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ENTOMOLOGY DEPARTMENT C. G. JonNsoN

D. S. Madge left to become Lecturer in Zoology at University College,
Ibadan, Nigeria. Mr. P. F. Newell, a Ministry of Agriculture Scholar,
joined the Department in October, and Mr. T. P. Sriharan of Osmania
University, Hyderabad, India, and Mr. G. Hariri of the Ministry of
Agriculture, Syria, in Novernber.

F. Raw, C. A. T. Edwards, c. W. Heath, G. K. A. Buahin, J. R. Lofty
and M. K. Arnold attended the colloquium on "Soil Fauna, Soil Micro-
flora and their Relationships", held by the International Society of Soil
Science at Oosterb€ek, Holland, in Septemb€r.

D. Calnaido and F. M. Smith were awarded the Ph.D. degree of London
University.

Soil Fama

Tbe breaLdown of vegetable matter in tle soil by soit ,nimrls. Iast year
we described how the breakdown of leaf litter by soil animals (insects,
other arthropods and worms) was being studied, and how earthworms
began the process by pulling the litter into the soil. The increased leaf
burial by Lumbricus te estris wilh increased temperature, observed in
Wisbech orchards, was studied further in Manor Wood, Rottramsted.
One hundred apple leaves were placed on the ground beneath each of 30
wire mesh cages on I January. As the leaves disappeared they were re-
plenished every week in half the cages so that the numbers on the surface
remained fairly constant. The number of leaves buried was significantly
and positively correlated with mean air temperature and with the tempera-
ture at 4 and 12 in. under the soil surface. These three variables accounted
for 45, 33 and 221of the variance respectively, in simple correlations;
and of them, air temperature seems to have the greatest effect. The results
also showed that more leaves were buried in periods imrnediately follow-
ing cold weather than would have been expected otherwise.

Sixteen weeks after the experiment began, three times as many leaves
had been buried under the replenished as under the other cages. This was
not entirely because more leaves were present; more L. terrestris werc
subsequently found under the replenished cages than under the other cag€s,
presumably because of immigration. (Raw and Lofty)

Other animals besides worms help in litter breakdown, The effects of
different goups were studied by excluding them from, or allowing them
acc.ss to, leaf disks in the soil, either by altering the composition of the
fauna with aldrin or DDT or by enclosing the leaf disks in nylon bags of
various meshes. In arable soil earthworms, Collenbola and dipterous
larvae were important in the initial fragnentation of the leaves; without
worms the rate at which leaf tissue disappeared increased with increasing
CoUembola populations.
154
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Green oak-leaf disks inside the large-mesh bags, which allowed all
animals of the meso- and micro-fauna and earthworms to enter, buried in
reccntly ploughed-up pasture soil completely disappeared in 16 months;
l0% of the beech disks remained.

Both oak and beech leaves disappeared about three times as fast when

earthworms were present as when they were excluded. In bags ofthe finest
mesh, which excluded all micro-arthropods, beech leaves were superficially
intact after 12 months.

Where earthworms were excluded, disks in aldrin-treated plots dis-
appeared at about half the rate of those in untreated plots; in the DDT-
treated soil disks disappeared faster than in the untreated controls. These

different rates of disappearance were positively correlated with the
numbers of Collembola in the soil. Leaf disks disappeared faster in
recently ploughed-up pasture soil than on the surface of mixed-oak wood-
land soil, possibly because those in pasture soil were constantly damp.

Another interesting feature is that some leaves, even from the same

tree, sometimes broke dolvn at different rates. Thus, although beech leaves

picked from trees and buried in June all disappeared at about the same

rale and about 80 % of the leaf area had disappeared in 12 months, those
picked and buried just before leaf-fall in September were of two kinds.
bne kind disappeared at the same rate as those picked in June, and the
others remained intact for many more months. The intact leaYes were

thicker, tougher and browner than the others, although they were fairly
green when first buried. After about 9 months they suddenly became even

more acceptable than the residue of June leaves, both to worms and to
other arthropods, and disappeared more quickly. Such leaves are thought
to come from the outer parts of the tree, and the chemical differences

between the two kinds and the changes from non-acceptability to accept-

abilig are being investigated.
Breakdown of many different kinds of green leaf is being studied;

kale, beet, bean and lettuce disappeared completely in two months.
(Heath, Edwards and Arnold)- 

Breakdown of oak and beech leaves in woods depends on the depth they
are buried in the litter layer. Most fragmentation goes on near the soil
surface beneath the litter, and earthworms and dipterous larvae are

mainly responsible; any decomposition which occurs before fragmentation
scarcely affects the ash-free weight. This was shown in an experiment in
which ieaf disks were placed freely on the surface, in the middle and at
the bottom of the litter layer, and samples were weighed and analysed
periodically oyer a lGmonth period. After 1 month beech leaves at the

iop had changed little, but those at the bottom had lost nearly half their
ash-free weight. After 10 months all the bottom disks had disappeared

and the top disks, which by then had reached the soil surface, were in
about the iame stages as the bottom disks had been after I month. In
the oak wood much the same happened; but initial fragrnentation was

slower.
The hydrolysable carbohydrate content of the most-fragmented oak

disks vaiied considerably in the first 5 months, and was as much as 300

mg/100 g of material in dry periods, when animals were least active-
155
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Beech leaves contained no hydrolysable carbohydrates after 5 months.
(Heath and Arnold)

The side-€flects oftoxic chemicals in the mil on arthropods and worms. The
long-term ecological effects of a single dose of DDT at 6, 20 and 60 lb
a.i./acre and aldrin at 4lb/acre are being studied in ploughed-up old
pasture soil on Highfield with plots kept completely free of plants (.Rep.
Rothamst. exp. Src. for 1961, p. 147). The plots were treated in May 1960
and sampled every week for the first year, and thereafter in altemate
months.

Isotomid Collembola, which live near the surface, were more numerous
in all the DDT-treated plots than in untreated controls, but they were
alrnost eliminated by the aldrin. The onychiurid Collembola, however,
which live in the deeper soil, were much more abundant than in the
controls only in plots treated with DDT at 6 lb a.i./acre. The numbers in
aldrin (a lb) and DDT (60 lb) plots did not differ appreciably from the
controls.

All doses of DDT decreased the numbers of mesostigmatid mites which
prey on Collembola, but aldrin did not. This differential effect on preda-
tors is thought to be responsible for DDT treatments increasing isotomid
Collembola and aldrin decreasing tlem. The numbers of oribatid mites,
dipterous larvae and symphylids were decreased by fallowing and by
DDT, but most by aldrin. All treatments except the smallest dose of DDT
greatly decreased numbers of Pauropoda, Protura, Coleoptera, Hemiptera
and Hymenoptera, but none affected nematodes, enchytraeids or earth-
worlns.

The residues in the plots have been studied chemically by Jefs, Insecti-
cides Department. DDT disappeared very slowly; aldrin went more
quickly, but its disappearance was accompanied by an increase of its
oxidation product, dieldrin.

The effects on soil fauna of continued annual applications of aldrin is
being studied in a crop rotation of sugar beet, barley, potatoes and winter
wheat at Levington Research Station, by courtesy of Messrs. Fisons Fer-
tilisers Ltd. Between I and 2 lb a.i./acre is apptied to the soil, according
to the particular crop, and the experiment is arranged in two series so
that two diferent crops occur together. In 1962 soil samples were taken
among sugar beet in spring and winter wheat in autumn: both series have
had a totzl of 5 lb aldrin/acre since the experiment began in 1959 and the
number of soil animals continues to fall in the aldrin-treated plots.

By courtesy of the Shell Chemical Co. the effects are being studied of
aldrin and "Telodrin" applied every 6 months to four different soil types
in Kent and Huntingdonshire carrying crops of potatoes, celery, sugar
beet, carrots, cabbage and onions. Preliminary results indicate that aldrin
is behaving as previously and that "Telodrin" is having similar effects
but at much smaller doses in the two lighter soils. Eflects on the soil
fauna in the heavier soils, which contain much organic mattef, haye been
slight. (Edwards and Arnold)

Preliminary tests made on small plots in a greenhouse with fumigants
used to control nematodes and fungi, showed that 1 month after tr€tment
156
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with "D.D" at 400 lbi acre the top 6 in. ofsoil contained only 3l as many
worms (excluding nematodes) and arthropods as untreated soil and the
second 6 in. 15 %. There was no sign of recolonisation after 4, months.

A field experiment is now in progress. Sodium methyl dithiocarbamate
at 600 lb a.i./acre and "D.D" at 800 lb/acre were injected in September
1962. Some of the plots were isolated from the surrounding soil by
polythene sheet to a depth of I ft with 6 in. projecting above the surface.
1wb weeks after treatment no live micro-arthropods were found in the
top 12 in. in the "D.D"-treated plots; the sodium methyl dithiocarbamate
kiled 99 % h the top 6 in., but had little effect b€low this. The recolonisa-
tion of the plots from the side, above and beneath is being studied.

Particularly interesting is tle recolonisation from above by small wingless

afuborne arthropods. Water-tray traps placed at different heights up to 2
ft above soil level trapped betwe€n 10 and 4,000 soil micro-arthropods
each week. CoUembola formed between 70 and 90f ofthe catch. (Buahin

and Edwards)

Soil pest control. In experiments on the chemical control ofwire'xorms on
Claycroft (with Insecticides Departmeat) gamma-BHC, aldrin and dieldrin
seed-dressings, gamma-BHC combine-drilled and aldrin spray treatments

were applied to wheat drilled in autumn 1960 and spring 1961. After the

experiirints ended, the residual effects of the insecticide were measured

by-sowing plots in autumn 196l with untreated wheat and assessing their
yields and the amount of \Yireworm damage-

Plots treated in the spring of 1960 with aldrin, or wherc gamma'BHC or
dieldrin seed-dressi"g (nigl rates) had been used, yielded significantly

more (,10'6, 37'4 and 39'8 cwt/acre respectively) than untreated plots

(31'7 cwt/acre).' 
Treatment given in autumn 1960 showed no residual effects on spring

wheat sown ii l962,but gamma-BHc (high rate) seed-dressing applied in
the spring of 1961 increased the yield of untreated spring wheat sown in
1962 from 39 to 41 cwt/acre.

The effects of menazon on soil pests and on the general soil fauna are

b€ing studied at Newbury in collaboration with Imperial Chemical

Industries. (Raw and LoftY)
Sluss are becoming increasingly important as pests, and there is no

satisfa'ctory method o] controlting them in field crops. Promising mollus-

cicides are being tested in conjunction with a study of the movements

and habits of sligs and the plices in the crop where they tend to collect
(p. 158). The poisibility is also being studied- that herbicides may be

,l"a ug"i".t slugs eitnei to poison them directly or to deprive them of
food. iests haveleen made with ten herbicides used for controlling \veeds

in Dotato crops (where slugs do much damage) in conjunction with the

eeiicultural ilesearch Council's Weed Research Organisation at Kid-
iir.-gton. no"t triazines and one dinitrophenol were molhrscicidal in
lab"oratory tests, and the dinitrophenol v,/as toxic lo eggs of Agriolimax
reticttlati in concentrations as little as 2 ppm aqueous solution' (Stephen-

son)
The slug-repellent properties of the dimethyl and dibutyl phthalates
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were reported last )car (Rep. Rothamst. exp. Sta- for 1961, p. 149). Similar
chemicals are used as plasticisers, which probably explains why dilute
aqueous washings of some cellulose nitrate sheets have been found to be
extremely toxic. The possibilities of using such solutions to control slugs
are being studied. (Newell)

Tle effect of orchard mrtrrgement on lte eerttwom populrtiotrs. The
effect of orchard management on the earthworm population and the
possible relevance of this to tree growth is being studied tt Wisbech, where
it has already been shown that Lumbicus terrestris is llery important in
burying leaf litter (Rep. Rothamst. exp, Sto. for 1961, p. 146). 

-

An assessment of the earthworm populations in orchards with different
t)pes of management shows that organic manures (such as farm-yard
manures and compost) and cultivation together have little effect o; the
abundance of L. terrestris. Organic manures alone greatly increased the
numbers of Allolobophora chlorotica, A. caliginosi airtd Eisenia rosea,
which all live near the soil surface, and culiivation alone greatly de-
creased them. Repeated sprayings with copper fungicides cin aimost
eliT111t9 the earttrworm populations (Rep. Rothamst. exp. ^Sra. for 1961,
p. 146), but the effects of other sprays cannot be estimated without speciai
expedments beyond the scope ofthe present suryey. In one orchard, with
much copper (1,500-2,500 ppm) in the partially decomposed surface litter,
some areas had be€n cultivated, others had not. The leaves on the apple
trees were much darker in the cultivated than in the uncultivated areas,
which may, reflect the greater root-growth after the ploughing or the
nitrogen released by the rotting of the grass, but as earthwoims -could 

be
responsible, their eflect is being further studied. (Raw and Lofty)

It" bigtogy of soil-inhabiting pests. Slugs are not randomly scattered in
the soil under a crop; they discriminate in where they spend most of their
time resting and where they lay their eggs. Thus when Zgr;a limax reticala-
,2.r, a common pest ofwinter wheat, was ofered soil with particles ranging
in. size from less than 4 up to 20 mm, ananged in ,u.iou, p"tt"roi, iI
Iaid far more eggs in the finer soil, resting during the day 6eneath the
larger particles. Not all slugs behave in thiiway: i(ilax bidapestensis, a
major potato pest, excavates cavities in large lumps of clay and lays eggs
within them; Arion hortensis congregates mostly in the tioughs b'etween
potato- ridges, probably because it is dampest thire. Another 

-<liscovery 
of

possible value in control is that M. budapestensis swallows soil, for this
raises the possibility of using stomach poiions applied to soil.

Such information on slug behavioui is signfficant for deciding how to
apply poisons and how to assess the results of tests. When io appty
molluscicides, the effects of rolling to destroy habitable crevices and the
choice of sampling sites in a crop are three factors now being studied at
Rothamsted.

- SIug activity and distribution in crops in relation to control are also
being studied 

-on-the 
heavy clay at the Experimental Husbandry Farm,

Terrington. Norfolk, in collaboration with tbe NatioDal Asricultual
Advisory Service (Eastern District). (Stepheoson)
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An imDroyed method for exhacring $tlmpods from tte soil. Existing
extraction methods leave much to be desired. The Tullgren funnel, which
relies on gentle heat to drive the animals from soil, works with diferent
degrees of efrciency with different animals and with different types of soil.
In the modified Salt and Houick apparatus the soil sample is broken by a
water jet and washed through sieves: the animals and plant debris are
then floated to the surface of magnesium sulphate solution, skimmed of,
shaken with xylene and water and hand-picked from the upper xylene
layer. Washing and sieving is slow, for samples are dealt with singly by
hand, and removing animals from xylene is tedious, unpleasant and
subject to personal erors. AII this limits both the number and accuracy of
estimations when the ueed for speed and accuracy is great.

An apparatus was therefore constructed which washes four samples

simultaneously and mechanically. Each of the four units on the apparatus
has a coarse wire-mesh cylinder to hold the soil sample, supported io a
large polythene cylinder with a 150 mesh/in. sieve at the bottom. Both
cylinders are rotated about a vertical axis, while two flat jets of water
play on the sample and on the bottom sieve. Four samples can be washed
in 10-30 minutes. Separation is being attempted in a sPecial polythene
separating funnel with zinc sulphate solutiotr (specific gavity l'4) and a

solution of xylene and carbon tetrachloride (specific gravity 1'2), so that
animals float to the top of the xylene--carbon tetrachloride solution, plant
debris remains at the interface and soil sinks to ttre bottom. Ifthis succeeds,

hand picking will be unnecessary, for liquids, soil and debris will be run
offfrom below. The fumes, however, are unpleasant and may be dangerous;
hence the separation has to be done in a fume cupboard. Substitutes for
the xylene-{arbon tetrachloride solution are being sought. (Edwards and

Heath)

Inf€strtion and Ioss of Yield

Gs[ mirtges. The work aimed to assess the etrect of attack by swede

midge (Conta nia nasturtii) on the yield of swedes' Three lots of.swedes,

sown consecutively at 2-weekly intervals, were caged, in a 6-ft cube, with
nylon mesh as follows; artiicially infested with midges reared in the

i;sectary; kept completely free of midges, by caging and spraying with
endrin;'natural infestation allowed in an open-ended cage; uncaged

controls. The caged plants were leafy and with fewer roots than those in the

open; early sown plants yielded more than late sown, even though both
hid the same growing periods. Midge attack showed in different degrees,

with corresponding sy-pto-s to which the yields could be related as

follows:
SymDtom of Percentagp of attacked platrts Mean yield in oz of attacked_ aitack showitrg symptom plaDts wrth symptom

lst 2nd 3rd lst 2od 3rd
sowing sowing sowing sowing sowiog so"vifl8

All svmDtoms IOO IOO 100 l2'8 6'6 6'l
i:."i"lil-tear 83 loo l0o 14'r 6'6 6'l
i*.'iif;-*ii"t. 58 ?3 85 l5'1 6'6 3'8
ri;;-;&[ 42 23 62 lt'4 o'7 2'2
Cab5us"-top 50 31 64 t2'O 5'l 4't
u"atiaitea' o o o l75 9'4 63

159

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-95 pp 8

ROTHAMSTED REPORT FOR 1962

Severely attacked crops produce a few very large and many small, un-
marketable swedes. "Many-neck" and ..cabbage+op" 

are associated with
least yield. (Edwards, Arnold and Mrs. H. Bardner of Ministry of Agri-
culture, Plant Pathology Laboratory)

Insect Dispersal and Migration
The migratory flight of an individual insect begins with take_off from the
place of birth, proceeds through one or more lengthy displacement
flights and ends, when successful, in a new breeding siie. Collectively,
this results in the transference of population, during which the density oi
insects in the air changes at different places (including different leveli in
the air) or over a period at the same place. The processlhat can be studied
in the individual as take-off flight and landin& can be measured in the
population as flight periodicity, population displacement involvins aerial
density-.changes in_ time and space, and the reinfestation of hibitats,
especially crops. All these aspects, individually and collectively, are being
studied.

Flight ttresholds fltd flight periodicity. The study and measurement of
temperature thresholds for take-off and flight by a range of insect species
described in the lasl rgpory\Rep. Rothamst. exp. Sta. fot lg6t,p. 150) was
ended for the time being. The analysis ofaerial populations ofqueen wasps
(Vesprla germanica Fabr.) Aphis fabae Scop., ioldier bee e (Magonycha
f/uc Scop.), the noctuid moths,{groclr ola lyctuidis (Schiff.), and Aiphipyra
tagopoginis (Linn.) showed that, once the air temperature that permits
flight is attained, further rises in temperature do not affect nirmbers
trapped, for_ these _depend chiefly on the population size. Consequently,
the size of the daily catch depends more on the lrriod spent abive the
temperature threshold than on chaDges in mean daily temperatur€.
Population changes can be elimirated in analysis by ciassifying daily
catches as unity or zero, and the resulting graph (againsidaily tempeiature)
indicates the threshold. Field data analysed in thii way can'be as'accurate
as laboratory measurements of thresholds. (Taylor)

The effect of light, temperature, relative humidity and wind speed on
emergence and take-off of Limothrips cereqlium Hal. from hibimation
sites was analysed in this way. The mean temperature tkeshold for take_
off, measured close to the insects, is about ft", but ranges between 14"
and 19', depending on whether temperature is measured- in tfre Uart or
some fe€t away in the air. This emphasises the need to specify the actuat
site for temperature measurement in such studies and thi arbitrarv value
of many so-called threshold measurements. Before take-of 

"an 
oc.ui"Aurin g

the spring the adult thrips pass thr-ough a.temperature-dep€ndent Jevelopi
ment period at the very end of hibernation, in some ways simitaito tne
teneral period ofnew adults. Most ofthe thrips emerged irom hiGrnation
beneath bark in sunlight and usually took oh a few-minutes tateifem_
perature was the most important single factor influencing the time andproportion of the population taking off, but low light inten'sity sometimes
prevented some insects from taking otr I_2 hours b"fo.",rnr.t, white the
160
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temperature was still high erough for flight. Efects of wind speed and
relative humidity on take-off are relatively unimportant. (Lewis)

Individual take-off and flight is expressed collectively as daily flight
periodicity, and the degrees of dispersal for populations of many species,
especially in the upper air, are associated with times of flight in relation
to wind. But the relation of flight periodicity to dispersal has not been
developed because techniques for measuring periodicity have been in-
adequate. The disk-dropping suction trap now provides the method, and
an atlas for flight periodicity of many species is being compiled. This will
also provide material for threshold determinations.

For example, intense flight activity at midday occurred with Chryso-
melidae and Thripidae, during the day with Tenthrediniidae and Muscidae,
at dusk with Chironomidae, Mycetophylidae and Staphylinidae, at night
with Chrysopidae, at dawn with Psocoptera and at dusk and dawn with
Drosophilidae and some Mycetophididae, and after midnight with
Cynipidae. Nematocera accounted for almost half the total catch: trryo

more families in thissuborder (Rep. Ro rhamst. exp. Sta.for 1961, p. 150 ), the
Culicidae and the Psychodidae, divided clearly into darkly pigmented day-
time fliers and pale evening and night fliers. The work is being extended
to more habitats and species. (Lewis and Taylor)

Yertical rlistribution of insects at low altitutles. Much work has been done
on the distribution ofinsects in the air up to several hundreds or thousands
of feet, and something is known about the behaviour of vertical density-
gradients during the day and season. Nearer to the ground, however,
take-off and landing further complicate the changes in the gradient
caused by atmospheric mixing. Moreover, it is within a few feet of the
ground that aerial populations b€gin their build-up and the reverse
process of crop infestation occurs. Gradients within a few feet of the
ground have been studied a little by several workers, but mostly with
techniques that do not permit a quantitative analysis in terms of aerial
density; density measurements are essential to assess absolute numbers
taking off or alighting and to fit density gradients at different altitudes
into the same diffusion system.

Consequently, 15 suction traps measuring density directly w€re arranged
at intervals from actual ground level to 32 n (105 ft) over grass and
fallow; the vertical distribution of many different insect species was

measured between May and October 1962 in relation to season and weather,
especially the temperature gradient and tle speed and direction of the
wind. Operating the traps was a full-time job, and only preliminary
results are yet known. These indicate a wide range of response to atmo-
spheric movements by different species and great differences in their
vertical distribution. Thus, tipulids remain remarkably close to the ground
for most of the time, whereas different Lepidoptera are differently distri-
buted. Honeybees and social wasps travel mainly between 0'5 and 5 m,
and some small as well as large insects seem to fly mainly in inversion
conditions at specific and very curious heights. For example, a sPecies

of chloropid flew mainly at 14 m and a bibionid at 5-9 m. Some species

showed steep gradients even in the firsl few inches above the ground;
r6l
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others seemed prone to a more even distribution up to many feet. These
diflerences are to some extent associated with times of ilight, whose
study is described in the previous section; but the tendency of i species to
become generally involved in air currents or to fly at times and in a
manner either to encounter or to avoid them should be shown by the
full analysis. Changes in the gradient associated with deposition should
also be revealed. (Taylor)

Ttre.qlVsiotogr of Uhid flight One of the most interesting and generally
significant facts abort aphid flight is the relation of the duiation of flighi
to the strength of the settling response and to host acceptance. parturi-
tion, wiich follows, and the onset of flight-muscle autolyiis also depends
on a flight having been made. These matters are now baing studied in as
maLV aghi! species as possible, for the relation of migritory flight to
settling is important not only in aphid biology but also in virus trans-
mission (see p. 163).

Two interesting species studied during the year were the root-feeding
aphids Mopalosiphoninus staphyleae (Koch) and R. latysiphon Davidsonl
which often occur in large numbers on clamped mangolds and potatoes
respectively, but whose alatae are, for unknown reasons, rarely ciught on
flight_traps except sometimes very close to the clamps. Littli is known
therefore about flight and the proc€ss of infestation by alatae. When
colonies of X. staphyleae are kept on sugar-beet plants and R. latysiphon
on sprouting potato tubers at 20" the alatae become flight maturi within
24hours ofmoulting. Like many other aphids, they do nol settle, feed or re-
produce until either they have flown a short time or fasted for several hours.
Both species take-otrand fly above 17. in the positively phototactic manner
common to most aphids. When flight-mature alatae are kept in darkness,
as they would be inside a clamp, they wander over the food plants for a
day. or two, pr_9b-rng a-nd feeding before they finally settle; th;y then give
birth to only slightly fewer nymphs in the first week of adult life than do
flown alatae. Flight-muscte autolysis occurs in females of both species,
but not so soon as in A- fabae, atd, some individuals that had flown and
settled still had intact muscles after 10-12 days at 15"; autolysis then
occrrred, and although aphids kept on food plants in darkness retained the
ability to fly longer than did flo\an ones, nonl was seen to fly after l0 days.
The possibility that many of the aphids in clamps lose thi ability to hy
before-they emerge into daylight is obvious and now has to be invesiigated.

Flight-muscle autolysis was observed for the first time also on vivi_
parous species of ilya lopterus pruni, Cavaiella aegopodii and, Aulacorthum
solani. (Cockbain)

Ins€ct migration records. Most migant IJpidoptera were uncommon in
1962. The earliest immigrants arrived late, posiibly becaus" of the late
spring, and populations of many species remained-very small. This was
particularly true of Colias crocea Fotrc. (the Clouded yellow) and
Magrogloxum stellqtarum L. (the Humming Bird Ilawk-moth); Zazessa
atalanta L. (the Red Admiral) did, at least partially, recover and yonessa
cardui L. (thePaitted Lady) was seen more frequenily than for some years.
t62
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Plusia gamma L. (the Silver Y Moth) was not common until the end of
the summer, and an immigratiort of Herse convoltuli L. (the Convolmlus
Hawk-moth) probably occurred as late as September.

Among the rarer migrants laphygma exigua Hiibn (the Small Mottled
Willow) was the only noteworthy species, with more records than ever

before. It arrived quite suddenly, in unprecedented numbers, in south and
south-east England on 6 May, probably in association with Nomophilt
noctuelta Schitr. (the Rush Veneer), and bred successfully to give increased

numbers later in the summer. This is the second year that one of the rare
immigrants has arrived en massei in 1961 it was t-ltetheisa pulchella L.
(the Crimson Speckled). With the assistanc€ of the Meteorological Omcr,
it is hoped to demonstrate an association of these events with the meteoro-
logical conditions and wind trajectories, and to determine why the time of
ariival is so clear-cut, and possibly the source ofthe immigrants. (French)

Ar imect flight chamber. Insects migrate particularly when the gonads,

at least in fernales, are not fully developed; settling responses associated

with host selection and oviposition are also bound up with iotemal
physiological changes. A study of flight and the responses associated with
it in relation to the physiological state of the insect has been hampered by
the difficulties of flying insects freely under controlled conditions' Workers
in other institutes have achieved this with aphids in specially constructed

flight chambers, and the results are of great signincance to migration
stidies generally. Aphids, however, are very slow fliers and are particularly
suitablJfor thii woik; to induce more rapid fliers, such as moths or flies,

to fly freely in a controlled air stream is more difficult, perhaps even

impossible.'Nevertheless, a new and more versatile type of flight chamber

is being constructed in an attemPt to achieve this. ([,ewis)

Tramission of Viruse in Relation to tle Behaviour end Physiology
of APhitls

Factors aflecting the transmission of non-persistent viruses by lpiis
fabae arrd Myzus persicae continue to be studied in the laboratory. Alate
'M. 

persicae'are generally better vectors of pea mosaic and sugar-beet

mosaic viruses tlian are alate A. fabae, but this appears to be more

associated with differences in their probing and settling behaviour than

with diferences in their intrinsic ability to transmit the viruses. Thus, new

unflown alate A. fabae, unlike M. persicae, ta;rely probed when kept for
shon periods (c. 5 minutes) on infected broad beans or sugar-beet ?lants;
therefore few, if any, acquired virus. However, after short periods of
tethered flights l./aiae probed plants as readily as M. persicae, and there

was then little diflerence in their infectivity.
Many alatae of M. persicae, but very few of A. fabae, transmitted pea-

mosaic virus after flying from infected plants on which they had developed

or became flight-m;tuie. Alatae of neither species were infective when

they withdrew their stylets after a long feed, but both probed briefly before

flying, and it was thin that the virus was acquired, but mostly by M'
pLrio" and hardly at all by A. fabae. Separate observations showed that

163
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about twice 
^s 

many M- persicde as A. fabae protfld for 15-90 seconds
(optimum time for virus acquisition); this may account for some of the
difference in their i nfectivity.

After a short feed on infected plants the infectivity of flying (tethered)
and fasting alatae, and also of faiting apterae, decreased a:t si"milar rates.
The rate increased with increasing temperatures, and few aphids trans-
mitted pea-mo8ic virus after flying or fasting for 30 minutes at tempera-
tures atove 30". By contrast, the persistence of sugar-beet yellows virus
in fasting apterae of M. persicae was little affected by temperatures of
between l" and 30" during a fasting period of 30 minuies.

The species of host plant on which aphids were reared did not affect
their ability to transmit viruses. Apterae of A. fabae from sugar beet
transmitted pea-mosaic virus as efficiently as did aphids from broad beans,
and apterae of M. persicae from broad beans transmitted sugar-beet
mosaic virus as efficiently as did those from sugar beet. Flown aiatae of
both species were better vectors of these viruseslhan were fasted apterae,
but apterae were the better vectors of henbane mosaic virus in to-bacco.
(Cockbain, with Gibbs and Heathcote, plant pathology Department)

Ecologr and Dispersal of Frit FIy
The study of the relative abundance of Oscinella lrit L. in grassland and
oats_ for the three generations during the year and ho* thi populations
produced in gassland invade oats, and vice versa, was endid, at least
tgmporarily. There_are two aspects of this problem: the factors governing
the si?e ofthe populations and those governing movement. The p-opulation
Ievels have been measured, but most analysis has been of mecianisms of
dispersal.

.^]o_ l26t- three vertical profiles of aerial density over oats up to g m
(27'5 ft) showed-shallow profiles for the panicle generation indicating its
proneness_to^h^igfi-altitude dispersal already demonstrated with catches up
to320m(1,000fr) (Rep. Rothqmst. exp.,t a. for l96l,p. 155). The profilei
for overwintering and tiller generations, however, weie rather difleient. In
1962 the extensive series of traps up to 32 m (105 ft) over grass and fallow
show€d that during the same period as in tb6l, and wit'h very constant
weather, the-profiles above 2.5 m (8 ft) were not only remarkably constant
and well defned but also of a shape indicating ihat, throughout the
period May to O. ctober, frit fly of all generatiois become dislrsed by
atmospheric motion. (French)

. 
With the panicle generation at least, daily changes in numbers in the

air over an oat crop. mostly emigrants teaving tti crop, are not signi-
ficantly correlated witb either daily temperature or rainfali, but very hig-hly
correlaled witb numbers emerging. Thus, as with aphids, ihese insecs are
not only adapted for higb-altitude flight as a norrital means of dispersal
but, like them, the variation in numbers flying is more closely relaied to
their production in the habitat than to any va_-garies of behaviour caused
by the weather. Indeed, moderately strong winis which might be thought
to suppress flight did not do so effectiyely, for there was a pisitfie cortela-
tion of numbers airbome with wind speed. (Calnaido)
tg
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The Ecology of the C bage Whitefly (Aleytoilcs bassicae Wllk.)

The main aim of this work is to measure the population changes of this

insect during the year and to relate them to its dispersal. For- this the

relation of sleed of development to temPerature changes must be-deter-

mined; the piocess ofdispersal depends not only on the numbers of insects

produced (ind they are increased when generations succ€ed- each other

qoictty ut iligh t..p"ratures) but also on the rate at which adult females

mature sexually, for this atrects the powers of flight.
The period from egg to adult was measured at several temperatures

betwee; l4'5" and 2?'56; at these two extremes mean values were 48'8 and

18 days respectively. From these measurements the speed of-development
at various ie.p"titu.es corresponding to those in the field were -calcu-
lated. The estiirated numbers of generations for t960, 196l and 1962

were 3, 4 and 3 respectively.
The rate of sexr]al maturation of the adult females is shown in the

length of the preoviposition period: the mean Yalues for this at 25', 20',
l5'1nd 10' wire O'9, l'+, 3'2 and 6'4 days respectively. Below 8'5" there

was neittrer ovary development nor oviPosition by insects collected from

fields (as pupae) in August 1962.

Weathei ifects flight behaviour of autumn and summer populations

differently. In summir a definite light threshold for flight occurs, so

that flighi ceases in the evening even when it is still warm enough for
flying; autumn flights, however, are not so inhibited, and when tempera-

tures are hig! enough some of the insects also fly at night.
Differences in sexual development between summer and autumn popu-

lations also affect flight. Suction traps caught most insects in autumn,

and this was when dispersal was most widespread, which is not only because

ins@ts are more abuniant but also because individuals appear to fly for a
longer time. In autumn the preoviposition period is much-longer than in

surn'mer, and 971 of newly emerging females were sexually immature' This

evidently enabbi them to fly for a much longer time than the-summer

ones do before settling down to lay eggs, so accounting for the mass

migrations commonly ieen at this time of year; this- is- sign-ificant in
inslt migration generally, and is now being studied. (El Khidir)

Growth and Repm ihrclion in Aphis fabae in Relation to the Amount
of Plant Sap Ingested

The food requirements of aphids and the emciency with which they use

sap from plants partly determines both their su@ess as species and the

darnage thiy do as thiir colonies grow. Yet the basic element in this, the

".ouit of Lp required by a gro-*iog and reProducing aphid. has only
recently been issesied. Th" last report (Rep. Rothamst. exp. S,a. for 1961,

p. l52j described how the amount of sap taken in, and the amount.of ex-

Lreta produced by A- fabae, fed onbeans at 20', were being measured- This

has now been done from birth, throug,h to adulthood and on during re-

productive life till death. A balance sheet shous that the adult ingests

ibout nine times more food during its life than the larva does as it Brows,
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and that a single adult duriDg its life extracts an average of 36 mg of sap
from the plant. Only about 3 mg of this is used as food to produce new
aphids, and the rest (91 %) is excreted as honeydew.

This gives a baseline for further analysis of aphid growth and also for
the loss of gowth and leld of host plants in relation to feeding and
increase of colony size. The values of diferent parts of plants and of
diferent plants to the aphid will also be assessed against this. (Banks and
Macaulay)

The Ecologr of Insect Predaton of Aphirb and its Relrtion to
Crop Gmwth

Insect predators of aphids feed not only on species that are pests of crops
but also on many other kinds of aphids. Consequently, the number of
prydators is iniuenced by the general abundance of aphids, rnany of
which live on weeds and in the woodland and hedgerows, which are also
over-wintering quarters of predators. Many predators spend much of their
lives in habitas other than agricultural crops, ai, indeed, do many p€st
aphids. Both the aphids and the predators are highly mobile and can easily
and quickly change their localities.

A study of the ecology of predators in habitats other than those of
obvious importance to agricultural crops is therefore essential for an
understandiDg of factors aflecting their general abundance and their
presence on crops. This was done with suction traps in copses and
weed patches at different sites on the Rothamsted Farm from March to
October 1962. The times of arrival and changes in abundance of aphids
and their predators on a bean plot were also assessed. The results show
in a striking way how apparently innocent insects can greatly influenc€
yield of crops and how important it is to study not ooly the pest species
but also the ecosystem of which they are a part. For example, the ant,
Lasius niger, drives many predators away from the aphids it attends, and
so protects them from attack. In a field experiment on beatr plants infested
with A. fabae, but without ants, predators established themselves earlier
than on similar plants with ants; the aphids were less numerous and
reached a maximum density later on ant-free than on ant-visited plants.
Where ants attended, and so protected the aphids, the yield averaged 8
bean seeds/plant; without ants and where predators had free rein it was
l7 bean seeds/plant, and on plants kept free from aphids, 50 bean seeds/
plant. Both the presence of ants and the time of arival and attack of
aphid colonies by predators is very important. Predators appeared in the
following order: Coccinellidae, Syrphidae, Chamaemyidae, Cecidomyidae,
Chrysopidae and Anthocoridae. This is a nicely balanced system and
must be studied as a whole. (Banks and Macaulay)
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