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S!rypt Monitoring for Migrant Imect Pests in Greet Britain and Westeru Emope
III. The Seasonal DisEibution of Pest Aphids and the Annual Aphid Aerofauna

over Great Bdtdn 1975-{0

L. R. TAYLO& I. P. WOIWOD, G. M. TATCHELL, MAUREEN J. DUPUCIJ
and JOAN MCKLEN

Abshrct

To facilitate the recognition of alate aphid p€st species and potential virus
veclors io random samples of airbome migrants, the total aerial samples for
all sp€cies between 1975 aod 1980 are tabulated at 18 continuously operated
sampling stations. Annual means for the geographicat distributions of up to
thl€€ s€asoDal cycles of migration of 27 species of alate aphids, including
agdcultural and forEst pests, ar€ mapd to veri$ annual life cycl€s and
provide a basis for forecasting dishibutiotr.

InEoduction

Since 1964, flying aphids have been monitored systematically at an increasing number of
sites throughout Great Britain as part ofan investigation into aerial populations ofinsects
with special reference to agricultural and other pest species. An ultimate objective is to
develop a forecasting system and a preliminary requisite is to establish the general level
of the aerofauna in order to detect changes in populations prior to epidemics.

The sampling network has subsequently extended into Holland, Denmark, Northern
Ireland, France and Belgium. This has made possible the comparison of the pest
species anri the totzl species present in the aphid aerofauna separated by ecological
barriers of differing extent, such as the mountains of Wales and Scotland, the Northern
Channel of the Irish Sea, the English Channel and especially the North Sea.

All the aphid species found in aerial samples from the 3l trap sites that have operated
in Great Britain over a period of 16 years have been identified, the records collatid, and
the list of 317 species published in Part I of this paper (Taylor, French, Woiwod, Dupuch
& Nicklen, l98l). For comparison, the species sampled near Copenhagen, in Denmark,
between l97l and 1976 have also been compiled and published in Part II of this paper
(Heie, Philipsen & Taylor, l98l).

Not all pest aphids are well known and under constant observation. For example,
increased damage to cereals over the last few decades has directed attention to some
grass aphids previously ignored. It is not yet clear how much damage is done directly or
by virus disease, nor which aphids are responsible in diferent regions and countries.
Some potential vector species are rarely found on crops because they do not remain there
long enough to build up populations and the chance offinding a visiting migant during
the brief moments of routine crop inspection is remote (Taylor, 1974). Neverthelesi
such aphids may feed long enough to transmit virus. OoIy by sampling and identifying
all aphids in flight between crops can potential vectors be recognised because speciei
trot commonly associated with the crop concerned, or even with agricultural crops in
general, may be unsuspected vectors.

Furthermore, a knowledge of the population dynamics of each pest is necessary to
assess the risk of crop damage by infesting populations before they are controlled natur-
ally by physical and biological means. Population dynamics theory is also needed to
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estimate the likely effects of treatment at a given plac€ and time, and to ass€ss ils economic
and environmental costs, such as the potential for developing insecticide resistatrce.
Traditional approaches to population dynamics that focus on the stabilising properties
balancing births and deaths in isolated elements of populatioas are not applicable to
aphids, except possibly to a few monophagous tree-feeding species with atypical life
cycles. For most aphid species, and for all those pests of annual crops, there are no
persistent populations to stabilise, and hence no continuity that would make key factor
or life-table analysis relevant (Gilbert, 1982). Populations of most pest aphid species
become extinct on a given host two or three times each year, when they die or migrate
to another host plant, often of different family, form and distribution. There, the aphid
morphs, and their behaviour and dynamics, also differ. In addition, the rapid clonal
multiplication of aphids leads to the successive domination of differing eco-types within
the species, especially in pest species which respond to the sele.ction pressure of changing
cultivars and cropping rotations, by changes in host preference, reproductive rates and
migration times (Daniels, l98l).

The geographical pattern of productivity of migrants arises from the success of the
preceding cycle of apterous population growth. These distinct distributions which differ
numerically, geographically and morphologically, must be known in order to predict
the next population cycle.

Whatever sampling method is employed, pest-assessment requires a continuous and
automatically updated concept of synoptic distribution, modified by changes in host-
plant distribution throughout the seasonal cycle, by climate and biological controlling
agents. This cannot be done on a local scale because aphids frequently infest crops
hundreds of kilometres from their overwintering sites, and many of their parasitic
organisms and predators are equally mobile. The system needs to be able to detect
deficiencies in prognosis and to suggest solutions when mistakes are discovered. The
historical component of changes, and the many ecological factors involved, usually
require decades of continuous recording before such defects are discovered.

With such a synoptic view ofpopulations, local deviations and field-scale factors begin
to b€ measurable. Changes in the rate ofpopulation growth in different parts of the geo-
graphical range of each species, and on diflerent crop hosts, can be more easily detected
and analysed by comparison with changes in other areas.

Virus infection is difficult to forecast from crop samples because the range of vector
aphids may be wide and unknown. Aerial samples detect the range of species necessary
to recognise which vectors were responsible for infection after it has been observed.
Forecasting may then depend on adequate subsampling for vector individuals (Plumb,
l98l) of a wide range of species even for one virus (van Harten, 1981). Aerial sampling
yields comparable population estimates for diflerent places, crops and pest species.
Results show the great variability in times and distribution of migration between different
years and different places. They also show how the pattern of migration progresses over
large areas, where major conentrations occur, and where the current risk is greatest
(Bardner, French and Dupuch, 1981).

The numbers and distribution of aphids

This paper presents a list of all species that occurred in any of 18 major sample sites in
Great Britain, Nos.916,90'7,912,923,906,905,922,919,911,9U,917,9O1,924,914,
908, 903, 913, 910 (sites are listed and mapped in Fig. 1,* that operated between 1975 and
1980- Those 72 species that occurred five or less times are listed (Table I, see pp. 3G38)

' Figs. l-16 are in Pt I tTaylot et al., Rolhamsled Exp. menral Slation. Repart for 1980,Pai 2,41-lM).
FiEs. 17.35 are iD Pr ltl (this DaDer), og. lo2-121.
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with the site, year and sample number. Those 186 species that ocaurred more frequently
are fully tabulated (Table 2, see pp. 39-l0l) to show their changing migrantpopulationwith
time and regional distribution. Some species are explosive in their annual productivity.
Aploneura lentisci (530), for example, occurred in modest numbers, mainly in the south,
in 1975. Samples increased to thousands in 1976 and the population expanded to cover
the island of Great Britain. In 1977 the species had almost disappeared, diminishing
further during 1978 and 1979, a,ld disappearing altogether in 1980. In contrast
Schizolachnus pineri (4) occurred in small numbers almost everywhere in 1975 and 1976,

disappeared in 1977, reappeared in the midlands in 1978 and 1979 and reached its maxi-
mum numbers in 1980. The pest species are discussed in more detail below.

The Gyear mean geographical distributions (197f80) for each of the migatory
cycles of 27 species of special concern are mapped in Figs. 17-35 based on 18 sample
sites. The number of maps pres€nted for each species is based on the known life-history,
the size ofthe samples and the seasonal cycle of migration in Figs. 3_9.

The basic life-histories and interpretation of the species are listed below in the same
sequence as the maps. This sequence is determined partly by convenience in figure
arrangement and partly to illustrate relevant features of distribution pattern.

The number of maps for a given species is based on what was already known about
its ecology, or what has been found from the aerial samples. In the classical cycle of
arable crop pests in temperate maritime climates, there are three seasonal cycles of
migration; spring emigration of migrants from the overwintering woody hosts, if the
species is holocyclic, to the developing crop; sumner migratioo of alienicolae from the
ripening crop to other herbaceous secondary hosts i autumn retum migration of sexuparae
from the secondary hosts to the primary overwintering hosts. This pattern is typified by
Aphis fabae and is clearly recognisable in many species by the phenology of migration
which shows three cycles, and in the maps which reflect the diferent distribution of the
three hosts. This pattem is also recognisable in anholocyclic populations when the crop
host generates a disproportionately large and geographically conc€ntrated summer
emigration. The autumn return migration is often diffuse, reflecting the widely distributed
and wide host-species range of polyphagous alienicolae. The spring migration then shows
how the species distribution has become conc€ntrated by the restricted primary host
range of holocyclic species and the succ€ss in overwintering survival of anholocyclic
species.

When the holocyclic species remain longer, into the late spring, on the primary host
and develop larger populations, the secondary host population may also grow slowly
and the summer migration may then be late enough to form the sexuparous retum
migration. When, as it Phorodon humuli, t}lre secondary host range is also botanically
and geographically restricted, the resulting two migrations are clearly recognisable.

Monophagous tree aphids, like Elatobium abietinum, may have only one clear-cut
migratory cycle.

All three classes of migration include slrcies with less precise migratory mechanisms
so that there are species with indeterminate systems not yet understood. This is evident
from the maps, taken in conjunction with the phenologies shown in Figs. 3_9. In inter-
preting these figures, it is relevant that there are no samples from the north-west of
Scotland, so the maps there are distorted. Also, the maps are based on sample means
over several years, so that annual variation in timing or population distribution tends to
smooth the pattern. Individual years often show greater differences between s€asonal
migation distributions than appears from these means.

132, Aphis fabac Scopofi, 1763 (Btrck Bean Aphid) (Figs. 8a and l7) is holocyclic in
Britain, overwintering in the egg stage mainly on spindle, Euonymus etropaeus, in lhe
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southem half of Britain; small numbers occur on the guelder rose, yiburnum opulus tnd,
possibly Philadelphas. Eggs hatch between late Februiry and early April and alatae are
produced 

in. ryIay; these migrate in late May and early June to fieli beans and sugar
beet, on which large colonies may develop causing direct feeding damage, and ahJto
wild plants such as dock, poppies, goosefoot and fat-hen. Alatae are pro-duced on these
secondary hosts in response to crowding which reinfest the same crop or migrate to other
crops and wild plants. This summer migration is particularly noticeable ii East Anglia
and represenls the migration from field beans and sugar beet. It t}Le auttmn A. fdae
mierates back to E europaeus where eggs are laid.

A reliable forecast ofthe likelihood of infestations ofl. fabae cansing damage to field
beans- is based on large-scale sampling of winter host plants. Suction-irap sairptes can
also forecast infestation of bean crops (Way, Cammeil, Taylor & Woiwod, Dgl). It
sho,ld be possible to expand this forecast to indicate the initial infestation of sugar 6eet
and forecast direct damage. A. fabae is also an important pest of sugar beet be-cause it
spreads beet yellows virus and beet mosaic virus aiter its introduction to the crop. It is
a kDown vector of more than 30 viruses,

\!9 ephis spp. are difficult to separate quickly, especially the males, and. fabae grp.
(l3r) includes several other possible species that are known to be so rare as noi serioisiy
to aflect the samples. The taxonomy of this group of species is still uncertain

The three classical migration cycles show clearly inihe maps. The summer migration,
mainly from agricultural crops is dominant in Easi Anglia and eastern Scotland. The sub-
sequent autumn migation from \vild herbaceous annuals is more diffuse, whilst the follow-
ing spring migration, mainly from Euonymus, is concentrated near to the southern chalk
downs.

*9, Acyrthoiphon piszn (Harris, 1776) (Pet Aphid) (Figs. 7c and 18) is holocyclic or
anholocyclic in Britain and is autoecious on legumes, over*intering as in egg low on the
haulm of sainfoin, trefoil and luceme or, in mild winters, activi stages may survive.
Eggs hatch in February and March, and alatae, produced in May, migraie to the growing
points of peas, ol which this aphid is a pest, and other legumei. Nuhbe.s reach-a peaf
on peas in late June and early July shortly before peak numbers are found in the trap
samples. in the pea gowing areas of the south-east and East Anglia. The trap samples
alsoindicate a small autumn mi$ation, probably ofsexuparae; sexuales have Uien founa
on Ononis, Ittthyrus, Trifolium zrLd Medicago. A. pisum ii a vector of more than 30 plant
viruses, both 

-persistent 
and non-persistent, including pea enation mosaic, pea leai roll

and bean leaf roll.
Waether. or lot damaging infestati ons of A. pisurn occur on peas is partly dependent

on the initial infestation of the crop. This is likely to be associated with the numbers
migrating in the spring and early summer, whereas the species' success on peas can be
measured by the numbers migrating from the crop in the summer. There iJno known
economic threshold for ,4. prislaz on peas.

There are many different recognised races or biotypes, some diferentiated by colour,
and known to have diferent host preferenc€s, reproductive rates and behaviour.
. Although.pea _aphid has no systematic host-alternating migrations, the maps clearly

show_ overwintering survival confned to the south and Eist Anglia; dominani summei
populations in arable areas and totally diffuse, fairly small, iutumn migration, not
unlike bean aphid.

3X2,.Mtzus (5, Nectotosiplon) persicae (SId,frr,1776) @eoch/?otato Aphirt) (Figs. 7a and
19) is the.most important pest and vector aphid in Britain due to its wide ho;t iange and
is proficiency in traosmitting more than 120 plant viruses. It is r,,holocyclic on-many
26
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herbaccous plants and brassicas, but is also holocyclic on peach, Pnmus persica, hene
confned to small numbers in gardens in southern Britain. The survival of the anholo-
cyclic population during the winter is particularly important in determining the timing
and level of infestation of crops in the spring, and the subsequent spread of virus diseases.

Alatae develop in spring and migrate to potatoes and sugar beet, as well as to other
herbaccous plants. M. persicae does not usually form dense colonies, but tends to migrate
by walking to infest other parts of the same and neighbouring plants. The anholocyclic
life-cycle and the tendency to move between plants contribute geatly to the importance
of this species as a vector of potato leaf-roll virus and potato virus Y, on seed potato
crops, of beet yellows virus and beet mild yellowing virus on sugar beet, and a number
of viruses on other crops. Numbers may sometimes increase rapidly to reach tens of
thousands per plant on potato. Alatae develop during the second half of July and miSrate
to other crops or to wild herbaceous plants. This migration predominates in the eastern
arable areas where there is the largest acreage of sugar beet and potatoes. There is a
further redistributi on of M. persicae in the autumn between herbaceous plants and bras-
sicas, and it is on these plants that the aphids overwinter.

The spring weather at Rothamsted Experimental Station can be used to predict accur-
ately the incidence of virus yellows in sugar beet throughout the country during the
coming summer (Watson, Heathcote, Lauckner & Sowray, I 97r. Analysis of the change
in the distributions of the autumn and spring migrations suggest that M. persicae oter-
winters most successfully in the south-east and the London basin and this may explain
these Watson-Hurst virus-incidence equations (Taylor, 1977a).

Few M. persicae rre found iu tle trap samples, but those that fly early in the year give
an indication of potential virus infection of crops and should thertfore be included in
any virus index on potatoes (van Harten, 1981) or sugar beet. This aphid damages peach
directly in the Mediterranean region and can also kill potatoes when uncontrolled or
insecticide-resistant.

The timing of seasonal migration cycles of peach/potato aphid difler in the north and
south, but the maps reflect a similar general pattern to bean aphid. Major summer
emigrations are from arable crop areas. The autumn migration tends to be rather more
westerly, but by the spring, the overwintering population has been greatly reduced in the
north and r est, with maximum survival in the south-east.

3$, Eypuomyzts lactucae (L;lmaerc' 1758) (CEreut/Sowthis*te Aphiil) (Figs. 6c and 20)
is heteroecious and holocyclic, spending the winter as an egg on black currants and
occasionally on red currants. Eggs hatch in March and early April and the subsequent
generations may cause damage to currants. Including necrotic yellows on lettuce, ttris
aphid is a known vector of about ten viruses. Few alatae develop in the second geoeration,
but more in the third generation and these migrate in late May and June to sowthistle.
The suction-trap samples suggest there may be further migration between secondary hosta
from late June to the end of August. In autumtr the return migration to .RIDeJ reaches
peak numbers in early October. The numbers migrating in the autumn may indicate
likely damage to currants the following spring.

The migiatory cycles in spring are not very clearly separated, but overwintering is
mainly in southern Britain. The summer migration reflects the distribution of Sonchus
and the autumn migration is slightty higher in the southern half of Great Britain. There
is an appreciable increase in population in the south by the next spring.

4fr, (Macrosiplum) S, Sitobion ateaac (Febricius, 1770 (Gnin Aphi0 (Fies. 8c and 21)
is autoecious and can be a serious pest on cereals, particularly on wheat. This species is
usually anholocyclic in Britain, but a small proportion of the population overwinters

n
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holocyclically as eggs on Gramineae. Eggs hatch and alatae fly in May and June to
reinfest the same crop or migrate to other Gramineae. Alatae produced throughout the
summer, in response to increasing density and declining food quality, may reinfest crops
or migrate to other Gramineae. The later migrants infest grasses, and it is from these thit
the small autumn migration arises which infests early-sown winter cereals as well as
grasses. Those that infest crreals can introduce barley yellow dwarf virus, but also
establish oyerwintering populations which can develop rapidly in the spring ifconditions
are favourable.

The suction-trap samples in the autumn and spring indicate the nurnbers of S. ayenae
infesting crops, but as damage o@urs some time after this initial infestation, when
aphids are emigrating from crops, the samples are not ideal for monitoring the develop-
ment on crops. However, development models are being devised to predict the maximum
population on wheat, which use the number of aphids in the trap samples as a starting
point (Carter & Dewar, l98l). The monitoring of the autumn migation to cereals ii
becoming increasingly important as the trend towards planting winter cereals earlier
results in a larger proportion of the acreage becoming infested in the autumn.

The spring mi$ation is much greater in southern England, diminishing northwards.
The vast summer migmtion has a concetrtration in Norfolk, but is widespread at very
high densities throughout the lowlands; even the highlands of the iouth-western
peninsula, Wales, northern England and Scotland have very great aerial populations. The
autumn migration is modest and diffuse so that the population increases considerably
in the south during winter.

ll4, Rhopalosipham padr (Linnaeus, 1758) (Bird-cherry Aphid) (Figs. 9d and 22) is mainly
holocyclic in northern Britain, but in the south it is also anholocyclic. Eggs laid on prunis
padus from September to November hatch the following April. Alatae begin to migrate
in early May to Gramineae, including rvheat, barley and oats, where large colonies may
occasionally develop, and some other monocotyledons. Alatae also migrate from anholo-
cyclic populations at this time. The summer migration is mainly from cereals to grasses,
particularly in eastern Britain, but also between grasses in western Britain. The timing
of the autumn migration to P. padus for the holocyclic population, and to early-sown
cereals and grasses for the anholocyclic population, is dependent on day length. Those
aphids that migrate to the ever-increasing acreage of early sown winter cereals, are often
the primary source of infection for barley yellow dwarf virus. The survival of the an-holo-
cyclic population on cereals during the winter greatly afects the subsequent spread of
BYDV.

Suction-trap samples in the autumn, combined with a measure of the proportion of
aphids transmitting virus, are used to give an indication of the potential risk of ByDV
infection in early-sown crops in different areas of Britain (plumb, l98l). This aphid is a
vector for at least seven viruses, Its aerial populations far exceed those of any other
aphid species in Britain and, in common with only Rhopalosiphum insertum arLd, lhe
Pemphigus spp., its cycles of migration increase progressively through the year. The
losses over winter are very great and survival is maximal in the extreme east and west,
unlike most aphids.

3Xi, Metopolophium d hodam (Wotter, 1848) @ose/Grain Aphid) (Figs. 8b and 23) is
heteroecious and holocyclic although it may overwinter anholocyclically. Eggs laid on
wild and cultivated roses in October and Novemb€r hatch in the spring. Alatae migrate
to grasses, especially Bronrrs spp., and cereals, particularly wheat, where the population
cal build up to epidemic proportions (Dewar, Woiwod & Choppin de Janvry, f98O).
Alatae are produced on cereals in response to increasing population density and reinfeit
28
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the crops or rnigrate to other grasses. M. dirhodwnis a poor vector ofbarley yellow dwarf
virus, although it can spread the virus within fields, and of radish yellows.

The suction traps monitor ttre small migration from roses to cereals and so give an
indication of the initial infestation. However, subsequent population development is
dependent on a number of factors. The suction traps monitor the emigration from cereals
and grasses ofalatae produced in response to increasing density and declining food quality.

In common with many crop aphids, the summer migration is much the largest but it is
atypical in its distribufion, maximal in the north-west and south-east, reflecting its
grass hosts as well as cereals. The autumn migration is also unusual being geater in the
north. By spring the distribution has reversed, overwintering evidently being more
succrssful in the south.

lll, Rhopalosiphm insertrm (Walker, 1849) (Apple/Gress Aphirt) (Figs. 9c and 24) is
heteroecious and holocyclic overwintering as an egg mainly on apple, but also on pears,
rowan, rnedlar and hawthorn. Eggs hatch in April and the developing population on
apple may cause some damage in exceptional years. Alatae migrate to grasses during May
and June where they colonise the roots. There is a large summer migration during which
other grasses are colonised. In the autumn there is a large migration back to apple.
This species transmits barley yellow dwarf virus and may be responsible for some of the
initial infection of early-sown cereal crops in the autumn. Autumn suction-trap samples
have b€en related to the number of oviparae on apple in the autumn and so to damage the
following spring (Iaylor, l97Tb; Light, 1980). These autumn samples can now be used to
warn of potential damage to apples in the following spring.

The three well-marked seasonal migrations increase progressively in size and their
distributions show no regional characteristics, except that the spring migration tends to
diminish slightly towards the east and west coasts. Unusually there is hardly any latitudinal
segregation, overwintering losses being generally distributed throughout the island.

410, Macroipham euphorbioe (Ilomes C. A., 1878) (Potrto Aphid) (Figs. 7d and 25) is
polyphagous and anholocyclic in Britain and only on rare occasions do sexual forms lay
eggs on Rosaceae. Apterae overwinter on many qrcies of weeds. Alatae migate in
May and June to new hosts, including potatoes on which they are a pest. If infestations
are heavy there may be a second dispersal migration in July. Infestations are usually
widespread on potatoes, but orly occasionally reach large numbers when it causes 'false
top roll'. There is a small migation of M. euphorbiae in the autumn. The timing and
size of infestation on potatoes in the spring and early summer is dependent on the over-
wintering survival ofthe anholocyclic population which would appear to be least success-
ful in Scotland and northem England. M. euphorbiae is a poor vector of potato virus Y,
but may be common enough to be included in a virus index for the probable infection
of potato se€d crops. It is a vector of more than 50 viruses, both p€rsistent and non-
persistent, including pea mosaic, onion yellow dwarf, beet mosaic and dock viruses- It
is more highly polyphagous than most aphids, on monocotyledons as well as dicotyle-
dons; it is of American origin, introduc€d to Europe about 1917.

The summer migration is the largest; both it and the smaller autumn migration are
widespread over Great Britain. Only the spring migration is concentrated in the south
where overwintering is apparently most successful.

A\ (Macrosiphn) S. Siabioa fragariae (Walker, 18,18) (BlackbeEy/Grsb Aphid) (Figs.
7b all.d 26) is heteroecious and holocyclic, overwintering as an egg on blackberry. Eggs
hatch in spring and alatae migrate to grasses in late spring and early summer. S.fragariae
may be found on the ears of wheat, but is much less common than S. averae. Alatae
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which are produced during the summer presumably migrate to other species of Gramineae.
The spring migration is mainly in the south-west and quite prominent. The summer

migration is maximal in the midlands of England. The autumn return migration to
blackberry is late and mainly in the south and west, but not so concentrated as in spring.

355, Nasonoyia ribinigi (Moslen O., 1841) (CurrrntAittuce Aphid) (Figs. 6a and 27)
may be a pest on both its primary and secondary host. In northern Britain it is normally
holocyclic, overwintering as an egg on any part of gooseberries and currants, including
the fallen leaves, but in the south this species can be anholocyclic on Compositae especi-
ally lettuce, on which it is the most important aphid pest, chicory, hawkweed and speed-
well. Eggs hatch on the primary host in March and alatae that develop migrate, from
mid-May to June, to lettuce where large colonies stunt $o*th and prevent hearting.
Although the numbers in the trap samples are generally small, there is a suggestion of
further redistribution of alatae during the summer, presumably between secondary hosts.
There is a third migration in the autumtr to the overwintering hosts which can be either
gooseberries and currants or lettuc€. As numbers in the trap samples are usually small, it
may only be possible to give an indication of seasons in which either exceptionally large,
or small, numbers are expected.

The three discernible migrations in this species are all diffuse and spread widely over
Great Britain.

243, Brachtcaadys letriciryri (Krltenbach, 1843) (Leef<urling PIum Aphid) (Figs. 5a and
28) is holocyclic. The primary hosts are various Prazas species, particularly plums
and damson on which it can be a serious pest. Eggs hatch in February and March and
alatae are produced in the latter half of May which migrate to a number of secondary
hosts including clover, asters and chqnanthemums. The migration from Pnarzs is usually
complete by early July. The return migation to P/uar begins in the latter half of August
and continues until the end of October. It is the progeny of those aphids that successfully
find Prrn as in the autumn that develop into damaging infestations the following spring.
It may therefore be possiblo to give an indication of the potential levels of infestation in
the spring from the numbers of aphids migrating the previous autumn.

B. helichrysi is a vector of a number of virus diseases itrcluding plum pox and potato
virus Y. A.lthough a poor vector of PVY, B. helichrysi a*vs in sufficiently large numbers
to cause large infections ofpotato seed crops (Govier, pers. comn.) and has been included
in an index assessing the potential risk to seed crops (van Harten, l98l).

Separate maps have been made for weeks l-26 and 27-33, and these maps show a
rrarked shift in distribution from south- and west-midland to east-midland England.
They are not clearly segegated in time and the aphids ecology suggests they are both
part of the primary migration. The smaller return migration is uniformly distributed over
Great Britain, with no population growth in the north before spring because of the south-
erly distribution of the primary hosts.

292, Cavorielh aegopodii (Scopoli, 1763) (Willow/Carrot Aphid) (Figs. 4a and 29) is
heteroecious betrveen willow species and various umbelliferous plants. Eggs laid on the
young shoots of willow in the autumn hatch between February and early April. Alatae,
developed in May, migrate over a 5- or Gweek period to umbellifers including carrots,
parsnips, celery and parsley on which the aphid is a pest. In late seasons the migration
from the primary host may be delayed by 2 or 3 weeks. As populations develop on carrot
crops, the alatae produced migrate to hedgerow umbellifers. By the end of July few aphids
can be found on carots. Itr the autumn, sexuparae migrate back to willow where eggs
are laid. An an.holocyclic population also remains on overwint€ring umb€llifers such as
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late lifted €rrots and carrot seed crops. Spring alatae from anholocyclic populations
migrate to umbelliferous crops earlier than those from willow. However, the proportions
of the population overwintering holocyclically and anholocyclically are not known.
C. aegopotlii is a vector of persistent carrot motley dwarf virus and s€mi-persistent
parsnip yellow fleck, and a number of non-persistent viruses.

The numbers migrating in the autumn may be reflected in the numbers migrating from
willow the following spring. However, the spring migration from the umbellifers will
depend on overwintering success. It is therefore important to know the proportions of the
population that overwinter holocyclically and anlolocyclically.

The primary migration is widespread throughout England and fairly heary. The second
map (weeks 27-37) may be secondary migrants, but is not yet clearly distinguished. The
autumn return mi$ation is uniformly distributed.

3M, Phorodon hunali (Schnnk, lmf) @amsor,ltlop Aphid) (Figs. 5b and 30) is heteroeci-
ous and holoryclic, laying eggs in the autumn on blackthom, Prumts spinosa, and damson
and. plum, P. domesrica. Eggs hatch between late February and April, and the developing
population on plums may cause some damage. The migration from Pflanas to hops begins
in late May and continues until late July or eady August. Some aphids may remain on
the sucker growth of plums throughout the summer. P. ,rmnli is a pest of hops every year
and therefore the timing of tle migration to hops is probably of greater importance to
growers than the size of the migration. The dates of the beginning and end ofthe nigra-
tion can be obtained from the suction-trap samples. No alatae are produced on hops
until gynoparae and males develop in the autumn and these migrate back to Prarrs. This
nigration is concentrated in the two hop-growing regions of Britain (Taylor, Woiwod
& Taylor, 1979). The size of the autumtr migration may give an indication of potential
damage to plums the following spring and the subsequent migration to hops.

Like Brachycaudus helichrysi, this species has two clearly s€gegated migrations, the
first reflecting the overwintering Prunus host distribution. The profound difference in
the distribution of their return migrations shows clearly the acaumulative effect of intense
cultivation ofthe primary and secondary hosts in close proximity. P. humuli iansmits a
number of plant viruses including plum pox and hop mosaic.

Xi,l, Brevicorync brassicae Oinn,eusl 1758) (Cabbege Aphid) (Figs. 6b and 30) is auto-
ecious on brassicas and produces sexual forms ir the autumn. In the milder parts of the
south and west the winter may be passed anholocyclically. The eggs laid on the stems of
brassicas in the autumn hatch between the end of February and the end of April, and
alatae are producrd from the end of May to July which migrate to newly planted brassica
crops such as cabbage, cauliflower, Brussels sprouts, kale, rape, radish, swedes and must-
ard. The aphids are heavily waxtoated. Dense colonies may develop on the leaves, or
on the flower of seed crops, causing considerable damage, particularly in warm dry
weather. Alatae, produc€d throughout the summer, infest other brassicas. In the autumn
infestations in the heads of cabbage, cauliflower and Brussels sprouts reduce market
lvallue. B. brqssicae is a vector of cauliflower mosaic virus and cabbage black ring spot as
well as about 14 other plant yirus€s.

Few B- brassicae are found in the trap samples but the number recorded early in the
year miglt indicate seasons of either exceptionally large or small infestations.

There is no pronounced seasonal segregation of migration in this species but the pattem
of migration in weeks 1-34 suggests that agricultural practice is a major factor in
perpetuating distribution.

!.'l0, Eyalopterus pruad (Geoffroy, 1762) (Mealy PIm Aphitl) (Figs. 8d and 3l) is heterG'

3l
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€cious and holocyclic with eggs being laid ot Prunus species, mainly plums, but also
peaches, apricots and almonds. The eggs hatch in April, and the aphids developing on
plums can cause serious damage curling the young leaves. Alatae of H. pruni, wbich
develop later than those of other aphid pests of plurns, migrate to waterside grasses and
reeds from the beginning of June. The population on plums continues to increase until
July, and the peak migration is observed between early July and mid-August. Some
alatae migating from plums may form new colonies on other plum trees. The return
migration lo Prunus begins in September. The small autumn migration may give an
indication of the level of infestation on plums the following spring. H. pruni is a yector
of plum pox.

The primary migration of this aphid is surprisingly easterly in its distribution in England,
as compared wrth Phorodon humuli and Brachycaudus helichrysi, and requires further
investigation.

fiO, Eriosona (Schizoneua) n/rd (Linneeq 1758) (Ccrrtrt Root Aphid) (Figs. 3c and 3l)
is heteroecious and holocyclic, overwintering as eggs on Ulmus. The eggs hatch in the
spring and the fundatrices form galls on etm. Alatae migrate, after the beginning of June,
to gooseberries where aphids may seriously check growth, and also to red and black
currants. The alatae larviposit on the soil near the bas€ of stems, and the larvae work
their way through the soil to infest the roots. Alatae develop on goosebrry late in the
autumn and migrate back to U/m rl,s where eggs are laid. The numbers of aph.ids migating
in the autumn and spring may indicate subsequent infestation of gooseberries.

The autumn rnigration reflects the distribution of soft fruit, but the decline of elm in
the south seems to be reflected in the annual totals in the samples (Table 2cc) and may
change the pattem progressively northward in the future.

91, Drepansiptun platoaoidis (ftbralL, lml) (Sycrmore Aphid) (Fies. 3d and 32) is
holocyclic and autoecious on sycamore, Acer pseudoplatanrs. During the summer all
adults are alate and active. There is a migration of the aphid in spring and early summer
which is larger in the north of England and Scotland than in the south. This species is
of no known agricultural importance. Much work has been done on the population
dynamics ofthis species in the field and laboratory (Dixon, 1979). Howeyer, the distribu-
tion ofthe migations in the two halves of the year differ more regionally than might be
expected from what is known and suggest some overriding factor not yet evident.

3TI, Metopolophiym festucae (I\eob d" 19lA (F€scoe Aphirl) (Figs. 4b and 32) is auto-
ecious on grasses, especially meadow grasses where the life cycle is anholocyclic except
in the extreme north where it may be holocyclic. Alatae are produced from May to July
which migrate to other grasses and cereals. This species may stunt winter oats if attacked
early but is not usually a pest of cereals; heayy infestations may develop on grass seed
crops particularly in the Midlands.

Distribution is widespread and undistinguished in either part of the year.

ll2, Rhopalosiphum ruidrs (Fitch, 185Q (Cereal Leaf Aphid) (Figs. 6d and 33) is anholo-
cyclic feeding on leaf blades of grasses, and occasionally occurs on barley and maize in
the summer in Britain. The trap samples indicate a small summer migration which may
originate in cultivated cereals, particularly as it is conc€ntrated in eastern Britain, but
it occurs sporadically over the whole country.

376, Aulacorthm solczr' (Kaltenbach, 1843) (Glasshouse/Potato Aphid) (Figs. lld and 33)
is almost entirely antrolocyclic in Britain occurring on a wide variety of plants particularly
32
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Digitalis. When sexual forms and eggs occur, they are found on many different plant
species. It is a pest of potatoes but seldom occurs in sufficiently large numbers to iause
direct feeding damage. However, it transmits more than 30 plant viruses including potato
leaf roll and potato virus Y, though less efficiently than Myzus persicae.

The few l. solani fotnd, in trap samples probably give little indication of potential
damage to potatoes. The overwintering survival and the time that aphids move to potatoes
is of greater importance. The number of A. solqni in trap samples together with their
emciency of transmission are incorporated in an index indicating potential risk of virus
spread in potato seed crops (van Harten, l98l).

Its distribution is indeterminate-

lltl, fusaphis (5. Ponaphis) plaataginea @asserini, 1860) (Rmy Apple Aphid) (Figs. 5d
and 34) is heteroecious and holocyclic spending the winter in the igg siage on ipple,
pear, hawthorn and Sorbus species. Eggs hatch from mid-March to early April, ihe
subsequent aphid populations cause the most serious aphid damage to applei, severe
leaf cuding. Alatae on the primary host are produced in July which migrati mainly to
plantain but also to umbellifers and docks. However, the suction-trap samples indicate
that migration begins about a month earlier. Some aphids may remain on apples until
August, or eren for the whole year. The return migation to apple in the autumn begins
at the end ofAugust, but most are found in the trap samples ittle hst halfofseptember
and the fust half of October. Trap samples in the autumn indicate the levels of infestation
expected the following spring.

During both primary and return migration this species remains mainly in the southern
half of the island.

78, Phyllapfis fagi (LinnaeuE 1767) (Beech Aphid) (Figs. 5c and 34) is autoecious on
beech. There is a redistribution ofalatae from May to July, and another migration in the
autumn which comprises sexuparae.

- The summer migration is consistently larger than the autumn migration. Distribution
is quite uniform in the autumn migtation.

290, Elttobium abietirram (Walke\ 1849) (Green Spruce Aphid) (Figs. 3a and 35) is
autoecious on Pfcea species, particularly p, sitchensis on which it is a pest. In Britain it is
almost exclusively anholocyclic; sexual forms or eggs only having been recorded on rare
occasions.-Alatae develop duringthe spring and eaily summer in response to the changing
nutritional status of the host plant. They migrate from late April io the end of July to
other spruc€ trees where they aestivate until the plants are again in a favourable condition.

The duration of the migration increases from south to north and its median date is
associated with temperature (Carter & Cole, 1977). The size of the migration, together
with the severity ofwinter weather, indicates the levels of damage expecied the following
year. There is a pronounced longitudinal graduation in distribution, with a maximum
in the west, in contrast to the arable aphids.

318, Myzus (5. Nectarosiphon) ascalordcns Doncaster, 1946 (Shallot Aphirt) (Figs. 3b and
35) lives anholocyclically on a wide variety of hosi planti and it Inay be'a-pest on a
number of crops including strawberries, onions, shillots, lettuce and cabbage. Little
seems 

-to 
be known of its biology but it develops large populations at low temperatures.

It is often one of the first aphids found in trap samplesinihe spring when rediitribution
flighb begin and continues to migrate untii mid-1uly. There is ilso a small autumn
migation. The distribution reflects that of arable crops.
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315, MyaB onutus Laing, 1932 (Yiolet Aphid) (Figs. 9b and 35) is anholocyctc on a
wide variety of plants. Alatae develop in the spring and migate from May to July to
potatoes and other plants. Iarge infestations may develop on old and damaged leaves of
potatoes in late August and September. A few alatae may be produced on potatoes, but
few are found in the suction-trap samples throughout the year. In the laboratory
M. ornatus has been shown to transmit a number of plant viruses including sugar be€t
yellows and potato leaf roll.

Occurs mainly in the south.

319, Myzts (5. N.crarusiplon) certus (Walter, 18,19) (Violet/Dienthus Aphid) (Figs. ,lc
and 35) is difficult to separate taxonomically from M. persicae rr,d little is ktrown of its
life history. It is most likely to be found on chickweed and violets. Few are found in the
suction-trap samples, but most are found between mid-May and the end of July, and
mainly in the midlands and central southern England.

1506, Pemphigus (Prmiphilines) (Poplrr-root Aphids) (Fig. 9a) includes a number of species

which are difficult to separate taxonomically, including P. Darsartas which is a root pest
of out{oor lettuces, and P. phenax which is ocrasionally a pest of carrots. ESigs are laid
on poplar in autumn and hatch iu March and April when the buds break. The aphids
form galls on poplar in which the alatae develop in June. P. bursarius migrates to lettuces
in July where it infests the roots. Sexuparae, which develop at the end of August, migrate
back to poplar in late summer aDd autumn. Some aphids spend the winter anholocycli-
cally on the roots of lettuce or even in the soil where they will colonise lettuce planted in
the same soil the following year. It is difrcult to give information conctrning a single
Pemphigus spe<ies from the suction-trap samples until the proportion of each species in
the sample is known.
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TABLE 1

Atmual total sample for aphitl species that occwred fve or less times at 12'2 m, at any of
the 16 sites listeil in Table 2 during 1975-A0 @xcluding sites 904 ad 911)

?-4 Maculohclnas subnucula (Walk.t, 18,18)
197E,919 (2)i 1979, 908 (r); 1980, 924 (l).

3l Neotrurrs ctadora (Del Guercio 1909)
1975, 901 (D.

33 Trdrna tura MordvilJro,lg08
tng,923 (t).

48 Clsitophorus neii.lae Koch, C. L., 1854
1976, 908 (l); 1977,908 (lX 1979, 919 (r); 1980, 906 (2).

52 Sipha kurdjunai Mordvitko, l92l
1976,903 <2); 1980, 908 (2).

0 Callaphit juglotdk (Go€ze, 1?78)
r978, 917 (D.

6l Chtonaphit juglotdicora (Kaltenbach, 1843)
1975,924 (t);1976, 903 (l); 1980, 9Ol (l).

65 Myzocallb boen ri St oyat!, 1957
1917,9D Ai 198q 9r2 O).

7l nnocallis platani (Kaltenbach, 1843)

154

13r

96

2U

36

116

155

1976, 910 (l); lvt6,9t3 (4)i 1977,913 (3)i 1979,913 (4\.

Takecallit arundinariae (Essig; l9l7)
1975, m3 (l); 1977,9o8 (2)i 1971,9t3 (r); 1980, 913 (3); t980,917 \2).

Swydobius obbnglts (,ton Heydcn, C. H. G., 1834
1979, 3 Q).

DrcDalosiDhum acerinnn (Walker, l8,E)
1975, 914 (l); 19,7,917 (2); 1978, 917 (l); 1978, 924 (l); 1979,9t7 (2).

Therioaphis orunidis (Kaltenbach, 1843)
1978,914 (r).

Therioophis iehrni (B&ner, C., t949)
1979,9t9 Q)i 1980, 919 (2).

A aphis tkipsoides (Hille Ris Lambers, 1939)
1976, 919 (1): 1919,919 (2).

Plo.it @phis bituberculata (Theobald, 1912)
1976,9t7 (2).

Rlopalosiphum pilipes Ossiannilsson, 1959
1916,917 Q);1978, 903 (l); 1979, 903 (2); 1979, 908 (1).

Eutchizaphis palu.sttis Clheobald, 1929)
t97 5, 923 (2)i 1976, 9t6 Q).

Schizaphit gramirum (Rondani, 1847)
197s,923 (t)i 1978, 910 (l).

Aphis rubrun (B5rnar, C., l93l)
r97E, 910 0).
Aphis schtuden (Ilijtrer, C.,1940)
1978, 9r4 (r).

Aphis craccivoraKe\ C. L,, 1854
1979, 90r (r); 1979, 3 (2);1979, 908 (3); 1919,9U (t)i t980,924 (2).

.lphb ,orrnenrillae Pasrrrini, 1879
1979, 9t2 (r).

Aphis latu acicola (Bdrnq, C., 1940)
1978,923 (l).

73
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Toxoptera aurantli (Boyq de Fo.scolombe, 1841)
1975,908 (l); 1975,908 (l); 1976,910 (l); 1980,910 (l).
Brachycaadus jacobt Stroyan, 1957
1976,914 (l)i 1978, 919 (l); 1978, 924 (l),
Btuchycaadus populi (Del cu€rcio, l9l l)
19'17 , 922 (lli 1919, 919 (2\.

fi u leaphis sedi (laab. l9&l
197s,9o7 (l )i 1976,919 0); 1976,9U (2).

2.78

255 Brachycolus cerarr'i (KalteDbacb, l84O
,976, 908 (t); 1976, ilo O).

304

Ha y h Lr s t i a c u c u ba I i eas-*rtni, I 863)
r980, 910 (l).

Decorosiphon corynothni lJiimer, C.. 1939
1976, 8 Q); 1916,923 (l)i 1919,923 (l)i 1980,910 (l); t98O,9A (2).

Coloradoa achilleoe Hille Ris hmbers. 1939
1976,9U (2\;1971, t (2).

280 Colorodoa rulomacalara (Wilson, 1908)
1976, I (2)i 1976, 905 (l); 1977,914 (t)i 1977,922 (l);1979, 9r9 (r).
Cobt&a ir@furclld Osiannilssrcln, lg59
1978,908 (l); 1978,923 (t); 1979,906 (l).
Ericaphis eicoe (I}orner, c',1933't
1975, 908 (r); 1915,913 (2); 1976,912 (t)i 1976,916 (2);197, 906 O)
Cha"tosiphon S. P.ntotrichoptlt poten illae (Wr.lkq. lB5Ol
1977,917 (2\i 1971,924 U); 1979,922 (2).

Ovatus mentharius (vatr der Goot. I9l3)
1976, 9t0 (l)i 1978, 914 (t).

Oiotus S. Ovaroides inulae (\tlall<*,1&49)
1975, 910 (l); t978, 908 (l)
Myzus S. Nectarcsiphon n osotid:r (Biimcr, C., 1950)
t977,919 o\.
Capitophotus cardairus (Walker, 1850)
1978, 922 (l)i I 980, 907 0 ).

Pleotrichophorus drynn i Hille Ris kmbers, 1935
1978,924 (r1.

Nasrcvia S, Neokakimia futwhy i Snoyar. 1957
le76 908 (l).
M y z o t o x o p t c r a wi ms h w s t ae Tfubald, 1927
1975,906 0).
Rhopalosiphofiinus S- Submesofia heikinheinoi (Bitmer- C-- 19521
t975,901 (l); 1979,908 0); 1980,908 (2).

Aulaco hurn tulun HiIe Ris lamb.rs. 1947
1975, 908 (l); 1975,922 (t); 1977, 901 (l); 1977,9U (l).
Subacylthosiphon ctyptorr'rlJ Hille Ris l,ambcrs, 1947
197?,9o3 (2); 1971,9o7 (t); 1977,919 (t)i 1979, 908 (!); 1979, (l).
Anthracosiphon he ae Hille Ris kmbers, 1947
t975,912(t)i 1976, 914 (l); 1978,923 (l).

Mocrosiphwn cholodkov*yi Mordvilko, 1909
1978, 9O7 (l ).

Dacryatus achilleoe (Koch, C. L., 1855)
1980, 912 0).
Dactynotus S. UturrEloi ,atuxaci (Kalt€Dbacfi, 1843)
tn9,912 (5)i 1980, 912 (8).
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455 Maoosiphoniella paryera (Walker, 1848)
1978, 901 (l).

459 Macroiphoniella lsqzerrezsr:r Hille Ris Lamb€rs, 1935
1979, 908 (4).

464 Maoosiphoniella S. Astetubion arteris (wa,&er,184,9)
1976, 903 (l); 1978, 907 (l); 1978, 914 (1).

475 Matoaaphis S- Eriabiwa goldanoryae (KtowltoD, 1938)
197s,913 (l); t975,917 (2)i 1977,908 (2);19m,903 (2).

475 Masoruphis S. Ericobiumn .ilroa, (Swain, 1918)
1975, 908 (l); 1975, 9r0 (l); t916,9?2 (t); t918,94 (l)i 1979, 908 (2).

419 Wahlsrcnielh wccinii Clheobau, f924)
1n5,9t9 (2)i 1978, 912 (l).

483 ,lnoecia vagons (Kcr,h" C. L., f85O
196, 903 (l); 1978, 9r4 (1); 1978,9U (r).

481 Glwhina betulae Oianaeus, 1758)
1975, 908 (1).

W Prociphilus fraxirt (Geoftoy, 1752)
r95, 903 (t); 1975, 916 (O; 196, 908 (4); 1976 919 (l).

526 Snyrhroodcs betae W6trvoo4 1849
r97 5, 9t4 (r)i 19T, 9r0 (2); 1977 , 913 (2)i tgn , 914 (2').

532 ceoica s.rulosa (Paf{.'ini,l$@t
t976,9or (2)i 1976,908 (2)i 1976, 9r4 (4); 1r8, 903 (l).

533 c.oica etugrcs,idis (Pa$erini, 1860)
195, 908 (2); 1975, 914 (3); 1975, 908 (I); 1977, 901 O).

U Melanaphit plrdria (Passcrini, 186l)
r98, 901 (l); 1978, 914 (1); tng,9l4 (2).

7?3 Scniaphis &uci (Fakiciw, 1775)
1975, 9lo (3); 198,910 (r); 1979, 910 (1); 1980, 90t (2).
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TABLE 2

Annual total sample for aphid species that occ-urred on more thon frve occasions at 12.2 m,
at any of 18 siles during 1975-30. Zero catches are recorileil 0; dashes indicdte no rccotd.

see pages tl0-101.
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Figs. U-35. The average geographical distribution of each scasonal miSration for the years

l97i{0 mapped from the 18 sample statioDs listed io Table 2 using the SYMAP progmm

Caboratory for Computer Graphics, Haward). The number of migrations per year is basEd on
the known biological cycles, the published phenological eyideuce Cfaylor e, 4/., Fies. !9) and
examination of the daily sample records from individual sites. The dates s€lected for separation
of migratory g/cles arc averages over time for data that are not synchronous. This lcads to a
loss of defnition but represents the general exp€ctation until adequate phenological models for
each species justify shiftitrg the time scale for each site/year.

Periods for indete.Einate flight activity fot some species have been s€panted arbitrarily to
3how either continuation of the satre Seographical distribution or cbanged distribution Dot yet
uoderstood.

Layering intervals ale numb€Ied at each sampling site on the maps as follows:
1 (no shading), zero sample; 2, 1-2; 3, 1-9; 4 1G-31; 5, 32-99t 6, 100-315; 7, 31G99;
8, 1m0-3161;9 (solid black), 3162-9999.
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Eto. 30. 1O8, Phorcdon hwuli: i, w*ks l-34; ii, weels 35-52.
2Q, Brevicoryne brasicae: iii, w€eks 1-34; iv, wrek 35-52,
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ll8

FtG. 32. 91, Drepaosiphua plotooidb; i, wEcks l-29; ii, wcct! 30...52.
397, Meropolophiuri f.stucaei iii, at@ks l-32; iv, wcckr 31-52.
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Fta.33.112, Rhopalosiphum ,raldttt i, *erks l-j6; ii, w€eks 37-52.
376, ,lulacorrhum tolani: iii, wcets 1-36; iv, wccks 37-52.
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t2l

FtG. 35. 290, Elatobium abietinumi i, weeks 1-52. 318, Myzus ascalonicus: ii, wecks l-52.
315, Myzus orrutust iii, weeks l-52. 319, Myzus certus: iv, *eeks l-52.
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