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DEPARTMENT O}' ENTOMOLOGY
1937.194s

By C. B. ftrrraus
A summary of the work of the Department of Entomology

from its commencement in l9l5 to the end of the vear fg(!6 was
published in the Aanual Report of the Experimenial Station for
f936, pp. 9&f20. This present Report is, therefore, extended to
indude the two pre-war years 1937-38 so tbat it will join on to the
previous one and the two rf,ill give a complete ouflinl of the work
of the Department since its inception-

Since the last Report there has been no change ia the seoior
staff, which consists of C. B. Williams (Head o-f Departmcnt),
H. F. Bames and A. C. Evans.

Temporary workers at the Laboratory during the period include
the lollowing ;

W. R. S. Ladell Soil Insects 193S38
K. D. Baweja Soil Insects l9A&Bz
K. J. crant Insect Migration 193&B{l
B. l,ovibond l,eatherjackets 193&39
D. C. Thomas Hemiptera fgyr-3S
K. N. Trehan Aleurodidae IOB&98
A. G. Robertson Tipulidae in Light Trap and

Chemotropic responses of
Insects f936-S7

J. Deal

G. F. CockbiU
S. R. Nutman

Preferred -femperatures 
of In-

sects 1936.40
Insect Migration 193&41
CollembotraandFlea-beetles I94l-43

-fhe Degree of Ph.D. at the I-ondon University for work done
at Rothamsted \r as obtained by Baweja, Trehan, Ddal and C-ockbill.

Miss Lovibond after the first vear was appointed to the staff
of St. Ives Golf Green Research Station and seconded here to
continue her work.

G. E. Cockbill was appointed for two years under a grant
obtained Irom thc Leverhulme Foundation for the study of insect
migration.

C. B. Williams represented the DepartmeDt at the Seventh
International Congress of Entomolog.r'at Berlin in l93il. He also
made an extended tour of South America at the invitation of ttre
British Council from September, 1943 to April, 1944 for lecturing
and liaison work on entomology and agricultuml science. Nearly
all the countries of South America were visited, and a numbei
of lectures given induding several on the historv of Rothamsted-
Siuce his return a steady flow of correspondenie has developed
putting workers in South America in touth with workers in this
countl'y.

SorL rNsEcrs
An intensive study on the rate of recolonisation of sterilised soil

was carried out on an area of allotment soil (36). The soil was
sterilised by baking at a temp€rature of 212'F.. foi 6 hours. Steri-

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-1-87 pp 3

t59

lisation was carried out at two dates, in !-ebruary and in Uay,
and control plots of rmsterilised soil were included. One half of the
total number oI plots were enclosed by iron sheets Iixed I ft. below
the ground and extending 6 inches above the surface. Grass was
sown on all the plots. The observations on recolonisation were
carried out for a period of just or,er one yea.r; soil samples 3 inches
by 4 inches in area and I inches deep were taken and the fauna
extracted by the Ladell ftota'ion process, previously developed in
the department. The populations were recorded in millions per acre
and calculated from the nurnbers of soil organisms in the sample
by the Iormula (35)

! -, -N
2' 20

The totat population in all the control plots was low during the
winter, increased slowly with the advent of warmer xreather until
the middle of September when there was a rapid increase, the
maximum population being reached by about the middle of
Novembcr. This rapid increase was chiefly due to the increase in
the population of Collembola whose activitv seems to reach a

rnr*i-irr" during a falling range of soil temperature of 5545' F.
Recolonisation in both cases of sterilisation wit-s very rapid and

was rather more rapid in the enclosed plots. By the end of
September the populations of the sterilised plots were equal to those
oflhe control plots and at the end oI the observatiors were three
to five times as great. The fact that recolonisation averaged five
mouths in the enclosed plots and seven months in the unenclosed
plots suggests that there was but little lateral movement in the soil
of the soil fauna and recolonisation was mainly effected by surface
or aerial movement,

The results of this investigation show that sterilised soil is
particularly favourable Ior the iapid increase of certain insects and
that some of these are common glasshouse pests.

WTR.EWoRMS

Soil htseclicides.--Sne of the major activities of the department
has been the study of wireworms, a pest \trhich assumed Sreat
importance on the plougNng up o[ much grassland just before and
duiing the first few years oI the war. The first problem studied-
was the distribution df wireworms in the field and development of
an adequate experimental field tecbnique to test chemical control
measures (54). Preliminary sampling showed that the distribution
of wireworms wiLS very uneven and that the exPerimental design
us:d, a Latin square, nearly doubled the accuracy of the results.
The sampling errors in the three experiments carried out were high,
20-50 per cent. oI the mean, and accounted for a high proportion
of the experimental error, 20-60 p€r cent. Several of the soil insecti-
cides used caused a significant decrease in the wireworm population
but some unfortunately also had an adverse effect on the crop'
Naphthalene at l0 clrt. per acre produced a kill of 6O Per cent.
No differential action of the insecticides on wireworms o{ different
sizes was found.

A further experiment (ag) .Irias carried out to see whether an
increased rate of applicatioh of naphthalene, l5 cwt. per acre,
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would produce a complete kill of wireworms but unfortulately
the treated plots did not show ary reduction in numbers comparea
with the control plots. The ouly reason suggested for the failure of
the naphthalene in this experiment is tlitt the application was
made in February at a time when wireworms are not usually con-
sidered active, whereas in the previous experiment the inseiticide
rvas applied in Aprit.

In view of the lolv return of information relative to the amount
of time and labou-r spent on large-field trials, it was decided to
develop a l{oratgry technique to test new and more promising
soil insecticides. Further, the interpretation of the resu]ts of thl
field trials was rendered more diftiult by quite large changes in
the populations on the control plots, the reasons Ioi which were
unknorvn. Work on the biology of wireworms was therefore begun.
- A suilable laboratory techdque Ior testing soil insecticides-was

developed and a wide range of substances tested. Even in these
rigorously controlled experihents there was great variation between
replicates carried out at tie same time ;d at different times,
pointing to necessity of further reasearch on the wireworm itself,
Exlrriments w'ere carried out on the placing of soil insecticides
and Iertilisers near the seed.

Biohg1.-ln an ovipositiou preference experiment it was found
tlfl.at Ayiotes obscurus L. females la.id sieniiicanuv more egtqs in
grass and sigaificantly fewer eggs in fallow than G dover, "dheat

and kale. Marked beetles ot A. sfirlatcn L. were trapped up to B0
yards a\vay from their point of liberation. The riiios oi adult
l-_qb19qt*s to A. sfiahror rvere found to vary greatly from field to
field (50).

Orving to the long-life of the wireworm it has not yet been possible
to study the effect of various factors on growth ali mortalitv over
the whole life-cycle but sufficient work- has been carried 6ut to
-provide an_ adequate basis for such a study (45), (46), (42). It has
been found that the number of moults pei dnnuri viriis inverselv
with the age of the wireworm and that during the moulting proces!
the wireworm undergoes a considerable increase in weight-i6Uowed
by a decrease il weight. The magnitudes of these chanies (in water
content only) are such as to vitiate the results of growth experi-
ments unless the experiments are planned so as to take accourit of
them. The t,?e of plart on which the wireworm feeds has a
considerable effect on its rate of growth, some plants being very
suitable, others les! suitable, \ 'hile ilax proved to 6e very unsiitabie
for growth. Thus it might be expectedlhat the type oi crop grown
m any one year might influence the behaviour of wireworms towards
the succeeding crop. This conclusion was borne out by the results
of an experiment on the cropping of newly ploughed 

-graasland 
in

wbllch elghl crops v/ere sown during the first year followed by spring
oats. A fairll' u'niform distribution oI wirewo-rms was preseni duriu!
loth y9qs, Lxcept in the case of one crop mention'J b.b,r; t"?
the yields of the cereal crop following tha !"arious previous crops
$ffered-greatly. In the la6oratory eiperiments, belaus proved io
be a rather unsuitable food and consequently rather heavy damage
was expected to the following oat crops. Contrary to expectations
an excellent crop was obtained. The reason foi this eiceptional
result was found to lie in a great reduction of the wiriworm
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Dopulation in the ptots which previously carried beans, a reduction
iniountine to ?5 per cent. of the original population. A toxic
eflect by t-he roots of the bean plant may be the explanation of this
reduction.

The seasonal activity of wireworms is governed by soil tempera-
ture and moisture and-also thet moulting frequency, so that the
amount of damage to be expected can depend on several factors,
namelv. soil coiditions both physical and chemical, previous
croppi;g and the frequencv of the different size groups in the
wireworm oooulation.

The cuticti of wireworms is permeable to water and it ha-s been

Iound that in its relations to soil moisture the wireworm may be
reearded as an osmotic srstem. The pF scale of soil moisture was

sb-own to be a better expression of soil moisture in relation to
wireworms than tbe Percentage moisture present.

LEATHERJACKETS

Miss ts. I. Lovibond, appoitrted as Entomologist to the Board
of Greenkeeiins Research, 51. Ives Research Station, Bingley, was

ieconded trj iork at Rotharnsted following some preliminary
investieations carried out by a member of this dePartment' Dunng
her stiv here (1936-39) she investigated the most imPortant

".aoefliis 
and tieir laivae (56) and conducted breeding and

samolins exDeriments (57).---ihe"ortLodi"NoroLnzene emulsion method has also been

int 
".iieated 

as a Dossible means of conducting a lonS-term sfudy

"i n"ii"oation" in tie abundance of the common leatherjacket (19)'

SLUGs

This is a case where an immediate problem has devgloped 9I
n""".titu ioto a fundamental one. At the outbreak of the war it
-i" i. ii""a that if possible a substitute should be found for bran'

" 
feedins stuff of vaiue, in tbe metaldehyde-bran method of baiting

slues. E"xDeriments quickly showed, however, that slugs, under tJte

con?ltio# of the exierirnints which were carried out in g-ardens,

a"mit"tu preferred ittractant substances of food value ln fact,
ifr" U"tt6.it" feeding I'alue of the attractant the more slugs were

attracted, to and kiltea by the poison bait (16'-21,-22\'
Lack of detailed knowledge concermng the blonomlcs ol slu.gs

leadins to difficulties in the complete interPretation of the results
oi th""b.itirg experiments revealed the necessity of an intensive
ecological study.---ii*.t a"ai"a to studv the slugs in gardens since more species

*"r" to b" found in gardins than in fietds, and eveutually about
Ni "".a""r *"tu involi'ed in the investigation' A sampling method
i" rii"O *li"U consists of picking uP all the slugs seen during 30

minutes. durins which period the different ecological sites in- Ure

"*a"" it" "i.ii'"t. 
This'method has shown that enorruous numbers

L;;ft; Dresent, up to 570 slugs being gathered in h"lf-an-hour,
lollowed o'n one occasion by a further 5I7 hdl-an-hour later'

Each soecies has its ou'i season of abundance during the year'
'*ts ir;k ara is most abundant in January, ,{ s"rynsctts abolt
jwre,-igiolin"r t?ti.rl lltr.s a.k)\t July-September. Miktx sowarbyi

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-1-87 pp 6

t62

in September and Octob€r, M. gracilis about October, and ,4.
iozlzrur\ s[ghtly later in the year.

, The study has already shown by observation of the slugs' food
habits tlat slugs are practically omnivorous aud that usially in
gardens they a.re scavengers more than p€sts. It is estimated ihat
90 per cent. of their food is what the grower does not want either
for its aesthetic value or its importance as food.

The distribution of the various species of slugs in neighbouring
gardens is most interesting. In the case of two species A. horWsis
and. M, gacilis the numbers increase regularly froir garden to garden
up one side of an old river-bed whereas thm6 of M.-sorzar6r,r ihow a
definite ridge of abundance a litUe way up the slope. Th; distdbu-
tion of L atar seems to be associated wiih the aie of the gardens
whereas that ol A, relkt lah.s sercms to be uniform-lv hieh wf,atever
lhe gard_en. -The ,r!.tribution o! A. strblusc*s is penitiarlthis species
being abundant alrnost ever5rwhere on the west side of tde old
river-bed and almost absent on the other.

The mating season oI the two species which mate in the operI
hls-been studied, as well as the sdasonal weights of the samirles
of the slugs collected.

Water-colour paintings of the various species have most gener-
ously been made by Miss Evelyn Tuke a.ndthev are beine us-ed. as
tbqe p|-a!es- irl the account of this ecologicai study oi slugs in
gardens (1, 2, 29, 33, 34).

A further development ol this study bas been the weishing of
the specimens individually. The weielits of two soecies. "1. irrL
/rscns and A- reliculatui, have been- thus recordid since lulv
i044 and tbose of one other species, a. {acit;s, sie O.i;G,itij
and t-hose of tbree other species since the summer of lg45. Bv this
means it is possible to follow the changes in the weight distributions
ol the active slugs tfuoughout the ieason and 6n occasion the
growth rate and death rate. This is being linked up witi the seasonal
we[hts.of populations in neighbouring g-ardens as'rvell as the weights
at which breedins takes Dlace.

The determination of-the numerical abundance of active slucs
has now continued for four years and eives every oromise as-a
method of investigating the yiarto-year-abundanci oi the various
speqes.

Eenrnwonus
Although earthworms are very corrrmon in ma.nv parts of the

world and numerous statements have been made as t6 tire part thev
play in maintaining soil fertility and soil structure vi:rv littie
indeed is known of their biology, and the results of the little experi-
mental work which has been carried out on their relation to soil
{ertility are- largely valueless owing to this lack of knowledge.
In -August, lg44 research was begun on earthworms as part oia -

wider programme on the relationships between the soil fiuna and
the soil with particular reference to ioil fertilitv.

The relative abundance of the different speiies on various Darts
of the Rothamsted Farm and certain othdr soil ttapes was'first
studied_to decide w-hich species should be used foi experimental
work. It was found that the proportions of the d.iffer;nt soecies
varied greatly according to the prlvious history of the fieldi and
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on the different soil types. Only the most general statemmts are
available as to the length of the lifecyde of the various species,
so cultures of twelve species have been set up to obtain material
Ior a studv of this problem. Tbese cultures have also yielded valuable
data as t-o the reiative metabolic activity of the differant species.
On a basis of the weieht of cocoons produced during a given time,
the lareer sD€cies havi a much lower iate of metabolic activity thau
the sm'aller' species with one exception Luttirictrs rubdl*s Hoffu,.
a fairlv large worm with a hieh rate of metabolism-

Mithodi trave been deviloped to study the seasona[ activity
of worms under laboratory antlfield conditions, namely ;

(a) The rate of deposition oI cocoons (i.e., eggs) under known' conditions of temperature and moisture.
(D) The collection of worm casts at fourday interv-als

tfuouehout the vear.
(c) The nlumbers of earthworms brought to the surface of' ' grassland by v/atering with a worm irritant.

Weeklv estimations. at least, of the soil moisture at three
different "<leoths are beins made and continuous records of soil
temperaturd at five diffeient -depths are available to studv the
effect of these factors oD actlvrty.

The oreliminarv results of thi: survey on the relative abundance
of the different siecies shots tbat Allolabophoru caligttiosa Sav',
a larse earttrworr;. \iras one of the commonest species present on

the firm, so it was chosen for the {irst pot exPeriment on the effect
of earthworms on soil fertility. No data existed oL the amount
of orsanic matter which earthworms consume in a given time so a

3 bv"3 factorial experiment was set up; 3 levels o[ organic matter
tbuilock droooinesl 0. 25 and 50 grams: and 3 rvorm treatments'
d- rz-rg *airis o"f ivins worms and l2-f3 grams of dead worms'
'ihis weie"ht of worms pC-r pot is aPProximatelyequal to the amount
present i-n a good pasture. After the worms had acted on the organ'f-."ii"i io. 3i mdnths they \irere removed and alY Pots in -which
-oi. tt * ori. *otrn had died were rejected. Finally five replicates
o, each treatment were set up and spinach beet sown The lPults
of the exDeriments showed that dead worms had a highly sigarfiqant

"kJ 
ln i"i.""ti"g the yield oI spinach but that living worms had

no significant effects.--- -O'*ins 
th" coonie of the above experiment, the biological studics

showed tiat A. caligirosa wiLS a worrn with a low rate of metabolc
."ti"iW. fn a sudequent experiment, L. rube'llus a fairly large

*o.m irut with a higher rate bf metabolism was used as the test
."tti.tA the resuits of the experiment shorv clearly that it has

had'a hisblv simificant effect in ircreasing the yield of the test croP
grown, i-"e.,-mu-stard. Further work along these lines is planned'

INsEc-r PHYsroLocY

A studv of the temperature preferendum of a wide range of
ins€cts wa;carried out (37). The results show tbat in Seneral a.rante
of temDeratures rather than oue particular temPeratur- e rs Prelerred'
The o6lv preference which some insects may be said to show rs an

avoidanit of both extremes of temPerature, while some others merely
avoid high temPerature. Another rather peculiar preference s
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presented in the bi-modal curve with a peak near each end of the
gradient. In general the preferences of the immature forms tended
to coincide with those of the adults of the same soecies.

A study of the distribution of nitrogen in the cistes of the wasp.
Vaspuln gcrtanico (Fab.) showed that in the adults most of tlie
nitrogen is present in the cuticular and water-soluble protein
fractions. in prepupae, little is found in the cuticle, but oveioo per
cent, is in the form of soluble protein. Just emerged wasps proba'blv
contain a resen.e protein, insoluble in water, which ij uiifisea tir
complete the hardening of the skeleton. About 60 Der cent. bv
weight of the cuticle and 55-?0 per cent. of the total nitroeen i
lost when adult cuticle is boiled iri I per cent. KOH, a method'used
by.previous- workers to estimate the weight of cuticle present in
an insect (38).

Futher examination showed that the cuticle of the mealworm
Terebrio malilor L. conta.ins about 60 per cent. of a protein which is
easily soluble in rvater, dilute acids and alkalis. previous to moultins
about 80-85 per cent. of the cuticle is absorbed. The hr..oothesis ii
put forward that, in this jnsect, the material absorbed from the
cuticle at the last lan'al moult may eventuallv be utilised to form
the major part of the adult cuticle (40).

- Very little indeed is known how the va{'ing chemical composition
of plqlts at dilferent times of the year,'under different nianurial
conditions, etc., can affect the gror,lth and reproduction of insects,
or whether the feeding processes of sucking insects can affect the
chemical composition of plants. The ca.bba,qe aphb Braicorvte
brossicae L. fed on cabbages grouzr under diliereni environmeital
conditions proved a very useful subiect for this tvDe of work. It
was found in a series of cabbages grorn under n5rrnal conditions
of light that the rate of reproduition was positivety correlated with
the nitrogen content of the host plants and, in pa;ticular, with the
protein content- In a series of plaDts 6rown under subnormal
conditions of light the rate of reproduction-\.as positivelv correlated
with the soluble-sugar content and the total ir.ater-soiuble cartro-
hydrate content of the plant. Thus from November to Februarv.
the rate of reproduction is probably dependent on the carbohvdraie
content of the plant and for the rest of the year on the drotein
content. A Iow carbohydrate content in the foad of the catimillar
of. Pieis brassicae L. brings about a slou.er rate of erowtli atrd
smaller pupae. It is generally agreed that overcrowijns brines
about the formation of winged forms in aphids, and there aie abolt
as many suggestions as to the cause of this as there have been
workers. fn the case of B. brassicae it has been found that once the
protein content of the host plant falls below a critical level there isa highJy significant negatlve correlation between the protein
content and the percentage of winged forms present (Bg). -

In addition to the diiect reduition of crbp vietdi. insects mav
also be the cause of changes in chemical mmposition, a facto'r
likely to be of particular importance in crops, srich as sugar beet,
trown a-s a source of special substances. It wa_s found tha.i increas-
ingly hi-gh populations of B- bassicae brought about a gradual
diminution in the fresh-weight yield of cabba.e&, but that on-a drv-
w€iglt tasis a low population density caused a rapid diminution 

-in

vield. This diminution of yield was principallv brought about by
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a verv great decrease in the arnounts of reducing sugani, sucroie,
starcf iird acid-hvdrolvsable substances. Data were also obtained
on the effect of thi beadil aphis Afhis fabae Scop' on the composition
of field beans, but in this case no significant differences were found
between beans obtained from clean or heavily infested plants (44).

Since aphids normallv feed on the contents of tbe phloem tubes
it is not p6ssible to study the chemical comPosition of their food
In the cas'e of lepidopterous larvae this is possiSle and detailed studies
of the utilisatio'n of iood have been carri6d out on four lepidopterous
larvae and on one coleopterous larva (41, 12, 43\. A. technique
was develoDed to determGe accwately the amount of food corxumed
and the w;ight o[ excreta derived from it, and chemical analysis
was carried iut on both food and excreta. In the case of nearly
full-srown larvae of the B$f-lip, Phalera hace Phala L. it was found
that-60 per cent. of the water, 60 p€r cent. of the protein, 80 per cent.
of the saluble sugars, @ per cen[. of the fat and 35 per cent. of the
ash present in the food- were utilised. Polysaccharides were not
utili;d. Nitroeen was excreted as ammonia and uric acid.

During the"period of growth of the larvae, the coeficient -of
utilisatiori of dry matter reimained aPproximately constant, Put-the
coeflicient of uii.lisation of water was very high during the first
instar, appro:imately 0.95, and fell to approximately 0.GO.7 during
the second-fifth instars.

coefrcient of utlisation = I!,.8ll-ti!E4.'- Weight consumed

The amounts of the various chemical substances Present in the
lood are utilised in very different ProPortions by larvae of different
soecies. Thus the larvae of Malacoioma cte$s[rio L. utilise starch
b:ut harillv anv fat, while those of ,4grais urlicac L., Pinis brassicae

L. and phakia b*ephala L. do noi utilise starch but do utilise
considerable amounti of Iat. The amounts oI protein utilised b5-

these sDecies also differ. The nutritive ratios of the four sPecie'
vary frirm 0.32 to 1.I8, and these in turn differ greatly from those
oI herbivores, 4.7-7.0.

The larvae o!. Teaebrio flalilpr L. feeding on bran utilise a wide
varietv of carbohvdrates and maintain their \Yater content above
that oi the food liv the retention of metabolic water derived from
the oxidation of- these carbohydrates. Gtiadin, glutenin and
KrSO.-soluble proteins are utilised.

RELATIoxs oI'rNSEcrs ro cLlll.{TE AND TVEATITER coNDrrlo!is

In the Drevious summarv of work up to 1936 it was shown hoN
the resdt;f several years 

-continuous-trapping with a light trap
was being used as a Sasis for a statistical study of the.relation of
weather ionditions to insect numbers and insect activity.

The traDDins was carried on (or four years, and ttre analysis of
the figures'cirniinued and published in tio papers: the first (71)
contaiirs a general accouat 6I the differe-nt groups of insects. obtained
in the trai and the dillerent species in the ca-se oI I-ePidoPtera;
also an aciount of the sex ratiod in different groups and the factors
alfecting it ; a discussion of the variability in dates of aPpeariuce
(phenol6ey) in different years; and further data on the time ot
iiight of dlfferent insects during the night.
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the gecond paper (75) is a statistical analysis of the numbers
caught in reLation to weather conditions. Iir the first Dlace it
was shown that much more consistent results could be obtiined iu
statisti"al analyses by using the logarithm of tle number of insects
caught instead of the actual number. This means that comDarison
is most profitable between geometric, rather than aritlmetic,
cttangss. Regressions were calculated between the log. number oi
insects and the various weather factors, such as ninimum and
ggqrngg temlxratue, wind, humidity, rainfall, cloud and moon-
light. Of these, the minimum tempera.ture was found to be the most
important. A rise in the minim-um temperature of about 5" F.
doubled the catch, and a fall of a similar-amount halved it. This

"flggt 
ygp approximately the same in summer and in winter, and

\vith different groups of insects. Simultaneous resressions with
several factors were also calcr.rlated and it was fou;d Dossible to
account for about @ per cent. of the total variatiori in insect
numb€rs by known climatic factors,

FinalJy, an attempt was made to forecast the avera{e level of
abundance of all insects during each month, from the riinlall and
rummum temp€rature of the three previous months. Multiole
regressions were calcu.lated between tie average monthlv catih
crrrected for activity, and the rainfall ana temp.?ature of tie-t-hri
previous months, for each of the forty-eight 6ronths in which tie
trap was working. The results showed'that, under the conditions of
the locality, in the summer the limiting factor in insect nunbers
was moisture, and in the winter tempeiature. Thus. a wet Tune
lesulq in more insects in July, Augusd and SeptemUei, br;;;;
June does trot increa-se the number of insects in ihe followins months.

Owing to the war, it was impossible to continue tne ii*t t t ."
on wNch most of this work has been based. It is most im"portanl
the work should be resumed with several traps, so as to itria" tl"
climatic effects on single species of insects. htr" tt" *"it-if,.,rfa
* .9p"1t"d elsewhere in England or abroad, to see if the effects
obtatned here are general or only local in application.

Poputerrox sruors
These studies during the period under review have been confined

to the one dealing rvith th. buhon-tol' midqe at Svston. Leicester_
snire (17) which was discontinued owing to the difficultv of travel
dunn-g- wax time, one on the carrot fly in north Lincojashire and
east N-ottinghamshire (28) which was- also discontinu"d o-i"" in
war-time dimculties, an incidental study of an unusual outbieak
oI vapourer moth caterpillars in Caernarvonshire h lg4? e4- 25\
and_the continuation of the original Rothamsted populatioi siudriol the wheat-blossom midges on Broadbalk which'was initiateein t927 (20).

The last-mentioned study has reached a stase at which it is
attracting world-wide attentionaswhat promises tibe a Rothamsted
classcal study. Already it is being used in courses on ecolosv bothat Oxlord and Cambridge in this country and at uni;;rsities
orrerseas,

. Two gall midges are involved., Cotthrinia fzt'a which is the
lemon-coloured wheat-blossom midge and whose l,arvae are the
same colour and grega,rious , afi, S Aipbsis ,rnsdlazc which is the
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oranse-colourcd wheat+lossom midge aDd whce larvae are the

same" colour and almost solitary. Their larvae in the first sP€cies

oiesent grain formation and in ihe second cause shnrnken grain '
- .-s-i"L"' 

iszi C. ttil;ci ttiLs had three or four, more or less well
delinJ peaks ol abundance, the first in l92SAl with about 19,000

i".-. 
"L. 

500 ears. the second in 1935 with about 4,000 larvae, the
tnliJ 

^6.or 
lg4l with about 2,00O larrae, and the fourth in 

-1946
with nearlv 25.00o liarvae, per 5OO ears. The trough years have been

i;ti ioti trire ara rgii. S. mosellaru similarly has occuned in

"."i'""m&." 
in 1931, 1936, l94I and lS45 with troughs in 1927,-20,

igg3. tsfg and 1944. The grain infestation of both these midges

ar" i"A*t"t that there haie been lour peaks in the last nineteen

vears. namelv in 1931, 1935, t94l aud 1046.
'--de- ttii*et.tionslip of the midges and rheir hgst Plant has

ueen shown to be so closi that a reasonable estimate of the forward-
ness of the vear's crop can be obtained by observing the emergence

dates of th6 wheat-blossom midges in an insectary, and also -tlYt
the percentage grain attacked gives a useful first estimate oI the
croo vield (30)."-iiil 

iG,i u""n shown thar the larvae of the midges do not
invariablv emeree as midges the year lollowing their presence- on

tie whea:t (26): Thus in the case ol C. tritici it is known that
Giao .ornirtirno emerging as midges the same year ab the.larv'ae

attacked the wheat, the larvae sometires remaln -two wmters !n

ihe soil. Its para-sites also can remain dormant lor the same Penod
i*ff;ay- "i;;i!unce 

it 
"t"o 

more pronounced in the case of
i:;;il;'. -S-o..i-"nt 

of this speciis emerged in 1945 from

iarvae that were on the wheat in 1939, and so it is nol known that
iU"u-ca" ipend at teast six winters in the soil' The obcervations are

;;f"fi;l b;1 li is alreadv clear that 1944 was a trough v-ear for

i"aa*""%f ihese midges 
-on 

the wheat at least -partly b€cause

iir44;; abad vear for"emergence, whereas Ie45 \rhen the Present
peak of abundance was first manifest was a much better year lor
emersence.

POPUI.ITIO,\. STUDIES: MATHEMATICAL ANALYSIS OF VIXED

POPULATIONS

Arisins out ol the light-trap studies on the relation of insect

",r-"*ii'io"J-iUc and *"atnir conditions, a statistical study of

ile aata oUtaina was made and it wa's found that there was. a

-?i"?1ti"-J-otJ". in the relative abundance of different species

;i-il;Gi; iat dorn 
"a-ple 

from a mixed .population as given'

i;r-;;;h" bv the light trip. Professor R' A-' Fisher co.-operated

il'fi;*;I;il tdli-ana'torno'tt at the frequency of species in the

samole could be best expressed by a logarithmic senes' lhe results

*"rJ"rrfi"a to insects in the lighi trap (236) and it was found tbat
i" " ilriao- sarnple the number oI species with I, 2, 3 or more

individuals. closeli {ollowed the series ;

ft,x trrl!
Iri -;- , g

nrd
4

where n, is the number of species represented by one individual- and

;T'"i,;li;i. I; trr"- ""-it", Iess'than unitv' The sum. o' both

i,rir.iir""riid-u'rd; i; ihe series is finite, so that if itr an\'
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random sample the numbers oI individuals and of species is knowa,
then n, and * can be _calculated.
, If a l,arger or smaller sample is taken by the same method from

the same population, there will be different values of n, and x: the
larger the sample, the closer x is to unity. It has been showr,
however, both theoretically and practical.ly by the light-trap results,
that for all samples of whaiever size from lhe-same iprrlati:n taken
by the same method, the ratio of n, ; x is constint. This ratio
has been designated " Index of Dfuersity " and is a DroDertv oI
the population sampled. If the population is rich in s'o.di"r. it i"high: if poor in species, low. - 

T-his has proved to'be a'very
valuable new ecological weapon for disting{ishing populations df
different structure and composition.

The application of the-general properties of the losaritlmic
*ri"s Es been cxtended to light+iap 

- 
catches of insecis in the

United States (93) : the numbel of species of plants in different
area-s (87) ard 85): the number of lice on the he;ds of infested men
(87) : the number of British nesting birds : of mosquitos causht in a
light trap a:rd of butterllies caughiin Malava (8i).' It has alio been
found to apply closely to the number of s-xcies'in senera of botb
plants and animals (87) : and even to the-number 6f publications
published by cntomologists in one year (86).

Work is continuing on this, as il is thbukht that it mav lead to a
fundamental understanding of the relativi abundance 

-of 
soecies

in an insect population, and hence of the balance of specie, nuinb"..
and the causes of displacement and outbreaks of insict pests.

Sruotes ox. CecrnouylDAr
The underlying policy rvith regard to this work has alwavs been

two-fold ; the provision of information to the advisorv services and
research workers throughout the world, and in the second olace. the
increasc of tbe knowledge concerning this group of flies. i'he latter
has involved what might be termed nio-syslemitic or bio-systematic
studies.

The demands for ialormation have been verv widesoread. Thus
since 1937 two check lists of Cecidomvidae hive bee'n oublished
one relating to New Zealand (5), the other with Oceania iB).

Requests for identifications invoh'ins the describins'of new
species have included: midges from beeci buds in Genianv (61-
Irom sesame or simsim in Tanganyika Territory (7), from coifee ii
r anganFka l erritory and the Belgian Conso (l0). from a erans
Stcnolaphlurt dimidialun and from-citrus Stoss:oni' in Uauiti*
(31), from apple and black-currant blossom from Tao.r, 

^rr,lFinland respec-tively (fA. 18) and from the leaves of'Hii;""i;
in Cornwall (28).

Advice has been sought regarding the identitv of eall midsesr:"r$ 
9,o a-_yarie.ly o! ptants including tomato, hibiscusl egg_plairt,

etc. in the Hawaiian Islands.
The increase in seed production has resulted in inouiries con_

cerning midges found in grass seed (9, 15) and stored s".iL tZZt- tn
New Z,ealand, likewise, trouble has 6een ca.used to 

"J.t 
!t""t

grars*eed production, and this restarted an investipation into the

'#lH"'l,tit#Pffo"lift';f 
f," 
jof.'#il1.",:,1P,rr;ffi ;l"t'tr:
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of the well-known meadow-foxtail grass gall midges is now breeding
successfully on cocksfoot in England, Irehnd 

-'ald 
New Zealand.

The individuals reared from botl these grass€s iq tbe first two
named countries are apparently identical on morphologibal evidence
whereas those in New Zealand exhibit differences. Fiom this it has
been infered that the change-over in New Zealand took place some
vears aso but that in Great Britain the change-over is more recent.
Conside'rable help has been given to a survey of the gdl midges of
cocksfoot grass in Devon that was initiated by Seale-Hayne Agri-
cutturat GUege, half the samPles collected being studied at
Rothamsted.

The increase of the chrysanthemum midge h England has led
to an intensive studv trirg made of this species both from the
bioloeical (ll. 12) and fiom the host-plant-range (8) points of view-

dher host-plint-range studies have included the arabis midge
and the blacklcurrant ieaf midge as well as the hawthorn-stenr
midge (8).

The recent outbrea.ks of the raspberry-cane midge in t}le rasp
berrv trials at Wislev led to an investigation as to whether this
midie can oviposit successfully on undamaged canes, the position of
healiihy and pirasitised larvae and the host-plant range (32),-

Duiine tile war vears, when inquiries from abroad fell cin-
siderablv'in numbers, advantage was taken to get the work on GaIl
Mifues'of Ecntonic Imboitnee throughout the world neaier

"o-6lutior,, 
As a result 

-arrangements have now been completed
Ior ils oublication in eieht volumes. The first t!'o, GaIl Midges o!
Vesel4$k and Root Ctols and Gall Jtidgcs of Fodder.Crops, are due
Ior publication in the sPring of 1946.

INsEcr MIGR-{TIo \..

The rvork describe<I in the previous report has been continued
and was considerably helped between 1938 ind l'04O by a-grant-from
the Leverhulme F-oundition, which enabled extra' clerical and
scientific assistance to be employed. Progress'has bden m1d9 in the
collection of information on a large number of British insects,
oarticularlv throush the co-operation of the Insect 'ImmiSration
tommitted of the South-Easte-rn Union ol Scientific Societies, who
;u;;i ;;"r.d" oi immigrant insects toin amateurs tbroughout the
countrv. and forward tf,.em to Rotharnsted for filing and study.

Frdm an examination of these, and frori'r otheriiformation,
reoorts have been pubtished on the migrations of the Cabbage

'"Vlrite Butterflv (Pieris btossicae\ (53, 69 and 78), the Silver \-
Moih (Plusia sim;na) (52,48 and 90), and the Silver Strtped Hawk
Molh'(Ce.toio- linear; i5). The two formei df thtse ire pests in
Britaii and the latter a pest of vines in the sduth of Frdrte and only
a raritv in this countrv. A race of the Silver Striped Hawk Moth
occurs'in North America, and by a comparison of the tldtes of oul-
breaks oI the two races it has beeu showa (61) tiat there is a

statisticallv simiJicant tend€ncY for the :outbreaks to occur
simultaneo'uslv"on both sides of ihe Atla.ntic' .After this had been
€stablished, a sl*lt, investigation vas,made ia. the,case of the
Painted L;dy Butterfly lVatiessa cardt+il, anil,a simih,r result was
obtained (7E).

Recor& iontinue to come in from all over the world, and these
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have been summarised in a series of papers for India (68), Africa
(70), America (67, 64 and 70) and Australia and Asia (73). Observa-
tions on migration made and collected during C. B. Williams's visit
to South America have also been published separately (91 and in
the Press).

In co-operation with ![iss M. E. Gibbs and Mr. J. A. Downes, a
series of " Studies in the Migration of Lepidoptera " was published
in 1042 (78) summarising most of the work of the last ten years and
including several new typ€s of investigation, including a statistical
study oI the years of occurrence of 35 species of British migrating
Lepidoptera in Great Britain in the last sixty years. It was fouad
that there was a distinct tendency for the species to be associated in
groups. The species within one i'roup tend to occur in numbers in
the same years together, but species in other groups tend to be rare
in those years

There was also included in the report a discussion on the sense
of orientation of insects during migration : the evolutionar5z aspect
of the question of the retum flight : the possibility of markint insects
to trace their movements : and a very full account of the occurence
in England of the Monarch Butterlly (Dana*s plexift'usl.

Recently a short investigation vas made on the food reserve of
migant ins€cts in the form of stored fat (9O). A large Dumber of
Silver Y Moths was caught in a searchlight, apparently during a
migration, and a number of these were dried and weighed iridi-
vidually before and after extracting with ether. The results show
the amount of fat stored in the body, and also the variation from
one individual to another.

AleunooroBe (wnnn Furs)
An investigation was made during the years I93G!18 on the

Fritish species-of Aleurodidea, some oiwhich', especially the green-
howe white-fly and the cabbage white-fly, art of ionsiderablc
economic importance. Two papers (62 and 63) give the results of
this work

In the forme:', two Dew species found in greenhouses at Kew
are described, and the second deals particularliwith certain British
native species which are closely relited to each other and diEcult
to distinguish. In some cases distinguishing features were found,
but_itr_others they tf,ere believed to be only-one species on seyeral
food plants.

A list of seventeen British species is given, of which thirteen
were studied. Keys for the identification of these last were given.
and observations on parasitism, in the field and experimentally in
the laboratory, wme also discussed

MrscELLANEous

- The life histo-ry of theoil or blister betle, Mdoc lroscorubacus L.,
has been studied (68) folloring its appearance in srificient numbers
to atrtroy lady tollers.

-A bulletin rvas prepard for the Imperial Bureau of Pastures
atrd Forage Crops, Aberystwyth, cntiUed " Issect aDd otler
Pests.hjurious to the production of seed in herbage and forage
crops " (4).
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PUBLICATIONS
l. ArioN. l04lt. Srrys. Motr' Sci' Nes's, Jutre'

,- A oN. 1941. Do vot hlolt yor.r s,/gs ? The Countryoa!' 3p' 5&69'
PopElar accouqt ot slEg iDvestitatioDs Soing otr at KotndnEle<r'

3. BA&NBS.H. F. lgg7 Ch..h list of Ceeido'nida' ol Occania Occasioial
" i&--.'ii.i,i r"ir- !.' sistop trr,J*-, Ho;oli u. 

- 
I 3, 0 l-60'

rhe sall Bidees rEcorded {rom the area bounded by Haw-aii oD the north' by
tl" 'f,""iil ilJiiit ";J 

r-;6.i""d Islatrds on the west, bv New- caledonia

;;E;';'th";th, aad by Eaeter Islatrd atrd GalapeSoe oa the east'

4. BARNBS,H. F. 1937. Ittscck a*d other P'sk il,,t4'ious to lh2 flodttctio** 
&;;;;i;e;"-iij-4, nop' Imp But' Palt For' crops' Buu ' 20'

Summarv of the available itrformatioD in the light oI the -Eost- 
rccetrt

.*""tal. fite lack oI control Eeasures io so many instaDces r!' olsnr'Dr'o8'

5 B^nNEs. H. F. 1937. Ch.ch list oI th' CccittoT tidat oJ Nt"/ Zcalald'
- 

Proc. Roy. Soc. Ne1f, Zeala'd,67' ll5-ltl'
Thirtv-four species have so {ar beeD recorded, ollhesc {ive hav€ Endoubt_

-tl;b;; itrkod;ced , aaEely Dasynrura alop'cr"i (Reute') atr! skno"tPtosts

i;;tnt"t; (*tt tl. *o of tle meado'\ ' {oxtail srass mrdqes ; Dosvntsla tyrt
?ii"".ilii. iiu fofiorliqg pear midge ; Mdy";olA d's' ctot (Say)' the Hessiatr

h?i ii ciiiii;i-i,,r*-; I k irbv 1, 
"oni or iie wheat-blo6som midse'

G B^xNEs. H. F. I93g. A acw gatl 
'nitge 

4"bching b"ch M' Arb'
" ph}.."G;* Ent. flertir-Dahlem,6 (r)' { l-4il

o"JpUoo ot ooqyn cwa logicola fouad in Germatry attacking bcech buds'

? BARNES, H- F. 1939. Two *u gall midS'sfo"l Sesamum angustifolium''' e"". "oi 
lt g. Nat. Hist, 3' 453450'

DescriDtions of t\ro new Sall midges attacling the blossoms oJ cultivated

Scsiiii' aas,tst;1oliu,, in fanSalvika Territory'

8. BARNES.H.F. lggg- Soti.. gall midtc s4tcics and th'ir hosl plart ru*gc'

Ano- APP. Biol., 26' 3l&34?'

fmoUsis is Uia oa tie aeed for using biological itr additiotr to morPho-

m,*,mi"":tt*:mi:;.ts$x'+#:ffi ':;{'&*#it*fi "*':THi,illii;,i. Jil"e tbat tle $eat maloritv of sPecies' lo3 out of l33 are

retirrded-Ircm oaly one species oI plant'-riri 
"toai". "i-"erniing 

gall midSes ot ecoaomic imPortance are Prdeated
t" Jr;;;;;il-pl; tor"tio'" i"tiTt'"" biolosicd sd'dies The lirst deals* 

ff"td;; ;pp;*'d ;P*ies $hich Eake term.hal leaf galls oa various-sP€cree

or io,ui". eJi 
'"."tt'o, 

studv it is coad.df,,:yiri.d,{.:i'o}Xr""iffi:?ffilH
th" d.-"g.. The sPecid is D4gT alt
srrrt.idrti Robsaamea z!r1<1 D araois Baroes are syDon,'rns The midge

i-:iliit .tiiitiit.t"i" species of the subgeous Era'a''s and ooe other species

;t'S,f*YJ"lg# Hi:'l'1il".i"tffi*r6; ",nn t t mdse' Dia,thtoto'

mi",J',#"tr*:tHhi*-,r"".'";*,tm#ruHi"#*["-"H
ti.i'*ii.a i" e"lr"trd itr t927 ard araiD io 1936' otr both occ+siors thi
ini#ffi;-b;L|E""ut" to cutys"'tf,u-um t?rieties imPon€d froa lhe

ffi;**ftmqmttt"mr""e,m
;;A;;-"ril;'cnrvsantlem-um"' b irutid'|n L' e' rubctlum sra'ly' C'

;;;;;'";:;;"rtdr, (b- *a"o""itti* ) and c' Koreau Apotlo' Itr-addi-'ff#;s*n^;iii;ffi"*#*:rg,ffi##gffi#
lorEed. The colclosio! is reacie
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etrtieEunrs should be reearded aq.listitrct atral sepaiate Aonr Diarrh"i,ror,tria,yfogd2a F.Lw. ot wild. Clrlsa;rth.lllun spp. recoriea tom Centrl E,_#
, The third study itrvolves three species of the geaus ily"";-;;;*lan'ae caus€ the leav6 of Rdrs spp'., n;oas iig,u;-;;d iliiiiifi"lZ ub€cooe t'ist d -atrd .tukted. Atd;its t injir"e a&:"ri,,i"iiJii'iiou
saame! of bta.k curatrt to attack sooseberry at*ays fau,ii. 

--bl ar_i'Slfaoot Eate with D. ?ticzui, H.L,!r. oi btackb#t i;";;;;t*;'r;;i: ["ih"
lit iF_T- { ?: !-si attacking gooseberry. tUe 

"",i"r""i." i" 
-ril"t"a*iLt

ure rnree specGs are geluine sry.ies_D. tclctsi RiibsaameD 
"oqfhitc it"attetrtioo to bl4ck curr nt, D. ,ibicola Kjeffer timiting GetiG-gGEffilatra

L . . ?li.at ir H.Lw. oD ty attacki n g species of Ru bus. "

".^_ft:l9lnl_"Jrqy 
describ$ the biotogy of the rewty discovered hawtioms.eln mrdRe atrd crulD:rres its bionomics with those 

-oI tte rea Uua b.rte,rf lffi:trx*yil'{t,,:i,Hffi,J.fl"iprii,yr"Tii,,Ti+fl ,,1
and a description is added of the hj
Thorrwhiana crdtargj sp. !. is giveo.

"",;"i:":;ii;";_:,i&#tr:;:f*:*ri:tsf :.,##f #{tr*HDahleE, 6 (21, t7t-175.

. IncludiDg drscriptiotrs of two tlew gall tuidg(5,, Dasyna.ra fcsluca. wlr.r*larvae prevent s€€d forEatiotr itr cr;epiDg r-ea tescire i, ilriifi"a, -iaDasrna.ra tris.ti yho* tarvae nrevpnt sried io.."tiin l. Ciid";*&;:#i.the Austrian AIps.

10. B^rNEs, Il. F- lgg9. Gau. uidgrs (Cec;dorrLyidael ossociatcil airhtofJcc. Rev. Zoot. Bot. Atr. 32, j24-_$61

. a rdsum€ ofjchat is knorr concemint gall midges associated with collee
I0 Tgagatrfrka Territory, the Betgian Co-trfo, Ug"id", Mad"A;'";-"il
*Ihjl'S:. .It papcr inctudes ddcriptions- or t#o aeri ;"*B;;'*;'il";
[ew sp@res wDooe tarvae are predacious otr c@cids attacking cofiee.

ll. B.AexEs, II. F. 1939. Thc chrrtsanth.men Dridge. J. Roy^l Eort. Soc.64, 603_506.

A popular accoutrt of the host nlrrrt ratrge and life history oI the chrysatr-theeum midte irr Etrgland.

12. BA&NBS, II. F. Ig4O. Thc biotogy of h. cbysarrthrntm ,nituc irtEngland. A\n. App. Biol.,27,7t_91'. '
__ The _lile history of the chrysantheDum midge has beell worked out atHarp€ndeq,_Eqgtatrd both u;der tauoratory'ana,riti.tJi"iii*:iiri
cotrditious._ -Important points have oe.a emplalisealn i;. 

**- .'*-*-
. -. rne totdge breeds coDtiDuouslv tb-roughout the v-ear, the seDeratiotrsfolrowitrs each other Eor. ,apiary 

"G 
tr- to?.si-";;iha;i#;"ff;-iil";

unh€ated gtasshouse couditi;tu'f ive generations o."rrr*i,tGC, liaiii1938 and March, t939. Coosider.bte o"""a.ppt"g t"i"s-pi;l- ih; ;;;;
:Jiq:Tj .J hibehatioo or aestivation. E,EUs;;;h; i; "di"Jil#rtrere was trost on the platrts, but the threshold ternperature for;ai;g;;egg-laytrlg appears to be sligh v above frcezing-poht. lio ceilins LemDefitu;or upper tirnit for breediog-was encouutered. F.ilia iit"l-liJJ 

"t.i.tr 
fi1?'HIDidge behaves in commircial nurseries in nucl tte- sGe i1'v ;;'fi:experimeots conducted ia the utrheatod St"*n r; th;r;ili, jiia ;;: 

*'
For.total eradicatioq it is shortr that- fumigatiotr aad sp.ayiDg are aotecgEodic4. Dippiag the cutti-ugs itr trrcotrne-sott soaD $tnti6n "*.+t.,reduces the numbers o( developia-g midges. The Il;-[d;iJ;tiJ.]..radicatitrg the pest seems to be'cuftiog d"o; th;;"-ti;;pilf,;'6"iiJil:tir?

the cut do.,n etoots and, subsequeray"usiag tu;;;;?.lii'i"i,iitit6l*
13. B^RNBS, II., F. tg41. Tw tcu bests oJ appt. oad bhah drranr, Bliit_Ert. Rrs. 3l, 85-82.

Itrcludes e description of Dasyndro tibk, sp. !. \rho6e l,arvae attacL bl,ack-corratrt flowem i! Finlaod.
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14. BABNES, It. F. 1940. Thc gall ,nidg.s orhching lh. s.e44,.ads oI
coc*s/oor, Dact,'lis Slooerata, U. BuU. Ent. Res.,3l' lll-119-

An accoLtrt is civea of Iour gall midges whose larvae daDage urc seed ot
c@,ldi.r't, iz., Co;tadni4 d&.tyl;dis (H-Lw.l' Dasynelrc daclyljdi!' Ve\c lle,
s;r tiblo;is dacrvhdis which i! desctibed froo EEglatrd and lreland ir the
Drese;.t DaDer. ind Slrrtodiblosis R.nidlati lRe\terl. The occrifietrce of pre_
It ci""s hiaees o[ the qeairs Le;tod;llosis is also Doted A short sectioo i8
devoted to ciaracters bi *hich these midges catr be distinguished.

sknodiblosis e.nidlari is recorded froE oae Etrglish aEd two Irish
tocatities oL cockifoot grss lor t]le first time. hitherto it has alwa)s been
recorded from fortail. These midg6, together with some exP€rimentally tlr-e<l

on cocksfoot ftom foxtail pare4ts, exhibia the tlPical characters -of 
+his sPcci€8'

A trew variety, StcnoAipbsis g.ni lari var, daclylidis, is described froo
coclGfoot itr New Zealand.

Itr a drscussiotr of the host-Plant specillcity of gall midges- attackiDB gr'ass

s€eds. it is suseested tbat the iresetrt discovery ol S. g.fiidllali on cockstoot
i! F-rylald atrt-Irelald and thdoccurteace itr Nel* Zealatrd of tbis trew variety
iUititi"g-ai*ti""t -orPhologicat characters are tq'o stePs in the evolution oI
3 Oew gpeci€s.

15. BARNES, II. F. 194I Gall miilgcs anil grass sceil Ploiluc'iot J Board
GteeDkeeP. Res. 6, 118.

A popular r6iumd oI gall didges prevetrting Itass seed Production

16. BARNBS.II. F. and$Erl, J. \Y. 104!J- Met4 slq can-trol -:-e'feri 'ntsi possi'lc substitures for b-an. Gardene$' Chron', l0E' 20'

r-xoeri.meats to discovet a wartime substitute for bra4 for the control oI

"h*1'" th.;;t Jd"hvde-brel method. suow that $ith one excePtio-u, all the

"od"t 
ic"" uhich havL been showa to be as good or better tian Dran' are

Ioodstufis, The exceptiotr is tea leaves. Another fact vbrcb rs apparetrt rs

iili-il" 
^"tata"tvai 

is qot the maiu attractant aDd the success of the tr€t-
mJt does depeoa on the choice of substances used 1\ ith it'

17. B^BNas, H. F. 1940, Slrdics in lluclualio,s in ins?c' PoP441o!!" iiL-iil iu*rof nidgc (Rtnbdopiaga heterobia) a' Slsto't' loll.lg'
J. Ani6. Ecol., 9,202-214.

Thi; studv of the gall 6idge Rhabdolhaga het'rol'id HLw is a con'
t;",irt-tiii"iif,e iuirt 

"fiiav 
io iu" series' which covered tbe vers- 1928-33'

lih-1il"i.L-ii.1-n-"-v*r"'1934-9 are Sivetr In addition, the results o{ the

wbole twelve vea.rs 1028-30 ere reviewed'"""ii;;h;;:. t" the totat insect population (didge and par&sites) have be€a

a;*i,ii"il*e:ii!-.te sno*" to ptiv'u" impoitanfrole in rcduciqg the total
;;ffiii.; e';fis tie-*i"ti' -,l"ti,' The drop io l93o $'as Probablv caused

f;tf,"ii*i-i^ 3. [te summer of lg2g Tbe iot summers of I033 atrd lg34'
;i;;I"f."";;ilth" ;[nicro"{n, caused similar reductrotr5 in 1934-and 1935'

tii: fidiil -"ir"tl",i'tt* steadill' Iallen because the .villows have been

;iil;j;;;;"i ;i ;"rii"itio" ""a 
uoj"rne exterminatcd as a re-sult oI grazitr8*";i;;ti;;;"tiii"" 

tt s t er found to exist betrveeD the numbers ot

-tdr.5;;;;i;;, 
-uri 

t1".. i" oo 
"o.r"latiotr 

between the size of the total

'ijiii".I"" r'-ia-.* .ia Darasites) aod tle percertage Parasitism The changes

f"H;ii t$;i*-t" thJ "r-u"t! ot tl" 6tal Population and in those of the
i"l*irii"[,ii'*t rf"tl".i. ii it"on tuded t.ttal relative parasitism as high

f';i';;;il;;;A- no controt on the Eumber of midqes aad also that the

H.l}i* i" iiri *..me more efficient at bish PoPulati6D levcls thaD at low

5i..-aoa so cannot ttave atry balancil,g eIlect--?iii."ai""*.f tte mid'ge and itsiara-sites to emerge i-o resPoDse to extra
*".-fi'il;;; n;;h ba! beeu de'monstrated utrder trormal conditiotrs
if;*-; il;;;*"ce have varied from 13 April to 16 May iE the case of

ii" -ia*. but Lhe-variation is less when the \reeLs oI maxiEum emergetrces

:; ;;:d*A r:1" "-"'i.""" "t 
tue parasites usuallv follows clos€ly that of

A;;il;;. il io some veits the weatLer appcars to ict differetrtially oo the

*iai" ai i its p..-"ltes is regards the datcs of emergence'

18. BARNES, II. F. 1939. Contaritria ttrali s2' n' rtc .apPt' .blossom 'n 'gc'!,ilh t or.s on th. ,rrore cot mo,t $tl midSts atlathtnt -aP-Ptt a''44 Pca'
i.it'iii i, ts (Jooe, 1939), Etra Soc. of NiPPoD, 12&132'

fnctuaes aesciiption o, a oew gall midge attackhg aPPle blossob in JePaD'
.rne arv-ae preveoi the florver buds from op€triD8'
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19. B^r.Nas, H. F. l9{1. Sanltiq fo, l.alkria.h.rs .1tnttt ortLdrchloro-
bc*zcr, crntlsioi. ADD. Appl. Biol.. 28, 23.28.

The orthodicllorobe!.zeDe Dethod is satistractorv foa .stiEatins raDidtv
the aumben of leatherjackets prEsent early iq the fear, pro"iaire it ii';#
oD suitable days, i.e. daEp rather tbatr dry ones. 'w"arm' rathet Itan t""t"
o!es. About 80 p€r cetrt. of ttre leatlerjac[et popdatio! is obtaiaed. It is
uDreliable l,ater i! the s€asoD when tbe ieatheri'acirets are aootoacnils th"nluly f-ed -stege, I.or one reasoD the teattrerjack;ts app*. t;'bl;;" i;;;;to orthodicblorobeDzere, a.nd, secoldly, ai this peririd a a*inlte ao"emeliaray lrom-the original-leeding site alf;:ars to taki ptace. The dates ;he! tI;tieatmeat becomes iDeffective vary fiom year to yeai. Ceaerallv sDeakins it is
eflechve till ttre ead ol March, but it may be used sooe yeirs'tn ou!'houtApril with good results.

20. B^RNES, H. F. 1941. Shadics oJ fhlctuations in inr.ct ,obulolior.r.
\'111. Th? uh?at btossort nidges orl Bioa&ath, tgJZ_10, toitf';eis;;;;ofth?,esu s obtai,.d, t92Z-10. J. Anim. Ecot., fO,9+120.

This is the coatitruatioD of the iDvestigatiotr started ia 192? of tle \rheat
blossoE midges, Contil.inia rrirrr; Kirbiatrd Sitod;plo;is- ;ia; cffi-,
}: 9:y .n.I Il the field of permanent wheet (Broddbdk) at RothaEsted
expenltletltat stattoD.

Data are give,D_Ior the years Ig32-40 relatiDg to their bioloqy, viz., emer-
8ence, aumDer ol tArvae per inlested gr-ai_D, larvae overwiaterfre morre tb^n
one wrDter atral alteruative host plalts, as well as to the des€e oi in{u.t"ti.,r,
ot the *_heat aDd the relative parasitism of the midEes-

The results oI the whole fourteen years, contin"uous studv are considered.
The date -of e_mergence is co.related ;ith the-nheat-car ;;;;l;;-ii
a-ppears tlat both are correlated wirh the harvesti.trg dates. f ; io;_i;
the dates-of either the midge's emergence or ttre -teat.ar emerc"-;;;;;
apparenuy predict ttr Jutre the dare of harvest.

r uyqes (aoour Ilve yeafs) ot abuDdance ol c. titi.i a\dt. tnoseuano, .etLbe\corlsidered separately or togettrer. l'earc itr which thereirre Dr8! trumDers of wheat rDidge la.rvae are followed bv vea of hish iet^ri@are hiSh trumbers of wheat oidge iarvae ire t it"!"a ir" rear"-.iilfr?riiii
!1Till:i, 3"9 y:ats of low larval-Dumbrr are fouowed bf years of lo"w relative

There seeE.+-o be cycles (about five year.s) oI abusdance o! C. ,.l,raci and.

parasitism in Eth-spgcies or midge. Higt Jati;;-;i"1ttt#;;;;;;
lly.Ttr:I iIT".r of midSes aEd parasites, tow relitive parasitism jcrom_
paoles Ilgb rvinter survival.
_ - _ 

The Frcetrtage graia attack ;s aegatively correlatad witb tbe vield oI wheat
r t tEeE rs.tro _adequate- coEpeDsatiotr iD the wheat ear tbat has'beeE attalkedo€f,weeo ute trtr)e of the attack and harvest, theo the Eidses rDust be con_sidered as pests. If oD the other hand there i" c.-;!s;ii;,-A;;;;;;
ot Eidte Laniae can oDty be regarded as ao inaicauodof ifre sile;ith;;A:or lD oiner worqs a m€asur€ of those climatic conditioDs during the pnirioui
moaths wbich i-trfluence the yield oI wheat.

llatruritrg does not affeca tbe inteftity oI midge atta,ck.
. .Therffect of one year's faltowing is to'redu". tfi" iot"iGiio" U, tn" ma.".aruroutn lhls rs somewhat masked on Broedbatk fietd bv orxiiionat aifr",.

ences in i cstariotr. ODe parr ot the field i" .l*"y..;;p"raii*iJ, i-Jliliiir"iDrested -tlan the rest. This eflect of Ialo;,rs ;;;;i;;v;eJ;;^H,'ii
tbe, third successive crop, i.e., oon-rotatio" i""".**"- i;";f;;Ii5i!';";i
lurdges.

The effect of one-year's ,alowiqg otr the number of graitrs oI wheat is amarxm rDcrease rD tlle first crop after the lallow. The iumber of erahs rnthe second crop after lallow. wiile co
than that of the third 

"oa 
lou.tl 

"-o"Tidtrably 
less' is apPreciabli Sreater

Io the years whetr tbe nDmber dt Utna spitetets of wheat is bieh. thetrumb€r of possibte Srains and the actual ,.-'*. .i-cr"j*;;;-;?i'#:rnus-oy esUmarrDS thc qumber of blind spikelels bet\rieD 6 aad 16 tntw nnacen obtain ar early estiDcate of tle numte. ot gmi;p.r;;ih;&:, il;un{ortunately tbe number of grains tormed -per .j, a*" ""t o&LiiJindicate rhe yietd, since rhe yiei-d Eould be ;d"rrJty ii" ;;6J;:;{or grains pe. acre aad the wiight per graD.
21, B^RNES. H. F.. atrd WErL I. W. t}1t. Sllig crnlrct u;rh )i.tatd.hyd..

Gardeuers' Cbron-, llO, t,1{."
Foodstuffs ath-act the slugs to the baits. Metaldehyde elotre, metaldeh!-de

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-1-87 pp 19

i75

$.ith on-Ioodstuffs, atrd bran *'ithout metaldehyde are not suoh eftcient
h4its as loodstulfs with metaldehyde.*iJh"ttff" 

i.,i'tU ti"taa"hvde ioro the most efficieut slug kille6' the motr
lutritive loodstulfs beiog moie emcient thatr br'tr'

22. B^RNES, 1I. F. ard WEIL, J. W. 1942 Baiti'Lg slars- j,'7/tg^tn'taklc--- iii i;i"i in,la,ious s,i"iot'c"s. Atrn Appl- Riol 29' 5&08'

The liteiature coDceming mirhlres of other substatrces with-metatdehydo
fdr ne as slus baiLs br^s beetr brieflv reviewed. An accoult bus beetr 81ve[ ot
&;;;;;t;A;;"-.t n o'iglt tv tortv-four substence-s aod bv. braa
in metaidehvde baits. It is shown that baits cotrtainilt 

'eeg!n-g 
slutB. a*

utrdoubtedli better thao baits of Betaldehyde alotre or Eeta.ldehyoe. nrxeo
*itfr loa-teiaing stuffs, such as soil, satrd, et ' Nutritiv.e ITdEE *"-":--TT^
ascakes and -.1k, a.e better as a Sroup thatr rougba-ge fe€drng stuT"'.:u:-l T
t ?r.n- The emcietrcv of Eletaldehvde baits is discussed -fhe ratrge oi ei'ectrvc_

oess ol the baits, ihe proportion of slugs visitiqg the baits dFtrg' tEe sPe€o

irl"i 'il^ti"" "i" "ru; 
D6Dulatios, the;ost ecoiomical stretrgth o' metalde'

;i,i:i;;-.; ;;lt;it'"-[i*i"e "i 
tl" b"its ad their distributiou, are poht.'

;i;i;;'ffJi-"; ;";*il; -Mean*n 
e, it i3 sussested that it i3 t'orth

while usins sEall ouatrtitias ot a reedhg stuff in order to save mucn lartq
dnantitis"o{ croDs which are thems€lves ,eeding stuffs. A larte srug poPuB-

don cao t'e sre;try reduced by " :1.8::"?P"Bl'ff:Birit"T*""1";:ff"'"'rTu:
Ieedi[s stufl and cao be subsequeqtly
;3:i ;."i ;-fi:r&i'i-Jtn--tt aii,i"t, rroro reiching utrdue PloPortio*
agai8.

2:1. BARNES, H. F. f942. St di.s al lluc'uahont 't 
ilsecl pofdalio'ts :

#. ffiiii-ib-lp.,t" iio it,. tc3a''ai. J Anim Ecol ' 2, 6s'8r'

This is tne trinth paper dealing vith fluctuatiotrs itr iDsect Populatio!8

""uli&'ia ti.-fi"ra'.ia "t 
ai.a"in atr outdoor utrheated insectary' Tb'

;;"* "teht 
p.i; t"y; 9"at *g 6;.".;;'r*;;,'l#'.iu.i?;*"r-rr,_ 

A satislictorY dethod oI assessiDS

""iid;;#'i6i";;;bi. 
Data ar"e sive-o lorihe vears 1936-41'*"#"i;;;;;;;;;;;e 

oi the aaulthies for the sime period are also giveo'

ilt" *it*iti." & 
"t 

ndard tables {o! the dates of hatchitrS' emerSen-co'

"t".]ii;iii5t*iJ"-;""ii*"-*a1.i"nv 
For this purpoc€ the setting uP oI a!

i"lii ou.uor'ohcar statiol is suggesta The futrciioi oI such a statioa woold

ffi'"Hl-i""r?ii' ili-;G. tt -8,igu tt'"i' .ausers, with inlormatioq as to the

carth;ss or latercss ol the seasoo

24- BARNES. H. F 1942 lJnvsLal ab nda'tct o/ N-o-tolophus (Orgyia)'- iliiiil. L. ir,a , iviau;;dac) EDt' ]ton' Mig'' 78' 240

An estimate sbowed that there was a quarter oI a roillioo l'an'ae of ti'
v"#i,I;;-ti-o"o.il"i""?i r^u or tu" p"iimeter of a circular- patch roughly

itifilL;;i.;;;;iEilb*'v ;" th! mountains behiad Petrma'troawr'
North Wales.

25. BARNES, H. Ir. fg42. A itr'htr no" or tic lan*t{at ahl"t'4'tct ol
"' 6;;y;;;;"; L. iiii. 6,i*ila;a"d' Ert Mor' Mas'' 7e' 4?'

A Bratnid parasite .R holas gcttid'lato' N@ ald two speciea-of lararitic
r""fi#iTii-*'fr*""i*iJ?"i tni u'o" o[ lhe vaPourer moth' ft" l1l
riff6-"f-tn"-'".".siaE *ere 9a per ceBt vaPouter moth' it per ce[E

T;chiddae, atrd I pei cetrt. Bracotrida.'

20. B^RNES, H. F. lg4e. S'sdt's of fluctuotions in fiscct poPttalions X"* ;;';;A i*ot t;f, ora aeuvci iiusc4trrll cmo4cacc o1 thc aduu gatt

n;agr.- 1.lnim. Ecol., 12' 137'8'

The emerqence of Con rari,.ia hilici 
^dllts 

ca\ occur rtr the eutumlr oI tbe

""*:.T-;i;";#i;;;e;i th; *'lot, ao'iog the trext sPrios aad aner a

tl*i ir-t*i*ititi[. I* pa.asites geoa-airy em;ge after tlre tirst winter but
h.ive been kaown lot to emerge uDtil aftet tbe sec'otrd'*'it -;;A;;*k s;bdipl;sis ,nos.llaia takes Pl'ace uP to four yff-I1c
$'" iii"-li.l". itt"cted thl wbeat, but lot l'ater itr the same year' rEt Pare-
rites catr survive two wiDters i[ the soil.-*ii?iiii i'itii"-"-Euuttv in tbe duration oI tne hrval stage i' Pr€se''Yin8
*'riIeEa * 

" 
*"se ot s"tiaea ircreases i!. qunber is Pohttd out'
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27. BIhNEs, H. f'. 1944. Gdl niilgc tan oc arnong storcd sc.ds. !.Rr.y-Eort. Soc., 69, 2{2-249.
A-trota poiDting out tbat gatl midge larvao lould sEotrg stdtd seeds are

usualy tron-itrjorious. The_injurioos giU midSe l€ave ttrc redd hcadsol pLtrts,
Esualty before the s€ed b harvested. Tho6e louod in stored se€ds aie'i[oui-
trles or else arie predacious feedhg o[ rnites

9E. B..RNES, I{- F. 1S44. Clinodiliosis hydraageae s?- i- (Ccci@l
ca&ciq a tcal blisae, gaA or Eydrangea horte"osis. Entoni., ZZ, fg.}.i3o.

Descriptiol of a Eew gall didge Ctinodiltosis hydrors.ac whee larrac
ceuse blister galls oD lhe l@ves ol fltdrdrqd lorfacsis ia borarafl
29. BARNas, H. F, 194-1. Diaissiott ott sl*gs. l. Irtroit*liorr, Scasora,

ac$vatf of tktts. Atrtr. Ap!,I. Biol., 31, l00-i68. - 
.

. -4 a:S.pt qg oI a sampling Eethod hvolviag the collectio! of slE(i at[rght with ao.el€ctric torch by meatrs of \rhicb the seasonal activity oI -slogs
cal be accoratelv determine.l

fl). B^RxEs, H. F. and WEIL, J. W. l0+f. Studics cl ficcruahors ir irscc,pofddlions. ]{l. The intcrretatiorship of th. -;hcat 
blossorn mrlee,

ond tizir host plant. -\nn- Appl. Biol.,'31, !31-294.
The date-o, wheat blossoE Eidge eEergeoce in atr ios€ctary soEe distatrce

aBay rom tie gr.owitrg Eheat catr give a9 reliable an estinrate'of ttre torw'ard-
less oI the crop as field observatioo of the da,te of ear emersetce. TIle;i-
ceDtage.grain attacked by rhe u,heat blossoe midges, whicl"caa te assei;
oy rouEEe wo(Ee|Is wlthout any sp€cial elperieDce of wheat, catr Aive iq carty
Jury a useu first estimate of the crop yield. -
3l- BARNES, H. F. t944. Tuo neu ga nidgcs Jrom Ma{lirit s. B\tll-Etrt. Res., 35, 2t t-219.
Descriptions oI two aew gau midges, Stcnodibtosis sk rorabhli end Cn

*l.ntl .c!n, whose -larvae respectively prer.ent ieed formatio; iD the rrasss.cnout?hrurrr .tarnadiatu t. and the trorrral opening of Cjrr.s blocsod irMauiitius.

32. BrR-.iiEs, H. F. 1944. Irloestqatiot s or, the rasbbcfir catc fiidst1943-11. lo!,n. Ro)-. Hort. Sc6., OS, rio-Cii.
Theraspbcrry cane rnidge prefers to lay its eggs oD u[daEaged rasDbefr\ca[es. Ihose larvae $hich are {ound on raspberry caaes duriis the;iflterare para^sitis€d, x/bere4s the heatthy larv-ae'spenf th; *ilG-o;th;.';it

r,xpenmetrts o! the host platrt ralge of this midge showed that it woold breedsucces$uly 01 EPb9!1, giatt hiEala].ar blackberry aod toqaDberry. Onotre occasroD. two rrdividuals were bred successfully-on wild-rose. dl theother haad, ovipositior took ptace otr wild 
""d 

A;;"a;'.;;i;-;l;k';;'
cultryated rose, apple, hawtbortr, plum atrd quince, tut on tU& ofaaE i"!.,r aoutrs reere.reared. ovipo6ition did not take place oE cherry, blaci< and redcurrzurr, gooseoerr) or worcesterberry. It is cotraidered wisest for the Dresentro re8arq tne raspberry ca,ae midge &s distiDct ftom tbe ha$ thorn sted midce:uro rne red oud torer, because outbreaks of these three midses do oot occirsrmulEDeously. t-or exarjple, the latest outbreak of tle m_spErrv caie Ei&ewa-s,at Wisleyj-n 1943, on ;aspberr;es, Uut neitlei urelawtf,;;;";tb";;;;
ra ule area suilered aDy attack fmm this group of midges.

33. BARriEs, H. F. and $'Err, J. W. 1914. Stups in adr.tens th?il nLnt.,,
ar.ttvities a d disttibutiofi, pa I. J. Atrim: Ecoj., t3, t4O_175. .-'

The pap€r gives the resulls oI aa ecological studv, erteDdiD-e over thrceyears itr certaio tardetrs a.t Harpendeo, H;G, .i ;#;i-i6o.ooir'"ri,."_ il.
. Pornteo out that the skaw-coloured youDg ol Ariolt atct 

^te 
o\ite diEerent inaPpearatrce lroEc the Eore Eature indiviauab and mav easilv be thought trr

99 l-drstr_trgt species. AD attempt b2-5 beer made to ilear u-p the co#usi-
gagd,res, graatzs arld s.ru.rlni.

.The pr.esetrt ilvestiBatioBs co[cerrr triBe sp€cics_lrio, orcr, A- circantscttPtu-s, A._horknsis, A. bf&tct s, Mila, gracilis, jf. soaodti. Apnohrut.,r1t!aru-1, Ltn 4, ,na.tatnus aad L. jfraras. Notes are sivea on 
-t!e 

cf,aract.r"useo Dy tDe'authors in distinguishing thesc species. A -key is app€nded for th,.
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separatioD of fitte€o out oI the tventy or Eore sp€.cies which have beea recorded
in the British Isles.

The ara3 used bave beeo about litty gardens chiefly io the Moreton Ead
district ol Earp€nde!- While oae 8aidetr has beetr the bail scetre ot t]e itrvBti-
Setions, six otheE h4ve beetr visited throo8hout the year aod others at lers
IrequeDt intervals.

The aetiod eEployed has beea the collectioD. ol slugs seetr f ith the aid o,
aD elecbic torch chiefly on what have b€en thought to be lavoorable ligbts ror
slug activity, wara, moist, stiU oights beitrg considered the ide.l. Tbe odt
8ampte hae bee!. the slugs able to be picked up without searching during a
tiirty minEte walk round the area under imoediate coosideratioD. The Eethod
aod its application.s are tuuy described.

Some idea of the a,birndaoce ol the slugs tlat are active alter d4rt ia quite
ordinary suburban gardens may be gathered flom the tact that 30,626 have
beea collected iD l?0 half-hour petiods during 1942 ald 38,416 itr l8l half-
holrrs in 1943 witiout the use oI aly baits, just by lr.alLiog rouitd the gardeBs
sitl a[ elechic torch. This gives ao averate (or the two years oI Dearly 2OO
per half-hour. It should be reDembered that tle fifty or so gardeos have not
beetr choseq because they have been suspected oI harbouiiDg a! unusual
uumbcr of these animals. W'heD coosideri-Et the average ouo.ber per half-
hour o!,e must also recall ttrat the couectitrs ha-s heeD doDe oa '\rhat werc judged
to hc fayour'able trtgbts Ior activit], and tbroughout the year. In the fardin,
loughlv oae-Iifth oI ,ur acre rD arq\ tiat bas beeo saEpled roost lrequenfly
(l0O times) the average p€! hall-hour is Dearly 276; in another garden, otre
about hall t]lis size, tlat bas beetr sampled twenty-three times at all tiroes of the
year, the average is 296. The largest number ever picked up i! any garde!
duriEg hall aD hour has beeD 470 atrd another half-hour's collection Eade in
the same SardeE over the salmc route after an interval of otrly half atr hour
yielded an additioDal 517.

Three sp€ci+,1/r'or ho er.sis, Agriolirna, ret;culatLs and, Mih, gracilis-
heve been virtually io every gardelr, altiough some of them have been visited
otrly olce. The average truabers oI tlese picked up per hall-hour duri!e tle
two years are respectively about 60, 50 atrd 40, the 194: and 1943 totals bciDg
roughlv l0,0OO, I l,O0O ; 9,000, 9,000 ; and 5,000, 9,0(X). The larsest tuEber6
of these three species co[ected id a single balr-hour are 315, 165 arrd 371.

Tbree other spt.ies-Arion stbfuscus, )Iilax souerb)ri aDl) Arion .&cr-
bave occurred suEcietrtly abu[daatly to e[able l0O or more o{ them to be
picked up in a single balf-hoor. The yearly totals of these sp€lies have been
roughly 3,00C,4,000; 1,000, 2,000; atrd 1,000, 1,0C0. The-remainins three
ap@ie,-Ariorl .irclrrrLscliil .s, Lirnat ,nartDus aod l,. /ar,rs-have bcen much
less coEEoD, the totals for tle t\vo years being oDly 245, 222 atrd t0.

The section etrds witi a short discussion otr the use oI the l*'ord " abutr-
daDce " aDd the possibility of assessiflg changes in populalioa by this collecting
method of sampliDg aative slugs.

Thc tob.l truEber of slugs active alter dark on Dights suitable for activitv
ha5 Eot varied Freatly throughout the year atrd large oumbers have been lounil
at all times ol the yeer whenever the Neather conditions have been {avourabte.
BBt it is sholl! tbat each species has its olr.t\ rrell-defined rhl.thm in DuEbers
to be found artive. These pulsatioDs occur aDnuallv and itr every garden $.ith
'remarkableaegulality whettrer there be large or small numbers ofthe species
prese!,t. Therc bave b€etr slight variatioqs in date accorditrg to the " eanliiess "
or " lateness " oI the J.ear aod the " aspect " of the partiaular garden.

The species do trot reach their peak numbers at tEe sarDe tj;e of the vcar

lna,e:, Agtiolitnar reticulatts b.Ls reached it-s maxirnum numbers-io lune(during 1943 aD " early " year) and August-septembcr which is protiabty
rDore DorrDal; Milax souerbyi bet*.ceo August aD.d October; M. giacilis ii
October chieflv, but equally large numberihave beelr collected evio as late
itr the year as Decembet i and, Ariol hort?rrsr: betrvceo October aod Deccmber,
closely a-asociated _nrith g/ac is but, oo the whole, ioclined to reach its peaL
noabeIs later itr the year.

In-the.discussiotr various poitrts are briefly Eestioned, incluiliry the dght-
to-dght Iluctuations iD numbers of the various sDecies. the ,act tta:t the oiaks
ol trumb€rs active colocide Eith tbe peaks oI'the taryest sized iDdiviauals,
.ercept in the case oI Alion ata|, and, t],i,e relatioo betll'e.-cn the aumbers fooIl.|
active atrd tle ba-sic populatioqs. .
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1i.1. BARNES, H. F'. atrd WBIL, J. W. 1945. Slugs i,t gaftlens: thcit nurnbcrs,
a.littiti.s 6nd disttibution, Pdrt Il. J. A!im. Ecol., 14, 7f-f05, tlrce
coloured ptat6.

Obs€rratiotrs of slugs feediot fu tardens hdicate that ver.v little o, tbeir
tood coosists of plaD,t Eaterial 8rowtr Ior huE4a consumptioD or pleastrne.
In pliaces where otre crop otrly is grown, e.9., potzto patches itr the autuE ,
the damage would be higher owing to the abse&e o, alterqative food.

Melirrg ol Agioli az re$cllatus and Ariot subfusct s takB place out irr
the open otr the surlace of the grouDd afte. dark, tbe peaks being soon altet
the peaks o, seasoaal actif ity ; the {ormer species also mates to some exte[t
tiroughout t]le year, $rherez,s i4 tle latter species Irrati-ut is restricted to July-
C)atalr'r, A. horlcnsis aqd ar, usually rcquire sotne shelter, e.9., dead leaves,
urder which to mate, xrhile it is presumed the Milav sPt€'i6 usually luate
uDdergrounC or under cover.

By weighing ttre slugs, species by speciB en masse as collected a[d theo
calculatint the weight per 100 indi\riduals, regular charges itr weiSht ttr$ugh-
out the year bave b€eD toutrd. This metbod has beeD {ouod ta be as satisdac-
tory ,or a-ssessiDg seasonal chaDges iD, $'eight as the halt-hour Eethod ol col-
lectiug slu8s is for measuriEg seasotral chalges iE activity DumbeB. The slug!
are heaviest sooD aftel the gleatest Eumbers are ,outrd active ald at the tiEc
when tbe p€ak oI matiDg occurs,

The distributiol oI the species varies froor BaideB to gardeo. A. horlcnsit
and. M. Eta.ilis are most abuqdaEt i.n the gardens at the bottom of aD old
rivet bed slope aDd decrea^se steadily Batil theii lowest numbers occur half-
wray np it. M. souterb)ti bas a ridge oI abtrndance across the slolle. A. srbJttscts
is almost completely absent o!. tie east side oI the valley. T\ro particulaa
Sardens form foci of abuodaDce of L. ,natintus end, A. aLr is more abund.ant
ia gardeos of teteD,t oridD io close proximity to coaGe gaass areas thaD i[ old
well-e,stablisbed gardens. These distribu€o!,s bave petsisted Donth by nrolttr
titoughout two years.

There is some evideDce that each sp€cies has its ow[ regular curve ol
aightly activity, providir.g ol course vreather coDditioDs are suitable. Itr tllc
summer, activity appea$ to be Bote cloeelyadjusted to the tiroe ot suDset
t.hatr itr t.he \r.iDter. Immature speciDeB ot A. horrcntis prepotrderated in
steadily decteasiDg trumbers in teilight collectiorB nrade taom Ma,y to DecerE-
bet.

AI species are fully active at abotrt 40'F., but sohe ac.tivity cottinueg
until almost freeziog poitrt; below this tttete is no activity. SoEe slrecie!.
e.8., Mita, gracil;s, resume aativity after c.ld spells Ia,ter thet otheB, e.g.,
Aglioti a, relict lzfus, perhaps owint to their deE)er peEetration of the soil.

Iick oI surrace moisture seems to be otte of t[e factoE liEiting activity.
SIug activity i[ raitrless periods is reduced Eore at some p€riods of the year
tbao at others. Raitrless periods itr the +ring bave less effect oD liEitiry
activity thatr summer droughts. This is probably due to the difi€retrt watar
cortetrts ol ttre soil at these seasons. Activity is redoced wbite he4vy raitr is
actuaUy fauirg atrd also i! heavy wind.

The optimum corditiotrs IoI slug activity Eay b€ summa.iicd thus: a
warm still night with plctrty oI suiface Eoisture either i[ the shape of recelt
rain or dew.

36. BAWEJA, K. D. 193?, Th. .alcalatioi oI soit ?o?.tdion ligstcs.
J. AaiD. Ecol., 6, 36&367-

--By usiDS a sample 3 in. by 4 i[. surlace dirDeGioDa, the populatiotr i!
milliors per acre catr be calculated lrom the toamuL :

x (x-m)
{o

vhorc : : nulEber ol organislos p€r seDplc.

36. B^wEr^, K. D. 1039. Srr.tti.s ol th. soit faunz, ,airtt sbacaal r.lc/.a..
to thc ,?cotonisotion of sknlis.d s;1. 1. eaim. fiot,, E, i2O-101.'

The prombeat componeats o[ the soil Iauna we,ie (of ilsects) Crucltrbol,l
Diptera, Coleoptere, HeDiptera atrd to some exteDt HyDeaoptera ard (o,
other invertebiates) Myriopoda, Arachdda atrd OE;haeta'. The mein
populatiotr during atr experioent io the coatol plots yaried IroE 01.2 to 6?.G
miuioD ald ia the starilised plots froltr 98.3 to llt.8 Efiol pcr acrc. AE
aDalysis oI ttre hdividual ordirs aad imoature Iores is hcluded.
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Thc relative propottioD oI the insecls to other invertebratc3 sas cotr-
siderably affected in the atra, viz., ltoE 2: I in ttre cotrt ols to 20: I i[ one
oI the sterilised plo[s. Some of the predoBiqating lorms like Oqychiuridae,
Anornt*ah$ l2-striarlls, Haapafus sp., etc., lailed to maintain tieir doEinatrcr
ia the sterilis€d plots, v/hile sode rare otres sucb a9 Hl?ogaskuridae, Aphi-
dida,a, Aflis.t4 znalis, Ag"ioks sp., etc., iocreased eaormously, a stf,ikilg
instence being that of Aphididac shich increased 43 . 0 tim€s over the cotrtol.

Distilct floctuatioas were ?urother featllre ot ttre popirlatioqs. The peak
Friod in tne density ot their poputatiotr occurred in late autuma oi €arly
wiEter i[ the controls atrd the first set oI tbe sterilis€d plots. Thi3 was caused
by the suddetr iDcrease of CoUembola which was soo, ,ollowed by an equelly
sharp decline.

The ecooomic asp€cts o, sterilisation iiside glasshouses aad ol the baked
soib in the tropics are discussed from atr entomological poiDt oI view. Sirca
both a,r€ subjected to heavy inlestatioD of soil organisms. tle desir"ebility of
{urtber itrvestigatioD is suggested.

A study of tie subsoil populatiotr, showed that a feu' orgadsms existed
dowtr to a depth o{ 33 itr. Their perceEtage deDsity vaiied betwee! 80 atrd 0l
i! the top 0 itr., b€ing higher in sprinS tha! in winte!. The revelse phenomenot
occurred ia deeper tayers.

37. DE-{L, l. 1941. The tem?.rchse ficf.lndrn of ..rlatd i^s.ck. l.
Anim. Ecol., 10, 323-356.

A description is giveD of thiee dilfereat t,?es of apparatus experimeated
with belore selecting 6 ti!.ear br&ss gradieat which gave a range of temperatu&
Iroa 10"C. to 35'C. in a straight line gradient. This allowed the insects a
cboice ol about loC. iq every 4 cm. The relative humidityiB such as apparatus
rEried iEversely witb the tempeBture exc€pt where Iood was osed, s,he, it
reoained practice.lly unilorm.

The temp€rature preferenalum was tested oI twetrty-three species oI insects
AoIn six oralers. Iasects vere chosetr to replesent different eDvironmetts o!
habitats, such as the followiag: stored product iDsects, leaf-reedirg i4secfu,
plaot.sucking ins€cts, huma,l parasites, insect parasites and soil ins€cts.

At the cold etrd oI tbe graaieDt the metabolic acti\rities oI the i$ects were
slowed do*'n to such ao exteDt that matry oJ the species were trapped thete,
thus tiving all appareat prelerence for the colder etrd- As a result wheD insectg
rrelt to a warmet zotre it was considered more significaot than when they
weqt to a cold zone.

lNects tiat were givetr Iood iD the gradient had a narrower prel€rence
zotre tbao when trot Siven Iood.

I,1 teDeral the prefde[ces oI the imma.ture forms tetrded to coincide with
those of the adults of the saEe species.

With saw-iies (Ptcrottilas mclanaslisl the males teoded to have a \r.ider
temperature aqge tha,! did the females.

The Bracodd parasites (A?antelcs co geslus) weDt to a lowetr temp€rature
on each successive day they were in the Bradient aqd at the etrd of tlree days
were alive and quite active- At tle same time a surplus stock kept at rooD.
temperature ilere all dead at the end of l* days.

38. EvANs, A. C. 1938. Srrdirs in lhe distribtttior. of ,tit ogen in irs.cts, l.
Proc- Roy. Est. Soc. A.. 13, 25-29.

The distribution oI aitrogea in the castes oI the wasp at various staSes
oI developmeot ls discussed. In the adult most oI the dtrogea is presetrt iD
the skeletal aDd soluble protein {ractions, ir prepupae little is ,ound iB ttre
skeletoa, but over 60 per cent. is i[ the Iorm oI soluble protein. Just-emerged
raE s probably cotrta.in a reserve proteia, insoluble io sater, which is utilis€d
to complete the hardeDiDg oI the skeleto!.

30. EvANs, A. C. 1938. The elfcct of the chcrnical confasition of lhe flan,
on lcptodu*tion utd, ?rodwlion of 'alinged Jorrns rfl Brevicor),ne bBssicae
L. (A?hididacl. ADu. Appl. Biol., 25, 658-572.

It is showtr tbat urder late snoBer conditioas ol light the rate o, repro-
dnctioD ot t\e zphis, Brctko4fic brdssicec, is posidvely c-Eetra,ted uith the
D.itxogetr cooteot oI the host plalt aod, io particular, Fitb tle protein coEtetrt.
The lormation ol witr8ed {ords is legatively correl,ated witi the saDe faatora.

The chemical compositiotr ot the plaat affects the rate o{ 8ro\th, lelgth
oI lareal period arld fisat pupat {,eights of Piois bassicae. It also itrflEelcc.
trhe amou[t o{ Iood eat€o-
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,lO. EvANs, A. C. 1938. -4 Itole o the eslimation aflil sonrc brobclt;ts ot
ins?.t.ttticlc. Proc. Roy. EDt. Soc. A., 13, 107-IO,

It is sho$'D tlat the cuticle oI the mealworm Terlebrio tnnlitor L. co\t^ins
about 60 per cent. protein, 1\'hich is easily soluble itr u'ater, dilute acids atrd
alkalis. The h,'pothesis is put forward that, iB this iqsect, the material
absorbed from thc cuticle at the last moult ma)- eventually be utilised to Iorm
the major part oI the adult cuticle.

{1. EvANs, A. C. 1039. The utilisation of tood b1t thc hftacol thc B$fi-tib
Phalera bucephala (Littt.\ lLep;dopi.i eroi. noy. Ert: Soc. i.', fi,
25-30.

An accurate Eethod is described ro! determilitrg ia a caterpillar the amount
of excreta derised trom a givea amouot of food. Analysis oI iood atrd excEta
show that about 60 per ceit. o, the protein, 80 per ce;t. of the soluble suEaE,
60 per cent. o{ tbe fat atrd 35 per cetrt. of the ash are utilis€d. polyeaccbarides
are Dot utilised. Ni{rogetr is exceted as ammoaia anil uric acid.'

,12- Ev^Ns, A. C. 1939. Thc tilisation of food be certa;n L.bidobtzro s
tamae. 'lrans.Roy. Etrt. Soc. A.. a9, ti:22. '

The food relatioDships oI the larvae oI Phalera bucefhala, Aglais urtica.,
Stnerinlh* Popltli, Malarosor a na$tria aJtd Pi#is 6rassr'ca? have bee,l studied.

The co-efficient of utilisatioo o, ,ood {alls ste3dily duriEg the first and
secotrd irstars oI P. butephala; d\rting the ttrird, {ourth aad fifth instars it
fluctuates irregularly. The coBsumption, utilisatiotr and metabolisE of food
per Sramme of larv-a per day IolIoE.s a siBilar course- The co-emcieot of growftr
iEcreas€s utrtil the middle of the third instar atrd theu fluctuates irrestrlarlv-
About 90 per ceDt. of the waleE mntaitred iu the food is extracted duiing ie
first ,our days of larval life.

I'he larvae of the species studied utitise aDd consume lood at very differeat
rate6- The amoutrts of carbohydrite. fat aod a-sb utilised p€f, Crammi of larv-a,
per day di-ffer very much iq the four species.

The lutritive ratio o, the l,arvae is very much lower thaJ1 that of certair
glowing mamEals, i.e., cattle, sheep a[tL pigs, and t]e diffeletrce seems to be
correlated wit! tlle chemical coEpositiotr oI the tissues.

i13. EvANs, A. C. atrd GooDLTFFE, E. R. 1939. The utilisatioa of looil4,
lhe lamz, oI the m.aluo/rr. Tenebtrio eolitor Z. (Coleolt.) Proc. Roy.
Ent. Soc. 4., 14, 57-82.

The larva of T. ,notitoy ntlLies L€,arly half of the Iood which it coDsuEes.
CliadiE, gluteEio and KiSO. soluble proteitrs are utilised. About 60 per ceat.
of the total protein coosuEed is utilised atrd about oEe hall of this reta;ned.
Moro, di- aad poly-saccharides aie utilised to difrerent exterrts- Fatty acids
are utilised to a g.eater extent tha[ uosapoDiliable matter. OtrIy a small
propoilioD of the a^sh is used. Abont 93 per cetrt. ot ttre substances utilised have
beetr account€d for.

The Larva does Ilot utilise as rnuch oI the brar as do rumiDaats. The
Buhitive ratio of braD for T. nalilaT is siInllat to tbat Ior rumiiants, but is
very dillereat from that d.etermined tor various lepidopteroBs caterpillars ted

The wate! mDteot of ttre taft.a is EaiEtained above that oI il.s rood si[ca
the la.rva retains metabolic water produced fmm tle oxidatioq o{ carbc
hydrates utilised from ti€ ,ood.

4,1. EvANs, A. C. lg4l. A Urelirhinary sh.d,y oJ the elfects oJ aphides on the
cherniai cont?ositior. aI cabbege and field beafs. A\t\. Appl. Biol.,28,
36&37t.

ItrlestatioD of cabbaSeby \e apbis B/eoicon)n A/assirze, causeal a DarLed
decrease iB the amoutrt of carbohy&ate syntiesised but smaller decreas€s in
Iat, cnrde proteia a8d other cotrstitueDts. l estatioD of field b€aDs by the
zphis Aphis Jabac did trot have aoy great effect otr ttre chemical composition
oI the crop.
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46. EvANs, A. C. atrd GouoE, H. C, I94r. Obscruations on so,,t faclo,s- 
bll eacirg gtouth ;tt uliT.lll,orrrls ol tk $nrs Agriotes Es.l. ADn ApPL
Biol.,29, 168-176.

A technioue has been worked out for rearitrS witewonDs $hich PermiG
iit".f 

"tuai"" 
o{ itrdividuals iB relatioD to food, soil moisture, a,rd otherdetailed ol individuats i! relatioD to foo:d, soil moisture, ana other

hctors. As the wiresorm iDcreages in size the moultitrg Process becooes Dore
GU"r.tu. e f",su p"rtioD ol the life ot the tdreworm ia sPent in- troD--{eeditr8
oh.ases- Newlv [ati:tea ala half-grown wireworms do llot utilise decayitrSphaes. Newl]' halt-growa wireworms do lot utilise decayitrg
[t"""ii "*tt"i i" thi soil. The tyfr ot vegetable food on which the wire\dorm
{eas i.ulluerces its r.te of gro$"th.

46. EvANs, A. C. t 94,:1. Valuc of thc ?F scal. ol soil uoisurc l-oi tzficss;ttg
lh. soit rnoislutc ,alzfiols of uiraoorrn"t. Nature, 152' 2l_22'

The pF scale of soil moisture suitably exPless€s the diyness ot wetness ol a
soil in telation to *ire$orlns.

:17- EvANs. A. C. 1914. obs.moliorts on th. biology and ?hysiology oJ uir''
twr*s of the gcdus Agrlotes.Esrr. Ano. APPI. Biol ' 3l' 235-260'

Detailed studiB of the gro*'th oI witeworms kePt at a constant tempera-
htre oI 15"C. Ior three veais and at natural soil tempeBtures for two years

;-d;t"d. It is shAw[ that small wirewoms Srow raPidly atrd,moult
fredireEtlv. but larse wireworEs grow slowly or reEain coDstatrt io weiSht atrd

moitt in*LquenUy-. A ba-sic PatterD to account lor tle decreasi!8 lrequeDcy

ol Eoultiag-duriEg the tife cyile is presetrted.

T'Irc feedinq activiw and mouttiog frequeDc:i oI a populatioD o' wi-rexrorms

har been studied itr d;t4il throughout the seasotr. Defitrite peaks- in le€dlng
ectiviw alld moultirrg kequetrcy occur duritrg the seasoD A surtatlle Ee-uroo

tor thi analvsis of such a;tivity ia a poPulatiotr has been foutrd by drt'Kll-o8

the populatioD itrto SrouPs oD a basis of the Dumber of antrual Doults'

It is showo that itrcrease io dry weight is a more valid estimate oI gro\lth
thatr itrEease i! flesh weiSht.

The cuticle of wireworms is p€rBeable to watel, aod it is showtr that.in
it" ;;i;-; ;J;isture thi *ire*orm Eay be- regarded as atr osootic
svsteE. Tbe pF scale oI moisture is sho\,n to be of Yalue ltr exPr€ssrnS,tae sou'
ioisture re;-Jtioas of wireworms. \try'ireworms,eed morc adlvely In morsr

soil thaa itr dry or wet soil.

48. FtsnER, Katberi!,e (Mrs. K GraEt). lgSS Mig/ations oI lhc-silt!:' I-- 
-"rilpLsi c.- i1 ;, G,""t Btitain' l' Anim Ecol , 7'230.247'

Records of the Dresetrce atrd moveBeats iD Great Britaio oI the Moth

":.}-i)--.'l- i"^lssz to tslz ha"e beeo collected from amateur lePidoP
i;;; i;d ;[; w the lrcect lmraigratioa committee of the south EasterD

rlnion of Scietrtilic Societies. The moths bave beeD seeo iD varyEt oumD€rs rn

"arl o{ these vears, aud ao accouut of their dist'ibutioo in eacn year rs grven'

;;;'G-;rdt* l;rds have beer received, althouth such recor'ls w€:re

spe;ially asked lor. Both these cotrcemed Pupae

About fittv records sive the directiotr o, flitht of the moths' Froo these

it is showa th;t there is-a getreral tetrdetrcy lor trorthreard moveEents to f,t€'
;;J;;; t" ;r;.s, and" southward mbvements in autumtr westward

fifi;;i;#ft.;;";-tre North sea s€ems to occur resutarlv in mid-
Atrgust.-l 

stadv of records in which direction aEd streogth of wind are giveo sbos
thi wind ilirectioo has little or no eflect oD the directiotr oI mlgratory ll€Dts'
;;T;i--;-:ii;;ttake prace ia ad"erse winds oI Force 4 (r3-r8 m'P'h )

oiL cross iinds of Force 5 (i$2'l E-p b )'
Possible startinc Doints oI migratio!. bave been choscr by Ptolongitrg the

ri""-"-f iiiiiu""iffifoi from the-poiot oI obs€F'ation to the Bear€st Poirt.oD
ff; A;;i;;;il;;tler conditions Ior the period imEediatelv PrecedinB
[" ni"nts Uave Ueen studied There aPpears to be a teDdeDcy lor ErgralroDs
;"#i"- ; ;;i.d"-; .i"ix u"r"-.to' iitirg or stedv temPerature' atrd liSht
ii -&"oii *i"a". wind-directioo at Prsumed st4rting portrts s€erns to lave
tr; influeace otr the directiotr of migr'tiotr'
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40. GoucH, H- C. 1942. I4bonbly aid ficlil .rr."irncrk or rL cort ot
ol toir.uorrts. AnE. Appl. Biol,, 29, 2tJ()-28O. '

In a large-scale lield experiEeDt, neither Daphthaletre at 16 crt. D.r aclE
tror calcium sulpbide at 35O Ib. per acle applied broadcast in Februirrv ard
ploEghed in, caused eny decrea-s€ in the wiresorm poDulatiotr. A tecl;ioue
tor testilt soil insecticides i-o tbe laboratory is dercribea aad briel notes dr;eool, nesdts. Itr FeliEiDary gLaashous€ eip€!.iDents troth naphthalene" aad
superphospbate applied rcar ttre seed effectively reduced wiiEworm attaal.
olr wheat. A more elalro.ate exDeriment on bailey did not $ve such good
aesults.

50. qo"glr H. C. and EvaNs, A. C. f942. Som4 notes o tic biolope of
t!? !li*-b":!lt- Agriotes obscurus Z.ard A. spurator I. A;. ,fpii,
Biol., 29, 275-279.

Itr a laboratory experirneit Agiot.s obsct 'l s L. females laid siEniliceEtlv
more eggs in gra-ss. and signi{icantly fewer eggs in a bare laloi. ttan ii
clover, wheat aDd kale which did not differ signiticatrHy fiom oae auother.
Mar.ked adults oI Agrioks s?t/tator L. were caug-ht up toiO Varas a*artrom
thert rrbeErtrotr portrt, the nraximum distatrce that haps were placed. Theratio of ,4. ob$unts to A.-sputator adlults sas sfro*n toi,ary toir t to O2 to
trearlv 3 to I in trearbv 6elds

61. cRANr, K. J. 1937, An histaricat study of thc ,tiprations of C;eter;o
lineate lineata Fab. a Ceterio liaeata liv6ruica tlst. tt oia"il-ii
TraDs. Roy. Ent. Soc., 86, J,1S-3S?,

The distributioq and outbreaks of the sub-.q)ecies Celeio lincafa r,naara
Fab. itr America, a,D,d, Celcrio tin.ata litortr;ca Ef.. n tte Olil Worid as ibr as
they ar€ *qown are described. It is suggested thlt both sub_sDeci;;"i"";
in seeidesert areas, aad this idea is supported itr the case oi the AE;;;
sub"species by showisg that a correlatio_[ erists bets,eeu outtreaks oimotts
aad a certair- seqEence of desed raiufall. No correlatiotr i" iona Lt*;'
European outbreaks and the rainlall of thoee Nortb Afiica" ;;;;j;;i;
statioos for which lecords are av-ailable, but this ruay b. d;" t" th;;;';G
of suilable ,itures. A full accouat is giveo oI the occlrre"c, 

"i C.I-niii;.l
rn creat Bntain, and the Eain European outbreaLs are list€d. A correl,ation
is giveo to 

-shovr that both y€ars of utrusual abuEdatrce aad absence teld tooccur simultaneou_sly in Europe aud America, and that the cause of tbe
oEtbreatrs m_u-st thererore be southt in some lactot cola_moD to the tr'ocotrtlnetrts. I h€re seems to te seme correlation betBeen outbreaks atrd ttre
sutrspot cycle, but the figures are barely sigoificaat. Tbe o"tbreak; i;;d;
occur away lrom tie su4spot milima,

62. GR^N!,_K. 1,.rcA?. Some recent ,rrigrarions oJ rhe,ill,c/ y ,noth.
J. S.E. Un. Sci. Soc., l-8.

. This is-.a sbort accouut of the immigratioD itrto Englatrd of pit sia samrrra-
tDe stlver-y Eot-h iu the years 1932-J6. la 1032_85 there vere ooly smaii irnmi-
Sratotrs, but l93ti uas one of the larBest tbat has ever beetr Dro;erlv record€d
1nd d*e!s are given of the dates o{ arrival of the swarms alit Ui. area-s lnGreat tiDtarn covered by the outbreks,

53. GR^Nr, K. J. 1938. A mqratiol ol catfraqc uhilz tu r{tics in H2,t-
Iotdshir. in May, 1837. Etrtomotogist, 31,- 103-lO?.

_. Atr.acgoug! of the migratioo of cabbate wbite butterlies which D&sscdrarougD ure Harpeftte! district itr }{ay, 1932. It was lirst ooticed 6l thc
r /u)..I[ay, was weu Eaiked on the 24th to the 29th May, but dimiiishedrapidly o! the 30ttr atrd cane to a! eld oD the glst. Th;'rii;bJ *;;;.;
eotircly 

-to _the -aorth. Later in the sumrner, 
"n the tgth-i"J;. 

"6;-";;
another fli8ht of the sane species, this time chiefy to tle sorrti-*i,lt aoa-*li
64. L^DELL, W. R. S. t938. Facld .r?.rirr.anLs or, ,ttc .oitrol of uiraoorn s.Aqn. Appl. Biol., 25, A4r-3E9.

- This-pepet describes atr attempt to fi.]rd out wbethE it is Do6sible to te;t
crrerErcal_ me3lmres atai_G9t wiEworns by a field technique ;Difar to thet
oae<l rtr tcrtrlis€tr atrd varietal exp€riEeatatioE. A full alccoult is BiveE of
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three lield exp€riments usinS old grasslatrd on a heavy " cl,ay_with-futrts "
90il-

wireword popubtioos were ascertaiaed itr every case by sampling tie
soil before atrd ;f6r tIeattoetrt. The Ildell flotatioq ;achitre was loutrd rather
too small aqd a aodificatio! ol the tecbnique usilrg oil drums 1rlas adoPted.
I3tei, a la,rg6 and imltroved foto oI the machine sas ur€d.

Itr the lirst exp€dEetrt six saEPl€3 (9 by I by 5 iqches) $er€ taken iD each
Dlot. maki!.e a toial of 160 soil sariples oo each occasioo, Io the second,,our
Lmotes tg iv s Uv S ioches) per ploi were taketr, rEakirg a total oI 120 before
treaimeoi, b-ut alier treatment the size of the saDples w.&s rduced to 6 by 0
bv 5 inches. the trumber oI saEples ftioaidng as betore. In the third exPeri-
m'ent two samples (6 by 6 by 6 inches) per Plot s ere takeD, totatlitrg 96 otr
each ocaasio!.

Ircal cootiol rras introduced in the tirst two experimeotg ltr additio!
Dr€IiEitrarv exoerimetrts were carried out usitrg potatoes and cabbage leaf
is baits as'a mians ol estimatirg wirewomq Populatiotrs No relatiotrsbip w"as

loutrd between the Dumber of wireworms oL,tained ia the baits and tie actual
aumber in the soil.

The mean detrsity oI the original wire*'orm population \te-9 65, 335 ald
277 Der square Yard respectively in the three experimetrts. The uneve!
distributioi of tf,e wirewbrms iD the soil resulted in high samPling errors
accoutrtilg fo! dost of the experimeotal error. This asPect oI the wo-rk is
discussed 

"fdfy by w. G. Coch.aD ifl the .q.pPendix No relatiol E'as fouad
betwe€n the pit dI the soil and the density of the wire*'orm poPulatiotr.

Ite untreated conkols show€d chaDges of -23, +l and _g Per ce[t'
betyeeE the ,irst atrd secoDd samplil8 resPectively The biSgest droP -was
obtaitred whe! the secoDd samPli[8 was dotre in July atrd the smallest di[fer-
etrce lirhetl the s€cond samptiag wa-s done ia l\tay. It is suggested that the big
droD ia luly misht b€ due to a do*Tward movement oI tbe lr'ireworms to
escJ.pe tfe fieat, 6ut the evidence is insufficieDt to prove this poiDt.

Fumieants " K " aqd " S " (mixtures o, o_ and piichlorbetrzeEe) reduced
the oooulation by 69 atrd 62 per ceot but had atr advers€ e{rect oD the crop
ts"elr'beet) io h;th cases, dud to insumcieat iEtert'al betweea its aPplicatiotr
ind the ariUinc of the seed. There was also a residual efiect the ,ouowing
vear- a reductioo itr the trumber of tle wireworEs atrd an iacrease iD the
irt^"i rt "a 

(barley) although tbere was tro significatrt iEcrease iE the liral
crop yietil.

ChlorDi6in reduced the popuLatioD by 46 and 33 Per ceot. but there was
oo harEful effect otr the crols lsugar beet and barley). No residual effect was
detect€d.

FuEigaDt " M " (sodiuE cyanide) reduced the populatiotr by 45 per cetrt.
ald iEcr;ased t]re yield ol the crop (sugar beet). The residual erlect {.as
trctligible.

Crude rraphthaletre (" creosote salts ") reduced ttre PoPulatiol by 60 Per
cetrt. tar plua lime by 29 p€r c€at. alld ammoDium cartlotrate by 20 per ceat.
ol a sud-o falbi. Crfher treatmetrts shich a[ proved heffective wert

lime alone aod superphosphate.

5.5. LYsAcEr, A. M. 1937. An ccologieal stLd! oJ a thiPs (APtinothtiPs
rntu'l onl irs nernarod.pazastr, (AnguiUuliM aPtini). J. ADim. Ecol.,
6, 169-r92.

A btinohnfi ruts Gmelitr is abuldaqt on the gras Plols of the ctassical
6eld irark Br;ss af Rothamst.d Experimeotal Stalion. -samPliot has beeD
cairied out Ior hvo -vears on a aumter ot Plots atrd poPdatioD couDts have
beeq loade.

A. ruf*s is paiasitised by AleuivuLrkt aplini lsl\a'€z). Some cxPeri'
metrtal work on the biology of the oematode has beea carried out.

The treEatode is rarely lound oD two of the plots aDd this diflereoce i[
distributiotr vs! Iound to be constant dud.tr8 1933 atrd 1934. There is a very
talk trowth o( Ilol s lanalLs o\ these two plots aDd the coarsetress oJ tttis
growth appears to erert ao uDfavou6ble ellect oE the lematodes. Iafected
irsects have beetr brcd otr a less sturdy grogjth ol H.lanal*s uEder SreeD-
house cotrditioDs.

Ar accoutrt b givetr ol other Iactors wlich Bight atfect the distributiod
ol the nematode.
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66. lrvrBor,iD, t1. 1537. In )astigatio*s ob th. corlrot ol Latt ri,Etls:
l2l Noks oi -crar.fli.s a*, ,hci, ladrat- J. B@rd 6f
Reseaich, 5. f2-17.

-t{otes otr the eco[oEic speci€s, length of life of adulb, ecE-laviDr a,trd
carry grub stages, a3 well as the ,rcquelcJr of nuob.r oI a{c;-foqhd-ir 

"-Pawosa fea 16 c,nght iq tbe light kap aa RothaEst€d h 1554.

67. IrvrBoND, B. 1937. InvastBatior.s oi lhe cotbot of kafia"ieh* :
(31 Sonz *sla/ts oJ bcqliq 6iA, sarnll;r* .rt.ri .rrs fuire tli ffir.r,
srasor. J. B@,rd of Greeokeepiog RcararcL, S, lo7_112. -

Notes oa the techdque of rearing ct"arlellies iom ttre l,arval staso. Flies
vene rcarcd fto6 47 out of 09 looalities saEpled. photograpbs are-Riven of
ttre eggs of three ?tprra sp€cies.

68. IrvrBoND, B. -1030. Meloe prossrBbaeus a. J. Boad of Gre€o_
keeptug Research. 6, 42-45.

- 4 popular account of what is knowD coladaiDg tie oil or blistetr beeue(M.loa proscuaba.as L.). Photaeraphs are giietr showhe adult bees
infested with hiaa$lio laffae, as weu as photo-micrographs oI ihe triatrgulin
larv'ae.

59. RoBERrsox, .{. G. l9l}9. Thc nocttrna! adioity ol crar.flics lTibu-
linac) at indicatcd b cattut.s in a tigit rrdp at Rotiamsr.i. l,'A;n\.
Ecol., 8, 3@329.

S€vetrteetr species of craaeflies oI ihe sub-tamily Tipulitae were caDtorEd
i.tr a light trap iA the (our ye3,rs 1933.36. Tipul4 taiviroso ar.outted foriboEt
67 p€r cetrt. of tbe total of nea'Ily 3,400 iDitividiEls. Males DredoEiEeted itr
T. palutosa aad th!.ee other species, ferales predohimtea it T- olauco
and thre€ other species. f. lah.dosa is Eost abundatrt in SeDtemb€r. parar
Ilarcsc.ns in Jnne. T. ohraaa is delinitely double-brooded. ?hev are moet
act_ive,just after sunset, and activity js favoured by nigh minimum himicrature
e[d a lop daily raDge. At the time of greatast a;tivi]tv of the erooD. 'a rise of
about 4'F. i! the EiuiDrom tenperature will effect i doubliiL of'tle catch.
The saEe result is produced by a ieductioE in the deily ranse;f temDerature
by about 6o F. Cloud and moodisht bave a distinct eifect. ind the dotimum
cotrditiotrs are abs€nce of aootr ao=d cooplete cloud. The colverse coiditiom
bf full EooD and ao cloud are least favoirable, atrd the catch is eieht or trine
times as large itr thc formcr as ia the latter conditions.

@. TBoM^s, D. C. 1938. Rzbort on thc H.ntiblcra-Hcterdnhrz tah.r ia
rh. lighl lraf at Rothatr&kd Erl.irn2itat Sr,.rioJ, durine' tlc 1o,., ,ta,r,.s
1933-36. Proc. Roy. Etrt. Soc.,-A, 13, 19. .

Nearly 1,500 Hemiptera-Heteroptera. were caDturd in the lisht taD ad
i4"oHfied +o spe,:ies. Th,s gives a short accoutrt ;, these speciesitneir dttri.
butioD ttrroughout the night, and tbe sex ratios in tJle differeDt speci€s. Ther€
is aiso a drscussion of the feediag habits ol the different species accorditrg to
whether they are arboreal, grouud lir.ing or aquatic.

61. TBoM^s, D. C. t938. Alt arrnotat.il list ol sb.cics ol Hctnibt.rd
hctcroptcrd 1o, hith.tto recorttct lot lllirtdcict.' Etrto;nobgist A1,
t48-163-

The co[tents of this paD€r are well mvered bv the title. Eishtv-€isht
nes s?€cies are added, bdliiqa the coEtrty total e; 242.

62. TRESAN, K. N. 1938. Tuo n.u sbcc;.s of At.uloiliila. folt td or. ffrs
ai grc.rrhot s.s in Bdta;t \Hr iilera). - proc. Roy,'EnL 506., R
7. Pt. 9.

The scope ol this palrer is covered by the title. The two new specics ajre
.4 la$o?tdh.s heucnsis aIId, T rialettrodc s uillidrnsl.

63. TRES^N, K. rr-. l&(). Sh.di.s oi ti. Bir.sh y,hik-ftics tr,ornoht,,rd
Al.yrod;dr.). Traas. Roy. EDt. Soc.,90, 616625. 

-

AB accouDt of the systeEatics atrd biology oI thiiteen spff,,ies ol Aldrdidi"
(shite IUes) fourd i! creat Britaitr, Fith keys for the separatiol oI spoci;
io both popal cases and adults. Notes are aEo given on |arasites.
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ti4. WrLLrArs, C. B. 1037. Th,. mi{ahons of dq-flyflg rnor/.s ol thc gcnus
Uft\ie. &t ,?olical An.ti.a. Prcc. Roy. Ent. Soc., 12, l1l-147.

IE perLs of CeDtral and the trorther! half of South America conspicuous
day-flying moths oI the getrus Urarra make very ilefhite migrations ard are
iequetrtly recorded, particularly in the treigbbourhood oI tbe Catral zoDe
where observers lrequetrtly pass theE otr boaid ships. This papd is a summaqr
of tle i orEation available ,or two q)ecies, oDe lould chiefly itr tlrc e+st,
Brazil, the Guianas atrd Tritridad, and the other ratrging floE southcrn Mexico,
tbrough Cettral America to ColuEbia atrd Ecuador. Maps atrd diagrams
arE givetr sho\riag the geog?aphic arld s€asolal distributiotr of tlte flighLs.
Th€re is some evidenca oI a teturD {light in parts of Central America, but the
records are rather cotrfused.

86. WrLLr^Ms, C. B. 1936. British in rnigtont bulletflies atril morrs. Booklet
E.57, British Mus€um (Natural l{istory).

A popular ac.outrt of the imBigr'atioD of butterflies and moths into Great
Britain, pubushed by the Natural History Muserm in Irndotr at a low price
(dnepeDce) with Iive colouted plates, iD order to ioterest the Be[eral public
itr tie problem and to get them to send in recolds o, migration to us for study.
The first editioD ot 1,000 copies were pritrted in October, 1935 atrd sold out
iD six motrths, atrd a secoEd edition, Eo$' out of pdtrt, *as published iD April,
1936. It is hoped that a third editiotr sill be prhted ao$ tlat the r*ar is over,

60, WrLLr^Ms, C. B. 1037. Buttcrfu migrutions in thc r/o?i.s. I&.)sklel
E. 58, British IIEseum (Natural History).

A popular account ol the migiatioo oI buttcrflies in the tropics, published
by the Natural History Museum iD LondoB wittr Iive coloured plates, with
ttre object ol interestitrg tle general public in the subject ard obtainiig records
lIoE differeat parls of the eodd.

87. WrLLrAMs, C. B. 1038. Reccrlt ltogress in the stud! of sorfie Norlh
A ei.an nigrdnt b*llcrJlics. At,I. Etrt. Soc. of America, 3l, 2l l-239-

Ao accootrt oI the iocrease iq our lflowled8e o{ teD o, the llrost importalt
Nortb America! migiant butterflies srnce the summary published in C. B.
Williatos's "Mi$:atior of Butterllies " in 1930. Cotrsiderable itrIormatiotr is
Bive! about the Bigratiorls o, the Morarch butterfly and particularly its
spri!8 flight to the north aDd hibematio! itr Flodda and Calilotia. Itr the
case of the Paitrted-I,ady butterfly (Ya$essa car.lLil maps are givetr showiag
the dkhibutiotr ol reoorded abuEalance itr four years 1924, 1926, l93l and 1935.
Ilr ttre interveaitrg years, the insect \ -as ext emely lare throuthout the *'hole
couitry. In the case of the Great Southem Uhite (lsda nonrslel arhicb
rEoves otr a very large scale alotrg the Atlatrtic coast of Florida, there is a
suggestion ol a ctarge itr the directiol oI the movement Irom north to south.
For fuller inlorroltion on this, s€e publicatioo 78-

68. WrLLlAMs, C. B. l0ia. Th. ,rligntion oI butterfli.s it ltdia. J- Bombal,
Nat. Hist. Soc., rl(), 439-457.

Ao account o{ lvhat is knowo of the riigration oI butterflies ia Ildia with
a d.ap sbowing the distribution of the r€cords, and a list of all the kDowtr
Eigratrt speci€s \rith the records oI their tlighls classilied according to the
moDth oI the year and the duration o{ the flight. The rnajority of the records
are from Soutbem India, lladras ald Bombav, and ther itr the extreme
Dorth atong tbe Himalal'as. In the latter ar; there appears to be some
eviderce oI a flight up the mountaiDs in the spriDs, andpossiblya return fligbt
in the autumn. Just o!'er fiftv spcries have bcen recordcd migrating.

69. W'rLLrAus, C. B. 1938. Tie tii$alio,as of the catboge u)hitc bLuctfh
(Pieris brassicae). Proc. VII. Intemat. Coogr. EDtoE.,4E1.493.

A summary ol the Bovements of cabbaSe \r'Nte butterflies witi particular
reler€rlce to Cetrtral and Westerq Europe, but not dealir!8 itr detail with Great
Britai[ Maps aud documents show that thc recotded flights arc chiefly
at ttre end of July alld the beSiodng of August, a'ld throughout Cermatry,
Auskia anil Westertr Czecboslovakia and chiefly itr a southerly dircction,
froE which it would appear that they origiDate soEewhere iD Scaadinavi.
o, the Baltic area. In alr AddeDduE there is a record ot a southerly movemeBt
in S\redeD which confirms :his coiclusion.
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70. \PtLLrArns, C. ts. 1939. R.cordt of b^&crfi, ,ligrarion in Alr,c.
lLe?;doPletd). Proc. Roy. Ent. Soc., A. 14,69-74.

TweEty records of iEsect EigratioE in dirlerett parts oI Alrica, setrt iD
by corrt3pondetrLs and published to provide iDlormation on the Eovements
ol buttedlies ol thtu c.ntineat.

7l- WrLLrAr,s, C. B. f939. An ar.abtsis .f fou years capturcs oI insack
i^ o light ,/of . Parh l . Gancaal surt cy; sc, pto?ottiott ; phciow;
and, tir',. of fwht. Trans. Roy. EDt. Soc., 89' 7$f32.

A light trep of approxiEately 300 c.p. was expo6ed itr the lields at Rotha&-
sted E aerimetrtal Stetiotr, almost every night rrorrr ltlarch, f$3 to Febnrary,
1937. The litht was about 3 feet 6 inches froE tle ground.

The total trumb€l oI insects captured itr each ol the foul years wete:
109,344; 103.362; 399,006; aEd 242,822. T\e aritlrmetic Eeatr catohes
petr oight were 310, !87, 1,102 aDd 728 respectively, but the SeoEetric meanur,
;hichre bcueved to giye a better itrdication of comparativc abuodaDce, w€tre
37, 53, t4, atrd 64. fhe highest catch in a single night was 73,100 oD tlc
30th JuDe, 1935.

Oi tle geometric mean basis the highest aveiate catch \f,as h Jufy (?21
ias€cts) atrd tlrc lowest in February (4.2 iDs€cls) on an average of all fout y€ara

Diptera constituted 86.7 per cetrt. of the cstch. I-epidopt€ra 10.3 per cetrt.
\rhile 

_aI 
other insects oDIy cotrstituted 3 per cent. The disttibutiotr oI all

orders in the diffetetrt moDths is discussed more fully.
Amoog the l-epidoptera iJ6 species of l[acrolepidoptera were caPtured,

which is iost over ooC-third o{ the hown British speci6. Sevetal sPecie3
were oe\^r to the local lautra. There was practically Do eyidelce that the
trap markedly reduced ttre population except Ircssibly i[ otre GrorrrTid aoth.

A light trep oa a roof at a height of 35 feet (f0.6 oetres) carght sev6d
sp€cies of Noctuidae which sere absent or rare in the lower trap.

Seve[ty-four species oI lleteroptera were captured, of rvhich 57 were
Capsidae. This is almost one-third of the known British species oI Calxidae.

The maiorit!' of Lcpidoptera come to the trap lvith a coasiderable excess
ol males ovei females, but this is trot aD absolute rule, aDal soEe qrecie3
give aD erccss of ternal6. The s€x proportiotr iD a aumber ol qrecies is liltrd

In the Tipulidae (Diptera) the sex ratio !,aried from spccies to species atrd
evetr f.he closely rclated, species Tipala Paludosa znd T. ol.ra..a Sive qtrrcEitE
re$rlts.

In Chtysopidae alrd Hemerobiidae there is aq e\cess of fcmales a4d in the
lfeteroptera ao excess of males.

Certain species oI LepidopteB are shor*'n to \ary cotrsiderably fu the s€x
retio Aom year to year atrd tiere is also stight evialeace oI difleretrt 3€r
ratios iD tle individuals captured tron differeat broods.

The proportioo of ,emales cau8ht itrcf,eas€3 i! matry sPecies during tbo
course oI the brocd.

In the Irpidoptera there is evidence itr natry species that a higher propor-
tio! or rernales are ceught b€fore mid-oight thaa alter. Tbe saEe aPpealr to
be kue of the Neuroptera, but i-o the Diptera some species show a hiSher and
sorne a lower proportion before EidniSht.

In a trap placed on a rool at a height of 36 feet ftoa ttre groutrd 111016

species and indi\iduals of }-octuidae were captured than near the Sround, and
tire iDdividuals iEcluded a cotrsiderably hiBber perceDtage of females. The
differetrce r*'as more marked in some sp€cies tbeD io others,

Whe[ the trdp was removed fioE the rool and placed otr a tripod immedi-
ately above tle giound trap, but at the same height a-s the rooI, the numbe-rs oI
iqdividuals of Noctuidae fell very considerabl)', but thc relatively high per-
centage oI females ia the captures remaiDed.

It was found that in certain Noctuidae lemales $ere in a hiSher percentagc
on nights when the moths were rirre atrd relatively much feser vhea the
nroths were crmmoa. Also in all the species of this lamily t$ere rras oa aD
average a lower proportiotr of females carght itr the commotr sPecies thaD in
the rarer oBes.

The sequence oI broods in a number oI specics oI Lepidoptera is discu$€d
atrd it is s[owr t]Bt in Seoeral ,irst dates were early itr 1933 arld late iD 1036
and 1936.

There is slieht evidetrce that the -\octuidae have a lower variability o(
dato tha! ttre other famltles aod atso slight evide[ce of a eional chaEge
in variability,
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The date of litst appearatrces, usually taken lor phenological purpo€es,
hat the advatrtage of corvetrience but is rnore variable tlao other poinls
later itr tie bmod, sucb as, lor example, tlle date on shich 26 or 50 per ceDt.
of the total captures have appear€d.

Wotk o! the tiEe of flitbt oI iBects at night, on which two yea.s' data
had pteviously beetr p[blished, is rel.ies,ed in tle light of trro Eotr y6!s'
rork. Nearly a[ previous conclusiotrs are found to hold. For all lour years
otr a log. basis the highest catc,h is in period I aDd the loEest io period 7.
Evidelca is, however, broutht fon*'ard to indicate a seasoDal cherlge ot
distributioD .

The time of flight oI a trumb€r oI species of I-€pidoptcra G disclsscd and it
i8 lourd ttrat thete fu a teadency for the p€ak flights to occur in periods
2, 5 aod 8 of the 8 equal periods into which the flight was divided.

In the Neuroptera, the Hemerobidae tend to fh' iqto the trap earl,l' in the
light and the Chrysopid.e later.

79. WrLLtAMs, C. B. 1939. Som. lo.afik of buttclfly niglation in Afle"ica.
Proc. Roy. Etrt. Soc., A, 14, 139-144.

Details of thirteetr r€cords oI the migration oI l-epnloptera sent irr trom
correspondents i! North, South aod Ceotral America.

?3. WrLLrAxs, C. B. f939. Sorr.c bL eTfly migrations in Ewolc, Acid
a I A*st'dria. Proc. Roy. Etrt. Soc-, A, 14, l3l-137.

Details oI fifteell records o{ migratiolr oI Lepidoptera se[t i4 by corres-
Doldelts trom Eurotr e, Asia, and one from Australia. IEclEded ilr tbese are
Ecords of tlte cabbage white butterlly arld silyer Y moth (Pl sia gamna\.

74. WrLLtAMs, C. B. 1940. A iolr ort lhe slalisrical onalysis oI scnknc,
lcaglh * a tritcrion of lik ary sryl.. BioEetrila, 31, 35&361.

.{ re-.eEblaace is poiated out betweetr the lorm of {requency distriblltiotr
oJ ttre n[,rber oI insects caught oE different Dights itr a light trap atrd the
[rrEber of words in succe$sive seDte[ces as nritten by different authors. Itr
boti cases tle cnrve as repr€ented by actual truEbers of iDsecb or of eords
is extreEely skew, but when t-lte log. oI the nuEbe! of'\r'ords or of insects G
used instead, the curve becoEes aormal and symBetrical. This traaslormatiotr
gte3tly lacilitates coEparison betweeD diltetrent samples, and examples are
givea from ttre works of ttrree diffef,eDt authors to illustrate this poitrt. Tbis
toro of culve has receDtly been desigtrated the Irg[ormal curve.

?5. WrLLrAlrs, C. B. 1940. Aa a*alysis oJ low yeats caphoes on ins.cts
ilt d ligh, ttop. Paft.2t The effecl of ueathel conditions on ins.c, dctivi y,
and ,hc eslifiation and lorecasting of changes in lhe inseet fopul^rion.
Trans. Roy. Etrt. Soc., m, 227-306.

The atralysis is based oB four years captures irt a liSht trap at RotlEmsted
Experimeltal Statiotr. The tlap was BorkiDg otr 1,.107 nithts bet$'eetr March,
1933 atrd February, 1937 ard caught altogether about 8;0,0Oo itrs€cts. Atr
account is givetr ol ttre trordal weatlrcr cotrtlitiotrs of the district and abo of
the {.eather tluritrg the fou! trap yeais.

The sourc€s of error lf,ere aeduced as far as possible, and it was fouod
necessary to de3l with changes in the catch in geometrical o! togarithaic
ProPortioo.

The catch is dependent chiefly on the tso tactors of activity and PoPula-
tio[, aDd, oI course, only rneasures the positively phototroPic troct[raal
iDsects.

The analysis ol the individual ef{ect of each vreather tactor is made Eote
dificult by the close correlation r,/hich exists betweeE matry ol the we3thet
lactots the0selv6.

The lfust amlysis was a simple coElrarison oI the weatler cooditioD.s otr
trighLs oI high ard low catch, On tle Sood nighls the EiniDuEr and the 8r"a8s
hinimuD 6mperatures of that dSht aod the maxiEum temP€ratures oI tlle
previous day ;ere a hi8he! ttratr otr poor nights ; the wind s?s also calmet ;
iie mool ciose" to aew- moon ttran 'to fuU,-aDa the barometer hGh- P.aitr
during the previous day time is associated witi los catch, but raitr dudqg the
oight-occnrs with equ-al Aequeqcy with high as with lov'cat tt. Relative
h[oidity abo appears to b€ ,[ore or less similar iL both seri€s.

e shbrt accourt is thetr givetr of tie statistical dettrod of rcge6sioLs ard
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it is sho*-n that actiyity is most Iikely to bc corectly estiE ted by osiog
as a tosrs ot calculation the alirlercnce between succesive days in bottr catch
atrd weather cotrditions. The efiect of rBiniEum teEperatures, coBidercd
alooe, is that a chal8e oI l" F. is a-a.sociated Eittr a chatrte oI log. cati of
about 0.060 or, iD other words, the catch is doubl€d by aa increase itr mitrimum
temperature oI 5'F. (or just u(der 3'C.). There is no evideace trom the data
a!.ail,able that this figure alters with the s€asoD, the differeac€s Iound Aom
Eonth to Eotrth are irregular and Dot outside the li4its o{ Botr-sig ficant
variation. Resrlts for Lepidoptera only atrd Hemipte.a ollty give values *hich
do not differ sigDiIicatrtly from tle value fot total iDsectg.

The eff€ct of maximum temperaturc alone is srEller thatr that oI Eitri-
mum temperature and tlrc average elfect (over the four years) is tlet l" F.
chaage is associated {.ith 0.042 cbange in log. catch, or the catch is doubled
$.iti a rise of about 7' F.

The grass minimum aloBe (calculated from six mouths results) shows a
regressioD of 0.030. The regression on daily ran8e of temPerature (frorr tlree
EoDths) is only 0.00.1 which h.as Do signi{icarce.

Retative hufiidity at I p.m. shows a small but probat ly sigaificatrt
regression of about 0.009 change itr catch Foduced by I per cetrt. cha[ge in
humiditv.

IDsits fly later on cloudy nights, probably owiDg to the slow lall in
temperature. The eflect of fog is uncertain; usually it occurs oD crld nthts
with yery poor catch, but one very foggy night itr September, 1933 Save high
catches itr the family -\-o.aridrr.

The catch is loll er at full moon than at new mootr atrd therc are asymnetries
id the effect that caD be explai[ed by similar asymmetries ia the times ot
rising and setting on the moon.

Wild force $'as divided into six artificial groups, the lowest beitrg " dead
calE " atrd the highest "wind over 20 m.p.h. " The effect is complicated by the
,act tlat the {.indy nighis are *armer than the stiU nights, particul,arly iD
the {.iDter. W}ren t}re method of di{tererce betueen successive days is used
the effect oI a chatrge of one group sras to alter t]Ie log. catch by 0.096 (other
factors beitr8 neglectcd).

The eflect oI tarometric pressure is complicated and dir6cult to utrdei-
staod. Catch is lor$ !.ith low barometer, atrd high with bigh barometer uE]ess
priessure is laUitrg; iD this latter case the catch is distinctly lower. If the
direction of movemeEt is neglected, the average effect o{ a rise oI I ioch ia
the baromete! is to add 0.688 to tlle log. catah- The catch is therelore doubled
by a rise of 0.48 inches (1.14 cetrtimetres.)

There is no evidence of the eflect of thunderstorms otr tie total catc.h of
all insects, but slight iadication tbat moths of thc IaErily No,l4iibc are mote
abBDdaDt duritrg tlundery- weather.

The simultaneous atralysis oI several Iactors acting togetiet shov differ-
etrces from some of the above results orring to correlatioD tretweetr the weather
conditiotrs thcmselves. ADallrsis ol I p.m. tenrperature and humidity,
expressed as Relative Hurnidity, Absolute Ilumidity atrd Satutatiotr Defici-
etrcy, sho\ss no advatrtaSe to be gained by using ooe method rather tharl
atrother.

With partial regressions of catch olr the miniEum temperature oI sever'al
Dights prec€diDg the catcb, it was fouud that the previous night has about one-
liltl of the eflect of the current night, but tie night belore $at bad oE aD
average tro effect.

lvhetr the Da-ximum atrd mioimum temperaturcs aod N'iail were taken
simulta8eously the rctressions of each were 0.023, O.O70 aDd 0.14,{ ,€slxctively.

For the year 1933 the simultaneous effect of the above thiee factors plus
I p-m. relative humidity was calcuLated and the reg€ssiotrs were 0.016,
0.065,0.12r aod 0.006.

It is possible to coEect the mean catch for each moEth Io! the ellect of
its departures from the norEal itr temperatures. wind, etc., thus gettilg a
valoe fo! what the catch u'ould Fobably have beeD il aI conditioDs had beetr
rrormal fo! the motrth. The ilifrerences thetr rernainiDg are due to population
effects. These values bate beeD calcolated Ior the 48 months in which the trap
rfas ruDdnt.

The relation of these values to the rain{all and miDiEum temperature of
the tlree previous motrtbs ba b€€n caculated and two regression lormEla.
obtained, 

_one 
Ior vinter and onc lor summer. Irom $hich the lrcpulatiotr
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chaages can be estiDeted Imm a knowledSe ol previous weather coDditions
oDty. Rahlall is most importalt i! soEmer alld tempeBtur'e in x.iDtcr.

Thus a b€gi-utriDg has beetr Eade io the probleE of EeasuriDg the varia-
tions iD abutrdanc€ oI i.nsecls ana in for€ca-stitrg thG ,rcm a kDovledge of th€
weather coBditions. So far it bas oily been described Ior the total population
ol all insects but it siU later be extenAed to single sp€cies.

76. WrLLrAxs, C. B. l0{0. Th. nt rnb.ls of insecls caught i a Wht lrup at
Rothamsled during Jotar lcars, 1933-Jf. Proc. Roy. Ent. Soc., A, 15,
78-80.

As the iNects caught itr the light trap at Rotbamsted duriDt the lour
y€aB, 193&37 have beerr used iD a series of discussioDs otr the ellect oI wea.ther
corrditiors on imect activity, it was decided to publish the completc dat3 o{
the DuBbers carght each n8ht itr ttre four years, so as to make it available
for other workers. The trap was sorkinS oo 1,407 Dights and captured a total
oI just ovet 853,000 iDsects. The i[s€cls were approximately 87 per cetrt.
Diptera, lO per ceqt. Lepidoptera, and 3 per cent- o{ the remaining orders.

77. WrLLraus, C. B. f94O. On " qpe" sprrrrrefls. .\trn. Ent. Soc.
America, 33, 621-62.1.

A discussiotr olr the value of the desigDatio[ oI " ty?e " specimens in
Entomology tor the preveltioo of difrculties of aomeoclature. It is argued
tiat ooe qDe irdividual oEIy is necessary, a-5 the obiect of the " type "
qrecimel is to eliminate doubt in naming, and it tuo or more " type " sp€ci
mens are allowed doubt is again introduced.

7E. WrLLtAMs, C. B., CocKBrLL, G. F., GrBBs, lt. E. aod DowNEs, J.A.
1942. Studies in the migration of LePido|lerd. Trans. Rov Eat. Soc.-
92, 102-283.

The rq)ort gives a geDeral accouDt of progress alotrt !'arious liles
i( the study oI the migration of I-epidoptera particularly in tie last telr yeds
since ttre publication of Williams' " itigratioo of Butterflies " i!! 1930. Amorrg
i erestiDg early records ot butterlly migratiotr itr an accoutrt ol otre s€eD itr
the year l50E near Calais itr France.

A detailed history of the abund4nce each year for over l0O years b give[
tor about forty oI the priDcipal British immigratrt botterllies aod Donths.
A geomekic scale is adopted and all species arc graded each year in ooe oI
six levels of abutrdaoce, the scale for each species beitrg proportioDal to its
Daximum occu[etrce. As much as possiblc oI the early literature has beerr
Nami.€d atrd ttre recorals are believed to be sumcieltly complete to justity
discussiotr. The rDonthly distribution of most species ha.s beetr worked out ard
in otre or two it ha-s beeE Ircssible to sho*' a rclation bet\ye€D early appear-
anc€ aod abundatrce duri[g the surnmer,

An analysis of De.,rly 4O0 records of insecLs flotn ten li8htships olf t}le
ea-st and south-east coasts oI Britajn gave a list of 140 species of I-epidoptera
otr which 35 occurred on seveal occasions or iD nu nrbers which make it uDlikely
that their presence was accideDtal. Thir teen oI these werc kno$,n or susp€cted
EiSraots. Others hiSh np iE the list were P. rnctitulosa, A. monodf?L4, E.
sr'zdrrs a4d A. caign rn. Tbe fli8hls were predominatrtly to the north aDd
trorth-sest froE May to mid-AuSust and to the east or south-sooth-east aftet
mid-August.

Ur. and llrs. Hodges of Florida made aa almost cootinuous daily watch
on tbe oovemetrt of bufterllies for nearly t*'o years. Their results are airalys€d.
They show: (l) a regElar migration ol A. t nntste each yeai, at first to the
soutb aDd ttreB a sudden ,eversal oI dfuectiotr during May or June; {2) an
aloost conti[ous southerly movement of P. eulx.le and, T. lisa at all times of
the year: (3) retular movements to the Dorth iD spriDg, a[d/or autum[
rDoveEeats to the south in s€veral other {recies illcluding Darta*s ?lezi?fiLt
atd D. b.renice, Dione tanillac, Pd?ilio cres|honles 4D.d Euilarnlts protem*s.

The Eigl'ations oI D. ,leriplnas arc dis[n9^*d, trom sc'r'eral poi-Bts ot view.
A study of geographical luriatioos in -{merica itrdicates a northerly migator}
raae itr Norttr America; a southerly migratory lece in South AEeiica, soutlr
o{ the Amazon ; atrd a [otr-miSratory rac€ bet*eetr thes€ tr+'o itr the notthem
portion oI South America and lDany of the West Itrdian islaads.

DowDes obsewed ttre ove$'itrtering ot D. ,leziprt|s in Calirornia aDd
considers that most hibematinB areas are $ery close to the sea and nearly all
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suitable spols are occupied to some extelt. The males are s€xually Eatulr
otr emerght ftom the chrysalis itr the autuEtr, pairing taking place ti-n:ughout
autu-Etr, wint6 and spring; but tlle feErales do oot normilly maturd eggs
tiU the spriDg.

A large number of new recordg ol Eigration to, Norti atrd South ADerica
are discuss€d. A fuu list of the British atrd EuroD€a[ records ol aDo€aance
ot D. ptetippt-s is give,\ and a truEber bave been examircd, all eii:ept onc
o, whicb are of the Northem American race.

SumEaries are giveD of the presetrt itrIormation oo the migtatiotr oI
seveal other butterllies frota America, Europe, Africa atrd AusEala. A
full accouEt is give[ of recetrt exteGive migraaioDs of pi.ris D/assr'.ar i[ Eac-
laod, iacludi-og a fligbt at HarpeDden that antiaued to tie soutb forover ftrr;
veeks. Nerv records oI I/. tarduii\West Alrica indicate a delinite misradrc
seasotr souttr of the desert belt in September and Octob€r. Xew recofrr ad
suEmaais€d Ior G&e slha aqrota,G. creona, G - jaw, C . florcth aELd *v€,ralotile,'.s.

.{n accoulrt is giveD oI some recent expe;mea6 i.tr Darkitrs butt€r.fliB.
Practicaly ,lo rer-veries have been made'at a distaDce but iuch can be
leamt frorl tbe rate of disappearaoce of the marked iodividuals from the
locality of marking. -{ satisfactory techtrtque is described. It is imDortant k
be able to distiuguish 

'nditiduals o'f the sanie species marked oD the iame date.on!.oql9g mi8ht pocsibly be by wind. siEht or perception of the earth's
alagletic field. These tbree are discussed. It is sf,own 

_that 
aD iDdividual

insect miSht determiDe the direction of the vritrd vithout the us€ oI sipht. but
tbere is Do evideDcc that the directioE of the wind determhes ttre di#tiorl oI
mi.8ratiotr. Receot Nork on orietrtatioo by sight is discffsed itr rEtation to
misratioD. Erperiments on routrg locusts show:ed no evidence of apprecietio!
of a powerrul magEetic field.

Evidence for rhF occurren(c of a retum fliqbt ln ntisrant t cDidoDtera is
shown to be increa-sing. The questiotr of the Iundamenti differeice 6etweeo
migratioDs with aDd \sithout a return fli8bt is reviewed. a,ld the evolutioDarv
difficult)' of the persisteDce of migration -\a.ithout a retum flisht is emohasGd'.A significant positire correiatioD between tbe occutience ia^ unusual
numbe$ of y. cadLi in Europe and Nort} -Lmerica is shora to exist. Thii
supports thc similar rcsults pre\.iouslv obtained lrom C. lineata.

Iltercorrelationr bet\reen 35 British immigrant Lepidoptera have beeo
calculated aod discu$ed. The average correlation is dishuv Dositi\? /..1 O.l2l
By sorting the species it ha.s beea possible to find seveiit gioirps the riniobeisof which are positively mrrelated rvithin their owa ei.ou6s. but usuallv
tregatively correlated rFith other groups (Table g4). The iirst bi these is ouide
definite aud coDtains ,ifteen closely a-s-iociated species. The secoDd is'less
defiDite. Grcup 7 contaitrs rire species atrd GrouD 8 the ttrree pj.ris sD€cies_
To a certain extcnt tbe grouping iollows the geogrlphicet range of the siecies.
The average frequencv of thi principa! groups eich year for'78 years 'shows
no €vtdence ol penodlcrty.

A classificatiotr is sugSested of the deDsity of atr.!. ftight as measured bv
tlre numbfi of insects crossing a delinite front io a aefiiite time. This is a
sencs ol.seven Srades itr $hich the oumterc are in geometric proportion.
- The bibliograph)' itrcludes all references to the ;igratioo- oI 

-butterllies
that bave beeD traced itr the past tetr years and s.hic} aie not included itr the
previous bibliography givetr in Williams's " Uigratiotr of Butterllies,', lgBO.

;!|. WTLLTA\iS, C. R. l9{3. Stltdies in.aild ?ofttlarrons. Nature, l5l, Zl.
A short accouDt o( the discussions of problems relatiDg to the lvild popula-

tiotrs at a joint meeting of tbe Royal Entomological Socie-ty and the caa;tical
SocieB.

80. WTLLTA$5, C. B. 1943. lSids ad bt ue,Ih.s. Nature, l5l, t?t-1i5.
A leview of the rec€nt work by Professor G. D. H. Carpenter aod Mr.

C. F. M. Swiooerto! otr ttre erbtrt -l-o 
which birds eat butte#ies, atrd otr the

selectio! which they Eake betweetr supposedl!, di.stasteful and palat3ble
sPecres.

81. WrLLr^xs, C. B. 1941. A nvthod oJ co .rkng aid sto"irg t ritho*t p/.s-
$a1e insccls and galts anaa,cd to taoaas. Proc. Roy. Ent. Soc., A. 18, l-2.

The paper gives a sh6t illustrated accootrt of a method of stori!* le.ves
to which irBects are attached in a special form of pill-box to protect them lrom
preBsure.
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82. WrLLrAxs, C. B. 1943. A sdfe fiethoA oJ meastirlg the L,irtgs of sc
bt&e4lies. Pr<n, Roy. Ent. Soc., A, lE, 3-5.

A simple optical device is described by which oeasureEent of the leo8th
oI \"itrg ot pimed itrsects catr be made without removing the glass from tlle
box in which they are contained. The method cotrsis'ts essentially ot two
similar glaas scales aoutrted aboBt an itrch apart, bv means oI which the error
of parallax caa be avoided.

83. WrLLt^r.s, C. B. 1943. Nolcs on some tlonafth bt dprflics.aPtut?d
in Gr?a, Btilai*. EDtoEologist, 76, No- 956..

A list of oiae recotds o, the monarch butterlly in Great Britain, additional
to tie codplete list of occurrences givetr itr paper No. 78.

84. WrLLrAxs, C. B., FrsrrER, R. A. and CoRBET, A. S. 1943. The relalint
b.fu)e.n thc nLrnbel oI sPed.s and the nunb.r oJ ind;I)ithtals in o londorn
sonPte oJ al a*iri&l PofiialiorL. J. Arim. Ecol., 12, 42-58.
Summary o{ Part 2, by C.B. WiliaEs.

Extensive data on the capture oI about 1,5000 Uacrolepidoptera oI about
240 sp€cies in a light trap at Harpendetr is ana\.sed itr ,elatioD to Fisher's
Dattrematical theory atrd is shown to ,it exkemely closely to tle calculatiotrs.
The calculatiotrs are applied first to the frequeEcy oI occurence of species
repr€seDted by diflerc t numbers of individuals-aad secoDdly to the numbet
of species in sampl€s of aliffeleDt sizes ftom the same population. The para-

which it is suggested shoulil be caled the " index of diversity,"
is shown to ha!'e a regular seasonal change ir the case of the Masolepidoptera
itr tbe kap. In additioD, saDples froE two tralls which overlooked somewhat
difl€f,eDt tegetatioD irre sho*.o to have " c " values {'hich are si8niricantly
differeDt.

It is shown that, provided the samples are not small, " q" is the iocrease
in the trumber o{ q)ecies obtained by increasing the size oI a sample by e (2.718}.
A diagram is givetr (Fig. 8) froE which aDy otre oI the \ralues, total rueber of
q)€ci€s, total llumbeI oI iadividuals and iodex of diversity (d), catr be obtaitred
approximately if tie other two are knowD. The staialard error of q is also
indicated otr th€ same diagram.

85. WrLLr^ s, C. B. 1943. Arca dnil n&,nbet of speeies. Nature, 152, 264.

A l,arge nuBber o{ records of q)ecies of pl,aots iD certaitr aleas of ktrowtr
size were collected aad studied itr particula! relerence to the number oI E)ecies
and tlle area ol fie localit_v. The areas raDged lrom two square itrches up to
the total land suiface of the globq atrd f.he number of species ftom two up to
alDroximately 20O,00O. By Eeaas of a double Ingaritimic scale, tie iaforEa-
tion for abort 200 localities is giveD diagramaticaly atrd it is suggested tiat
the lelatioa between area atrd trumber of species is govemed largely by
Irgarit-hEic series wbeo.the area is sEall (up to about thee or four acres).
witlxitr $hich area thef,e is a chance oI uDiform ecological conalitions. From
the limits of this area to the limits of the cortinental areas of two or three
Dilliotr square miles, the rate of inqease in DuDber of species with area is
more rapid, atrd this is probably due to the iocre3silrg ecological dive6iqr
oI the area as it gets bigger. W-hen contineDts are adtled t(Eether, to protluc€
allora of the $hole world, there is a still more Iapid increase in the numberof
sp€cies vrith area, due to the fact tiat we are nolv putting together areas of
difleretrt geological and evolutionary history.

86. WrLLr,{u$, C. B. 1944. The *ltn$ers of fltblic..tiorls ',ttitten b! Uolagists.
A!n. EogeD., 12, 143-146.

In itrvestigations on tie relative numbels of Wecies oI itrsects wit$.
dilierert numbers of individuals, it vras found that the mathematical
series so obtaitred closely fitted a Logaritlmic series. The pleseDt paper shows
tiat the trumbo of publications by biologists io oae year as exemplifid by
tbe coDteDts oI the Review of Applied EDtomologyatrd the ReviewofApplied
Mycologv also fit to the same Logaritlmic series.
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87. \\-rLLrAxs, C. B. 19,14. Somc aPPlicaticrts oI lhc Logdirhrnic scr"ias
ald lhc irule, oI dh,ersilt to ccologiazt problcrns. J. Ecol., 32, I-4,+.

The pap€r describes the application oI Irgaritfmic series to a Dumbet of
probleEs oI the divisioa oI indiviiluals into q)ecies aDd oI species into genera.
The series, Iirst suggested by R. A. Fisher itr this con rectioo is:

nri?- ,t*,t*
where Dr is the trumber oI Sroups r-ith one unit atrd x is a cotrstaDt less than
unit]-. Unlike tie bwerbolic seiies, *hich has previously been considered to
apply to some oI the cases discussed, the Logarithmic series is convergeDt;
troth the Dumbcr of groups (e.9., +ecies) and tle trurrbd o{ utrits (e.9.,
iudividuals) catr be summed. \\.he[ several saEples are taLeo froD a popula-
tion contaiDing a number of species it is founal that the ratio nr'x is constaat
and, as it is thereforc a characteristic of the populatioD, it has been called t-lle
Index oI DiYersit!'.

The I-ogarithmic s€ries is Iound to lit extremely $ell to a large numb€t of
Irequetrcy series dra$'D from insects, birds, butterllies atrd plants, except that
there is a slight tendency for the calculated trr to be below the observed. It
atso Iits we[, sometimes extreEely s'ell, to the number of genera with diflererrt
numbers of species in statrdard classifications oI groups oI both animals alld
plaDts. The cooception oI the iDdex oI diversit - is applied to problems of the
Dumber of species of platrts on dilleretrt areas, aDd to the comparisotr of floras
of &Iferent areas vgith interesting results. .\ classification is given oI the l7l
families oI dicotyledons according to thei index of diversity to stimulate a
aliscussion as to vhich may be the factors which bring about dilleretrces and
resemblaDces in this itrdex. In general, tie Iamilies lrith large Dumbers o,
species and geEera have large index oI diversity, but there may be a 1'ery big
range of index in ,amilics of approximatel!' the same size.

88. WrLLrAMs, C. ll. l9.lr. Occufler,ce of \at\ese, caJdni (Le?idofkral at
sca ofJ rhe West AJi.ai coast. Prorc. Roy. Ent. Soc., 20, A, 45.

Atr accouDt of observaticns made duriag a sea .lolrage dorn'o the west coast
o{ Africa in September, 1943, whell painted lady butterllies were observed
at sea, more than a hundred miles &om laod, over a pe.iod o{ trearly a seek
al,d over a distance of nearly 1,500 miles lronr the lirst oEe seen off tlorocco
to the last otre seen just north of Sierra LeoDe. Previous records of the
abundance of painted ladv alotrg this coast are nearly all iD the months oI
September and Octob€r.

89. WrLLrAMs, C. B. 1945. Ittde, of dil,ercity es a|llied lo ecoloEical
Problerns. Nafire, 155, 390-392.

a short reply to a lett-er by llr. E. $r. Jooes io " Nature " criticising
certain results obtaioed in the number oI plants on diflerent areas of land irr
relation to ttre l-ogarithmic series. It is shown froE ttre data available that ir
all plobabili4'oD the area studied the plants \i'ere strongly aggregated and there-
Iore the areas used lor sampliDg {'ere not large eflough to give a Iaii sample
of thc populatiotr.

9[f- WILLIA]IS. C. B. llr45. Notes on tha fal .onle . of hoo Blitist )nigratn
moths (Lc?ido?teta). Proc. Roy. Ent. Soc., A.,20,6-13.

Recent work in the Uruted States otr a migrant leaf-hopper shows that
the amoutrt of fat food reserve in the body is related to the distance flowD
on migration. A very large truEber oI Silver-Y moths aDd some other speci€s
u'ere captured at a searcblight on the south coa.st of Elrglalrd in August, l9tt4,
artd the opportutrity \vas taken to extract the fat from the dtied Mies of a
oumber of specimens, to gct figures for the fat coDtent alrd particularly tJrc
1'ariation {rom indieidual to individual which had not beet possible io t}e
case of the small leaf-hoppers ia America. DiagraEs are included showing
the frequercy distributions oI the weights of the aMomen ald the *eights of
fat. This reached abort 45 pei cent. oI the total weight oI the abdomeo iD
.18 males and S0Ieoales, arld about 33 per ceIrt. of the total weigttt of the body
excluding $'ings, but tlere was very considerable variatiotr, some specimeos
cootaiDing 70 per cetrt. o{ the abdoEetr weight, and 60 per cetrt. oI the total
weight of the My. Re,sults are also given lor another molh, PhlogoPhora
m?rrcdosr, for comparison.
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91. WrLLrAMs, C. B. 1945. Et idence Jot thc nrigrdtion oJ u?idoPtcla i"
Sotli Amcriaa. Rev. Eot., 16. ll3-131.

Iafornratiotr is giveu otr 84 directional flightg oI Irpidoptera iE South
Ataerica, soEe obse!'ved by the *riter and oth€trs rEported froE Prblisbed aDd
unpublished sourc€s. The vhole is Sive!, as evidelc€ o, exteosive migratiotr of
L.pidoptera i! South Amedca.

02. WrLLr^us, C. B. atrd flEALL, G. 1945. G.oetdkhical uaiations in tht
rrring tcnglh olt Daaaus plexippus (L.?. Rhopaloccl,l. Proc. Rov. Eat.
Soc., A.,2Or 6s76.

Ia associatiotr with Dt. G. B€a[ oI Camda, a study was Erade of the
y'.riability io wilg leqth oI the migrant butterlty Dat als Pkrifpus. 'fD.e

{ing leEgths of over 2,000 specimens v/ere measured, atrd the paPer Sives alr
accouat of the variability -ia whg leryth accorditrS to the Seographical
distribution of the dilf€relt races in North atrd South America and of different
localities in North America. The object w&s to see if it would be Possible to
idetrtify populatioos of similar origiD by average wirg letrFtb atrd \ariability.
It s.as ioitra that aDDrox imatelv 50 itrdividuals m ust be exami rled i n order to be
able to compare diirereac.s o? I mm. Itr getr€raL there $as some evidence
tlat tlle sp;ies was smaller near the Equltor tbatr either itr tbe extreme
aorth or south, atrd smaller itr the west thaE ia the east

93. WILLrAus, C. B. 1945. Reccnt hght trdp cakhes oJ Le?idoltcre ;n
II.S.A., anatysed ia klatiort to thc Logarithn;r seri?s and lhr;n.1., oI
ditersiry- A,.n. Eat. Soc. AEerica, 38, 357-364.

Walkden and Whelaa itr 1942 published data on the catchinS ot about
600.000 moths on 3OO species itr liSht tBPs in six localities o, I{ansas ald
Nebr&ska. The data protided by thia pubticatioo has been analvs6d in relation
to the IrEarithmic drieE atld has been found to fit closely. with tlte exceptioE
that the observed number of rare sP€cies with one trvo or three sPecimens
oDlv is in qeneral alnve that collecied. The ,it is oot so Sood as ror similar
datl ohtaincrl itr Great Bdtain. Itr one or t$o cases thc catch was dominat(d
bv verv larqe numtx'rs of ooc or tvo species. In oDe localitv t$'o sp{'cies made
u-p 'vei $O per crnt. of the total caPturcd. It is po$ible tlat this Eay accorrnl
,or thc geDcmlly poorer Iit.
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