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Monitoring Chrnge in the Ilistribution and Aburdance of Insects

L. R. TAYIOR

htod[ction

Twenty years ago, in this Report it was argued that pest control requires a national, if
not intrrnational, scale of organization (Williams, 1952). Opinion at that time was
influenced by the growing recognition of the great numbeN of insects in the air and the
vast areas that are regularly quartered in search of host plants, some of which are crops
of agricultural or horticultural importancr.

New agricultural hazards have since emphasised the need to see pest control as more
than a local farm problem (Iaylor, 1973). Economic pressures are increasing field and
farm size and specialisation and, as the traditional mosaic of mixed farming in small
fields gives way to monocultures of a narrowing range of crop varieties, the efect on
p€st populations presents unassessed risks. The widespread use of highly sophisticated
insecticides has selected resistant pest strains and produced other side effects. In this
rapidly chaneing agricultural environment, aphid biotypes have appreared attacking
new crolx; the recent increase in aphid problems in Britain, noted by Baranyovits (1973)
and others, is also widespread abroad (Kolbe & Linke, 1974) dr,d the potential for
developing new pests is unpredictable.

It is clearly desirable to use the minimum amount ofins€cticide consistent with effective
control and the precise timing of application can be crucial. However, b€cause most
crop pests are mi$ants, accurate timing ofcontrol schedules demands accurate knowledge
of pest movements.

Current population dynamics theory is incapable of forecasting either the likely effects
of the changing environment on pest status, or the likely movements of existing pests.
Fundamental work has so far concentrated on numerical change in populations, but
these agricultural problems are largely spatial and concern, not only how ins@t numbers
change, but how drirrrrarrbz is controlled.

The available information on the rate of change of distribution of insect populations
is meagre. It is known that some species, many aphids for example, are compulsive
nomads. They have no population centre where a species could be monitored to register
seasonal changes in numbers as an indication offuture trends in crop infestation- Periodic
movements of whole populations result in complete redistribution of the species so that
the only relevant measure of population size is one made over a large geographical
area, at l€st over the whole of Britain. At the other extreme, there are insect species so
insular that each population centre has been known for generations. fiis property of
the'fuidity' of a species is a populalion parameter that must be measured and understood
before population dynanics can be of much relevance to agriculture.

Again; if imprecise control treatments are to be deplored for their side-effects and
aerial movements of pests are unpredictable in the pres€nt state of knowledge, sprawg
progrotn es car only become eficient by constanl moniroring of pest populalions over
large areas because they mus, be adjusted anmully lo the size, and especially the timing,
of infestarions that result from migration.

It is in response to these two c€ntral issues that the two branches of the Rothamsted
Insect Survey have been developed. The initial stages of both problems resolve themselves
into the technical and economic difficulties of measuring the total population of any
w2
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single insect species with enough spoed and sensitivity to follow changes in its distribution
over an area as large as Great Britain.

This paper describes an attempt to measure such populations, the techniques used,
and what must be known of the populations before such measurements can be made
efectiYely.

The Foi€ct

To assess most accuratcly when control treatments should be applied, the ideal would
be to sample the pests on the crops immediately b€fore treatment. This would require
constant crop surveillance which is feasible only for a few easily accessible crops.

Insect samptng in the crop or on the grourd is tedious and exFnsive; with all the
resources of a wartime economy, the wireworm survey (Fryer, 19.14) required a major
op€ration by dozens of entomologists to deal with only three species. For most crop
samples, each group of pests requires a separate sampling programme, and often an
individual technique. Furthermore, because of their highly specialised feeding sites,
the number of samples required is usually large and the cost high. The Rothamsted
Insect Survey, therefore, samples the flying stages of insects and attempts to relate
these aerial samples to the ground, or parent, populations.

The jutifcation for aerial sampling, adopted in the Rolhamsted Insect Sutve), is not
that it is ideal, but ,hat it is feosible.In part this claim is based on the efficiency of aerial
sampling and the spatial disposition of the insects which will be dealt with latet G,.214).
Another great advantage of aerial sampling is that, if the technical problems of sampling
for one species are solved, ttren most other species of the same major group can be
sampled simultaneously at little extra cost. An initial disadvantage is that the relationship
between the parent population on the ground and the ephemeral aerial fraction is not
yet sufrciently understood.

Four major factors govem the technical approach to aerial sampling, and their solution
determines whether the project is viable.

The first factor, insect size and the related aerial density, determines the choice of
aerial sampling technique. Aphids are serious pests, although not the only ones; however,
they form a conveniently homogeneous group with which to begin and for which aerial
sampling methods have been most thoroughly worked out. For such small insects,
present in the air at high population densities, an absolute sampling method is already
available to relate numbers directly to the sampling medium and so yield true population
estimates. Larger and less common insects must be sampled by other means; this usually
entails increasing the local concentration of insects in the air to a measurable level by
an attractant before the sample is collected, so introducing a relative 'attraction factor'
into density estimates. One reason for the dual sampling system adopted, therefore, is
to investigate the problems arising in both kinds of methods; relative sampling for low
density pests, and absolute sampling for high density Pests.

Secondly, life-cycles determine the ease with which seasonal changes, or phenology'
can be analysed. Some insects, like aphids, have complex life-cycles difficult to analyse,

whilst many moths, including pest species, have simple cycles, which prcsent easier
material on which to develop the necessary analytical techniques.

Thirdly, one of the objects of the sampling is to make a comparative study of the
dynamics of spatial distribution. Therefore, it is necessary to use populations of species

of all knds, from the persistently migratory or nomadic, to the non-migratory or static.
Whilst aphids occupy the nomadic extreme, with population limits so tenuous that they
may be difficult to locate and define, populations of moths range from nomadic to
static and are more easily defined and more closely related to parent ground popu.lations.

Finally, there is the cost of sampling. In pest control, identification must be rapid and

m3
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accurate, but may be difficult if the pest $oup happ€ns, like some aphids, to be taxo-
nomically intractable. It must be done by experienced entomologists at a Permanent
centre and may be expensive, henct, sampling must be reduced to a minimum. More
widespread sampling is necessary when studying fundamental population distribution
processes, although speed is not so essential. Identification can be simplified by selecting
the experimental species to avoid difficult taxonomic groups and the cost can be reduced
by using the services of interested and talented amateurs as Yoluntary workers'

In order to satisfy both these requirements, the Rothamsted Insect Survey uses two
parallel sampling systems (Fig. l). A few highly efficient suction traps, so placed in
uniform agricultural environments as to represent wide tracts of land, sample aphids
tlat are professionally identified, mainly at Rothamsted. This rapid monitoring system
provides an advisory service and also produces data enabling the short-term dpamics
of migratory movement to be investigated. Simultaneously, a much more extensive

network of light traps, sampling mainly moths that are identified by volunteers, provides

data on spatial distributions atlowing long-term differences between sp€cies, and the
effect of changing environmental factors on both individual species and multispecies
complexes, to be studied. For this latter purpose, the traps sample closer to the ground
populations they attempt to represent, and are used in a range of sites that are as ec-o-

logically divergent as possible.

DeYelopmeot of the SurYey

Although the need to monitor the changing distribution and abundance of insect
populations was clear by the mid-1950s, no national organisation with the necessary

iacilities existed. Sampling techtriques were available, but they had not been tested in
large-scale surveys. In the event, the Light Trap Survey was started first because it was

less costly than the Suction Trap Survey.

Light Trap Survey. In 1959 a project to investigate 'simultaneous changes in poprrlation
levils in time and space', by sampling moths with light traps, was proposed to the

Association of School Natural History Societies, but without success.

The standard Rothamsted Light Trap was restarted, therefore, on the edge of the
century-old classical mangold experiment on Barnfield, to investigate the effects of post-
war changes in agricultural practice on the insect fauna at the same site as that studied

by Wi[iams (195i) in the 1930s and 1940s. This trap completed its first year's sampling
in 1960 and soon it was evident that the total ins€ct population had fallen dramatically
since the l9,l0s. Although the number of species seemed to have declined, the proportion
of pest sp€cies seemed to have increased. (Later it became apparent that these issues were

more complex.) This demonstrated the urgent need to survey tie fauna and monitor its
changes with changing agdcultural practice and land usage.

TABLE 1

Light trup sites in Augast 1973

Cat€gorY

I,rivate individuals
Schools
Uoive$ities, colleges, muscutns, zoo
Field Centres, RSPB, Nat. Hist. Socs.
Forcstrv CoEmission. ADAS
Acdc'uliural aod Nature Cons€rvanqy Expt. StDs and Farrns
hdustrial orgaoisations
Total

No. of sites

41

l8
28
l3
2t

158

205
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With thi! evidence, another appeal was made to amateur entomologists (French &
Taylor, 1963) and in 1964 Mr S. C. Littlewood at Burleigh School, Ha1field, operated
two traps (Littlewood, 1966). In 1965 seven traps completed a whole year's sampling.
Since then, the increase has been maintained steadily, helped by publication of inierii
re-sllts (Lewis & Taylor, 1967; Taylor, 1968) and by the active interest of the Department
of Education and Science through the Schools Science Fair. At the time of writing,
4ugust 1973, the project involves 158 trap operators (Table 1) and many other helpen.
The original objective, traps at 200 sites, remains unchanged; some geographical ireas
remain inadequately represented (Fig. l) but the range ofagricultural and othir ecological
habitats now sampled is wide.

B@ause most operators are volunteers, liglt trapping does not continue indefinitely
in the same places and sampling points cannot be chosen to a predetermined grid;
therefore, a mapping prograrnme capable of dealing with inegulaily spaced data-wai
needed. By 1968, the nec€ssary minimum number of trapping sites for reasonable
mapping were in operation and in l97l the Symap V Pro$am (Laboratory for Computer
Graphics, Harvard) made such mapping possible. The species examined until now have
been mainly pests, annual totals of which are published one year after collection because
of the time taken to identify the catches and collate the records (Taylor & French, 1970,
1971, 1972, 1973, t974a).

Suction Trap Survey. Early in the work it was realised that many of the defects of the
Iight trapping system could be overcome by the simultaneous use of suction traps, but
initially it was not financially possible to use them. However, about 19&, when r&raint
in the use of toxic chemicals became public policy (Agricultural Research Council, 1964),
funds became available for the necessaq/ trapping equipment, and for the appointment
of staf to identify aphids. The initial stages of development were conc€med with inter-
preting the sampling system and the getreral aerial populations.

The first suction trap began continuous operation at Rothamsted (plate l) in 1964.
A second trap, 1.43 km from the first, gave samples that for practical survey purposes
were found to be the same. Thes€ two traps were used to measure the sampling variance
over a short distance (p. 214)- A series offive traps, along a 643-km north-south transect
down the east side of Scotland and England, was operating by 1966 and giving strong
between-trap correlations of daily carches over distances up to hundreds of kiLmeters
for whole insect Orders such as Thysanoptera, for whole Families such as Aphididae,
and for single, small species such as the fiit ny, Oscinella fri, L., thus suggesting that
large areas could be adequately sampled with a small number of suction traps-

A second trans€ct of five traps, from Cornwall to Zeeland (662 kn), wai completed
in 1970, perpendicular to the first. Trap sites at Aberystwyth and in the Midlands tegan
to make mapping possible; the north-south transect was increased to 771 km by ihe
addition ofa trap at Elgin, and in l97l the east-west transect was extended to Copenhagen
(1321 km).

In 1966, a series of seven traps was established from Winnipeg in Canada, down the
97' line of longitude, to Denton in Texas, USA, to obtain comparable data (Taylof
Berry, Dry & Halgren, 1967).later, additional traps at Rothamsted and at the nuilding
Research Laboratory at Garston, near Watford, were established to obtain more informi-
tion about the similarity or otherwise of samples from traps a short distance apart.
By 1968, sufficient experience of sampling and identification had been obtained to
introduce a Pest Warning Service.

The Alhid Pest BuUetin. The monitoring service for pests began in 1968 with weekly
Bulletins, listing catches of 32 kinds of aphids taken in the suction traps. These Bulletini
206
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were sent to about 50 people. Initial objectives were to assess cost, speed and €fficiency

of operation and the need by advisory entomologists for ryli3ble current information
about general population levels. From its inception, the Bulletin. issued each Friday

has listid the aptrids caught five to twelve days earlier at sites in Britain. Aphids caught

at sites overseas appear in the Bulletin issued one week later.
Of the 32 kindJ of aphids listed in the first Bulletin in 1968, 23 remain unchanged in

1973. The 32 taxa not [sted in the Bulletin comprise 27 species, three species' groups,

the memb€rs of which are separated later, and two species' grouPs that are still too

difficult to separate (see in Taylor & French, 1974a). Together with the moths already

mentioned, four-weei totals for these species have been published annually since 1969,

but, unlike the moths, the aphid tables are published immediately the year's sampling is

complete.- 
ii'.rur 

".pnu.isetl 
at the outs€t that the monitor proBralnme was experimental; its-

r""riuitity and practicality had to be explored and fully tested under the pressure of
operating conditions.
'initiufiy the Bulletin service used only those traps already operating for exlerimental

purposesi Now that the Bulletin is recognised as a useful early warning service by agri-

[Ji*ui ua"i."tr, some traps have been iited for mainly advisory purposes, and the first

.u*"i t up to op"rate on a private, commercial farm (that of Mr' W O' Watts, Berwick

Pondi Farm at Rainham, Essex) became operational in 1973'- 
noirro. p"rt monitoring and the study of population dSrnarnics, local demands com-

p"rc *itt synoptic; fine Jetail requires low level sqlpling which precludes- national

[r".ug" ut'."u.ooable cost fot in;ects like aphids. The suctio]l traps listed here give

;"ri-;a finear traverses and mapmaking cover, pre-requisites for synoptic, usage'

ih. u."u ."p."."rt"d by traps .umpling "t 
li'2 m above ground being considerable (see

later). Their use for advisory work could, no doubt, justify the establishment of more

,u"iiln trupr, some sampling at lower levels, in order to defin€ areas of local concentra-

i:r, .i p"it'tp*ies. Perhais more important for crop infestation, phenology needs

t. L .tiai"a in a local t"ul" b."urr." migration in some areas is undoubtedly earlier

it un-in ott "* for reasons that are as yeiobscure. Hence for advisory purposes, it is

"a.otu.y 
to interpret the synoptic picture with the-benefit of local knowledge'

Lisht iraos mav sometimes serve local needs if identification can be done locally and

q"l"fiv. i" ii""gi.v a network of 132 light traps operates. specifically for plant protection

6"r"iet, tSz0; whilst an experimentai forecasting servic€ for the African Armyworm'
'i;;i"A;;; 

"r;;pra 
(Walk.),'is based on lisht trappins in Flst.Africa (Brown' t970)'

ii,irfirii6itiry o'f including insects other ttrun aphids in the Bulletin is therefore being

ir*riig"rJ, 
-ilJtding 

thoie from certain light irapsi some are already idendfied' but

;; ff;;Ji"t"ly, ani information can be used onlv in retrospect (Bowden' 1973;

Crichton, 1971).-'ii;;;";; iffptesent organisation ofthe Suction Trap Survey is nearing capacity and

th;;;t .i;; pd"ned for ihe immediate future are in western Scotland and north-west

England.

Srmpling mcttods

Some of the techniques of aerial sampling and its interpretation had been developed

;f; ih" 
-S;Jt*": 

started, but further iiprovements aie continually being made' The

;;;;i;;;tiry 
"i.phids 

and of some other insects is ac'uratelv measured with suction

;;;j;h'ilt 
.been 

standardised for insects of all sizes (raylor, 1962); the model

developed for survey purposes samples at l2'2 m above the ground' Moths and other

;;t"';; ilpbd'oi t'z ^ above the ground by means of standard light traps (s€e

iln;".i 1948i which give a selective sample that is related to the parent population

207
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Frc. 2.-Insects By at specific ti6es of the_day and night, but few fly Ihrougbout the 24 hours. A- callmjdses (cecidomyiiDae); B, FuDsus smts (Mvat.p[i]-ai+ c, ri"i1fo'Cinitri'"i i;,:"1. 
'

E a- faclo1 as yet unknown, b1t*whic| .9-1{g}iog research is grad.ally elucidating(Taylor &_ Brown, 1972; Taylor & French, lg74b\. -
The major cost of aerial sampling is not the capital outlay on traps but the continuing

i:1:f ::,tTc.grd .ideotifying catches. Of the- many ."tnod. 6f sampting airGrnE
aphros' the suctron trap gves the most information for the least cost 

-beciuse 
of itsgreater €frciency (Iaylor & palmer, 1972). However, ttre cornposition of tne aU-aipopulation varies greatly, and tle correct ihoice of time and piace for .u-pfir! *"alter the.proportions of particular goups of insects in the samiie ana .o i-i.orl in"

cosl:ef:ien_c.y of the 
-sampling method. Knowledge of the teniporal flucruaions and

spaual olsrnDutrons ol rDsects in the air is, therefore, vital for eflective sampliog.

Temporal fluctuetiom in the number of insects flying

^^1b-!:l:r:1,*W*; 
diunal flight period'orry. rnsects fly at a[ times of the day

T-:Lqi.l.lF.z). tslw slecies.fly.throughout the 24 hours and aphid flight (Fig.3) ii
lTji":::.,._lT-9iylight hours by lieht and temperature threshotds (t aytoi, l9O:) in'aU
Dur a rew exc€ptrotrat circumstanc€s (Berry & Taylor, 196g). Many otirer small,'wind-
l"^:.:"y^+tl fsts such as ihrips (Fig. 2), a$omyzid., "iil;;;;it. (e.e. frit frv) and
T^Tl,lyl, .beetres .are 

atso day_flyers. Others, such as moths aha grU-midges'(Cecl-qomylloae) are nocturnal, while fungus gnats (Mycetophilidae) and- some p'iant'bugs
are crepuscular (Fig. 2). Sampling at specific times of day can thus include, or excludl,
chosen groups,

208

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-1-8 pp 11

m,*:{ixiHffin'm*Hf'l$;n-,ffi 
.:;$iiffi if#rru;ffili-#ffi

HHil; iffi;ft;mt i ani femaes:io tle eveoins (after Irwis & Tavlor' 196,' 
2@

,

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-1-8 pp 12

ROTHAMSTED REPORT FOR 1973, PART 2

Jan. I Feb. lMar. 1Jl.Ile I July I Aug. lsept IOct. INov. I Dec..l

r lOO

E

810
E

5 1o .ts 20 25 30 35 40 45 50
Week rumber

f"Hiiff^ffi#*lffilYodicity of Doths, usustly a ctearly de6ned siagte p€ak, at Rotha.Br€d

Ge€scroft 69, 70
Maentwrog 68, 69
Ge€scrofl 67, 70
Geescroft 65, 66, 7t
Geescroft 7l
Geescroft 71
Gees.Toft 69, 7l
Gees$oft 69

Week nuorbers are from a stada.d cal€ddar Claylor & FreDch, 1973, Table 4).

Diurnal flight periodicities of most insect groups found in Britain have now been
recorded and described (*wis & Taylor, 196!, so tnat samplin! programmes can be
adapted to them.

Long-term factadioB; seosona! cycbs. Most ins€ct species have pronounced

:::_sglal,cycles 
in tbese lalitudes (50-60"). Most moths have one, clearly_defined genera-

tron itr the.year,-and try for onry a few weeks, diferent species at difeient times-of the
y-ear (ts19._4r; atthough most species are. adult in July and August. This greatly facilitates
the mapping of-distribution by generations so that;henolog; canL related-to latitude
(tsrg. )) and other lactors. In contrast, although many aphids have three recognisable
migrations in each season, these do not each 6nsist oi 

" 
^.irgie 

;ne.atio, unO".ay sooverlap as to_ lorc.definition completely in some years (Fig. [. Segregtiog poprlaion
cycles may then be difficult, separating ger"r"tiors i.f,os.iUte,"ur-a *ili"iiro, oi
seasonal cycles from year to year complicated.

Spatial rlistributions of flyiry imects
Yeaiaal &sfiibutioa; the.,fensity x tuight ptoflc. Insects fly at heights up to l00O mor more and over these altitudes the mean_piofile of log density (p) onlog teight (") is aslightly convex curve defi_oed by Job_oson (i957) as

logp:1sgc'a ilog(z - z"),

where z. represents a shift in the height axis.
2r0

A. OperoDhteru brunata Linn.
B. Phigalia pilosaia s{;blfr.
C. Erunnis nwry.inorid Fab.
D. Gorrodontis bidcntata C'llrck
E. Diarsia n endica Fab.
F. Stenha biselata IInfn.
G. Dysst?oma truncata Hnln.
H. Oporidia dilutata khtfr.

Naoes from South (1961)
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the simple seasooal cycles of a moth like Diarsia nendica Fab.
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.Frc. J. tog:deqsity x log hei+t pJofilq f9I Eyiog ins€cts. A, aphids and orher small day_Eying
mj-graDts and B, large dgbt-flyi-og Maoolepidoptera have shalloqr gradieDts: C. small 

"inlri-n-uiriM Grolepidoplera bave:(eep gad ieDts. The ord ina tes- are staggered ; the scales overlap and are relitive, noi
abBolute, log deEsiry. Each marked interval is../10, heDce,- wheo catcbes of larie (B) ard srnalt'1C;
moths are equal at l0 m, there are y l0 moths in the same aized sample at I m.

Profiles of log density x log height at low levels (Fig. 7) are typically lin azt, p : s2b,
ercept for a very shallow, uniform, density layer about lm thick near the ground
(Iaylor, 1960). Profiles of many insect groups have now been measured at a stindard
titg lt \gthamstgd (Plate 2) but only a few species have been treated separatety (Taylor,
1974). Height of flight, measured by the log x log gradient of density, ,(pi dep;nd;
1o a lree extent on body size and diurnal flight periodicity (Fig. 1; tne rnean grialent
for all insects is near -1'0. Henc€, the height at which insects-are sampled afficts not
only the r€presentation, by the sample, of a given species' population, but also the species
composition ofthe sample. Small day-flying insects like aphids can be sampled etritively
by collecting about 4000 m3 of air per day at 12,2 m, and so exclude most of the smail
nocturnal insects by the sampling height, instead of by sampling in daytime only.
2t2
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oronti ii'teemtdl oier th; hei-ghts fr;m 012 to 12206. Fff steeper gradients, the

repreientation is liess satisfacaory (after Tayld & Paloer. 1972)'

Gradient of density is not only important for selecting the appropriate group- of
insects; the estimate ;f total insect population depends on it (Fig. 8). It is unlikely that
detailed profiles of density in relation to height, like those in Fig- 7.,will be obtained for
maoy spicies of aphid, b,ercause of the time and labour involved. However, the general

torm oi tne profili, ai a mean in time, is fairly well established (faylor, 197a), a-nd tI9
examples in Fig. 7'ut" typical. The gradient of density, 6(p), can thus be estimated
somewhat crudely, from measurements at two heights.

One season's gradients for total aphids and thee separate species, measured at 1'2 m
(4 ft) and l2'2 m ('m ft) at the Tower site used for the original profile measurements,

are plotted as weekly means of D(p) in Fig. 9. Profiles for Oscinella frit r had abnost

identical gradients in four successive months and led to the same expectation- for other

insecs (ialnaido, French & Taylor, 1965). However, there are pronounced seasonal

trentts in f(p) for aphids and these are different for different species' The weekly means

range fromlust ab6ve zero to almost -l'0; the mean gradient for all aphids in the full
2t3

log p = a+b (logz)

b= -0.5

b= - 1.0

b= - 1.5

b= - 2.o

1220 n
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5

Frc. 9. CradieDls of density irl relatioD to height, 4p), bave a sDecific seasooal coDDonent fot aDhids_
AJotal aphids ; B, Pi" rodon humuli (*tuar,}l; C , Bruchycaadus helichrysi (Kalt.); D, Eucalliprenis r ilie

profile (Fig. 7) is -0.425. It remains to be seen if the seasonal cycles are consistent from
year to year, how they relate to other sites (A'Brook, 1973), and how they are associated
with known changes in migratory behaviour of winged aphids (Shaw, 1973).

Eoiontal distribation, small*cole; sanqlc yuiarrce. The ideal spatial pattern of
organisms in relation to each other, for sampling pulposes, is regular; equally spaced
apart and with no sampling variance. In nature the best that can be hoped for is random
distribution, with variance equal to the mean and therefore capable of being estimated
from a single sample; however, in nature even random distributions are rare. Variance
(s2) is related to mean density (rz) by:

s2 : atnb

in all the organisms that have so far been studied @aylor, 1961) and in sample distribu-
tions resulting_from the aggregated dispositions of insects on crops, thi log x log
regression coemcient for aggregation, D(sz), alm6s1 always considerably exceeds 1.0-.
For exqmFle, for.thebeat aphid (Aphis fabae Sap.) onbeans D(s2) is 1.72 (Taylor, 1970).
pV gomparisgn, in samples of neady all flying insects collected by suction traps at crop
level, a and 6(s2) are very close to 1.0 @g. 10); variances barely exceeding the nean. In
other words, the aerial disposition of the individuals is random. The contrast between
the-two sets of data in Fig. 10 is self-evident; crop samples are not only expensive and
inemrient to collect, they are poor value statistically compared with aerial samples-

Thus for aerial samples collected by suction trap, the variance can be calculated from
a single sample and the information obtained is maximised. The sampling variance of
light traps remains to be investigated.

Eorizontal d*trihnion, large+cale; efec* of tlistaace. As already mentioned, most
flying insects are randomly dishibuted over small intervals in space. Hence the aerial
density of aphids is homogeneous over short distances and the scatter of simultaneous
214
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Frc lo Irp variance < log meatr rclatioNhiP of saoples from neatly random a€rial ios€ct deDsity

ofrnini-tu* iOl *0 of saDples from bighly aggegated apb'ds oD crops (u,,'

samoles from paired suction traPs, side by side, can be appropriately equalised by a

;#;;; i;;i;ation (Fis.l iA). Greiter separation leads to trends in population

iffit :;d ;"i density' differences become more heterogeneous craylor, 1971);

;-"r"Ji,"'r** ,a.pie. rro- puir.d traps then can be appropriately transformed by logs

ift: iliiti;d"*irr. d^ittuo"" between sample poills tlal.can be tolerated for a
irJn t"vet of sampling accuracy, is determined byihe width of this scatter (Fig' I I C' D)'

il;;;; ;";;c;abli measure of this scatter found so far has teen the correlation

i"'"m:J""i,i f..-p"1" of daily catches (in logs) over several wlks (Fig' l2)' Regressions

;ffii? -' i)2;gainst y'd, where d ii the distance between the pair of sites' are linear

ier"."ili, trr" i.ere"..ioo cleilcient is probably species specific, and the pattern of traps

;#;; i;; ;;i;; level of population repiesentation, therefore' differs for different

";il i;;;.?, ihe reercssion'is independent of the orientation of the two sites with

#;;;,;;;;,i"iiFig] l:n), ro. othir species, conclation declines more rapidlv with

;-ffi;-;;r;.*ii;i-otieotation than with a north-€ast/south-w€st one (Fis' l3B)'

iJ 
-*1"" 

tnit happens, the nonh-west/south-€ast correlations can become negative

ii'iirrfrAirt:v i;r'diitances. Seasonal cvcles of population densitv are in phase at sites

215
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Frc. 11, A,.Traps l.7m apart yicld paired sa-mples of oost iDsects. aoprooriatelv tratrsfomed bv
squaE roots, t,e. ,ioo random distributioos, giviog tbe ab6olurc minimum-icatier. B,-For t aps 1.416apart' the tr"ansforDatior is logarithmir and_tht scatter similar in width to A b€t*€el'sarDpks;i lo aodl0o. c, At 8l_.1 km the scatter has doubled io width but corelatiotr is siil very Egt_--6, Ai.3896
catches are still positively correlated,

close together, but are sometimes out of phase as distanc€ increases, especially lvith
incrcasing latitude difference. There are also diflerences between spocies in itre degree of
synchronisation of seasonal cycles, shown in Fig. 14, which acc6unts for much-of the
specificity of the regression coemcient.

About 75 % of the variance of r, depending upon the species, is accountable to latitude
and longitude differenc€s betw@n sites, in a regression equation of the form

r : a * bxt + cx? + dxz * exzz I fxtxz,

where xq is the latitude diference between the sites and -r2 is the longitude diference;
the coefficients differ between species and the coefficient/determines tlie axis of orienta-
tion of the.set of samples. The behaviour of these coefficients has yet to bo.neb*€d and
the remaining sources of variance found.
216
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TABLE 2s

Total number of 20 aphid species in fow suction traps in 1972

Species

Tuberc uloid. t diia lor ur QtaI1..)

Bruchycoudtts hchchtysi (Kdt.)

Sitobion oyeiae (F^b.)

Rhopalotiphurn padi (Linn.)

Rhopalonph@n int.,, um N,l alk )

Metopobphiurn d hodam N{.k)
,lphis fabae *op.
Dreparoipham platanor?/r} (Schmnk)

Eyalop I enlt prwi (Geotr.)

Euc e r ap hi s p tot c t i pe nni s (ZEtt.)

Covariella ocgopodii (*ap.)

Myzocallis coryli (G@e)

Me I opo loplitor, l.st ucae (fM.)
Sitobion Irasariac (\l alk-l

Cavo r i e I la p as I i iac e ae (Lia)n.)

Myzus cerusi (Fab.)

Pterocallis ahi (b G@)

Myzw wrsicac (Snlz-)

Hyadap his feniculi e acs.)

Petiphyllus testudinal us (F*ab)

Total aphidt

Towq Farm I Farm II Calstotl
1737 tO23 1225 t1N

la1 1800 1738 1216

1264 1056 7t2 l&7
1075 tt74 1058 1637

1062 t2t2 1036 750

1r5 7s5 671 693

561 524 517 62
4U 398 317 806

430 47r ,t{tl 508

337 238 237 tm
327 445 419 370

t9t 195 186 2t5

167 201 159 5l

149 135 t7l 222

134 t57 lll 228

106 86 74 87

78 I 115 1lO

78 69 59 s2

73 90 91 139

7t 122 136 74

l23D 11912 1t339 15192

NaE6 are f.om Xloet aDd Hircks (1964)

Horizontal gradients of density will be more difficult to formulate than vertical
gradients because the source of supply of the insects is less easily defined. However, the
maximum rate of change of density with respect to distanc€ may be defined for diferent
sample heights and for ditrerent species Claylor, 1965) and this would make the choic€
of th-e distanc€ between traps, necessary to obtain a given level ofefficiency, more precise.
So fat the only practical method of integrating over distance is to make contour maps of
density and integrate numerically.

The correlations between light traps are of a lower order and the distance apart is set
primarily by the need to sample from a wide range of sites, representative of iocal land
use and environment.

The rlifference between suctiotr trap ard light trap samples. The difference between
the samples- from the 

-two 
survey systems can be judged from Table 2 which gives the

tota.l annual counts of 20 species of aphids from four suction traps in 1972 (able 2a)
218
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TAET,E I
Total nwiber of 20 t olh species in fout light taps irt 1972

Sites

Species

Xestio xt {hogapha (Deds & Schiff.)
U na t h"s xim! ho fi ap ho *hifr .)

Agrotis erclana, iotis (L;^n.)
( Ag ro t i s . x c h no t i o nis Linn,)

Xestio c- iPrmt (Linn.\
(Anat hes c-nigr am Linn.)

M ythimna Dalleas (l-itn-\
(12 ucania pa I lens Linn.t

Diarsia tubi (Yier;,.)
(Diania rubi Yi*t.')

My,hirn ra impwa (H$bo.)
(Izuc@ia impwa Hirbn.)

X at lo r hoe lerw at a (Clerck)
( X@rt hofioe ferrugalo Clerck)

Hop lodr ino o I si ncs (Btahn)
(C a radr i na a I s in c s Br ahfi)

Mesaparnea secolit (I,iD t.)
(Aparnea seca lis Linn.)

Ru s i na lert u g inea (Esp.l
(Rusim fenugiaea Esp.)

C aru*ina na rp he u s (l7ttfo.)
(Coro&ha nory haus Hntt.)

Idaaa awrsata (Linn.')
(stenha otersata Lir),!.)

S pi losorna I ut eu m Olu[n.)
(Spilosona lutea Hfin.)

Spi loso na I ubicipeda (Linn.)
(Sp i lo sorrw I ubt ic i pedo Linn.)

fleDialus lupuli rs (Litn.)
( H epialu! I upu llna Li\n.)

Hopkidrina blotda (*nis & Schiff.)
(C arudr i na b lotda *hifr .\

Idaea bisclata (H\fn.t
(Stenha bitelara }{utn.'t

Hydruecia rnicacea (Esp.)
(Corryna micacea Esp.,

Iacanob ia o l.ruc ea (I;Dn.)
(D iataruxia oleracea Linn.)

ThalDophila aturo (llnfn.)
(ihalpophila mot ura H\fn.\
Total Eoths

BarDfeld Allotments Geescrott Whip$ade I
71

64

a
31

46

39

38

3l

2175

r3t

211

2r

18

96

39

25

43

ll
44

t7

52

<,

55

l0

6

l9

3

8

2to

13

7

6

m

23

t03

72

60

m

108

55

9

18

104

346

3

4

445t

0

28

13

39

8

I

4

l1

1l
.,

5

1

I
o

I
12

0

3

D

3t

30

28

2l

2A

l3

l3

l3

l3

12

l0

l0

895

The first trame is from Kloet and Hincks (1972); the synonym (in b'rackets) is from South (!961)

and a similar set of moth samples from light traps (fabb 2b). Three of each set of traps

are sited on Rothamsted Farm. The 20 species sel€cted are the commonest in the first
trap, located at the standard site for each survey, Rothamsted Tower suction trap and

tte iearty Barnfield light trap respectively, and are arranged in order of occurrence in
that trap. The other traps are on the thlee nearest survey sites.

The riniformity of thi aphid table is impressive. The two Farm traps ( an! 
-tr) 

are

only 12.2 m apri and theii catches are expected to be similar, but they are both almgst

the-same as that obtained in the Tower trap, whilst catches in the Garston trap, I l'7 km

away, hardly differ from them. In fact, the total aphid sample differs by a factor of only
1.3 betwe€n traps.

In contrast, ihe commonest moth in the Barnfield light trap was not caught in the

Allotment trap, in a similar situation oDly 200 m away, and the catches at all sites differ
considerably; the Whipsnade I trap was l2'8 km away. Total moth count diflers by a
factor of2l'3 b€twe€n traps. 

ZD
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1o

! 1000

* ,oo

10

I

16 20 " *a 
to*,n*, t" 40 45 4a

. Frc. 14. -Synchronizatioq of seasolal cycles diffe.s betw€en species . A,, Aphis fobae *op.iB, Rtbpalo_
tiohult rydi_(t-yrn)11%9. Hieh MowthoiTe is io yorkshire; Viye is!tr iae;a vi';k trfi&;;;-ir6;a
standard caleodar Cfaylor & Fr€nch, 1973, Table 4).

This diflerence between the two sets of data is partly intentional, for the two surveys
serve different purposes, but it is of considerable importance when considering how many
traps are needed for making maps using one or other of the two systems. Whatever
contribution the lighJ trap bias may make to the differences of moths in Tabh 2b, the
similarity in aerial densities of aphids in 2a is real.

Aerial and groond ppuletions

As mentioned earlier, unless the aerial sample relates to crop samples, the survey
monitoring exercise is of little practical value. The relationship between the aerial and
ground populations seems to be more tenuous for aphids than ior moths. In this s€ction,
therefore, only aphids are considered, especially from the viewpoint ofaphid immigration
into crops, rather than emigration from crops, about which a considerable amiunt is
already known (see Johnson, 1969).

unlike the_ deposifion of inert spores or dust particles, the alighting of insects involves
complex and specific behaviour on their part. Alighting is a= contoled sequenc€ of
actions that are probably only possible when an insect ii facing upwind and'when is
speed of flight exceeds that ofthe air; it may be followed immediitely by take-of. Hence
thj number ofins€cls passing over a crop does not nec€ssarily give a iatisfactory measure
of their deposition into it, and deposition itself requires careiul interpretation. ,ihe 

insect
may select different plants on whicl to alight in order to feed, to reproduce or merely
to rest. Ilence ttre time spent on the plant may be short or long and the likelihood oi
capture 

-by crop _sampling correspondingly small or great. If virus is transmitted by a
single, short, probe by an aphid there may be no conlsponding accumulation of in*ts
on the crop to register visits, especially if the crop is not a prefered host. In contrast,
220
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aerial sampling by suction trap records aerial density whateYer tle purpose of the flight.
Hence, whilst aerial sampling may record insects that fail to infest a crop, crop sampling
may fail to record insects that succ€ssfuly infect it. Again, crop sanpling registers those
insects that arrive by walking, or survive the winter in the crop, to which the aerial
sample is blind.

Thus the relationship between crop sampling and aerial sampling involves a behavioural
component that can be very elusive. This relationship has been most thoroughly investi-
gated for several sFcies of grass aphids that are present in c€reals and may present
problems both as plant feeders and as virus vectors.

Ceresls. From 1969 to 1972, Advisory Service (ADAS) entomologists collaborated
with us by providing crop counts of seven species of cereal aphids on 2'l'44 spring-sown
cereal fields throughout Scotland, England and Wales. The aphids sampled were

Mopalosiphum maitlis (Firch), in 1969; R. padi (Linr,.\, it 1969-72; R. insertum (!flal*.),
in 197V72; Metopolophium dirhothrn (ltlak.) ar,d M. festucae (Iheobald), in 1969J2;
Sitobion fragariae (Walk.) and s. avenae (Fab.), in 1969-72 (George, 1974). The crop
sample was essentially that thought to b€ practicable as a routine sampling service
(Dean & Luuring, 1970).

Attention was directed primarily to recording first arrivals in spring-sown crops of
wheat and barley, and occasionally of oats. These dates of first arrival were then com-
pared with the first records from the nearest suction trap, which on 261 of occasions

was more than 40 km (25 mile$ away. Out of a total of 732 field x trap comparisons
of arrival dates, in 89 )( an aphid species was recorded by the trap before it was found
in the field, if it was found there at all; in 9'6y" the species was found first in the field;
in no instance was a species found in the field but not in the nearest trap. Results were

consistent from year to year exc€pt for an improvement in the prior detection of initial
m.igrants by crop sampling, from 5'6 to ll f, as experience incrcased (Table 3).

In contrast, the behaviour difference between species is geat and most instructiYe,
if not yet fully understood. In Table 4 the species are arranged in sequenct according to
the perc€ntage found first in the crop samples; this ranges from 0 I it R. padi, to 251
b M. dirhodum. First arrival dates in individual crop samples for these two extreme
slxcies are plotted against first aerial arrival dates in Fig. 15.

TABI-E 3

Number and percentage (in brackets) offirst arrivals of all seven species of cereal aphids in

feld and air samples in four successive years

1969 1970 1971 1912 'Air oDly 6
(61)

Air before field 36
(33)

Both together 0
(0)

24(0.8) (0.,
Field b€fore air 6 9

(5.6) (6.8)

Field orrlv 0 0- (0) (0)

ID,
(54)

79
(34)

(0.9)

25
or)

0
(0)

(63)

35
<21)

0
(0)

132 \
(50) I 653

lm I (8e)
(38) ,

30\(rl) I 7o
o I (e'O
(o) ,
05(o) (0.7)

Norc recorded 0
(0)

50(3.8) (o)

108 132 U 2A(1m) 000) om) o0o) 000)
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TABLE 4
Nunber and percentage (in brackets) ol first arrivals of each cereal aphid species in fietit

ord air sonples
Air Both Field Field Nonefust together 6.st oDly recorded

Rhowlosiphllrn padi
(LinD.)

Meroplophium festucae
Clheo.)

R topolosiphafi ,rrartis
(Fitch)

Rlopalosip hrot insea un
(wdk.)

Sitobion fraguiac(watL)
Sirobion dverae

(Fab.)

M.topolophium difiodum
(Wallc)

Total cereal aphids

38310(31) (2.s) (8.2)
760m(62) (0) OO
44 l3t(3O (0.8) (2s)

470(0., (e.6)

o0t2,.(0) (0) (10)
001?l2(0) (0) (rm)
o0t8(0) (0) (1m)
o!lo4(0) (1.0) (1m)
04122,(0) (3 . 3) (rm)
00tt|(0) (o) (100)

00ln(0) (o) 000)

05132(0) (0. 7) (lm)

Air
otrly

84
(6e)

83
(68)

15
(83)

83
(80)

61(5'
26
Qr)
46

(38)

&
(55)

380(31) (0)

370(30) (0)

20ot) (0)

140(13) (0)

0
(0)

2
(1 .6)

I
(5.6)

6
(5.8)

249
(34)

O 10 20 30 40 !O 60 70 .3O days O lO 20 O 40 50 60 70 80 8od.y!

FIG. 15. Dates of fist arrivals from sureey trap_and cro! samplB arE consistent for (A) Rhopalosiphum
padi (Linn.) but erraric fot (B) Metopotophium dirhodun Nalk.i; L I%9: a: lgtO: i. tgit: c.\gZZ.
Lloordrrat€s are lbe.nuDber of da_ys after the fifst record for the appropriate year. Ttre 95% ltind 6tted
rn arorn tr8ures are oenve{t trofr x, pMt.
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The figure for R. pali @g. l5A) is simple and clear. In 1971, migration was fairly late
and well synchronised, specimens appearing in all the trap samples within five days,
whilst the crop samples were scattered over 2l days with a mean delay of 23 days after
the mean suction trap date. The 1972 nigration was also late but not quite so we[
syncbronised, spatially or temporally. First arrivals in trap samples ranged over 10 days
and crop samples over 36 days at a mean of 27 days after the mean trap date, except
at one site (see Figure). In 1969 and 1970, migration was not well slmchronised over the
country, but the delay in the appearance of the aphids in crop samples, compared with
the trap samples, as shown by the 9'%limits in the figure, remained remarkably con-
sistent. The length of the whole scatter along the .x-axis is a measure of the annual
variability in the riming of migration which makes crop protection so difficult.

Although migration is not often nationally synchronous, occasions like 1971 show that,
even when it is, initial discoveries by crop sampling are not synchronised. The mean
delay of 23.1 days may be a measure of the lower sensitivity of these particular crop
samples, relative to the Survey suction trap sample; whilst the 95 f limiis of 23.S days
is the difference between individual fields. Ifso, the mean delay coutd perhaps be reduced
by more intensive crop sampling, but the limits are a measure of the local klowledge
needed to interpret aerial samples for individual crop infestations.

_ Fig.-l5A may perhaps be so simple only because cereals are not currently preferred
hoss for X. padi in Britain, so that the crop samples closely reflect the arrival-of aerial
immigrants which visit the crops but do not actively conc€ntrate into it when they move
flom 9th9r soiJircf,;s. M. festucae a;nd R. insertum behave in a similar way. In contrast,
the distribution of M. dirhodwn is far more erratic (Fig. l5B), and S. ovenae arrd S.
fragariae approimate to it. The limits derived from R. padi are transposed to the scatter
for M . dirhodon in Fig. I 58 and only about half the observations lie within them. Those
insects outside tie limits remain to be explained in terms of the difference in behaviour
between ,M. dirhoduttt nd R. padi; for example, they may result from low-level, short
distance, movements concentrating ins€cts into the crop from local, possibly over-
wintering, sources. This requires further investigation, especially since R. iadi is; cercal
pest elsewhere and a slight change in its behaviour or in farming practice night make it
a pest in Britaitr.

Sug be€t A similar comparison, on a different scale, has been made for thc sugar beet
aphtds, Myzus persicae Stlz. ar,d Aphis fabae *op., sampled during routine crop
inspection by fieldmen of the British Sugar Corporation in the areas served by two
processing factories.

Two Survey traps were relevant to the crop samples; Broom's Bam trap, wbich is
within about ,10 km (25 miles) of the fields in the Bury St. Edmunds factory area, and
Rothamsted trap which is within 100 km (63 miles) of the fields in the Felsted area.
Three years'samples (1965/6i7) from these sites showed that the Survey traps were
more sensitive in recording the first seasonal immigration of M. persicae and A. fabae
than the crop inspection scheme (Heathcote, Palmer & Taylor, 1969). The crop sampling
in these instances was extensive, ten plants in each of up to 126 fields in eachirea being
exarnined for aphids each year (Hull, 196l), and the distance of some fields from the
appropriate trap was considerable. This analysis is now being repeated over a period of
eight years.

Potrto€s. Although, in general, aerial samples appear to bc more sensitive than crop
samples for cereal and sugar-beet aphids, crop samples sometimes suggest the existence
of airborne populations greater than the aerial samples suggest a.e available, assuming
the crop sample to have been deposited from the airborni population. As part of the
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potato virus warning service operated by D. Hille Ris Lambers for Bladluisonderzoek
TNO in Holland, large samples of 1000 potato plants, stratified over several fields, are
threshed for aphids during the initial immigration of Myzus percicae. During June 1969,
these samples yielded 100-3000 aphids per hectare around the Zeeland Survey trap.
Assuming that M. persicae flies, on average, for 2 hours and has an aerial density x
heigbt gradient of - 1 .G-these being the expected values for the flight time of aphids and
the meao gndient for all insects (Iable 5, Taylor & Palmer, 1972)-this crop sample
implies a trap catch at l2'2 m above the eround of0'5-12 aphids per day, yet none were
caught.

Assuming that both aerial and crop samples are efficient and reasonably accurate,
which is likely, there are four possible reasons for this considerable discrepancy:

I . A density gadient of aphids of less than - I'0.
2. An accumulated flight time of less than 2 hours.
3. Movement of aphids into the crop after their primary deposition from the air

(spatial concentration).
4. Accumulation of successive flights of aphids on to the crop (temporal concentration).

Bef,]se M. persicae is a mobile, polyphagous species, it seems quite likely that some of
the aphids continue to move about after the first major flight is over. However, potato
is not their specially preferred host, so that conc€ntration, spatial or temporal, on
the potato crop is unlikely to occut, nor was a continued rise in crop counts recorded
(Hille Ris Lambers, personal communication) as would be likely if accumulation was

the correct explanation. This is not intended to imply that deposition occurs randomly.
The pattern of deposition depends on the layer of relatively still air, which is essential
for an airborne insect to alight, around general topographical and other physical features,
such as trees, the edges of growing crops, and wind-breaks (Lewis & Dibley, 1970).

Oncr insects are within this layer, controlled re-distribution becomes possible; movement
of insects into crops and active congregation by them can add to the deposition pattern
to produce the familiar highly aggregated crop dispositions that are often found, for
example by Dean & Luuring (1970) in cereal aphids. However, such aggregations are
local, whilst the discrepancy being sought here is larger in scale and about one order of
magnitude in size.

The third alternative, the length of time in flight, is difrcult to assess for specific
occasions in the field; expectation has to be based largely on laboratory experiments,
which are species specific, and changes in aerial density profiles, which are not. A flight
time of 0.5 hours, instead of 2'0, would increase the expected deposition rate, thus
decreasing the exp€cted trap catch from 0'i-12'0 to 0'1-3'0. At this level of expectation,
a zero catch is less surprising. However, it seems likely that, if anything, 2 hours may be
an under-estimate of total time spent in flight.

This leaves the fourth alternative. With a density gradient of -2'0 instead of -l'0,
the deposition rate for a given trap catch at 12'2 m above the ground, is increased by a
factor of ten. The insect density profiles upon which the gradient expectations shown in
Fig. 7, were based, were obtained from an aknost ideal site at Rothamsted (Plate 2),
whereas at sites like that of the Goes trap on the Zeeland flats, unprotected from the
North Se3 gales, the wind shear in the first l0 m must be considerable. This may Prevent
the development of profiles like those at Rothamsted, and increase the gradient above
that expected. Presumably the preliminary choice of a vertical gradient of - l'0 used for
Myzus persicae was rather steep; the prospect of it being as steep as -2'0 must,
therefore, be regarded with some suspicion. It is therefore, eyident that more information
is needed about specific profile gradients in relation to site and time.

It is also evident that any trap sample, however accurately measured, remains no mole
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A i iii. iiii i B

Fto. 16, Annual density distribution maps for four aphids in suction traps. in 1971. I_averinE inrervals
arc_ rougbly.geooerric; 0, l -2, 3-9, _10-3 t, _32-99, 1fit3t5,316_999, 1000-3i6t, 3t6}_yb9- S-EbolisE
ls the Tm_e^iD^gll q3p!, except l6C,- in whicb the iDtervals l-z-and 3-9 have the Jame symbol, ai t are rleiDter ls 10-3.1 atrd 32-99; the higher. iDterval _symbols-are all displaced accordingly ,'A, Rtiopalosiphunt
r'nr-e-rron (Walk ); B, Crypromyzus galeopsidis (l(alt.); C, Photodoi hurruli (*he;i1., i, Apiis co;nielb(Hile Ris I-ambers).
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than an index of population density until the vertical profile of density can be integrated
with some confidence. This is equally true for horizontal profiles of density, and becomes
obvious in assessing total populations from maps.

Interim results

Inng-term spatial distributions of siryle spocies. The strengths and weaknesses of the
two sampling systems are evident by comparison ofthe four aphid maps in Fig. 16 with
the four moth maps in Fig. 17. Phenological complications have been removed by
summing samples over a whole year, so that the total season's production of migra.nt
adults is shown. This is a measure of the annual capacity of the species to scour the
c.untry in search of host plants, or crops. In order to study regional variations in tle
timing of migntion, phenological maps will shortly be produced.

Although we have fewer suction traps than light traps, espocially in the north-west of
Britain, there are other reasons .l hy the aphid maps are simpler than those for the moths.
The first two sp*ies, Rhopalosiphum insertum (Walk.) and CryPtomyzus galeopsidis
(Kalt.) (Fig. 16A and B) are typical ofmany aphids and iuustrate the extreme of migrant
ubiquity. Widespread host plants, combined with great powers of dispersal, enable
an aerial population distributed almost uniformly at l2'2 m above the ground to exploit
the whole country.

Evidently the annual samples from even this small number of survey suction traps is

adequate to represent these populations, and annual population changes might well be
represented solely by mean sample density. No change in the distribution of species that
behave in this way can be registered over an area so small as Great Britain. The scale of
their population fluctuations is continental.

The next two sp€cies Phorodon iumuli (Schrank) znd Aphis corniella (Hille Ns
Lambers) were chosen becaus€ of their strongly regional conc€ntrations compared with
most aphids (Fig. l6C and D). In all these maps, the layering intervals are roughly
geometric (see legend Fig. 16); the density range for P. humuli, which has non-standard
layering (see legend), from the 'high' in the Welsh Marches to the 'zero' in northem
Scotland is over five orders of magnitude. The high density area is probably distorted
slightly by the small number of traps, but a discrete population is strongly indicated;
not completely isolated from populations on mainland Europe, but contained largely
within the island in an area that is capable of arbitrary definition. The 'zero' areas are

not, of course, devoid of insects but the density is very low, below the sensitivity of the
sampling system.

Diffusion from the area of high density is great, as exp€cted with aphids. Wild hops,
the host plant, are rare north of the Scottish border, and hops are not cultivated north
of Worcestershire. It seems likely that some of the aphids caught in the north of Scotland
had travelled hundreds of kilometers. Similarly, the dogwood, Cornus sanguinea Linn,
the host of ,4plrr's corniella is restricted to England and Wales, except for introduced
garden shrubs in Scotland, and the almost equally concentrated distribution of this
slrcies also ofers a prospect for further analysis.

All these annual maps emphasise the highly developed distributive processes of aphids,
their efective methods of searching the environment for hosts, and the even distribution
of airborne populations compared with those on the ground. It remains to be s€en if
additional sampling sites greatly alter the synoptic malx for species Eke P. hwnuli.

The first moth, Plusia garnma (Linn.) the Silver-Y moth (Fig. l7A) is a well-brown,
long-distance, migant pest of field crops that has much in common with aphids. In most
years it floods the British Isles from southern Europe in spring and subsequently produces

two generations, each supplemented by further incursions from abroad, until their
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Fq. _l7j .Ana.ual_ lg9l Eaps for four motbs in lrght t@ps. A, Plusia gamna LiEI. in 1969 iB. Cerapt.ryx
gaminis Liuin: iD I970i C, Agtochola ltchntdis *hifr. iD 1970; D, ibraxas grossulariara Linn. in t9io.
Names from Sourh (1961).
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Frc. 18. Ac€lroulatcd rDean maps lor Cerqtcryx g@nirlr t inn. A, 1968; B, (1968 + t2q9)/?;
c,1ii68 + li69 + I970)/3; D, (19d8 + I%9 I- 1970 { l97l)/4. Nuober of samplins poio6: 1958,47;
1969. 62i 1910, 72i l97t , 81.
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daily distributions of the bid.cherry sphid,

September 1971.
Frc, 20. Maps of daily disl
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trumbers are reduced alnost to zero in winter, exc€pt in isolated places with a mild
climate, b€cause it lacks the ability to withstand the British winter. As with aphids, the
annual map sums several migrant generations, with intervening non-flying stages, so
that the fnal distribution at the end of a fairly succ€ssful season, such as 1969, is the
result of the dispersive powers of the adult acting upon the areas of maximum reproduc-
tion. The distribution in other seasons may be quite diferent (Taylor, French & Macaulay,
1973). The maps are more detailed than those for the aphids, partly because there are
more traps, but mainly because the low level aerial density reflects the ground population
more closely than does the higher level aerial density of aphids, and is consequently less
evenly distributed even with this highly mobile moth (see Table 2).

Cerapretyx graminis (Lino.), the Antler moth, severely damages upland pasture in
some years and has been thought to be a migrant, perhaps because it reaches high
densities locally and sometimes flies by day. Its population concentrations in the high-
Iands tend to be discrete (Fig. l7B), reaching at least three orders of magdtude above its
lowland densities. However, because its distribution changes little from year to year
(Iaylor, 1973, Fig. 4) it now seems doubtful whether it is, in fact, a migrant.

Agrochola lychnidis (Sct[tr.), the Beaded Chestnut moth (Fig. 17C) is, in contrast,
largely restricted to the lo\vlands of the south-east. Like the Antler moth which feeds on
a wide range of common grasses, the Beaded Chestnut is polyphagous, feeding on wide-
spread Rosaceae of many kinds. Apparently it is not host plant distribution that circum-
scrib€s these moth populations. Also, like the Antler moth, the changes in the population
of this species can obviously be followed with some acauracy.

Abraxos grossulariata (Li t-), the Magpie moth (Fig. l7D) is a familiar, but sporadic,
pest ofcurrants and gooseberies. Its distribution pattern is again di.fferent, with the main
concentration in the centre of England. Whether its sporadic outbreaks are caused by
changes in population density or changes in distribution will become more evident when
sum and difference maps like Figs. 18 and l9 are available.

The localised nature of the Antler moth populations shows up well when successive
years'maps are accumulated and means produccd (Fig. l8). Fig. l8A shows the distribu-
tion in 1968, and the sequence B, C, D shows the effect of adding succ€ssive years' maps.
There is no loss of definition as the process continues. By the third year, the map has
assumed a near-stable condition. Further years could now be considered, not as isolated
distributions, but as deviations from an expected condition.

The obverse is shown in Fig. l9A and B in which the areas gained and lost by the
population between 1969 and 1970 are shown in the form ofdifference maps. The changes
are essentially local, increase or decrease occurring around the borders or at the c€ntre
of the main population concentrations, and representing a local swelling or sbifting of
masses. In direct contrast, the difference maps between 1969 and 1970 for the Silver-Y
moth (Fig. l9C and D) show a wholesale, and fairly even, loss over the whole country.
Continued summations of maps ofa species such as the Silver-Y would eventually result
in a uniform distribution approaching Fig. 16A.

It is important, however, to consider the deficiencies of light traps in connection with
these map manipulations. Because light trap samples inco4)orate a behavioural bias
that may be correlated with site, difference maps tend to become less biased, whilst
ac€umulated summation maps emphasise the bias. Hence the need to standardise light
traps (see p. 207). Also, until traps are operating at enough sites, the loss or gain of a
single trap can appreciably affect primary maps. In 1973, the coverage is adequate in
England and Wales exc€pt for the Welsh Marches, Wiltshire Downs, northern Pennines
and the English I-ake District. Scotland is inadequately covered.
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Frc. 21. Four-week total maps for the peach-potalo aphid
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. ... . '..:

A. 23 ADril-i B, 2l May-; C, 18 Juoo-; D, 16 July-; E, 13 August-; F, l0 sept€ober-;
G, 8 Octbber-; H, 5 Noveober-2 Dccember.
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Divc6lly l97O

234
Frc. 22. Moth diversig (a) distriburiotr map for 1970.
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short-tem spatial rtishibution of single spocies. The short-trrm-instability of aerial

"pniA 
poprtutioos is clearly shown during the autumn rrigration of. Rhopalosiphm padi

on foui iuccessive days in tlZt (Fig.20); alnost nothing remaining stable' The most

consistent feature is the density binding across the highlands of Scotland and even this

is largely an artifact, resulting from thi absence of traps in the-west ln England and

wald tf,e only comnon feature is a tendency for patterns to form along a diagonal

from the Wirril to Kent. No attempt has yet been made to examine changes at this level

systematically, but experimental eYidence suggests that successive .daily maps-represent,

lirgely, diffeient aphids. The capacity for etrective fli8ht in aphids is not usually retained

foriong; in some ipecies only for a single day, so that succ€ssive maps may not be ofthe
same p6puhtion, unlike moths which have much longer flying lives. This could emphasise

regional diferences.-The 
annual distributions shown in Fig. 16 are summed over several' usually tiree,

more or less distinct population cycles. These successive waves can be seen in the four-
week maps of Myni pirsicae in l97l @g. 2l). The dificulty of establishing calendar

criteria f6r the timint of these migrations (see also Fig. 7, Taylor, 1974) is what makes

forecasting of crop infestation dates so difrculL
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M{ti+pecies populatior. Although the spatial distribution of individual species is of
major concern in current pest control, to study the eflect of a changing envir-onment on
ins€ct poprrlations requires a collective measure of the species struit.ie of a sample so
tha! the efect ot parallel changes in different regions, whire the species are differenl, can
be investigated. The frequency distribution of individuals between species provides iuch
a m€asure. The index.of diversity, c, delved by Fisher, Corbet & Witliami 1D+:; from
ttre log-series distribution, or I : SY3o from ttre log-normal (Kempton & Taylor,-1974),
both of which fit moth samples from light traps, proyide the necessary measure, sinsitive
to environmental changes.

Because c, li.ke tr, is independent of sample size it is also independent of the attraction
factor whi:-! afects the sie of light trap samples from differenisites (p. 207). Maps of c
diversity (Fig. 22) are thus relatively free of bias. Hence changes fiom year to year,
although they are currently affected by ttre small number of sample sites,'are expected
soon to become a sensitive indicator of areas of changing populatibn structure. The log-
series does not u ally fit the frequency distributions of aphids but a direct compariso,-n
of ttre diversity of moth and aphid populations should be possible using ). -

Major factors affecting diversity are now being sought. Latitude accounts for about
20\ of the variance of d between sites. Another 20f results from the land-use im-
mediately ,djacent to the trap (Fig. 23). The provisional land-use index, { (Taylor, 1968)
is a sum of the areas in certain categories, weighted as shown in the 6gure. The total
area and weighting factors were arrived at by iterative fitting of the regression of a on /.
The best fitting area was l.3Mha, i.e. a circle of radius 64.4 m centred on the trap.
The weightings are remarkable only for the high score achieved by hedgerows; the
diferential between hedges and crops is greater than that found by Lewis (1969) by
direct sampling, and again emphasizes the small area sampled by a light trap. Systematic
refinement of land-use categories and weightings is exp€cted to give further insight into
environmental effects.

Summa4r and conclusions

The spray warning scheme for the control of sugar-beet yellow viruses, devised by
entomologists and plant pathologists for the British Sugar Corporation,s Research and
Education Committee, has advised beet growers when to spray sinc€ 1959. It is certainly
the most highly organised, probably the most eflective, and apparently the only properly
assessed, field crop pest control scheme in Britain. The continuity provided bj i perma-
nent research organisation, the national scale approach adopted by its research workers,
and their close cooperation with their advisory and field officers have made this efficiency
possible. However, like all of the many aphid schemes operating in Western Europe
the beet yellows scheme depends on crop sampling and with increasing labour costs, its
future could be hazardous. For no other crop has a similar facitity bien developed in
Britain. This is no doubt partly because agricultural interest in sporadic pests is notorious-
ly fickle and no other crop has a research levy to provide continuity bf funds, but it is
also because control is in general parochial whereas pests are often ubiquitous.

The Rothamsted Insect Survey was started in an attempt to examine this scale of
ins€ct population change. It has evolved a pest monitoring service whereby pest status
is kept under constant surveillance alongside fundamental studies, although the range
of pests covered is nec€ssarily limited.

The Survey is still very much concerned with establishing technique and mettrodology
and is still largely eJ(perimental. But big changes in agricultural piactice, and resulting
p€st stntus, have still to come and the Survey is also concerned with the ability to detect
these changes early and to respond to them.
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Migration and the spatial aspct of population dynami:s; the role of aggregation or
heteri'geneity in populition disiribution; ihe changing distribution of insects in relation

to clinging envir6nment; the relation between land-use and population diversity;

thresholcls ofpopulation instability and the evolution, or creation, of pests; pest movem€nt

as a prelude fo irop infestation; ill these have a common spatial component requiring a

synoptic sampling-approach. Given this, the search for a solution through mapping

reemi ir"ritatle,-and the choice of sampling tools and experimental animals seems

logical.-The 
choice now appears to have been satisfactory and the efforts made to understand

the samples justified. it seems likely that radar could provide useful ancillary information
on the very'short-term movements of aerial concentrations of large insects (Schaefer,

1974). However, the prospect for radar identification of a difrcult aphid like Myzus
percicae m.ustbe remote, and radar does not provide an alternitive to current methods.

The ligtrt trap samples are large enough to be useful, but at the same time small enough

not to affect local populations and thereby ruin the exlrriment' Rare species are very

seldom caught, and voluntary workers can handle the catches in their spare time- Many
other personal and official projects have built up around the data; some are listed in
Rothamsred Report for 1972, Part 1, p. 201. The suction trap samples have presented

certain problems because sample size needs to be adjusted almost daily to prevent

sorting ind identification becoming too great a burden; these problems are being over-

come. The weeuy Bulletin is now used by both public advisory services and private

industry. Advisory purposes may require additional samples if usage increases, but the

-upr "r" 
already piompting many questions and providing some answers. The need

for-a mapping programme was anticipated as the essential common ground for the two
sampling iystems and the appearance of SYMAP was fortunate; it serves initial stages

well.
The successive maps are of aerial populations separated by the daily flight periodicities

of the adult insects and seasonally by their earth-bound larval stages. The essential

analytical problem is to fnd succinct expression for these successive spatial distributions
in a iemporal sequence. Continuous summation increasingly separates species according
to their inherent spatial stability; horizontal gradients of density progressively blild up
in stable species ani break down in spatially fluid ones. Step by step changes in difference

maps show areas colonised and vacated. How many ofthe 557 species of moths, the 255

spiies of aphids, and the other kinds of insects so far sampled are suitable for this
ti"at-eot is-not yet known. Primary data, such as total populatiol size and area, and

secondary data such as rates of gain and loss, need to be extracted from the maps before

-ore sophitti"at"d analysis is possible, and trends will not show convincingly with the
few years' data at present available.

This report, to explain the objectives that prompted this aPproach and to collate the

evidence itrat 3ustifiei it, is perhaps overdue, but wit} such a long-term exercise, concrete

results arc slow to appear ind unsubstantiated speculation ill-advised. The project owes

its continued existence to the many People, both amateur and professional, who have

worked so long and so patiently while awaiting results and, to them, I am deeply Srateful'
Those long iwaited iesults now seem to be both tangible and relevant'
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