
AphidsAphids
Many species of insects display dispersing Many species of insects display dispersing 
and and nondispersingnondispersing morphsmorphs. . Among these, Among these, 
aphids are one of the best examples of aphids are one of the best examples of taxataxa
that have evolved specialized morphs for that have evolved specialized morphs for 
dispersal versus reproductiondispersal versus reproduction  



Aphids are a group of about 4,400 species of small insects that Aphids are a group of about 4,400 species of small insects that 
feed on the phloem fluid of plantsfeed on the phloem fluid of plants. . Many species of aphids Many species of aphids 
attack important agricultural crops and are therefore of major attack important agricultural crops and are therefore of major 
economic importanceeconomic importance. . Aphids combine three traits Aphids combine three traits --
thelytokousthelytokous parthenogenesis parthenogenesis ((obligate parthenogenesis where obligate parthenogenesis where 
females give birth only to female offspringfemales give birth only to female offspring)), short generation , short generation 
time time ((about 10 days on averageabout 10 days on average)), and telescoping of , and telescoping of 
generations generations ((where where grandaughtersgrandaughters begin developing directly begin developing directly 
within the daughters which are themselves not yet bornwithin the daughters which are themselves not yet born) ) -- to to 
reach very large population sizes very quicklyreach very large population sizes very quickly. . These These 
reproductive characteristics allow aphids to quickly colonize reproductive characteristics allow aphids to quickly colonize 
ephemeral resources and quickly growing plants and make ephemeral resources and quickly growing plants and make 
them ideal enemies of them ideal enemies of monoculturedmonocultured cropscrops. . Many species of Many species of 
aphids display complex life cycles withaphids display complex life cycles with  alternation of sexual alternation of sexual 
and asexual generationsand asexual generations  andand  host plant alternationhost plant alternation . .Host Host 
alternation has evolved at least three times independently in alternation has evolved at least three times independently in 
the aphidsthe aphids: (: (11) ) in the in the PhylloxeroideaPhylloxeroidea, , ((22) ) in the common in the common 
ancestor of the ancestor of the PemphigidaePemphigidae, , HormaphididaeHormaphididae, and , and AnoeciidaeAnoeciidae
((AphidoideaAphidoidea)), and , and ((33) ) in the in the AphididaeAphididae ((AphidoideaAphidoidea((
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The female The female polyphenismpolyphenism ((leftleft) ) and male genetic and male genetic 
polymorphism polymorphism ((rightright). ). In both cases, discrete alternative In both cases, discrete alternative 
wingless wingless ((toptop) ) or winged or winged ((bottombottom) ) morphs are producedmorphs are produced
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Differences between winged and Differences between winged and 
wingless aphid morphswingless aphid morphs    

The winged and wingless phenotypes in aphids differ The winged and wingless phenotypes in aphids differ 
in a range of morphological, physiological, life in a range of morphological, physiological, life 
history and history and behaviouralbehavioural featuresfeatures. . Besides having Besides having 
wings and functional flight muscles, the fully winged wings and functional flight muscles, the fully winged 
morph exhibits heavier morph exhibits heavier sclerotizationsclerotization of head and of head and 
thorax, more fully developed compound eyes, thorax, more fully developed compound eyes, ocelliocelli, , 
longer antennae, more longer antennae, more rhinariarhinaria, and sometimes larger , and sometimes larger 
siphunculisiphunculi and and caudacauda
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Alternation of GenerationsAlternation of Generations
Aphids are one of the few groups of animals that undergo Aphids are one of the few groups of animals that undergo 
cyclical parthenogenesis cyclical parthenogenesis -- that is, the alternation of one or that is, the alternation of one or 
many generations of asexual many generations of asexual ((parthenogeneticparthenogenetic) ) reproduction reproduction 
with a single generation of sexual reproductionwith a single generation of sexual reproduction. . All asexual All asexual 
generations are entirely femalegenerations are entirely female. . Species that produce both Species that produce both 
sexual and asexual morphs aresexual and asexual morphs are  holocylicholocylic . .When a species When a species 
produces only asexual morphs it isproduces only asexual morphs it is  anholocyclicanholocyclic..
In a In a holocyclicholocyclic life cycle, as illustrated below, both asexual life cycle, as illustrated below, both asexual 
and sexual morphs are produced at different times of the yearand sexual morphs are produced at different times of the year. . 
Note that males are present only in one part of the life cycleNote that males are present only in one part of the life cycle. . 
They are produced de novo by They are produced de novo by parthenogeneticparthenogenetic females, females, 
usually only in the autumnusually only in the autumn. . Aphids can accomplish this feat Aphids can accomplish this feat 
because they have an XO sex determining mechanismbecause they have an XO sex determining mechanism. . 
Individuals with two sex chromosomes Individuals with two sex chromosomes ((XXXX) ) develop into develop into 
females, whereas individuals with one X chromosome females, whereas individuals with one X chromosome ((XOXO) ) 
develop into malesdevelop into males. . To produce a male, a special To produce a male, a special ""minimini--
meiosismeiosis"", which involves only the X, which involves only the X--chromosomes, eliminates chromosomes, eliminates 
one of the X chromosomes during one of the X chromosomes during oogenesisoogenesis. . Blackman Blackman ((1974, 1974, 
19871987) ) provides a detailed review of the phenomenonprovides a detailed review of the phenomenon . .
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In contrast, In contrast, anholocyclicanholocyclic species only produce species only produce 
asexual femalesasexual females. . They do not produce sexual females They do not produce sexual females 
and malesand males. . Comparing the diagram of Comparing the diagram of holocyclyholocycly
above, with the diagram of above, with the diagram of anholocyclyanholocycly below, notice below, notice 
that more than just the sexual males and females are that more than just the sexual males and females are 
missing from the missing from the anholocyclicanholocyclic speciesspecies. . In fact, In fact, 
anholocyclicanholocyclic species also lose the direct descendants species also lose the direct descendants 
of the sexual morphs, namely the egg and the of the sexual morphs, namely the egg and the 
fundatrixfundatrix. . Since the Since the fundatrixfundatrix is often specialized for is often specialized for 
feeding on the primary host feeding on the primary host ((see discussion ofsee discussion of  host host 
alternationalternation ( (anholocyclicanholocyclic species often lose the species often lose the 
primary hostprimary host. . Thus, simplification of the life cycle Thus, simplification of the life cycle 
often, but not always, entails both loss of the sexual often, but not always, entails both loss of the sexual 
morphs and loss of host plantsmorphs and loss of host plants. . Although many Although many 
species are either species are either holocyclicholocyclic or or anholocyclicanholocyclic, many , many 
other species possess both other species possess both holocylicholocylic and and anholocyclicanholocyclic
populationspopulations ..
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Host AlternationHost Alternation
Many species of aphids alternate between two Many species of aphids alternate between two 
taxonomically different host plants at different times taxonomically different host plants at different times 
of the year. When an aphid species uses only a single of the year. When an aphid species uses only a single 
host plant it is host plant it is autoeciousautoecious. Species that alternate . Species that alternate 
between two host plants are called between two host plants are called heteroeciousheteroecious. Two . Two 
distinct kinds of distinct kinds of heteroeciousheteroecious life cycles are found in life cycles are found in 
aphids. Species of the aphids. Species of the HormaphididaeHormaphididae, , AnoeciidaeAnoeciidae
and and PemphigidaePemphigidae have a type of have a type of heteroecyheteroecy with with 
sexuparaesexuparae. Other aphid species with host alternation . Other aphid species with host alternation 
do not have do not have sexuparaesexuparae, but have a , but have a life cycle with life cycle with 
winged sexual females and winged maleswinged sexual females and winged males..
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A typical life cycle of a A typical life cycle of a heteroeciousheteroecious species from the species from the 
HormaphididaeHormaphididae, , AnoeciidaeAnoeciidae, or , or PemphigidaePemphigidae is illustrated is illustrated 
belowbelow. . Aphids alternate between two taxonomically unrelated Aphids alternate between two taxonomically unrelated 
host plantshost plants. . The primary host, a tree or shrub, is considered the The primary host, a tree or shrub, is considered the 
""ancestralancestral" " host, in that the host, in that the monoeciousmonoecious ancestor of aphid is ancestor of aphid is 
thought to have attacked such treesthought to have attacked such trees. . The secondary host is The secondary host is 
often an herbaceous plantoften an herbaceous plant. . A specialized winged morph, the A specialized winged morph, the 
sexuparasexupara, flies from the secondary host to the primary host and , flies from the secondary host to the primary host and 
deposits sexual males and femalesdeposits sexual males and females. . The males and females The males and females 
mate and the female typically produces a single eggmate and the female typically produces a single egg. . In In 
temperate regions the egg temperate regions the egg overwintersoverwinters and produces the and produces the 
fundatrixfundatrix, or , or foundressfoundress, in the spring, in the spring. . In many species the In many species the 
fundatrixfundatrix induces abnormal plant development that results in a induces abnormal plant development that results in a 
gall in which the colony lives for one or several generationgall in which the colony lives for one or several generation . .
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Some species of the Some species of the AphididaeAphididae have a have a 
different kind of host alternation, as different kind of host alternation, as 
illustrated belowillustrated below. . The primary difference The primary difference 
is that is that sexuparaesexuparae are not producedare not produced. . 
Instead, winged males and specialized Instead, winged males and specialized 
winged females depart from the winged females depart from the 
secondary hostsecondary host. . The females produce The females produce 
unwingedunwinged oviparous females that mate oviparous females that mate 
with the winged maleswith the winged males . .
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