononis, 
Trifolium, Trigonella), Fabeae (Lathyrus, Lens, 
Pisum, Vicia) and Hedysareae (Hippocrepis, 
Onobrychis), and it also colonizes a few members 
of other tribes; for example, Lotus spp. (Loteae) and 
Glycine max (Phaseoleae). Many legumes, including 
some of economic importance (e.g. Phaseolus), and 
almost all other plants are not usually colonized, 
although under dry conditions it is sometimes found 
on Capsella bursa-pastoris. It is a vector of more 
than 30 virus diseases, including non-persistent viruses 
of beans, peas, beet, clover, cucurbits, Narcissus and 
Brassicaceae, and the persistent viruses, Pea enation 
mosaic virus (PEMV) and Bean leaf roll virus (BLRV).

Originally a Palaearctic species, A. pisum now 
has an almost worldwide distribution (see CABI 
Distribution Map 23, last revised 1982). In cold 
temperate regions, it is holocyclic, producing 
oviparae and males on various leguminous hosts. As 
in other members of the genus Acyrthosiphon, there 
is no true host alternation. The ancestral primary 
host was presumably a member of the Rosaceae, as 

in some related genera, but this was probably lost 
long ago. Clones may produce either apterous or 
alate males, or both. At warmer latitudes, it over-
winters without a sexual phase.

In Europe and central Asia, A. pisum has been 
recognized for many years as a complex of races and 
subspecies with different host ranges and preferences 
(Müller, 1980, 1985). Populations attacking peas 
(Pisum sativum) in Europe consist entirely of green 
genotypes and have some morphological differences 
from those colonizing other leguminous crops such 
as lucerne (alfalfa, Medicago sativa), which may be 
green or pink. They produce alate sexuparae and 
males in autumn, and go through a sexual phase on 
Vicia. Molecular work using microsatellite markers 
showed that populations colonizing peas, lucerne 
and red clover in France were genetically divergent 
and also differed in their symbionts (Simon et al., 
2003). Subsequent studies have distinguished no less 
than 11 different sympatric populations of A. pisum 
in Western Europe associated with different host 
plants (Peccoud et al., 2009a). Eight of these popula-
tions showed evidence of hybridization and were 
considered to be host races, but no hybrids were 
detected in the other three, which also showed 
greater genetic differentiation and might possibly 
have achieved the status of separate species. Of these 
three, one living on Ononis is morphologically rec-
ognizable and is currently regarded as a subspecies, 
A. pisum ononis (Koch) (Favret, 2014). The second 
lives on Cytisus and other members of the tribe 
Genisteae and has been given subspecies status, as 
A. pisum spartii (Koch), by Eastop (1971). The third, 
although previously unrecognized, is perhaps the 
most genetically divergent, and feeds specifically on 
Lathyrus pratensis. An available name for this taxon 
is Acyrthosiphon lathyri.

Populations introduced to other parts of the 
world must at least originally have been genetically 
depauperate, and hence their biology and host-
plant relations may have diverged significantly from 
the species in Europe. The genotype(s) introduced 
to North America initially lacked the dominant red 
(pink) allele that was frequent in European popula-
tions, and were particularly well adapted to lucerne. 
They were named as a new species (Johnson, 1900), 
and this name (destructor) has been proposed as a 
subspecific name not only for the North American 
populations (Hille Ris Lambers, 1947) but also for 
the green, pea-adapted form in Europe, from which 
it was originally assumed to have been derived 
(Müller, 1985; but see below).

Fig. 1.1. Acyrthosiphon pisum – pea aphid. 
(Photograph courtesy of B. Chaubet and INRA.)
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In ground-breaking work that illuminated the 
evolutionary processes that might be going on in 
crop-colonizing aphids, Via (1991, 1999) demon-
strated that populations of A. pisum on lucerne and 
red clover (Trifolium pratense) in north-eastern USA 
performed significantly better on their respective 
host plants and were reproductively isolated from 
one another as a result of inherited differences in 
host selection by alatae, which led to assortative 
mating. Hawthorne and Via (2001) showed that 
there was close genetic linkage at several loci 
between the two key traits involved in host special-
ization; that is, host selection by alatae and the 
subsequent performance (measured by fecundity) 
of populations on each host. This could lead to 
extremely rapid divergent selection of pea aphids 
on lucerne and clover. Schwartzkopf et al. (2013) 
have now demonstrated a similar link between host 
selection and performance in European popula-
tions from pea, lucerne and clover.

The implications of this work are far-reaching, 
although much is still unclear. The origins of the 
populations studied by Via’s group in the USA are 
unknown, but the subsequent work in Europe sug-
gests that the observed differences may be long-
standing and the result of separate introductions 
from the Palaearctic of two genotypes with different 
host associations, as seems to have happened with 
some other pest aphids in North America (see under 
Therioaphis trifolii, Schizaphis graminum and 
M. persicae). More detailed genetic comparisons of 
European and North American populations are 
needed to confirm this. However, regardless of their 
origins, Via’s A. pisum populations seem to have a 
genetic system that can lead to rapid divergence 
and incipient speciation in crop environments. Add 
in the probability that the same processes of selec-
tion and reinforcement of correlations between key 
traits are occurring in large populations through-
out the regions where these crops are grown and 
there seems to be a very potent mechanism for 
evolutionary change.

The pea aphid has thus become not only the pri-
mary target for genomic studies (see Chapter 2, this 
volume) but also an important example of rapid 
evolution and host plant-mediated speciation 
(Peccoud and Simon, 2010). Some estimates of the 
timescale in which these changes have taken place 
in Europe have been achieved by analysing rapidly 
mutating DNA sequences in the aphid’s endosym-
biont Buchnera (Peccoud et al., 2009b). If these 
estimates are accurate, then it seems that much of 

the diversification leading to the present situation 
of A. pisum in Western Europe has occurred in the 
past 10,000 years, and may have been brought 
about by changes in the abundance of plant species 
at the end of the last glacial period, coupled with 
the spread of agriculture and the cultivation of 
leguminous crops.

If the host-adapted forms of A. pisum demon-
strated by the American and French groups are 
indeed ‘incipient species’, should any of them be 
classed as subspecies or full species? It would obvi-
ously be undesirable to give names to locally diver-
gent populations, even though the first stage in the 
speciation process can occur only at the level of the 
local population. To conform with the working def-
inition of the aphid subspecies above, it would be 
necessary to demonstrate that the observed differ-
ences were consistent in both time and space, and 
to verify the existence of monophyletic host-adapted 
lineages. It is already apparent that the name used 
originally for the North American lucerne-feeding 
form (destructor) was applied wrongly to the pea-
feeding populations in Europe, although it still 
might be valid for a lucerne-adapted clade if this is 
common to both continents. Recent studies indicate 
that the populations in Europe on Ononis, and also 
those on Genisteae and Lathyrus, may be function-
ing as three fully independent species, and there are 
names available that could be applied to them. The 
Ononis feeder has had long-term recognition as a 
separate taxon morphologically distinguishable 
from A. pisum and qualifies for separate species 
status, and perhaps the other two forms should be 
formally designated as subspecies of A. pisum 
pending further information on their biology, distri-
bution and constancy of host association.

Aphis craccivora (cowpea aphid) (Fig.1.2)

This is a small, dark brown aphid with a shiny 
black dorsal shield. It occurs most commonly on 
legumes, but is much more polyphagous than 
A. pisum, with a wide range of hosts not only in the 
Fabaceae (e.g. Arachis, Colutea, Glycine, Medicago, 
Melilotus, Trifolium, Vicia) but also in many other 
plant families. Altogether, it attacks about 50 crops 
in 19 different plant families. It is a vector of about 
30 plant virus diseases, including non-persistent 
viruses of beans, cardamom (Elettaria cardamomum), 
groundnuts, peas, beets, cucurbits and crucifers, 
and the persistent Subterranean clover stunt virus, 
Peanut mottle virus and the complex of viruses 
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causing groundnut rosette disease. Jones (1967) com-
pared two clones from East and West Africa differing 
in ability to transmit strains of groundnut rosette 
and found that there were also differences in the abil-
ity to colonize various host plants. There has been 
little work since then on variation in crop populations 
(but see http://www.aphidsonworldsplants.info).

Aphis craccivora now occurs in most parts of the 
world (for detailed distribution, see http://www.
cabi.org/iscbeta/datasheet/6192), but its origins are 
clearly in Europe as the most polyphagous member 
of a group of closely related species (subgenus 
Pergandeida), most of which are specific to particu-
lar species of Fabaceae. None of this group of 
Aphis has host alternation. Aphis craccivora has a 
sexual phase on various Fabaceae in central Europe 
(Germany), and sexual morphs have also been 
reported from India and Argentina, but through 
most of the world reproduction seems to be exclu-
sively parthenogenetic. It is particularly common as 
a pest in warmer climates, and it seems likely that 
the pest populations may have originated from the 
warmer part of its original distribution area in 
southern Europe or the Middle East.

Aphis fabae (black bean aphid) (Fig. 1.3)

Aphis fabae is perhaps the most familiar aphid in 
Europe, due to its predilection for Phaseolus and 
Vicia, although it is probably just as important as a 

pest and virus vector of sugar beet. Adult apterae in 
new colonies on young plant growth are matt black 
in life, most of the pigmentation of the body being 
internal, so that it is no longer present in cleared 
specimens prepared for the microscope. Individuals 
in older colonies and feeding on leaves tend to 
develop white wax markings.

Aphis fabae is a very polyphagous species, but 
the actual host range of the aphid that colonizes 
beans and sugar beet is unclear, because it is a mem-
ber of a bewildering complex of species, some of 

Fig. 1.2. Aphis craccivora – cowpea aphid. (Photograph courtesy of B. Chaubet and INRA.)

Fig. 1.3. Aphis fabae – black bean aphid. (Photograph 
courtesy of Syngenta.)

http://www.aphidsonworldsplants.info
http://www.cabi.org/iscbeta/datasheet/6192
http://www.cabi.org/iscbeta/datasheet/6192
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which at least also have wide host ranges. Many 
people have tried to sort out this complex. Stroyan 
(1984: 119–122) reviewed the taxonomy and host 
relations of the group as then understood. There 
has been significant work since then (e.g. Müller 
and Steiner, 1986; Thieme, 1987, 1988; Thieme 
and Dixon, 1996; Raymond et al., 2001), but a lot 
of questions still remain. To summarize the situa-
tion in northern Europe as succinctly as possible, 
there are five closely related taxa, four of which go 
through their sexual phase on the spindle tree, 
Euonymus europaeus:

 1. Aphis fabae sensu stricto (A. fabae ssp. fabae), 
which has Euonymus as its only primary host and 
migrates for the summer to a wide range of plants, 
including Vicia faba, sugar beet, Chenopodium 
album and poppies, but not Solanum nigrum.
 2. Aphis solanella, which also has Euonymus as its 
only primary host and migrates to a wide range of 
plants including S. nigrum, the leaves of which it 
crumples and curls characteristically, but will not col-
onize beans, sugar beet, C. album, or poppies. Aphis 
solanella, which has shorter hairs than A. fabae and 
a greater tolerance of high temperatures, has usually 
been classed as a subspecies of A. fabae, but Thieme 
and Dixon (2004) suggested that it should have full 
species status. It is a pest in its own right, especially 
on Solanaceae.
 3. Aphis fabae cirsiiacanthoidis, which normally 
uses Euonymus as a primary host, can also go 
through its sexual phase on Viburnum opulus. This 
form is hardly distinguishable morphologically from 
A. fabae sensu stricto, but has Cirsium arvense as 
its most characteristic summer host. It can colonize 
certain other plants, but is not found on Vicia or 
Solanum.
 4. Aphis euonymi, which is a brown aphid that 
stays on Euonymus all year round.
 5. Aphis fabae mordvilkoi, which again is almost 
indistinguishable from A. fabae sensu stricto, but with 
sexual generations on V. opulus or Philadelphus 
coronarius and migrating for the summer mainly 
to various secondary hosts, but not colonizing Vicia, 
Solanum, or Cirsium and often occurring on Arctium 
spp. and Tropaeolum majus.

However, the host ranges of all members of the 
group except A. euonymi seem to overlap, and some 
plants, such as Rumex obtusifolius, seem to be 
accepted by all of them (Thieme, 1987, 1988).

To complicate the story still further, the primary 
host relationships of the members of the group are 

also not at all clear-cut. Aphis fabae sensu stricto 
and A. solanella are able to live on Viburnum and 
Philadelphus, the primary hosts of A. f. cirsiiacan-
thoidis and A. f. mordvilkoi, and may in autumn 
produce males on these plants, but not oviparae 
(Iglisch, 1968). Hybridization between any members 
of the group is therefore possible theoretically, and 
can be accomplished rather easily in the laboratory, 
even between slightly less closely related forms such 
as A. fabae and the brown species, A.  euonymi 
(Müller, 1982). However, it is now clear that such 
results are misleading, and that strong prezygotic 
isolating mechanisms are likely to be operating to 
prevent hybridization and promote assortative 
mating in the field. Aphis fabae sensu stricto and 
A. solanella occurring together on Euonymus show 
differences in the diurnal patterns of pheromone 
release by oviparae and male responsiveness, and in 
choice experiments males preferred the sex pheromones 
of conspecific females (Thieme and Dixon, 1996). 
Prezygotic isolating mechanisms have also been dem-
onstrated in the laboratory between A. fabae sensu 
stricto and A. f. mordvilkoi, although these subspe-
cies do not share the same primary host in nature 
(Raymond et al., 2001).

In spite of this evidence of substantial reproduct-
ive isolation between the members of the A. fabae 
complex, analysis of mtDNA and of a plasmid from 
their symbionts showed differences within, but not 
between, species (Raymond et al., 2001). This is 
similar to the situation in A. pisum already dis-
cussed (where host/habitat selection rather than 
mate selection is the isolating factor), and suggests 
that such isolating mechanisms may evolve very 
rapidly, possibly by the process known as reinforce-
ment (Coyne and Orr, 1989; Mackenzie and 
Guldemond, 1994).

On the evidence of its primary host and closest 
relatives, A. fabae must be of European origin. Aphis 
fabae sensu stricto occurs in Europe, western Asia, 
Africa and South America. It is a vector of more than 
30 plant viruses, including non-persistent viruses of 
beans and peas, beets, crucifers, cucurbits, Dahlia, 
potato, tobacco, tomato and tulip, and the persistent 
Beet yellow net virus (BYNV) and Potato leaf roll 
virus (PLRV). In warmer regions – the Mediterranean 
and the Middle East, the Indian subcontinent and 
hotter parts of Africa and South America – it is 
replaced by A. solanella, reproducing parthenoge-
netically throughout the year on its secondary host 
plants, particularly Solanaceae, Asteraceae and 
Polygonaceae. The Tropaeolum-feeding subspecies 
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A. f. mordvilkoi has a more northerly, Holarctic 
distribution, and uses Viburnum trilobum as its 
main primary host in Canada (Barber and Robinson, 
1980, as A. barbarae).

Aphis gossypii (cotton or melon aphid)  
(Fig. 1.4)

If the multiplicity of populations that are lumped 
under the name A. gossypii are really all one species, 
then it is indeed a remarkable one, with greater 
diversity in terms of host relationships, life cycle and 
geographical range than any other aphid. Small 
aphids that vary greatly in colour from pale yellow 
dwarfs at high temperatures, through dirty yellow-
green to dark bluish-green or almost black at lower 
temperatures, occur on plants in numerous families, 
including nearly 100 species of crop plants, through-
out the world. Crops attacked include cotton, cucur-
bits, citrus, coffee, cocoa, aubergine, peppers, potato 
and okra, and many ornamental plants including 
chrysanthemums and Hibiscus. Populations on cot-
ton and cucurbits can be particularly large and 
damaging. More than 50 plant viruses are transmit-
ted, including non-persistent viruses of beans and 
peas, crucifers, celery, cowpea, cucurbits, Dahlia, 
lettuce, onion, pawpaw, peppers, soybean, strawberry, 
sweet potato, tobacco and tulips, and the persistent 
Cotton anthocyanosis virus, Lily symptom less virus, 
PEMV and lily rosette disease.

In all the warmer parts of the world, A. gossypii 
reproduces continuously by parthenogenesis. It is 

particularly abundant and widely distributed in the 
tropics, including many Pacific islands. During pro-
longed dry seasons in hot countries, small colonies 
may survive on a great variety of plants on which 
they are seldom seen during the growing season, 
including Poaceae. Deguine and Leclant (1997) 
provide a comprehensive account with an extensive 
bibliography.

Certain morphological features – short hairs on 
legs and antennae, and a cauda that is usually paler 
than the siphunculi and bears rather few hairs – 
make it easy to apply the name A. gossypii to 
aphids collected on crops or other non-indigenous 
plants anywhere in the world. This is, however, a 
considerable oversimplification of the taxonomic 
problem, as becomes evident, for example, when 
one compares accounts of A. gossypii in Europe 
and East Asia.

In Europe (Stroyan, 1984; Heie, 1986), A. gossypii 
has been classed as a subspecies in the Aphis fran-
gulae complex, a group of closely related and mor-
phologically almost indistinguishable indigenous 
European species that use buckthorn (Rhamnus 
frangula) as their primary host. Aphis gossypii was 
widely regarded (that is, more or less defined) as the 
only member of the group without a sexual phase 
on buckthorn, overwintering parthenogenetically 
in northern Europe in protected situations such as 
glasshouses. One might conclude from this scenario 
that this worldwide pest originated in Europe as a 
permanently parthenogenetic, highly polyphagous 
and adaptable offshoot of the A. frangulae complex, 

Fig. 1.4. Aphis gossypii – cotton or melon aphid. (Photograph courtesy of B. Chaubet and INRA.)
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and spread from there to all parts of the world as the 
classic ‘general purpose genotype’.

However, such a conclusion was difficult or impos-
sible to reconcile with accounts of what was purport-
edly the same species in Japan and China, where the 
parthenogenetic generations seemed equally poly-
phagous, but there was an annual sexual phase, with 
overwintering as eggs on a variety of unrelated woody 
plants including Rhamnus ssp. and Hibiscus syriacus 
(see below). Populations in Connecticut, USA, also 
have a sexual phase, using H.  syriacus and also 
Catalpa bignonioides as primary hosts (Kring, 1959). 
Several DNA markers have now been found that 
discriminate between A.  frangulae collected on 
Rhamnus in Europe and A. gossypii collected from 
diverse host plants and different parts of the world 
(Carletto et al., 2009a; Cocuzza et al., 2009). One 
can conclude from this work that A. gossypii is not a 
member of the European frangulae group.

Since the first edition of this book, there has been 
some very significant work on the host-plant rela-
tionships of A. gossypii in different parts of the 
world, and a remarkably complex and puzzling 
picture has started to emerge. Studies of A. gossypii 
from four continents using microsatellite DNA 
have established that there is no common ‘general 
purpose genotype’ of A. gossypii. On the contrary, 
it has developed host-specialized populations with 
worldwide distributions, not only on Cucurbitaceae, 
as demonstrated previously using random amplified 
polymorphic DNA (Vanlerberghe-Masutti and 
Chavigny, 1998) but also on Malvaceae and 
Solanaceae (Carletto et al., 2009b). Aphid geno-
types specializing within the Solanaceae on potato, 
aubergine and peppers have also been identified. 
This work concentrated on particular crop plants 
and did not include other plant families. However, 
Margaritopoulos et al. (2006) have demonstrated, 
using multivariate morphometrics, that there is also 
a host-specialized form of A. gossypii – also distrib-
uted throughout the world – on Asteraceae.

Particular host associations had been noted pre-
viously in A. gossypii, in European glasshouses for 
example, where aphids from chrysanthemums would 
not colonize cucumber and vice versa (Guldemond 
et al., 1994). It now seems, however, that A. gossypii 
populations are host-specialized on a global scale, 
and that at least some of these associations are at 
the level of the host-plant family. The ability to 
recognize and select between plant families involves 
the development of a level of behavioural and 
physiological sophistication – see, for example, 

Najar-Rodríguez et al. (2009) – that must surely 
have involved genetic recombination. Yet popula-
tions of A. gossypii on cultivated plants throughout 
much of the world consist mostly of a small num-
ber of host-specialized clone groups, reproducing 
asexually, with the minor DNA differences within 
each clone group accountable as due solely to 
mutation (Carletto et al., 2009b). This suggests that 
multiple dispersions of host-specialized forms have 
occurred from a region (or regions) where a regular 
annual sexual phase occurs, probably in East Asia.

The host associations of the bisexual generation 
of A. gossypii seem to be just as enigmatic. Host 
alternation occurs in China and Japan, with several 
unrelated woody plants acting as primary hosts, 
including Rhamnus spp., H. syriacus, Celastrus 
orbiculatus, Rubia cordifolia (Inaizumi, 1980; 
Zhang and Zhong, 1990) and Citrus (Komazaki 
and Toda, 2008). However, monoecious holocyclic 
populations, producing sexual morphs without 
migration, also occur on both cotton and Hibiscus 
in China; Liu et al. (2006) have carried out hybrid-
ization tests between these monoecious strains and 
those migrating between cotton and Hibiscus. 
Komazaki and Toda (2008) obtained wingless 
gynoparae from some holocyclic clones originating 
from various host plants in Japan, indicating that 
monoecy occurs there also. Differences in the num-
bers of sexual morphs produced by populations on 
cotton and cucumber are reported from China 
(Gao and Liu, 2008). It is possible that some of the 
host-alternating populations have diverged as a 
result of differential selection among primary hosts. 
Populations overwintering on R. cordifolia in 
Japan, for example, seem to be isolated from those 
on other primary hosts, and are possibly a separate 
taxon (Inaizumi, 1981).

The glasshouse populations on both chrysanthe-
mums and cucurbits in Europe are normally par-
thenogenetic, but can produce sexual morphs 
under certain conditions (Guldemond et al., 1994, 
and Fuller et al., 1999, respectively). Microsatellite 
DNA analysis of the genetic structure of spring 
populations on melon plants has now established 
that A. gossypii is reproducing sexually in the field 
in western France, and has revealed great genetic 
diversity in the alatae arriving on the newly planted 
crop and their immediate progeny (Thomas et al., 
2012). The melon crop is thus acting as a selective 
filter, so that only cucurbit-specialized genotypes 
are present in samples taken later in the season. The 
sources of the spring migrants – both those that 
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had overwintered parthenogenetically and those 
originating from sexually produced eggs – remain 
unknown.

Many questions remain to be answered before an 
assessment is possible of the taxonomic status of 
any of the host-specialized forms of A. gossypii. 
This species is recorded from more than 100 plant 
families, and presumably it has not developed spe-
cific host associations with all of them. The forms 
specialized on Malvaceae and Cucurbitaceae differ 
very little in both mitochondrial and nuclear DNA 
sequences (Coeur d’acier et al., 2007; Najar-Rodriguez 
et al., 2009), indicating recent divergence, probably 
since the large-scale cultivation of crops. The devel-
opment and maintenance of the co-adapted genetic 
systems involved in host specialization are presum-
ably favoured in agroecosystems, where newly 
recombinant genotypes can build up large clonal 
populations on crop plants. Little is known as yet 
about the genetic diversity and structure of popula-
tions of A. gossypii on non-crop hosts.

How has this remarkable insect evolved systems 
in which host selection and specificity can operate 
and be maintained at the family level? We also need 
to know the extent to which host-specialized geno-
types are involved in sexual reproduction, wherever 
this occurs and the plants on which it occurs. 
Hibiscus seems to play a special role in the biology 
of A. gossypii, as it can act not only as a primary 
host (in Europe and America, as well as Asia) but also 
as a reserve or ‘refuge’ host for permanently parthe-
nogenetic genotypes that are specialized on plant 
families other than Malvaceae (Margaritopoulos 
et al., 2006; Carletto et al., 2009b).

Aphis spiraecola (spiraea aphid  
or green citrus aphid) (Fig. 1.5)

This is a small, yellow or greenish-yellow aphid 
with black siphunculi and cauda, found in dense, 
ant-attended colonies, curling and distorting leaves 
near the stem apices of a wide range of plants, par-
ticularly those of shrubby habit. Its numerous hosts 
are in more than 20 plant families, especially 
Caprifoliaceae, Asteraceae, Rosaceae, Rubiaceae, 
Rutaceae and Apiaceae. Probably its most import-
ant crop host is Citrus. Although not particularly 
efficient at transmitting viruses, very large popula-
tions occur in spring in some regions – the Middle 
East, for example – and can make it an important 
vector of Citrus tristeza. It also transmits Cucumber 
mosaic virus (CMV), Plum pox virus, an isolate of 

Alfalfa mosaic virus from Viburnum, Watermelon 
mosaic virus 2 and Zucchini yellow mosaic virus 
(ZYMV).

Now almost worldwide, there seems little doubt 
that A. spiraecola is indigenous to East Asia. It has 
been in North America since at least 1907 and had 
reached Australia by 1926, New Zealand by 1931, 
Argentina by 1939, the Mediterranean region by 
about 1939 and Africa by 1961 (see also CABI 
Distribution Maps of Plant Pests No 256, revised 
2001). Populations in most parts of the world are 
permanently parthenogenetic on secondary hosts, 
but in East Asia and North America A. spiraecola 
has a sexual phase on Spiraea.

There is an extensive literature on A. spiraecola, 
particularly in relation to its economic importance 
on Citrus (it was referred to as A. citricola in the 
literature from 1975 to 1988 because of a misiden-
tification). The most comprehensive accounts of 
A.  spiraecola as a Citrus pest are by Barbagallo 
(1966) in Italy and Miller (1929) in Florida. On 
other plants, especially Rosaceae, A. spiraecola is 
often confused with Aphis pomi (green apple aphid). 
For example, Cottier (1953) wrote an account of 
A.  spiraecola in New Zealand under the name 
A. pomi, and Singh and Rhomberg (1984) studied 
allozyme variation in populations nominally of 
A. pomi on apples in North America and found two 
forms, one of which was almost certainly A. spirae-
cola. Aphis pomi has a longer last rostral segment 
than A. spiraecola, more hairs on the cauda and 
usually has lateral tubercles on abdominal segments 
2–4 (see also Halbert and Voegtlin, 1992; Foottit 
et al., 2009; Rakauskas et al., 2015). There also is 
possible confusion of identity with Aphis eugeniae 
in East and South-east Asia and Australia that can 

Fig. 1.5. Aphis spiraecola – green citrus aphid. 
(Photograph courtesy of B. Chaubet and INRA.)
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occur on the same hosts; A. eugeniae can be recog-
nized by the peg-like hairs on the hind tibia and by 
the presence of a median sense peg between the pair 
of hairs on the first segment of the hind tarsus.

Compared with the problems raised by A. fabae 
and A. gossypii, the taxonomic status, origins and 
identity of A. spiraecola seemed to be fairly clear. 
However, Komazaki et al. (1979) found that 
A. spiraecola in Japan was using Citrus reticulata 
as well as Spiraea thunbergii as a primary host, and 
experimental work demonstrated that there were 
genetically inherited differences in hatching time 
(Komazaki, 1983, 1986) and egg diapause (Komazaki, 
1998), correlated with esterase differences (Komazaki, 
1991), that seemed to indicate a degree of genetic 
isolation and divergence between the populations 
on the two primary hosts. Presumably, the ancestral 
primary host was the rosaceous plant (Spiraea) and 
Citrus was acquired more recently as a primary 
host. This seems to be an example of incipient spe-
ciation, as in Via’s (1999) populations of A. pisum, 
but again it is not yet clear whether it is more than 
a local phenomenon. There are no records of sexual 
generations on Citrus outside Japan, and it could be 
that they are unable to survive on Citrus species 
other than C. reticulata. In Japan, alatae migrating 
from spring populations that had developed from 
overwintering eggs on C. reticulata seemed to be 
the most important source of infestations of Citrus 

groves at a time when the main migration from 
Spiraea had already taken place (Komazaki, 1983).

Diuraphis noxia (Russian wheat aphid) 
(Fig.1.6)

This small, narrow-bodied, yellow-green aphid was 
little known outside southern Russia until the late 
1970s, but it then took only a little over 10 years 
to colonize the main wheat- and barley-growing 
areas of East Asia, South Africa and both North 
and South America. It is still expanding its range 
northward in Europe (Thieme et al., 2001). Hughes 
and Maywald (1990) have assessed the suitability 
of the Australian environment for D. noxia, and in 
2016 it arrived in South Australia (see http://www.
cabi.org/iscbeta/datasheet/9887).

Diuraphis noxia feeds only on Poaceae, concen-
trating particularly on wheat and barley. It does 
best on late-sown crops on poor soils. It transmits 
Barley yellow dwarf virus, but its feeding also has a 
rapidly toxic effect on the plant, the leaves of which 
become rolled into tubes and desiccated, and infested 
ears become bent. In cold temperate regions of 
Europe and Asia, D. noxia has a sexual phase with-
out host alternation on wheat and barley. The intro-
duced population in Chile and Argentina is also 
predominantly holocyclic (Clua et al., 2004; Ricci 
et al., 2011). In North America, D. noxia was for 

Fig. 1.6. Diuraphis noxia – Russian wheat aphid. (Photograph courtesy of B. Chaubet and INRA.)

http://www.cabi.org/iscbeta/datasheet/9887
http://www.cabi.org/iscbeta/datasheet/9887
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many years thought to have no sexual phase. Kiriac 
et al. (1990) found some oviparae in Idaho and 
Oregon, but no males were found, and genetic vari-
ation was limited (Puterka et al., 1992, 1993). It 
was not until 2007 that a holocyclic population was 
found in Colorado that produced sexuales and 
overwintered as eggs (Puterka et al., 2012). In 2003, 
new wheat resistance-breaking genotypes started to 
appear, although little variation was detected 
between these using several genetic markers (e.g. 
Shufran and Payton, 2009). Then a wide-ranging 
survey using a genome-wide technique (AFLP) pro-
vided evidence that there might have been at least 
two separate introductions into North America, the 
first possibly of Middle Eastern origin via South 
Africa and Mexico, and the second from Europe 
(Liu et al., 2010). It is likely that this second intro-
duction was of aphids able to produce males and 
complete the sexual phase, releasing the potential to 
develop new resistance-breaking genotypes (Puterka 
et al., 2012). An interesting adjunct to this story is 
that Mimeur (1942) collected D. noxia in North 
Africa in 1938, described it as a new species 
(Cavahyalopterus graminearum) and obtained 
oviparae in culture, but no males. Thus, the absence 
of males may be a long-standing feature of the 
population introduced to South Africa, and of the 
original introduction into the USA.

There are no problems with the identity of 
D.  noxia as a species. Puterka et al. (2010) pro-
vided a key and illustrations comparing D. noxia 
with native Diuraphis spp. in the US Rocky 
Mountain region. In Europe, there is a very similar 
aphid, Diuraphis muehlei, which feeds specifically 
on Phleum pratense, turning the leaves yellow. This 
species was synonymized with D. noxia by Miller 
et al. (2005), but is morphologically and biologic-
ally distinct. A useful discriminant is that almost all 
specimens of D. muehlei have a shorter antennal 
terminal process than D. noxia; the ratio of the ter-
minal process to the base of the last segment in 
apterae is 1.05–1.65 (muehlei), as opposed to 
1.55–2.0 (noxia), and in alatae 1.2–1.9 (muehlei), 
as opposed to 1.8–2.7 (noxia).

There is an extensive older Russian literature on 
D. noxia, one of the most comprehensive studies 
being that of Grossheim (1914). The rapid spread 
and great economic importance of this aphid have 
resulted in more recent extensive studies; see 
Poprawski et al. (1992) for a bibliography and 
general accounts by Pike and Allison (1991) and 
Hughes (1996). Berest (1980) studied the parasite 

and predator complex of D. noxia in Ukraine, and 
Tanigoshi et al. (1995) described biological control 
measures. Chen and Hopper (1997) studied its 
population dynamics and the impact of natural 
enemies in southern France. Zhang et al. (2012) 
studied microsatellite and mitochondrial DNA 
variation in holocyclic populations in north-west 
China. Botha (2013) reviewed and discussed its 
co-evolutionary interactions with its host plants.

Lipaphis pseudobrassicae (mustard aphid, 
also known as the false cabbage aphid)  

(Fig. 1.7)

Lipaphis pseudobrassicae is a cosmopolitan pest of 
cruciferous crops. Apterae are small to medium-
sized, yellowish, grey, or olive green, with a waxy 
bloom that in humid conditions becomes a dense 
coat of white wax. It can occur in large colonies on 
the undersides of leaves or in inflorescences of 
many species and genera of Brassicaceae, including 
Barbarea, Brassica, Capsella, Erysimum, Iberis, 
Lepidium, Matthiola, Nasturtium, Raphanus, 
Rorippa, Sinapis, Sisymbrium and Thiaspi. Often, 
the leaves are curled and turn yellow. It is a vector 
of about 10 non-persistent viruses, including Turnip 
mosaic virus and Cauliflower mosaic virus. It occurs 
throughout the world (C1E Distribution Map 203, 
1965), but particularly is a pest in warmer climates, 
reproducing throughout the year by continuous 
parthenogenesis. Agarwala et al. (2009) compared 
its morphology and performance on three different 
species of Brassicaceae in India.

The origin and identity of L. pseudobrassicae 
were long in doubt. In North America, it was at 
first confused with Brevicoryne brassicae, until 
Davis (1914) recognized it as distinct and named it 
Aphis pseudobrassicae. Because of its weakly cla-
vate siphunculi, it was subsequently transferred by 
Takahashi (1923) to the genus Rhopalosiphum, 
and it was referred to in the economic literature as 
Rhopalosiphum pseudobrassicae (Davis) until 
1964. Börner and Schilder (1932) recognized that 
pseudobrassicae should be placed in Lipaphis, a 
genus erected by Mordvilko (1928) for a Palaearctic 
crucifer-feeding aphid, erysimi. Lipaphis erysimi is 
a holocyclic species with a 2n = 10 karyotype (Gut, 
1976; Blackman and Eastop, 2000) that occurs 
commonly on wild crucifers in northern and cen-
tral Europe, but is not usually found on brassica 
crops (Müller, 1986; Heie, 1992). Hille Ris Lambers 
(1948) could not find characters to discriminate 
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pseudobrassicae from erysimi, but nevertheless 
stopped short of making it a synonym. Others 
regarded it as a subspecies of erysimi (e.g. Eastop, 
1958a; Müller, 1986). Despite these uncertainties, 
the name erysimi was used for the widely distributed 
crucifer pest from 1975 to 2000.

Although most mustard aphid populations 
throughout the world are continuously partheno-
genetic, a holocycle does occur on cruciferous 
crops (Brassica rapa subsp. rapa, Raphanus sativus) 
in western Honshu, Japan (Kawada and Murai, 
1979). These aphids have 2n = 8, and thus differ in 
karyotype from the holocyclic populations of 
Lipaphis in northern Europe. Chen and Zhang 
(1985) also reported 2n = 8 for Lipaphis in China. 
In West Bengal, mustard aphid populations are 
 economically important on field crops of mustard, 
Brassica nigra, and here the common karyotype is 
also 2n = 8 (Kar and Khuda-Bukhsh, 1991). Sexual 
morphs have been reported from northern India, 
but populations there are probably mostly anholo-
cyclic. Most permanently parthenogenetic mustard 
aphid populations throughout the world have a 
9-chromosome karyotype, probably derived from 
the 8-chromosome form by dissociation of one 
autosome to produce a small, unpaired element. In 
multivariate morphometric analysis, samples with 
8 and 9 chromosomes grouped together and were 
separated from samples of European L. erysimi with 
10 chromosomes (V.F. Eastop and R.L. Blackman, 
unpublished), so it was concluded that L. pseudo-
brassicae should be reintroduced for the worldwide 

crucifer pest and that it probably originated in 
eastern Asia (Blackman and Eastop, 2000). Finding 
simple morphological discriminants for the two 
species is not easy. Lipaphis pseudobrassicae has 
relatively longer antennae and relatively shorter 
siphunculi, and the function ‘(length of antennal 
segment III + length of processus terminalis) div-
ided by length of siphunculus’ discriminates most 
specimens. The value of this function is more than 
2.4 in 90% of apterae of L. pseudobrassicae and 
less than 2.4 in 90% of apterae of L. erysimi. The 
equivalent discriminating value for alatae is 3.4.

Macrosiphum euphorbiae (potato aphid)  
(Fig. 1.8)

Macrosiphum euphorbiae is one of the few cosmo-
politan aphid pests of field crops that are undoubt-
edly of North American origin. The earliest European 
record is from potato at Wye, Kent, England, in 1917, 
after which it soon became common in Britain and 
spread to continental Europe (Eastop, 1958b). It is 
a medium-sized to large spindle-shaped aphid, usu-
ally green but sometimes pink or magenta; the adult 
apterae are often rather shiny in contrast to the 
immature stages, which have a light dusting of grey-
ish-white wax. In north-eastern USA, it has a sexual 
phase on Rosa, using both wild and cultivated spe-
cies as primary hosts (Shands et al., 1972). In Europe, 
and probably elsewhere, M. euphorbiae is mainly 
anholocyclic, although sexual morphs are produced 
occasionally and the holocycle may sometimes occur 

Fig. 1.7. Lipaphis pseudobrassicae – mustard aphid. (Photograph courtesy of B. Chaubet and INRA.)
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(Möller, 1970). The pink form has become much 
more common in Europe in recent years. On sec-
ondary hosts, M. euphorbiae is highly polyphagous, 
feeding on more than 200 plant species in more than 
20 different plant families. It is a vector of more 
than 40 non-persistent and 5 persistent viruses, 
including BYNV, PEMV, BLRV, Sweet potato leaf-
speckling virus, ZYMV and PLRV. It is an important 
pest of potato, but as a vector of PLRV under field 
conditions it seems to be relatively unimportant in 
comparison with M. persicae (Robert, 1971; 
Woodford et al., 1995), although direct feeding by 
large numbers early in the season can cause ‘false 
top roll’.

There is a very large literature, but surprisingly 
little is known about intraspecific variation and 
specific aphid–host interactions of M. euphorbiae. 
In western North America there are several little-
known, and even some undescribed, species closely 
related to and almost indistinguishable from 
M. euphorbiae (MacDougall, 1926, and V.F. Eastop, 
unpublished). In Europe, there is a group of closely 
related species with more specific host associations 
(Watson, 1982; Heie, 1994); of these, M. euphorbiae 
is most easily confused with Macrosiphum tinctum, 
which feeds only on Epilobium spp. It can be 
hybridized in the laboratory with Macrosiphum 
stellariae, which is usually found on Stellaria holos-
tea, and can colonize other plants, but not potato 
(Möller, 1971).

Meier (1961) provided a general account of 
M. euphorbiae in Europe, Barlow (1962) studied its 
development on potato and MacGillivray and 
Anderson (1964) studied the factors controlling sexual 

morph production in eastern Canada. Parasitoids 
and hyperparasitoids were studied in North America 
by Shands et al. (1965) and Sullivan and van den 
Bosch (1971). Raboudi et al. (2011, 2012) studied the 
genetic diversity of populations on different host plants 
in Tunisia. See also http://www.cabi.org/iscbeta/
datasheet/32154.

Metopolophium dirhodum (rose–grain aphid) 
(Fig. 1.9)

Metopolophium are pale, spindle-shaped aphids with 
pale siphunculi that lack any polygonal reticulation, 
so that they superficially resemble Acyrthosiphon. 
However, their typical life cycle involves host alterna-
tion between roses and grasses, as in Sitobion, which 
are possibly their closest relatives. Metopolophium 
dirhodum is a species of western Palaearctic origin 
that is now an important cereal pest and vector of 
BYDV throughout the temperate regions of the 
world, in both the northern and southern hemi-
spheres. In Europe, as its common English name 
implies, M. dirhodum has a bisexual generation on 
Rosa, but anholocyclic overwintering on grasses 
occurs in England (Prior, 1976), and populations 
introduced to other parts of the world – or at least 
those in New Zealand (Nicol et al., 1997) and Brazil 
(Lopes-da-Silva and Vieira, 2007) – seem to be per-
manently parthenogenetic on grasses and cereals.

Apterae of M. dirhodum are pale green or green-
ish yellow and typically have a distinctive bright 
green longitudinal mid-dorsal stripe. Colonies are 
usually easy to detect as they develop on the upper 
parts of cereal plants, and large populations cause 

Fig. 1.8. Macrosiphum euphorbiae – potato aphid. (Photograph courtesy of B. Chaubet and INRA.)

http://www.cabi.org/iscbeta/datasheet/32154
http://www.cabi.org/iscbeta/datasheet/32154
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yellowing of leaves and direct feeding damage. The 
population dynamics of M. dirhodum have been 
studied intensively, but less is known about genetic 
variation within species and the extent of occurrence 
of host races. Several other European species of 
Metopolophium are morphologically almost indis-
tinguishable from M. dirhodum but have specific 
secondary host associations with particular grasses, 
or are restricted to certain habitats (Stroyan, 1982). 
The existence of these species warrants the assump-
tion that M. dirhodum is part of yet another actively 
speciating aphid group, and that one might there-
fore expect to find evidence of host race formation 
and incipient speciation.

Weber (1985) investigated the performance of 
150 clones of M. dirhodum on barley, wheat and 
oats in Germany, and found significant intraspecific 
differences in the degrees of adaptation to these three 
host plants. All the clones that he tested for life- cycle 
category produced sexual morphs under short-day 
conditions, i.e. were holocyclic. Using genetic finger-
printing, de Barro et al. (1995) sampled M. dirho-
dum populations from wheat and from roadside 
grasses in southern England. They found plenty of 
genetic variation within and between locations, 
indicative of regular genetic recombination, but no 
clear differences between the two host types (in con-
trast to similar studies of Sitobion avenae – see 
below). The only other work looking for host-related 
variation in M. dirhodum was in Brazil, where the 

introduced populations of M.  dirhodum were 
thought to be anholocyclic. Using RAPD markers, 
Lopes-da-Silva and Vieira (2007) found an unex-
pectedly high level of genetic diversity among 
populations sampled from wheat and oats, and 
some evidence of the existence of genotypes better 
adapted to, or preferring, oats.

Further work is clearly needed to confirm 
whether or not host races associated with oats or 
any other cereals occur in M. dirhodum. In future 
work, it will be important to avoid confusion with 
another European Metopolophium that feeds on 
cereal crops, Metopolophium festucae ssp. cerea-
lium, which is now recognized to be present in 
both North and South America and may also have 
been introduced to other parts of the world but 
so far undetected. Alatae of M. festucae cerealium 
are distinguished easily from those of M. dirho-
dum by their distinctive pattern of dark dorsal 
abdominal markings, but apterae of the two spe-
cies are more difficult to separate (Stroyan, 1982; 
Blackman, 2010; Halbert et al., 2013). As M. festu-
cae cerealium is recorded from Bolivia and Chile 
(Remaudière et al., 1993), it is likely also to be in 
southern Brazil. The karyotype variation recorded 
for M. dirhodum in Brazil (Rubín de Celis et al., 
1997) could perhaps be due to the presence of this 
species (European populations of M. dirhodum have 
2n = 18, whereas those of M. festucae cerealium 
have 2n = 16).

Fig. 1.9. Metopolophium dirhodum – rose–grain aphid. (Photograph courtesy of Rothamsted Research.)
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Myzus persicae (peach–potato aphid)  
(Fig. 1.10)

Myzus persicae is an exceptional species in many 
respects; cosmopolitan, extremely polyphagous, 
highly efficient as a virus vector and with a great 
range of genetically based variability in properties 
such as colour, life cycle, host-plant relationships and 
methods of resisting insecticides. Adult apterous 
parthenogenetic females of M. persicae are small to 
medium-sized, pale greenish-yellow or various 
shades of green, pink, red or almost black (apart 
from the genetically determined colour variation, 
any one genotype will be more deeply pigmented in 
cold conditions). Alatae have a shiny black dorsal 
abdominal patch, as in other members of the genus 
Myzus, and immature alatae are often red or pink, 
even of genotypes where the apterae are green. 
Immature males are always some shade of yellow 
or yellow-green.

The sexual phase of M. persicae occurs predomi-
nantly on Prunus persica (including var. nucipersica), 
except in parts of north-eastern USA and eastern 
Canada, where Prunus nigra is the main primary 
host (Shands et al., 1969). Host alternation occurs 

in the temperate regions of all continents, wherever 
peaches are available and the autumn temperatures 
are low enough to allow production of the sexual 
morphs (Blackman, 1974). Spring populations on 
peach become very dense, severely curling the 
leaves. In contrast to its extreme primary host 
specificity, the secondary hosts are in more than 40 
different plant families. They include very many 
economically important plants, on most of which 
the populations are highly dispersed and individu-
als are found feeding singly on the older leaves. The 
great economic importance of M. persicae is due to 
its efficiency as a virus vector. It has been shown to 
be able to transmit considerably more than 100 
plant viruses, including the persistent viruses BLRV, 
Turnip yellows virus (formerly Beet western yellows 
virus), Beet mild yellowing virus, BYNV, PEMV, 
PLRV, Tobacco vein distorting virus, Tobacco yellow 
net virus and Tobacco yellow vein virus. The rela-
tionship with PLRV has received particular attention 
(e.g. Ponsen, 1972; Eskanderi et al., 1979). Myzus 
persicae is also a very efficient vector of numerous 
non-persistent viruses; for example, CMV and Bean 
yellow mosaic virus to lupins in Western Australia 
(Bwye et al., 1997).

Fig. 1.10. Myzus persicae – peach–potato aphid. (Photograph courtesy of U. Wyss; inset courtesy of A.M. Dewar.)
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As its principal primary host is thought to origi-
nate from China, one would presume this to be the 
original homeland of M. persicae. This presump-
tion is, however, not without its problems. First, one 
might expect to find its closest relatives in China. 
Yet the species that seem most closely related to 
M. persicae, including what many would regard as 
its sibling species, Myzus certus, and others with 
which it readily hybridizes in the laboratory such 
as Myzus myosotidis, are all European. It is difficult 
to see how this situation arose. There are no clues 
from biology, as all other species in the Myzus sub-
genus Nectarosiphon except M. persicae have lost 
their ancestral primary host and live all year round 
on their herbaceous host plants. A second problem 
concerns the relationship of M. persicae with PLRV, 
which seems to be intimate and therefore long-
standing, but this is in conflict with their respective 
origins. It is possible, however, that potato leaf roll 
occurs in some unrecognizable or symptomless 
form in an Asian member of the Solanaceae.

As might be expected of such an adaptable and 
fast-evolving genome, biology and host relation-
ships are likely to be changing faster than morphol-
ogy, causing problems of identification and identity. 
Specimens of M. certus on slides are difficult enough 
to distinguish from those of M. persicae, although 
this species is clearly very different in its biology 
and host relations (living all year on Caryophyllaceae 
and Violaceae, and having its sexual phase on those 
plants, with apterous males). Two other taxa, Myzus 
dianthicola and Myzus antirrhinii (snapdragon 
aphid), are even more like M. persicae, and individ-
ual slide-mounted specimens cannot be distinguished 
reliably from that species. These two are both per-
manently parthenogenetic, as far as is known, and 
their karyotypes are structurally heterozygous 
(Blackman, 1980). Myzus dianthicola is found only 
on Dianthus, usually in glasshouses, where its con-
sistently deep yellow-green colour and the leaf 
chlorosis that it causes distinguish it respectively 
from M. certus and M. persicae. Myzus antirrhinii 
may be almost as polyphagous as M. persicae, but 
has certain characteristic hosts such as Antirrhinum 
and Buddleja and a more consistent mid-green to 
dark green colour, and there are also differences 
in allozymes and at rDNA and microsatellite loci 
(Fenton et al., 1998; Terradot et al., 1999). Both 
M.  dianthicola and M. antirrhinii are found in 
Europe and North America, the former also being 
found in New Zealand and the latter in Australia. 
Although probably of recent origin, they seem to be 

isolated from other members of the group by their 
obligate parthenogenesis, and are therefore best 
treated as discrete taxa (Blackman and Brown, 1991). 
The karyotype of M. antirrhinii is remarkably vari-
able, and is of cytogenetic interest because fusions 
and dissociations of chromosomes have apparently 
occurred in the absence of genetic recombination 
(Hales et al., 2000).

Although complicating the practical identification 
of M. persicae, none of the forms discussed above 
have questionable taxonomic status. However, for 
many years it has been recognized that populations 
of M. persicae on tobacco (the ‘tobacco aphid’) are 
distinct from populations on other plants (de Jong, 
1929; Brain, 1942; Müller, 1958; Takada, 1986). 
The aphid attacking commercial varieties of Nicotiana 
tabacum forms large, dense colonies at the growing 
points and on the youngest leaves, and seems able 
to avoid or tolerate the exudates of the glandular 
trichomes, which are not only sticky but contain 
repellent or toxic chemicals (Georgieva, 1998; 
Wang et al., 2001). Apterae on tobacco are pre-
dominantly pink/red in colour and have acquired 
resistance to insecticides far more slowly than those 
on other crops (Takada, 1979; Semtner et al., 1990). 
Blackman (1987) demonstrated, using multiple 
discriminant analysis, that samples from tobacco in 
many parts of the world could be differentiated 
from M. persicae on other crops, indicating that 
populations on tobacco worldwide constituted a 
monophyletic lineage for which he proposed the 
name Myzus nicotianae. Most of the samples ana-
lysed by Blackman (1987) were from regions where 
populations were permanently parthenogenetic. 
However, Margaritopoulos et al. (2000, 2007) 
found that the tobacco aphid was reproducing 
sexually on peach in northern Greece, and that the 
populations on peach and tobacco could also be 
discriminated morphometrically and by their 
microsatellite DNA from those on peach and other 
crops away from tobacco-growing regions. 
Differences in mating behaviour were also found 
(Margaritopoulos et al., 2007) that would function 
as a prezygotic isolating mechanism.

Genetic isolation between tobacco-adapted and 
non-tobacco-adapted forms cannot be complete, as 
the E4 and FE4 genes amplified in insecticide-
resistant aphids are identical in the two forms (Field 
et al., 1994). However, these genes apparently have 
taken many years to cross into tobacco aphids. For 
example, holocyclic populations of M. persicae on 
peach in southern Europe have been resistant to 
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organophosphates since about 1962, yet such 
resistance in tobacco aphids was first reported in 
holocyclic populations in northern Greece in the 
mid-1980s. This may be where introgression of these 
genes into tobacco-adapted genotypes occurred, 
selection then strongly favouring their spread to 
other populations. The absence of complete repro-
ductive isolation between the two forms, perhaps 
in conjunction with a very recent origin of the 
tobacco-adapted form, may explain the failure to 
find consistent diagnostic genetic markers (Fenton 
et al., 1998; Margaritopoulos et al., 1998; Clements 
et al., 2000a,b), or the divergence of gene sequence 
that one might normally expect to find between 
separate taxa (Clements et al., 2000a). However, the 
degree of isolation must have been sufficient to pre-
serve the integrity of the tobacco-adapted genome 
for at least 85 years, and it would be unwise to 
regard this form simply as synonymous with M. per-
sicae, as suggested by Clements et al. (2000a,b), as 
this would lose important information.

Eastop and Blackman (2005) proposed that the 
tobacco aphid should have subspecies status, as 
Myzus persicae nicotianae, and the importance of 
recognizing and naming it as a distinct taxonomic 
identity has been confirmed by subsequent studies. 
Margaritopoulos et al. (2009) used microsatellite 
markers to study the global distribution patterns 
of M. persicae, providing further evidence that 
M.  p.  nicotianae was monophyletic, and Zepeda-
Paulo et al. (2010) mapped the invasion route of 
M. p. nicotianae from North to South America. The 
tobacco aphid is clearly an important example of 
rapid evolution and a possible new ‘species in the 
making’. Significant new research has revealed the 
genetic changes involved in the host shift to tobacco 
(Bass et al., 2014), and suggests that M. p. nicotianae 
could be a key to a better understanding of the 
evolutionary processes that are involved in the 
acquisition of new hosts and subsequent speciation 
of phytophagous insects.

The literature on M. persicae (sensu lato) is 
immense. There have been extensive reviews of its 
ecology (van Emden et al., 1969; Mackauer and Way, 
1976), as well as discussions of migration and spatial 
dynamics (Taylor, 1977) and biological approaches to 
control (Blackman, 1976). This aphid has also been 
the subject of much laboratory research including, 
for example, studies of anatomy and function of the 
gut (Forbes, 1964), nutritional studies using host 
plants (e.g. van Emden, 1977) and artificial diets 
(e.g. Mittler, 1976), and photoperiodic responses 

(Takada, 1982). Genetic variation and the evolution 
of insecticide resistance in M. persicae are covered 
elsewhere in this book (Chapters 3 and 19, this 
volume).

Rhopalosiphum maidis (corn leaf aphid)  
(Fig. 1.11)

Apterae of Rhopalosiphum maidis are small to 
medium-sized, elongate oval, olive to bluish-green 
aphids with short antennae and dark legs, siphun-
culi and cauda. They feed on the young leaves of 
their host plants and are a particular problem on 
Zea mays, Sorghum bicolor and Hordeum vulgare, 
also colonizing many other grasses and cereals in 
more than 30 genera including Avena, Secale, 
Triticum, Oryza and Saccharum, and also found 
occasionally on Cyperaceae and Typhaceae. 
Rhopalosiphum maidis is an important vector of 
the persistent Barley yellow dwarf virus (BYDV), 
Millet red leaf virus (MRLV), Abaca mosaic virus 
(AbaMV), Sugarcane mosaic virus (SCMV) and 
Maize dwarf mosaic virus (MDMV).

This is probably the most important aphid pest 
of cereals in tropical and warm temperate climates 
throughout the world, but the pest populations are 
all permanently parthenogenetic and cannot survive 
outdoors in regions with severe winter climates. 
Males occur sporadically, but for some years the 
sexual phase was only known to occur in Pakistan 
(Remaudière and Naumann-Etienne, 1991) on a 

Fig. 1.11. Rhopalosiphum maidis – corn leaf aphid. 
(Photograph courtesy of S. Barbagallo.)
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species of Prunus native to that region, Prunus 
cornuta. The pest populations may therefore have 
originated from there, as one or more dispersals of 
permanently parthenogenetic genotypes. However, 
Lee et al. (2002) have since reported that Prunus 
mume and P. persica are primary hosts of R. maidis 
in Korea, so the holocycle may occur more widely 
than was originally thought.

Despite the apparent lack of sexual reproduction, 
pest populations of R. maidis show differences in 
host preference (e.g. Painter and Pathak, 1962), 
karyotype (Brown and Blackman, 1988) and rDNA 
(Lupoli et al., 1990), although no mtDNA variation 
was detected by Simon et al. (1995), and there is 
conflicting data on whether there is any allozyme 
variation (Steiner et al., 1985; Simon et al., 1995). 
Host preference differences seem quite complex in 
R. maidis, and in some cases must involve many 
loci, especially when they result in a high degree of 
host species specificity, such as that shown by the 
10-chromosome form that colonizes barley and 
eupanicoid grasses in the northern hemisphere 
(Blackman and Brown, 1991; Jauset et al., 2000) 
but does not feed on maize or sorghum, which are 
colonized by aphids with 2n = 8. In eastern Australia, 
populations of R. maidis on eupanicoid grasses are 
characterized by a 9-chromosome karyotype and do 
not occur on maize and sorghum (de Barro, 1992). 
Karyotype variation is a common feature of perma-
nently parthenogenetic aphids, but it is difficult to 
conceive how the complex genetic traits involved in 
the selection of host species could have arisen in the 
absence of genetic recombination. This leads one to 
conclude that the host-related variation now observed 
in pest populations of R. maidis may be due to multi-
ple origins from the sexually reproducing population 
in Asia, rather than to mutations within partheno-
genetic lineages. Further analysis of variable regions 
of the nuclear DNA might help to resolve this prob-
lem. The absence of the primary host and sexual 
reproduction means, however, that in its genetic 
structure, and therefore in the way it is treated taxo-
nomically, R. maidis must differ fundamentally from 
some of the other invasive pest aphids, such as A. pisum, 
S.  graminum and Therioaphis trifolii maculata 
(Brown and Blackman, 1988).

Rhopalosiphum padi (bird cherry–oat aphid) 
(Fig. 1.12)

Rhopalosiphum padi attacks all the major cereals 
and pasture grasses, and is probably the major pest 

of temperate cereal crops on a world scale. Apterae 
of R. padi on grasses and cereals are broadly oval, 
varying in colour from green mottled with yellowish-
green to olive-green, dark olive or greenish-black, 
and often with rust-coloured patches around the 
bases of the siphunculi. For a grass-feeding species, it 
is relatively catholic in its tastes, for as well as feed-
ing on numerous species of Poaceae, it can colonize 
many other monocotyledonous plants, and some 
dicotyledonous ones. It is a vector of BYDV (particu-
larly strain BYDV-PAV) and of Cereal yellow dwarf 
virus-RPV, Filaree red leaf virus, Maize leaf fleck virus 
and Rice giallume virus, as well as oat yellow leaf 
disease, AbaMV, Onion yellow dwarf virus, MDMV 
and several other non-persistent viruses.

Now distributed worldwide, it is difficult to pin 
down its origins, as it has a sexual phase on Prunus 
padus (bird cherry) in Europe and on Prunus vir-
giniana (common choke-cherry) in North America, 
and seems equally at home on both. Halbert and 
Voegtlin (1998) argue for a North American origin 
of the genus Rhopalosiphum (and of BYDV), but 
R. maidis is clearly a Palaearctic species (see above), 
as also is Rhopalosiphum rufiabdominale (rice root 

Fig. 1.12. Rhopalosiphum padi – bird cherry–oat aphid. 
(Photograph courtesy of Rothamsted Research; inset 
courtesy of U. Wyss.)
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aphid), which has East Asian Prunus species as its 
primary hosts. The genus as a whole, therefore, has 
a Holarctic distribution. Rhopalosiphum padi 
could be of Nearctic origin, as there are several 
closely related North American species, but it has 
been in Europe at least since the time of Linnaeus 
in the mid-18th century.

French populations of R. padi have been the sub-
ject of some interesting work (Delmotte et al., 2001, 
2003; Halkett et al., 2005, 2006, 2008), which is 
discussed in more detail in Chapter 3, this volume, 
but should be mentioned here as it has important 
relevance to the taxonomic treatment of partheno-
genetic lineages. Using a combination of life cycle, 
mtDNA sequence and microsatellite data, Delmotte 
et al. (2001) demonstrated the existence of an 
ancient monophyletic group of parthenogenetic 
lineages, with an mtDNA haplotype (I) that was 
quite distinct from that of all other lineages, which 
were of a second haplotype (II), the two haplotypes 
having possibly diverged for about 400,000 years. If 
they have been genetically isolated for that length of 
time, one might expect to be able to treat them as 
separate taxa. The microsatellite data, however, 
show that the nuclear genomes are not completely 
isolated. There is some gene flow from partheno-
genetically to sexually reproducing lineages, and 
this is presumably mediated by the males that are 
still produced by the otherwise permanently parthe-
nogenetic haplotype I lineages. The gene flow may 
be restricted by temporal differences in the produc-
tion of sexual morphs (Halkett et al., 2006).

Sequence analysis of two nuclear DNA markers 
(Delmotte et al., 2003) showed rather conclusively 
that the haplotype I lineages originated from one or 
more relatively recent hybridization events between 
European R. padi and another closely related spe-
cies, possibly of Asian (or North American?) origin, 
which remains to be identified. This is the first clear 
evidence for the hybrid origin of permanent parthe-
nogenesis in an aphid, and it raises interesting ques-
tions about the taxonomic status of R. padi. These 
can only be resolved by further studies, which also 
need to take into account other apparently unde-
scribed taxa in the R. padi group that have been 
introduced to Australia (Hales and Cowen, 1990) 
and New Zealand (Bulman et al., 2005a,b).

Schizaphis graminum (greenbug) (Fig. 1.13)

Schizaphis graminum was the first introduced 
aphid to have a significant economic impact in the 

main winter wheat areas of North America. The 
small, yellowish- to bluish-green apterae with pale, 
dark-tipped siphunculi feed on the leaves of grasses 
and cereals, often causing yellowing and other 
phytotoxic effects. They restrict their feeding 
almost exclusively to Poaceae, but species in many 
genera are attacked, including Agropyron, Avena, 
Bromus, Dactylis, Eleusine, Festuca, Hordeum, 
Lolium, Oryza, Panicum, Poa, Sorghum, Triticum 
and Zea. Several important viruses are vectored, 
including BYDV (especially strain BYDV-SGV), 
MRLV, SCMV and MDMV.

Schizaphis graminum is a Palaearctic aphid, pos-
sibly of Middle Eastern or central Asian origin, 
now distributed widely through southern Europe, 
Asia, Africa and North and South America. A prob-
lem with interpreting early records is that when 
M.  dirhodum was first introduced to a region, it 
was sometimes misidentified as ‘greenbug’. Records 
of S. graminum from Australia and the Philippines 
all seem to be referable to the Asian species, 
Schizaphis hypersiphonata. This feeds particularly 
on Digitaria, but can occur on other species of 
Poaceae, and is recorded on wheat in the Philippines, 
but it does not have the same phytotoxic effects as 
the greenbug. Records of S. graminum on grasses in 
Western Europe are now thought to apply to other 
species (Tambs-Lyche, 1959; Stroyan, 1960, 1984; 
Pettersson, 1971).

The history of the greenbug in North America is 
quite well documented, and is an interesting exam-
ple of multiple introductions and their conse-
quences. For many years, this story was confused, 
partly because of the description of a series of bio-
types, but it has been made much clearer by DNA 
studies. The ‘biotype concept’ was useful to plant 

Fig. 1.13. Ovipara of Schizaphis graminum – greenbug. 
(Photograph courtesy of B. Chaubet and INRA.)
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breeders, but the term ‘biotype’ referred only to host 
resistance-breaking traits and was perhaps given 
greater significance than it deserved. These traits 
could be identified and studied when they first 
appeared, because aphids carrying them could be 
isolated and maintained in clonal cultures. A green-
bug biotype was thus any genotype that had a 
particular resistance-breaking trait. In the absence 
of a sexual phase, this might be a single clone, but 
it is now clear that sexual morph production and 
genetic recombination occurs regularly in North 
American greenbug populations (Shufran et al., 
1991, 1997), so that there is great genetic diversity, 
and it follows that field populations may therefore 
have these traits portrayed in numerous genetic 
backgrounds (Anstead et al., 2002).

The original introduction in about 1882 was of a 
highly virulent genetic stock, very damaging and 
phytotoxic to wheat and barley. In 1961, a very suc-
cessful wheat variety (DS-28 A) carrying a gene for 
greenbug resistance was found to be susceptible to 
a ‘new form’ of the aphid, designated as biotype B 
to distinguish it from the original biotype A (Wood, 
1961). Then, in about 1968, another ‘new form’ 
appeared, designated as biotype C, this one for the 
first time inflicting severe damage to cultivated sor-
ghum. Since then, a series of new ‘biotypes’ (or more 
accurately, resistance-breaking traits) have been 
described, and many more are present in populations 
on uncultivated grasses (Burd and Porter, 2006).

Shufran et al. (2000) compared mtDNA sequences 
of clones of S. graminum representing all the avail-
able North American ‘biotypes’, and found that 
they fitted into three distinct clades, the divergence 
of which pre-dated modern agriculture. These must 
therefore represent at least three separate introduc-
tions into North America. The form originally 
introduced (‘biotype A’) reproduced sexually in the 
northern states (Webster and Phillips 1912), and 
was presumably represented by a clone started 
in 1958 (the ‘NY isolate’) and by clones with the 
resistance-breaking traits F and G, which clustered 
with it to form clade 2 (Shufran et al., 2000). The 
second introduction (clade 3), with resistance-
breaking trait B, has different probing behaviour and 
is more damaging to susceptible wheat and barley 
(Saxena and Chada, 1971). It reproduces possibly 
only parthenogenetically in North America, so this 
clade may represent a single parthenogenetic line-
age. Shufran et al. (2000) found that it had a very 
similar mtDNA sequence to a sample from Germany, 
but it has subsequently emerged that the German 

sample originated from North America (T. Thieme, 
unpublished). The third introduction, originally 
recognized as the sorghum-adapted biotype C, 
seems to have been the source population for all the 
remaining resistance-breaking mutations (repre-
sented by biotypes G, E, K, I and J), all of which 
have very similar mtDNA sequences (clade 1). This 
sorghum-adapted form, which has for many years 
now been the predominant form on wheat and sor-
ghum in North America, differs morphologically 
from the others in several respects (V.F. Eastop, 
unpublished) and may have come from further 
south in Europe or Asia, as suggested by its predi-
lection for sorghum and by its ability to produce 
sexual morphs and overwinter as eggs at more 
southerly latitudes in the USA. It is still unclear 
whether any interbreeding occurs between members 
of clades 1 and 2, or whether isolating mechanisms 
exist between them.

One other North American isolate, ‘biotype H’, 
is distinct from the rest (Anstead et al., 2002), and 
both its morphology and mtDNA sequence indicate 
that it is probably another introduced European 
species, Schizaphis agrostis (Kati et al., 2013).

The three clades have probably diverged suffi-
ciently to provide a range of discriminant characters, 
using both multivariate morphometric and DNA 
diagnostics, and clades 1 and 2 have all the neces-
sary attributes to warrant their description as sub-
species according to the guidelines proposed earlier 
in this chapter. This would provide a sounder basis 
for further work on the genetics and evolution of 
S. graminum in North America.

Sitobion avenae (grain aphid) (Fig.1.14)

The concept of the genus Sitobion has recently 
changed somewhat so that it now includes fewer 
species, all of which are Eurasian or African, and a 
greater proportion of which are grass feeders. The 
ancestral life cycle of the genus probably involves host 
alternation from Rosaceae to grasses, as in the related 
genus Metopolophium. Sitobion are superficially very 
like Macrosiphum, particularly in having similar sip-
hunculi with polygonal reticulation, but this feature 
may have developed independently in these two 
genera. A closer relationship to Metopolophium is 
also supported by the karyotype, which is 2n = 16 
or 18 in both Sitobion and Metopolophium, whereas 
Macrosiphum usually have 2n = 10.

The majority of Sitobion species no longer have 
host alternation, and S. avenae is one of these. 



Taxonomic Issues 25

Its apterae on grasses and cereals are medium-sized, 
broadly spindle-shaped, yellowish-green to dirty 
reddish-brown, sometimes rather shiny, with black 
antennae and siphunculi and a pale cauda. It colon-
izes numerous species of Poaceae, including all the 
cereals and pasture grasses of temperate climates, 
and can also feed on many other monocotyledonous 
plants. As well as the direct damage caused to cere-
als by feeding on the developing ears, S. avenae is 
an efficient vector of BYDV (especially strains BYDV-
PAV and BYDV-MAV), both within and between 
crops. Probably European in origin, S. avenae now 
occurs throughout the Mediterranean area, east-
wards to India and Nepal, in northern and southern 
Africa and in North and South America. Records 
from eastern Asia are probably all referable to 
Sitobion miscanthi, a closely related species indig-
enous to the Far East that has spread to Australia, 
New Zealand and several Pacific islands, including 
Hawaii. Choe et al. (2006) compared variation in 
morphology and in an mtDNA sequence of S. ave-
nae from England and North America with S. mis-
canthi and another close relative, Sitobion akebiae, 
and concluded that the latter two should be treated 
as synonyms of S. avenae. This has created some 
confusion, with populations on wheat in China 
being identified as S. avenae by some authors (e.g. 
Xu et al., 2011; Xin et al., 2014; Zhang et al., 2016) 
and as S. miscanthi by others (e.g. Wang et al., 2009; 
Li et al., 2011). Hales et al. (2010) concluded that 
there was insufficient evidence for this synonymy, 

and that a more thorough study of oriental Sitobion 
was needed. It is possible that there is a complex 
situation in China involving both introduced 
S. avenae and indigenous S. miscanthi, which could 
explain the high levels of genetic diversity revealed 
in a recent study using microsatellite markers (Xin 
et al., 2014). The complete mitochondrial genome 
has now been published by Chinese workers 
(Zhang et al., 2016), and it seems important to 
confirm the identity of the sample(s) used for this 
analysis.

Sitobion avenae produces sexual morphs and 
lays overwintering eggs on many species of Poaceae 
in Europe, but also continues reproducing par-
thenogenetically through the year wherever winters 
are mild enough. Studies of the genetic structure of 
populations in southern England (de Barro et al., 
1995; Sunnucks et al., 1997a) and France (Haack 
et al., 2000) have produced some unexpected results 
(described in more detail in Chapter 3, this volume), 
which have certain taxonomic implications. This 
work has shown: (i) that based on analysis of micro-
satellite DNA, S. avenae sampled in southern 
England fell into three genotypic groups, appar-
ently almost non-interbreeding, although there was 
evidence of high levels of genetic recombination 
within each group; (ii) two of these groups showed 
complete host specificity, even when collected at 
the same time and place, one of them occurring 
only on wheat and the other only on cocksfoot 
grass (Dactylis glomerata); (iii) the genotypic group 

Fig. 1.14. Sitobion avenae – grain aphid. (Photograph left courtesy of A.M. Dewar; photograph right courtesy of U. Wyss).
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found only on Dactylis had introgressed microsat-
ellite alleles and mtDNA from the related species 
Sitobion fragariae (blackberry–cereal aphid), which 
colonized Dactylis but rarely occurred on wheat; 
and (iv) microsatellite analysis of French (Brittany) 
populations of S. avenae showed that there were 
host-adapted genotypes on maize differing from 
those on adjacent wheat and barley, but also 
revealed the existence of some very common host-
generalist clones that persisted parthenogenetically 
between years.

Host-related genetic divergence and potential 
incipient speciation thus seem to be going on in 
Western European S. avenae, in a way comparable 
to that found in A. pisum, but in the case of S. avenae 
there is an additional element, the introgression of 
alleles from a related species, which may also include 
genes influencing aphid–host interactions. Again, the 
question remains, are the observed divergences tran-
sient local population phenomena or are they repre-
sentative of longer-term evolutionary trends, and 
manifest over a wider geographical area?

Therioaphis trifolii (alfalfa aphid or yellow 
clover aphid) (Fig. 1.15)

Therioaphis trifolii is unusual among crop pest 
aphids in being a member of the subfamily 
Calaphidinae, most genera of which live on decidu-
ous trees (Table 1.1). It has the characteristic fea-
tures of this subfamily that set it apart from the 
other species discussed in this chapter, such as a 
knobbed cauda and a bi-lobed anal plate. The mem-
bers of the genus Therioaphis are all Palaearctic, 
and all live on various species of Fabaceae. Apterae 
of T. trifolii are distinctive, pale yellow or greenish-
white, rather shiny, with rows of dorsal tubercles, 
pigmented light or dark brown and bearing capi-
tate hairs. It seems to be by far the most polypha-
gous species in the genus, as European populations 
can be found on numerous species of Fabaceae in 
the genera Astragalus, Lotus, Medicago, Melilotus, 
Onobrychis, Ononis and Trifolium. However, to 
judge from the host preferences shown by geno-
types introduced to other parts of the world, there 
is also in this species a considerable amount of 
intraspecific genetic heterogeneity in the utilization 
of these host plants.

Therioaphis trifolii is a native of Europe, the 
Mediterranean area and South-west Asia, but in 
one form or another it now occurs as a pest of 
legumes in North and South America, South Africa, 

Japan and Australia. The history of introductions 
of T. trifolii into North America has some remark-
able parallels with that of S. graminum discussed 
above, and is an excellent example of the conse-
quences of founder effects, worthy of inclusion in any 
textbook. The story has been told before (Blackman, 
1981), so will only be summarized here. Two mor-
phologically distinct forms of T. trifolii occur in 
North America, evidently due to separate introduc-
tions, about 70 years apart, of genotypes with differ-
ent specific host associations: (i) the yellow clover 
aphid (YCA), which feeds almost exclusively on 
T. pratense; and (ii) the spotted alfalfa aphid (SAA, 
also known as T. trifolii maculata – or in North 
America, simply as T. maculata – which feeds mainly 
on, and can be very injurious to, lucerne (alfalfa). 
Although originally introduced, respectively, to east-
ern and south-western USA, these two forms now 
occur sympatrically and have annual sexual repro-
duction in the northern states, yet are effectively 
isolated by their association with different host 
plants and thus function as separate species.

SAA has subsequently spread to South America, 
South Africa, Australia, New Zealand and Japan 
(Blackman and Eastop, 2000). In Australia, it now 

Fig. 1.15. Therioaphis trifolii maculata – spotted alfalfa 
aphid. (Photograph courtesy of B. Chaubet and INRA.)
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coexists with a third form, the spotted clover aphid 
(SCA), which preferentially colonizes subclover, 
Trifolium subterraneum. SCA can be distinguished 
from SAA morphologically and by RAPD-PCR, and 
the differences in mtDNA sequence between these 
two forms indicate that SCA is a separate, more 
recent immigrant to Australia (Sunnucks et al., 1997b). 
It is possible that SCA is present also in South 
Africa, as populations there are reported to colo-
nize Trifolium as well as Medicago.

If these three forms are at all representative of the 
populations from which they originated, then there 
must be considerable partitioning of resources and 
subspecific structuring of T. trifolii on its different 
host plants in Europe and the Middle East. Hopefully, 
this will be the subject of future work. However, 
even on present evidence, there seems ample justifi-
cation for giving SAA and SCA the status of subspe-
cies. SAA can therefore become T. trifolii maculata, 
but SCA has yet to be formally named.

Conclusions

Studies of intraspecific variation and evolution of 
pest aphids have now reached a very interesting 
point, where enough light has been shed on some 
of the important pest species to show the way for-
ward. Also, molecular tools and analytical methods 
are now available to cope with the complex popu-
lation genetics of insects with variable life cycles. 
It  has long been suspected that most major pest 
aphids show intraspecific partitioning of resources 
(Blackman, 1990), and there is now plenty of evi-
dence of this among some of the best-studied spe-
cies. It seems that speciation processes, where these 
involve assortative mating due to differential selec-
tion among potential host plants, can: (i) progress 
very rapidly; and (ii) take place in the face of gene 
flow, leading to situations where subspecies can be 
recognized by biological differences, yet show min-
imal genetic divergence of markers that are unlinked 
to host-related traits. If this is so, then some 
reassessment may be needed of the taxonomic sig-
nificance of genetic distance parameters calculated 
from molecular data.

This makes it all the more important not to lose 
sight of the continuing need for morphotaxonomy. 
The new knowledge always needs to be related to the 
old – with the ‘old’ mainly represented by museum 
specimens and a taxonomic literature based largely 
on morphology. We find it alarming that some 
population geneticists and others studying aphid 

variation are still not depositing voucher specimens 
in the major insect collections, especially when 
clonal reproduction makes it possible to have rep-
resentative individuals of the actual genotypes 
preserved for morphological study. Multiple dis-
criminant analysis and the use of canonical vari-
ates, in which clones or samples from clearly 
defined populations are used as the groups in the 
analysis (it is important to note that there should 
be no a priori grouping by taxon or host plant), has 
proved to be a very powerful technique for parti-
tioning the variance into its environmental and 
genetic components, and thus demonstrating gen-
etic differences between closely related aphid taxa 
(Blackman, 1992), and even between different 
genotypes (Blackman and Spence, 1994). It is espe-
cially useful in conjunction with other methods 
(e.g. Blackman et al., 1995; Blackman and de Boise, 
2002; Rakauskas et al., 2014). Developments in 
image analysis now make the acquisition of mor-
phometric data far quicker and easier, and it is 
hoped that future work on aphid species complexes 
using molecular methods will always aim to include 
parallel morphological studies.
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