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Evolutive models of heterogonic cycles of Aphids.

INTRODUCTION

The heterogonic cycles of aphids are extremely plastic and have
adopted different adaptive strategies during the evolution of the taxon.
Heterogonic cycle, per se, is a very efficient reproductive model, which
takes full advantage of trophic availability by the rapid crowding of
parthenogenetic generations during spring and summer, when peak
plant metabolism is reached. On the other hand, auntumnal amphigonic
generation enables the species to survive by the production of overwin-
tering eggs. Moreover, amphigonic generation is to be regarded as a
source of genetic variability. These fundamental adaptive mechanisms
have lead to worldwide distribution of aphids, particularly abundant
in temperate climates having mild to severe winters.

Besides the evident advantages of heterogonic cycles, many aphid
species demonstrate extraordinary capability for life cycle modification
to adapt widely to most variable environmental conditions. This paper
evidences and discusses the adaptive potential of aphids and the possible
evolutionary trend followed by individual species or/and groups of
species.

APHID CHROMOSOMES AND KARYOTYPE EVOLUTION

The peculiar chromosome structure of aphids, with a diffuse centro-
mere, like other Hemiptera (Schrader, 1947) allows all or large part
of chromosome portion originating from fragmentation to be retained
in the chromosomal settlement; this favours both evolution of the karyo-
type and differentiation of viable polysomic forms within the species.
Myzus persicae, for example, exhibits a chromosomal polymorphism
with 2n = 12, 13, 14 chromosomes (Makino, 1931; Cognetti & Cognetti
Varriale, 1961; Blackman, 1971a; Bonvicini Pagliai et al., 1971) related
to modifications of the life cycle and of migratory tendencies.
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Caryotype studies of aphids were based, at first, exclusively on
chromosome number and size, since the diffuse centromere does not
give the chromosomes an own peculiar shape. This fact is restrictive,
the size of the single chromosome pairs varying within significant
ranges in relation to the degree of contraction. However this problem
can be solved by referring to the relative lenght of the chromosome,
expressed as percentage of the total complement lenght (TCL) instead
of the actual size (Harper & Me¢ Donald, 1966). Another interesting
method for performing karyotype analysis is to measure the ratio
between the total length of the autosomes and length of the sex chro-
mosomes, which tends to be constant in very similar species (Kuznet-
zova, 1968). Researces performed on numerous aphid species has provided
interesting, though still insufficient findings on the effective usefullness
of cytotaxonomic studies on aphid species. The limit of these studies,
probably, lies in the methodological approach. Indeed, except in a few
cases, all researches were performed on numerous gpecies not bearing a
systematic likeness (Gut, 1976; Kurl, 1980; Misra & Kurl, 1980; Khuda-
Bukhsh, 1980; Pal, 1982). Sun & Robinson (1966) analyzed 50 species
belonging to 31 genera of both viviparous and oviparous aphids and
recognized 24 karyotypes, of which 4 were common to several genera.
In particular the genus Aphis has the same chromosome number (2n=2_8)
arranged as a similar karyotype in all the investigated species. Kuznet-
zova performed a methodologically more correct research examining
28 species of the subtribe Anuraphis, belonging to 9 genera. She found
that also karyotypes with different chromosome number have a very
similar ratio between the total lenght of autosomes and the lenght
of sex chromosomes. Blackman (1980) lists the chromosome number
of 180 aphid species and evidences important evolutionary aspects of
chromosome polymorphism among the species. Usually the karyotype
is particularly stable among the genus. but exceptions are not unusual.
Of particular interest is the finding of a relationship between chro-
mosome polymorphism and life cycle changes. In fact, most of the
within species karyotype variations have been found in anholocyclic
populations. Indeed, loss of sexual reproduction favours retention of
chromosome rearrangements which would be otherwise eliminated by
the meiotic process.

It is known that some species of aphids with low chromosome
number have rodshaped chromosomes of similar lenght, whereas
species with high chromosome number tend to have small chromosome
pairs, with the exception of sex chromosomes, which are always longer
than the others. Tis fact has an important evolutive significance: supposing
an evolution of the karyotype from a few modal karyotypes having
low chromosome number (2n = 4, 6, 8) we can advance the hypothesis
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that karyotypes with large chromosome numbers derived from the
former, through chromosome fragmentation, Noteably fragmentation
did not affect the pair of sex chromosomes. Indeed, if sex chromosomes
fragments are transmitted to the progeny, an unbalance of sex factors
would occur at amphigonic generation, with the probable production of
sexual abnormalities, by the random segregation of the sex chromosome
fractions. For this reason sex chromosomes must maintain their integrity
to guarantee equilibrated sexual determination. On the contrary it
seems that autosome fragments can be easily inherited, as experimen-
tally demonstrated, for several cellular generations, in Limotettiz
(Halkka, 1965). This hypothesis is supported by the observation that
species with high chromosome number, such as Amphorophora stolonis
(2n = 48), have all very short autosomes and only one pair of much
longer chromosomes, identifiable as sex chromosomes.

Therefore, Kuznetzova’s method for karyotype analysis, which
measures the ratio between total lenght of autosomes and sex chromo-
somes, appears particularly suitable. This method, in fact, groups toge-
ther karyotypes with different chromosome number, but, probably,
deriving from the same modal karyotype.

ADAPTIVE SIGNIFICANCE OF ENDOMEIOSIS

During parthenogenetic oogenesis pairing between homologues
chromosomes, followed by endonuclear division (endomeiosis) takes
place (Cognetti, 1961; 1962). This process is temperature sensitive
(Bonvieini Pagliai, 1983a) and photoperiod-dependent (Orlando, 1983).
Although some Authors (Von Baehr, 1920; Paspaleff, 1929; Blackman,
1978) have reported synaptic processes during parthenogenetic oogenesis
in several aphid species, these had been considered casual and not-
functional.

Indeed, researches on aphids have, generally, been performed during
the summer months, a period when these insects are particularly abun-
dant and high temperatures prevail. Under high temperature endo-
meiosis is suppressed (Boschetti & Pagliai, 1964). More recent researches
carried out at low temperature on Acyrthosiphon pisum, Megoura viciae
and Macrosiphum rosae have further emphasized the dependence of
endomeiosis on temperature and photoperiod (Bonvicini Pagliai, 1983h).
This process is fundamental for the holocyele, providing the male sex
determination by the loss of an X c¢hromosome. Under low temperatures
it occurs also in paracyclic forms that have lost the capability to produce
males. The last finding may be interpreted as a potential reversal
towards the holocycle.
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EVOLUTION OF HETEROGONIC CYCLES

The typical heterogonic cycles are, by assumption, the dioecious
cycles, characterized by host alternation. The primary host plant is,
generally, a woody perennial plant and represents the ideal shelter
for latent forms of life as winter eggs. Instead, the secundary host plant
is, usually, a leaf plant and represent the ideal pabulum for a rapid
succession of parthenogenethic generations, as occurs in spring and
summer. However, a variety of alternative solutions exists in nature,
often occurring among populations of the same species living together
in the same area: For example, Myzus persicae, a cosmopolitan dioecious
species, shows a complex series of cycles in relation to chromosome
polymorphism and high polyphagy (Muller, 1954, Waldhauer, 1957,
Blackman, 1971, Bonvicini Pagliai et al. 1971, Blackman and Takada,
1977). TFacultative migration from the primary to secundary host plant,
and, hence, the capability to survive for several generations on the
primary host plant, seems to be related to climatic conditions. During
very rainy summers with weak sunlight irradiation the buds of the
primary host plant can mantain the favourable physiological features
for the development of aphds and these do not migrate, or do it later.
This fact points out the adaptive significance of the host alternation, if
we consider the secundary host plant as an optimal trophic supply
during the hot and drv summertime. The dicecions heterogonic cycle
thus renresents the optimal adaptation to the trovhic need of large
avhid colonies showing rapid seasonal development, such as during
narthenooenetic oenerations. However. under particulary favourable
climatic conditions, such as mild winters in Mediterranean countries,
manv aphid snecies tend to nroduce anholocyvelie straing, which repro-
dnece narthenneenetically thronehont all the wear. These strains easly
originated from holocvelic narents. are destined to disanmear in regions
having cold winters (Blackman. 1971h) whereas mermanent anholocvelie
straing or sexual races (Cognetti and Paeliai. 1963) which renroduce
indefinitelv hv narthenoeenesis. mav be estabilished in the warmer
climates. Here is to search the possible origin of the maracvelic races
and snecies. We have alreadv seen that Macrosinhon rosae is known as
a paracvelic species in the northern emisphere and onlv sporadie
findings of sexuals on ITer have been reported. Tn this snecies and in
naracyelic strains of Acwrthosinhon pisum and MWeqgonra viciae we have
evidenced the canability of survival at verv low temperature bv over-
wintering as parthenogenetic larvae with sunpression of amphigonic
oeneration (Bonvicini Pagliai, 1983a). Such a capability is due to dia-
pause, which is shifted, in these forms, from winter ege stage to parthe-
nogenetic larva. The resistance to low temperatures was investigated
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(Bonvicini Pagliai, 1983b) in two strains of Megoura viciae, the first
holocyelic and the second paracyclic. The developmental pattern of the
ovarioles in the two strains was quite different: in the paracyelie strain
a few days of exposure to low temperature induces resistence by larval
diapaunse, while in the holocyclic one a very slow development occurs
until necrotic degeneration takes place.

It has been proposed to distinguish anholocyclic forms, capable of
overwintering parthenogenetically in temperate regions, with mild win-
ters, and paracyclic forms, which, on the contrary, can also overwinter
in regions with severe winters, Clearly, the appearance of a paracyclic
form from an holocyclic one represents an advanced step in the evolution
of heterogonic cycles. Megoura viciae can, therefore, be considered in a
dinamic stage of heterogonic cycle evolution, while Macroshipon rosae
is a specific example of successful evolution of paracycle at a specific
level.

ADAPTIVE SIGNIFICANCE OF ALATA/ APTERA POLYMORPHISM

Wingness is the primitive aphid state, analogously to all polymorphic
Pterigotes insects. Thus apterism is a secundary adptation that, in
particularly favourable trophic conditions, induces a more rapid pullu-
lation through parthenogenesis. Apterousness is an example of neoteny
which, by suppression of complete metamorphosis and, thus energy
saving favours fecundity which is, in fact, higher in apterous than in
winged females. On the other hand, wigness favours a wide and rapid
dispersion of populations when trophic conditions deteriorate both for
overcrowding and senescence of the host plant.

Recent researches have shown a different determinism of the winged
forms in relation to crowding and trophic factors and to back migra-
tion to the primary host plant (Bonvicini Pagliai et al., 1985).

In some aphid strains only excessive crowding and the state of leaf
maturation exert a control on winged morph determination, while in
other strains a photoperiodic control is also involved. A detailed
research on this topic, performed on four aphid species with different
features of the biological cycle showed a correlation between photo-
periodic control of winged forms and the type of cycle in the examined
strains. The dependence of the winged forms on photoperiod is marked
in the dioecious cycles, where an host alternation is required, weaker
in the monoecious ones and disappears at all in the paracycles.
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SUMMARY

Aphids exibit an extraordinary adaptability to different environments and climates
that allowed the group to attain a worldwide distribution. Main factors involved in
the great adaptability of aphids are:

1) The high probability of retention, within the populations, of any variation of
the karyotype. This easy retention is determined, firstly, by the holocentric nature of
aphid chromosomes which allows any fragment to move into the daugther cells during
mitosis and, secondly, by the expansion of new karyotypes favourel by permanent
telytoky.

2) The synaptic process which occurs during maturation of the parthenogenetic
egg, and determines genetic variability in the parthenogenetic lines.

8) The variety of life cycles, which extend from the highly complex holocycle
to the extremely simple paracycle, and which are differently adapted to the trophic
and climatic conditions. Aphids can easly perform within species evolutive steps changing
the type of their life cycle.

4) The polymorphism, which gives the most quick response to environment. Factors
affecting morph determination may be different in strains exhibiting different life eycles.
The alata/aptera polymorphism, e.g., is mainly controlled by trophic factors in the
paracyclic and anholocyelic and by seasonal factors (mainly: photoperiod) in the
holocyclic aphids.

Modelli evolutivi dei cicli eterogonici degli Afidi.

RIASSUNTO

Gli afidi posseggono una straordinaria capacitd di adattamento a diversi ambienti
e climi che ha consentito a questo gruppo di conseguire una vasta distribuzione in tutto
il mondo, Il grande potenziale adattaitvo del gruppo & determinato principalmente da
alcuni fattori.

1) La facilith con cui possono essere ritenute nelle popolazioni le modificazioni
del cariotipo. Questa facilith & determinata, in primo luogo, dall’assenza di un centro-
mero localizzato, con la conseguente possibilith di propagarsi per mitosi dei cariotipi
che si originano per rottura dei cromosomi ed, in secondo luogo, dalla riproduzione
paraciclica che, in assenza di riproduzione sessuale, pud portare all'espansione dei
nuovi cariotipi.

2) I fenomeni sinaptici che caratterizzano la maturazione dell'uovo e la conse-
guente variabilith genetica delle linee partenogenetiche. ,

3) La varieth dei cicli eterogonici, dall’olociclo fino all'estrema semplificazione
del paraciclo, con molte situazioni intermedie variamente adattate alle diverse condi-
zioni trofiche e climatiche dell’ambiente. A questa varietd si accompagna la facilita di
passaggio, da un tipo di ciclo all'altro pur nell’ambito della stessa specie.

4) Il polimorfismo, che determina una risposta immediata all’'ambiente e che
appare controllato da fattori che possono essere differenti in ceppi con differenti cicli.
11 polimorfismo alata/attera, ad esempio, appare controllato da fattori trofici nei para-
cicli e negli anolocicli e prevalentemente da fattori stagionali (fotoperiodo) negli olocicli.



— 107 —

LITERATURE CITED

Baenr W. B. (von), 1920. — Recherches sur la maturation des oeufs parthénogénétiques
dans VAphis palmae. - Cellule, 30: 315-353.

Brackmax R. L., 1971a. — Chromosomal abnormalities in an anholocyclic biotype of
Myzus persicae (Sulzer), - Heperientia, 271: T04-706.

Braceman R, L., 1971b. — Variation in the photoperiodic response within natural popu-
lations of Myzus persicae (Sulz.). - Bull. ent. Res., 60: 533-546.

BrackMAN R. L., 1978, — Early development of the parthenogenetic egg in three species
of aphids (Homoptera: Aphididae), - Jntern. J. Insect Morphol. & Embryol., T: 33-44,

BrackMaN R. L., 1980. — Chromosome numbers in the Aphididae and their taxonomic
significance. - Syst. Entomol., 5 (1): 7-25..
BrackMax R. L., Tagapa H. 1977. — The inheritance of natural chromosomal poly-

morphism in the aphid Myzus persicae (Sulzer), - Genetica, 47 (1): 9-15.

BonviciNt PacLiar A. M., 1983a. — Azione di basse temperature sulle femmine parteno-
genetiche degli afili: ipotesi sull’origine delle forme paracicliche, - Atti XIT Congr.
Naz, Entomol, 408-412.

Bonvicint Paeriar A, M., 1983b. — Endomeiosis and parthenogenesis in two strains of
Megoura viciae Buckt. (Hom. Aphid.). - Atti XIIT Congr. Naz. Ital, Entomol., 443-447.
BonvicINI PAcriar A. M., Turiio V., Svampa G., Ponis D, 1971. — Risultati di un qua-

driennio di studi e di prove sul controllo degli Afidi e della Dorifora delle Solanacee
coltivate. - Atti Soc. Nat. Mat. Modena, 102: 125-144.

BonviciN Pacriar A. M., Crema R., Orranpo H., 1985, — Il polimorfismo alata-attera
nell’evoluzione dei cicli eterogonici degli afidi, - Atti XIV Congr. Naz. Ital. Entomol.,
341-346.,

BoscurrTr M, A., PacrLiar A, M, 1964 — L’azione della temperatura sull’ovogenesi par-
tenogenetica di Macrosiphum rosae (Hom. Aphid.). - Caryologia, 17: 203-218.
CoeNETTI G., 1961. — Endomeiosis in parthenogenetic lines of aphids. - Experientia, 17:

168-169,

CoeNETTI G., 1962, — La partenogenesi negli efidi. - Boll. Zool., 24: 129-145.

CoGNETTI G., CoGNETTI VARRIALE A. M., 1961. — Ricerche cariologiche su Myzus persicae
Sulz., Macrosiphum rosae L. e Brevicoryne brassicae L. - Ace. Naz, Lincei, 30; 14.

CoeNETTI G., PAGLIAT A. M., 1963. — Razze sessuali in Brevicoryne brassicae L. (Hom.
Aphid.). - Areh. Zool. Ital., 48: 329-337.

Gur J.,, 1976, — Chromosome numbers of parthenogenetic females of 55 species of
Aphididae (Hom.) new to cytology. - Genetica, 46 (3): 279-285.

Harrga O, 1965, — X-ray induced changes in the chromosomes of Limotettiz (Homop-
tera). - Chromosoma, 16: 185-1191.

HArPER A. M., Mac Donatp M. D., 1966, — Chromosomes of gall aphids in the subfamily
Eriosomatinae (Homoptera: Aphididae). - Can. J. Genet, Cytol., 8: T88-T91.

Knupa-BukHsH A. R., 1981, — Chromosomes of three species of Aphis from the Garhwal
Himalayas. - Chromosome inf. Serv., 30: 4-5.

Kurr 8. P., 1980, — Cytotaxonomy of the genus Towoptera (Hom. Aphid.). - Entomon,
5: 251-255.

Kuznerzova V. G., 1968. — The caryotypes of the subfamily Anuraphidina. - Ent, Obozr,,
47: T6T-T81.

KuzneErzova V. G., SHarosHNIKoy G, CH., 1973. — Chromosome numbers of aphids
(Homoptera Aphidinea) of the world fauna. Ent, Oborz, 52: 116-135.

Maxkino 8., 1931. — An atlas of chromosome numbers in animals. 289 pp. - The Towa
State College Press, Ames, Towa.

Mrsra 8. D., Kurn S. P., 1980. — Cytogenetical studies of three species of genus Aphis
(Hom, Aphid.). - Intern. Congr. Entomol., 16: 185.



— 108 —

MvueLLEr F. P., 1954, — Holozyklie und Anholozyklie bei der gruenen Pfrischblattlaus
Myzodes persicac (Sulz.). - Z, Angew, Ent., 36: 369-380.

OrraNDO BE. — Chromosomal abnormalities in male-producing eggs: a study in Megoura
viciae (Homoptera Aphididae)., - Genetica, 62: 55-59.

Par N, B, 1982. — Chromosome numpers of eight species of aphids (Hom, Aphid.) from
the Kashmir Valley. - Chromosome Inf. Service, 32: 17-18.

Pasparerr G, W., 1929, — Zytologische Untersuchungen an Aphididae 1. - Jahr. Univ.
Sofia, 25: 238-272.

ScHRADER F., 1947. — The role of the kinetocore in the chromosomal evolution of the
Heteroptera and Homoptera, - Bvolution, 32: 134-142.

Sunx R. J., RoBINsoN A, G., 1966, — Chromosome studies on 50 species of aphids. - Can.
J. Zool., 44 (4): 649-654.

WALDHAUER W., 1957. — Untersuchungen an Klonen der gruenen Pfrischblattlaus Myzo-
des persicae (Sulz) zur frage ihrer virginogenen Uberwinterung. Inaugural Dissert.
Bonn, 115 pp.



	BONVICINI 001
	BONVICINI 002
	BONVICINI 003
	BONVICINI 004
	BONVICINI 005
	BONVICINI 006
	BONVICINI 007
	BONVICINI 008

